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Preface

The quality of infant feeding is of major importance for child health, development, and well
being. In addition to obvious short term effects of the diet on outcomes such as infant
weight gain, results of research in recent years indicate a number of more subtle and
complex effects on the quality of growth, tissue and organ development, functional out-
comes, and behaviour. Moreover, there are strong indications for long-term effects of the
early diet on health and body functions that extend for many years after the end of breast
feeding, in some respects even well into adulthood. This phenomenon is often referred to as
metabolic programming or metabolic imprinting. Breast feeding is the natural form of
supplying food to the infant and is considered to be ideally adapted to the needs of both
mother and child. Therefore, research on the physiological foundations and on the biolog-
ical effects of breast feeding is a major priority in the health sciences.

The 9th International Conference of the International Society for Research in Human
Milk and Lactation (ISRHML) was held at the Kloster Irsee Monastery near Munich,
Germany from October 2 to 6, 1999 and focused on short and long term effects of breast
feeding on child health. Scientists from 32 countries participated, of whom many are
leading researchers in their fields. This book contains papers presented by the invited
speakers of this conference, as well as short summaries of many of the presentations on
original research results.

We are very grateful indeed to Ms. Frauke Lehner for her dedicated and meticulous
editorial work on the contributions for this book. Moreover, we thank Ms. Karin Wand-
schura, Sandra Heussner, and Claudia Schafer for their marvelous help in organising the
conference. The conference and hence this book were only made possible by the generous
financial support of the World Health Organisation, Geneva; the World Health Organization —
Regional Office for Europe, Copenhagen; UNICEF, New York; the Danish International
Development Agency (DANIDA), Copenhagen, Denmark; the Swedish International De-
velopment Cooperation Agency (SIDA), Stockholm; The Swedish National Food Admin-
istration, Uppsala, Sweden; The Swedish National Board of Health and Welfare, Stock-
holm, Sweden; and the Child Health Foundation — Stiftung Kindergesundheit, Munich.
The contributions of these sponsors are greatly appreciated.



vi Preface

May this book contribute to enhancing knowledge of and support for breast feeding, as
well as stimulate talented researchers to continue to strive for better understanding of the
effects of infant feeding on child health.

Miinchen, December 1999 Berthold Koletzko, M.D.
Professor of Paediatrics

University of Munich, Germany

Olle Hernell, M.D.

Professor of Paediatrics

University of Umed, Sweden

Kim Fleischer Michaelsen, M.D.

Professor of Paediatric Nutrition

Royal Agricultural and Veterinary University

Copenhagen, Denmark
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1

BREASTFEEDING IN MODERN AND
ANCIENT TIMES: FACTS, IDEAS, AND
BELIEFS

Otmar Tonz
Schlosslihalde 26, CH-6006 Lucerne, Switzerland

1. INTRODUCTION

To receive nutrition out of the mother’s body - after intrauterine
parenteral nutition has stopped and before individual, self-supporting and
independent food procurement is possible: Suckling or Breastfeeding is the
most natural way of providing nutrition to a newly born mammal, - is a wise
and ingenious arrangement ofnature. The intimate bond between mother and
child is not suddenly disrupted with the cutting of the umbilical cord, and the
infant continues to get warmth, protection and nutrition from the mother’s
body. In humans, breastfeeding has become a symbol of maternal devotion
and infant security.

2. MYSTIFICATION OF BREASTFEEDING

Even though the act of breastfeeding seems self-evident and natural,
cultural- and art history demonstrates that over the course of times people
have always had great respect for this form of feeding and mothering an
infant. The world’s oldest existing bronze statuette, created by the Hethiters
(Anatolia), shows a mother nursing her child. According to Greek
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mythology, the galaxies formed when milk (gr. yolo) sprayed out from the
breasts of Hera, the wife of Zeus, over the heavens. Old Egyptian Goddesses
were often represented breastfeeding their sons. In Roman mythology, not
even Bacchus was fed with wine but with the milk ofthe Nymphs.

In Christian art, Virgin Mary is shown many thousand-fold as “mother
with child” or “Mater galaktotrophousa”. The depiction ofthe breastfeeding
Mary on the flight to Egypt is particularly popular. This scenery
impressively radiates protection, rest, warmth and safety for the child in a
harmful and threatening environment.

Another example of mystification of breastfeeding in the Middle age is
the so called “Vision du Saint Bemhard de Clairveaux”. The Holy Virgin
Mary once appeared to Saint Bemhard, the founder of the Order of the
Cistercians, while he was praying. She offered him her breast with the same
milk with which she had nourished the Divine Infant. This vision, illustrated
by many, more or less illustrious painters, occurred in the 12th Century. It
may have been a symbol of spiritual inspiration or of the intimate bond
between Heaven and Earth. How fortunate for Saint Bernhard that he did not
live in our century: Sigmund Freud would have given a totally different
interpretation of this daydream !

3. UNUSUAL ASPECTS OF BREASTFEEDING

Over the course of the centuries, also in profane art, the breastfeeding
mother was one of the most frequent motives in drawings, paintings,
sculptures and even music (e.g. F.Schubert : Lied “Vormeiner Wiege”).
Some of these paintings are rather peculiar, sometimes even of medical
interest, as for instance “la mujer barbudu” (the bearded woman) by Jusepe
de Ribera (1591-1652). He was a Spanish painter, born in Valencia, but
working mostly in Naples, where he was therefore called “lo Spagnoletto”
(Fig.1). Is it really possible that a woman with such a massive virilization
can bear and nurse an infant? The painter describes important details in the
legend next to the figures: Magdalena is a 52-year-old woman from the
Abruzzes who has given birth to three children. She became severely
virilized at the age of 37 and grew a full and abundant beard. The legend
does not mention that she had another child thereafter. She was considered a
great miracle ofnature, and Ferdinand, the Vice King of Naples, ordered de
Ribera to capture this extraordinary woman in a painting. But how could he
show that this person really was a female, without undressing this poor and
shy woman from the mountains? The solution ofthis dilemma: he laid an
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infant in her arms and thus gave a reason to uncover the breast as proof of
her feminine nature. A very decent solution of'a very delicate problem! It
seems quite obvious that a 52-year-old woman who probably suffered from
an androgen-producing tumour ofthe adrenal glands or ovaries would not be
able to get pregnant and breastfeed her own infant. In fact, the baby is not
sucking. So, de Ribera does notreally deceive his spectators, except perhaps
those who do not read his Latin explanations. On the other hand, based on
observations of “relactating” grandmothers or even nursing men, she might
have been able to breastfeed without having been pregnant

b

EN MAGNVM NATVRA MIRACVLVM
MAGDALENA VENTVRA EX OPPIDO
ACCVMVLI APVD SAMNITES VULGO EL
ABRUZZO REGNI NEAPOLITANI ANNO-
RUM 52 ET QVOD INSOLENS EST CVM
ANNVM 37 AGERET COEPIT PUBES-
CERE EOQVE BARBA DEMISSA AC
PROLIXA EST UT POTIVS ALICUIUS
MAGISTRI BARBATI ESSE VIDEATVR
QVAM MULIERIS QVAE TRES FILIOS
ANTE AMISERIT QVOS EX VIRO SVO
FELICI DE AMICI QVEM ADESSE VIDES
HABVERAT.

JOSEPHVS DE RIBERA HISPANVS
CHRISTI CRVCE INSIGNITVS SVI TEM-
PORIS ALTER APELLES IVSSV FERDI-
NANDI DVCIS IN DEALCAEA NEAPOLI
PROREGIS AD VIWM MIRE DEPINXIT.
...KALEND.MART. MDCXXXI

Figl. a.) Jusepe de Ribera: La mujer barbuda (the bearded woman), Museo de Toledo, Spain.
b.) Latin legend next to figures.
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Is there a fundamental reason why men should not be able to breastfeed?
They have nipples, viable but admittedly rudimentary mammary glands, and
they produce prolactin and also some estrogens. Even male new-borns can
produce witch’s milk in their enlarged breasts, and pubertal gynaecomastia -
exceptionally even accompanied by galactorrhea - is a wide-spread
phenomenon in young men. We know already from Aristotle that there are
male animals, especially he-goats, who can nurse their young and who can
be milked. Modern veterinary science confirms this phenomenon. Exactly
200 years ago, Alexander von Humbolt, one ofthe most famous scientists of
his time, undertook a great research expedition to the equinoctial regions of
the New Continent (South America) !. There he met Francesco Lozano, a
man who had suckled his infant during 5 months. When the infant’s mother
became ill, the 32-year-old Lozano took the infant, pressed him to his breast,
and the child started to suck at his nipple. He suddenly felt the accumulation
of fluid in his breast gland and was able to feed the child. The son,
exclusively nourished with his father’s milk, throve excellently. Humbolt
thereafter studied the scientific literature on this topic and found descriptions
of'similar cases, reported in earlier centuries. He mentioned also, that in old
Russia, anatomists had occasionally found milk-producing glands in the
male population. In the Talmud, there is another description ofa father who
nursed his son after his wife’s death 2. I suppose male breastfeeding is indeed
possible in rare cases and under very special circumstances: it probably
requires an extraordinary output of releasing hormones and estrogens,
perhaps induced by intensive, mother-like feelings of fatherhood, maybe
coupled with pre-existing hyperprolactinemia and enhanced responsiveness
ofthe glandular tissues to hormonal and local stimuli by the sucking baby.

4. FEEDINGINTHE FIRSTDAYS OF LIFE

The cultural — and scientific! —history of the past centuries was often
surrounded by a haze of superstitious imaginations and beliefs. Until the
middle ofthe 18" century, for instance, breastfeeding an infant during the
first three days of life was not allowed: not only because children first had to
be baptised in many regions, but also because colostrum was thought to be
harmful to the infant and not compatible with meconium 3. For this reason,
different purges were in use to “remove the meconium from the stomach and
intestines”, while the mother’s valuable first milk was withdrawn or even
sucked off by whelps.
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Table 1: Purges in common use for the new-born between 1500 and 1800, first reported by
Paré in 1575 and last mentioned by Beaudeloque in 1790 (3)

Purge Period of use

Almond oil

Almond oil & Syrup ofroses

Honey

Butter

Butter & Honey

Sugar

Almond oil & Sugar

SugaredWine

Wine

Butter & Sugar

Syrup of roses / violets

Pharmaceutical purges

Others

Rhubarb

Sugaredwater —
1500 1550 1600 1650 1700 1750 1800

The use of these purges resolved one problem which has remained a
controversial topic until recent times: the problem ofenergy supply and fluid
administration in the very first days of life before maternal lactogenesis is
established. As shown in Tab. 1, there were many different fluids in use;
some of them had a rather high caloric content, such as honey, butter, oils,
red wine, sugar water etc.

The superstitious belief that colostrum and meconium were incompatible
disappeared some two hundred years ago. Nevertheless, giving supplements
during the .first days of life — no longer as purges but as a supply of fluids
and energy — was widely in use until our times. Results of different studies
performed in the last decades, however, have shown that both are
unnecessary, provided that maternal lactation be established by the third to
fifth day after delivery. Yet in an older study at the Women’s Hospital of
Lucerne, years before UNICEF’s rules were published, we have shown that
only 5.6% of infants who later on were fully breastfed needed some milk
supplements during the first days oflife . This number could probably even
be lowered without causing any harm to the child 5. This was in the eighties,
when in many maternity hospitals more than 50% of newborns were
supplemented with milk formula.
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Withregard to fluids, there still are some controversial ideas which I will
not discuss in detail. UNICEF’s “Ten Steps to Successful Breastfeeding” are
undoubtedly valuable guidelines for hospitals; however, some
recommendations lack a solid scientific basis, may go too far and do not
respect different cultural and ethnic patterns inraising a child. This comment
refers mainly to steps 6 and 9:

Give newborn infants no food or drinks other than breast milk unless
medically indicated
Give no artificial teats orpacifiers to breastfeeding infants

Some comments on pacifiers or dummies (Step 9): nobody would have
predicted 30 or 50 years ago that at the end of our century the pacifier would
be object of a large number of scientific discussions and papers, some of
which even had the honour to be published in the most celebrated journals
like the Lancet and others®’. In earlier decades, mostly hygienic and
orthodontic aspects of pacifier use were discussed; now, there are new
concerns and theses: dummy’s use is said to affect intellectual development,
to provoke nipple confusion and to shorten breastfeeding duration. The first
thesis - that pacifier use has a negative influence on adult intelligence -
remains a matter ofbelief, although this association has been evaluated using
appropriate statistical methods ¢ The second concern nipple confusion -
was not confirmed by our own observations 1°; nevertheless, it may be wise
not to introduce this ugly device before the infant is fully familiar with
sucking at the nipples. Finally, the question whether pacifier use leads to
shorter breastfeeding duration is a topic of ongoing discussions. I dare to
summarise the respective studies as follows: when mothers are confident
about nursing and motivated to breastfeed, the use ofpacifiers will not affect
breastfeeding duration. On the other hand, pacifiers may contribute to early
termination of breastfeeding in situations where mothers are uncomfortable
with breastfeeding and are using the pacifier as a weaning tool, trying to
make the intervals between feedings longer and more regular, thus
decreasing the total number of feedings ’

After all, it is quite clear that a pacifier is not of vital importance, and we
definitely do not advocate its general use. On the other hand, giving a
pacifier to a crying baby is a custom of our people and cannot easily be
eliminated. There is also no need to do so as long as it has not convincingly
been demonstrated that it really hinders successful breastfeeding.
Fortunately, many infants do not accept a pacifier even if mothers try to
offeritrepeatedly.
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Step 6 of the UNICEF guidelines is no less controversial. Some
retrospective studies show that children who have received milk supplements
or even simple dextrose solutions during the first days of life may have a
shorter breastfeeding duration. In these studies, however, cause and effect
were probably confounded: infants of mothers with poor milk supply are
more likely to be supplemented during the first days oflife than infants from
mothers with abundant milk production. The former will then probably be
breastfed for a shorter time. This question can only be answered by a
prospective study.

We therefore examined the influence of fluid supplements on
breastfeeding in a prospective, randomised multicenter study '°. About 600
mother-infant-pairs in 10 different Swiss maternity hospitals were randomly
assigned to one of two groups: the conventional group where infants
received a 10% sugar solution and ifnecessary an infant formula, both by
bottle, or the UNICEF group where infants were nourished according to the
UNICEEF guidelines.

We did not find any difference in the sucking behaviour between the two
groups during their hospital stay. There was also no significant difference in
the duration and frequency ofbreastfeeding after 2,4 and 6 months (methods
and results ofthis study will be presented in more detail by Kind et al. in this
issue).

In conclusion:

Avoiding artificial teats or pacifiers during the stay in the maternity ward
had no influence on breastfeeding incidence and duration in mothers who are
willing to breastfeed their infants. The pacifier may be an unpleasant
civilisation phenomenon but it is not a civilisation disease.

Very few infants had to be supplemented with a formula.

It is an old habit - starting with the purges in the Middle Age mentioned
above - to give additional fluids to infants in the first 2-4 days oftheir lives.
In a strict sense, this is not an absolute necessity, and in countries with bad
hygienic conditions it should be avoided. In our civilisation, however, I
cannot see any substantial objections to giving supplements. The baby's
water loss is up to 70 ml/kg/day, and a partial compensation will reduce the
initial weight loss and decrease the incidence ofthirst fever !. It is better to
prevent than to treat dehydration and possible hypoglycaemia in infants at
risk. Last but not least, giving supplements is an opportunity to quiet an
infant who continues to cry after having sucked at the mother's not yet
productive breasts. To simply prohibit fluid supplementation would be a
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rigid and puritanical approach and would not promote sensible, emotional
mothering.

The argument that mankind survived during ten thousands of years
without supplementary fluids in the first days oflife is not valid. Firstly, the
oldest testimonials suggest that newborns did in fact get some supplements 3,
and secondly, the mortality rates in those times certainly have exceeded 5%
in the first week of life. Even if nutritional problems were not always the
cause of death in those infants, the strict imitation of such “natural patterns”
does notmeet today’s safety demands.

S. WEANING PROBLEMS

Another crucial question concerns an issue at the end ofthe breastfeeding
period: for how long is exclusive breastfeeding adequate to satisfy the
dietary needs of the young baby. When should we start to introduce
supplementary foods, the so-called “Beikost™?

Based on data from 16 different studies, Margaret Neville “reported that
the average daily milk intake in infants is about 800+200 ml/day at four to
six months of life. Dewey showed in a cohort of small for date infants" that
the milk production continues to increase slightly during the fifth and sixth
months when they are exclusively breastfed, whereas it starts to decrease
when Beikost is being introduced.

Interestingly, the amount of 800 ml/day does not amount to the whole
milk production since on average about 13% of milk remains in the
mammary gland "“Milk intake and production could therefore easily be
enhanced if, for instance, a second baby would be nursed, or if the first
infant would suck more vigorously. However, babies seem to be satisfied
with this amount of milk, but they take in more calories, if semisolids in the
form of vegetables, fruits or cereals are offered. For an average 6-month-old
infant, 800 ml of milk equal about 540 kcal or 75 kcal/kg body weight.
Using very sophisticated methods, Whitehead " reported that the energy
requirement of such an infant is about 80-85 kcal/kg/day and increases
slightly thereafter. In other words: after the fifth month oflife, there is an
inconsistency between need and supply of energy in the average breastfed
infant, a discrepancy which continues to increase thereafter (Fig.2) .
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Fig.2 Energy intake with breast milk alone (16). Note the inconsistency between

requirement and supply after the fifth month.
A: milk production - energy intake (12); B: body weight; C: energy intake/ kg body weight
(A/B); D: energy requirement/kg body weight (15).

The same is true for protein requirements. A 5%2-month-old boy with a
body weight of 7 kg, receiving 750 ml ofmilk would get exactly 1 g/kg/day
ofprotein which surely would be insufficient at this age. Infants with a long
breastfeeding duration are in fact smaller and weigh less, not only at 6 month
but even at two or three years 78 The difference in length, however, is
minimal and merely of academic interest; however, it might be a sign ofa
transient sub-optimal nutrition. Since breastfed babies have the same head
circumference as formula-fed infants, one could state that breastfed infants
have more brain per kg body weight! Then again: the same brain power with
a little bit more bone and muscle mass would certainly not be a
disadvantage. The accepted time point for the introduction of supplementary
foods remains the same as ever: not before the age of 4 months, and no later
than 6 months of age. It should not be delayed until 6-8 months as some
groups ofuncritical breastfeeding proponents recommend. I also would like
to emphasise that the first pap meals must not replace a meal from the breast,
but should rather be offered as additional nourishment.
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Concerning weight gain in breastfed infants, it is remarkable that
breastfeeding obviously has an impact on the risk of overweight and obesity
in later childhood, as has recently been shown in a study on more than 9°000
5- to 6-year-old children in Bavaria . The prevalence of overweight and
obesity was significantly lower in formerly breastfed children and a clear
dose-response effect between breastfeeding duration and obesity was
identified.

The time point for definite weaning can vary widely: itmay be at 9 or 12
months, or even 2 or 3 years. In several traditional communities,
breastfeeding for 2 years is felt to be physiological. Perhaps it is! Weaning
after such a long time may not always be easy. If difficulties occur, I
recommend the method of some African tribes described by Mathabane in
“Kaffern-Boy”: “When my brother Georgewas nearly two years old, our
mother rubbed red pepper on her nipples and then put the child on her
breasts, The hot spice burned on his lips and he cried awfully. This
procedure was repeated four or fife times. After that, my little brother would
no longer suck from those detestable, burning breasts and was thus weaned.
Our father slaughtered a chicken and mother brewed beer, and some
relatives were invited to appropriately celebrate the successful weaning.
From this day on, little George was no longer a baby and he was allowed to
sleep with the other children on the kitchen floor .

Inindustrialised countries, breastfeeding duration is shorter, althoughitis
much longer than it used to be some decades ago. A Swiss study performed
by Conzelmann in 1994 (Fig.3), revealed breastfeeding rates of 80%, 60%,
and 40% at 2, 4, and 6 months, respectively. In addition, there was a positiye
correlation between breastfeeding rates and socio-economic status
Without any doubt, these rates are much higher than in earlier times.
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Fig 3. Breastfeeding rates in Switzerland in 1994 (20).

6. BREASTFEEDING IN EARLIER EPOCHS

We often assume that nearly all children were nursed by their mothers in
earlier centuries. Unfortunately, this is merely an assumption or an idea but
not a fact. Obviously, it is very difficult to know for sure what the situation
was in earlier times. We have no statistics ormedical descriptions from those
times - infant feeding was not yet a topic of medical interest - and customs
varied widely in different countries and over different time periods. In some
regions mothers breastfed 80 or 90% oftheir infants, mainly the two or three
first-born children of the family *'; in other regions, like Bavaria, Tyrol, the
Lausitz, Iceland, or cities, like Moscow, breastfeeding had nearly died out
for several centuries 3.
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Until the late 18* century, it was the social norm for upper and middle
class mothers to employ wet-nurses rather than breastfeed their infants
themselves. In the regions quoted above, however, infants were not breastfed
at all. Particularly here in Southern Bavaria, they were fed almost
exclusively with a flour pap, with or without addition ofmilk. It was already
mentioned in 1524 that bteastfeeding was rare in this region *,We have
some indirect evidence that in many other countries the situation was not
much better. For instance in Britain, there are gravestones from the 17®
century with inscriptions like this : “..she died.. and left 8 children, 7 of
them she nourished with her own breasts” 3. A clear indication that this was
rather an exception. Other hints are given by the fact that doctors repeatedly
wrote articles, proclamations and appeals to encourage women to breastfeed
their infants themselves. A medical history study ofthe time period between
1750 and 1800 about the situation in England and France attests: “All
medical writers were doing their best to depopularize the almost universal
use of pap as the sole means of bringing up infants by hand. > >

Without doubt, the most illustrious author of those times is Karl von
Linn¢ from Upsala, who, in 1752, wrote a booklet entitled: NUTRIX
NOVERCA (The wet-nurse as a stepmother). In this article, he sharply
criticises the bad habit of wet-nursing: “We have scarcely been expelled

from our mother’s womb before we fall victims to a dangerous custom,
which even denies us what nature has intended to give us, breast-milk, and
this is highly imprudent; neither the whales nor the big lionesses or tigresses
deny their new-borns their breastmilk”’. He also warns of one consequence
ofinhibited breastfeeding: breast cancer. “Therefore, women ofnoble birth
he says, “more often have breast cancer than the farmers’ women’. With
this, he anticipated a fact which was proven only some years ago for the pre-
menopausal form ofbreast cancer.

I would like to point out that officially Linné did not write this book
himself, It was a thesis of a young doctor named Frederick Lindberg who
had to present this work “praeside Carolo Linnaeo” at the Faculty of Upsala.
Nevertheless, we know that all ofthe 85 theses ofhis students were written
by the master himself?!

The first useful statistics on breastfeeding actually come from Bavaria
from the seventies ofthe last century ** The average breastfeeding duration
in Schwaben, e.g., was 3% weeks. In Munich, less than 10% ofthe babies
were breastfed (Fig.5 a). In Niederbayern, even in 1905, 75% ofall infants
were never put to the breast *even though there had been a general rise in
breastfeeding rates starting towards end of the 19" century.
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7. BREASTFEEDING AND MORTALITY

Actually, infant mortality rates in these regions of Southern Bavaria were
much higher than in the Northern parts, the Frankenland, where the majority
of babies were nursed by their mothers *. Mortality rate was 2.4 times
higher in non-breastfed than in breastfed infants. After the first year, the
formerly breastfed children were no longer at an advantage; on the contrary,
they now had a higher mortality rate *(Tab.2). Evidently, infants who
survived the critical first year without being breastfed represented a selection
of very resistant and healthy children. This is in contrast to newer findings
which indicate longer lasting protection after beastfeeding (see Hanson,
L.A., inthisissue).

Table 2: Mortality rates in different provinces of Bavaria in 1882 (Bernheim [22])

1* year [2™-5%year| 6%-10% | Total 1%-

year IOthyear
Oberbayern ' 43.8 103 26

Niederbayern ' |[44.5 440 108 [ 98 |34 29| 56.7%
® ! Schwaben ' [43.6 8.7 2.7
Pfalz 2 27.6 15.2 3.6

Oberfranken 2 [26.3 » 263 | 154 r145 (457 41| 449%
Unterfranken * | 25.0 13.0 4]

! Provinces with low breastfeeding rates
2 Provinces with high breastfeeding rates

Nevertheless, the overall mortality rate was lower in breastfed infants.
These lower mortality rates were associated with a lower number of infants
in a family. The time interval between two children is much shorter after a
new-born’s or infant’s death®,and is longest after prolonged nursing 2
Breastfeeding is a reliable contraceptive for 6-7 months®. Thus, the higher
mortality rate was compensated by a higher birth rate in non-breastfeeding
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populations (Fig. 4). The “life-wasting type” describes a population with a
low incidence of breastfeeding and high mortality and fertility rates, opposed
to “life-saving” societies with a high incidence of breastfeeding and low
mortality and fertility rates **. Both result in a demographic equilibrium,
although the life-wasting way is certainly more troublesome and painful. It is
astonishing that it was accepted by many people.

ll LIFE WASTING TYPE || |\ LIFE SPARING TYPE }l

High fertility Low mortality

High rate
BREAST-
FEEDING
Low rate
High mortality
Low fertility

Fig. 4 Effects of breastfeeding activity on regulation of population size:
High breastfeeding rate - lower mortality - lower fertility - higher breastfeeding rate
Low breastfeeding rate - higher mortality - higher fertility - lower breastfeeding rate

There may be different reasons for his phenomenon. The most important
one is perhaps a different mentality with regards to how a child was valued.
Such a mentality is formed by a variety oftraditional, religious, cultural and
economic factors. The attitude to patiently endure and accept mortal blows
of fate as God’s providence was probably more prevalent in catholic
communities (e.g. in Southern Bavaria). And then, of course, economic
aspects may have played an important role as well: Often parents were not
too unhappy when a baby - which was another hungry mouth to feed - went
to heaven to pray there for the rest ofthe family *.
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8. TWO“RENAISSANCES”OFBREASTFEEDING
INTHE 20™ CENTURY

As already mentioned above, at the end ofthe 19* and the beginning of
the 20 century, breastfeeding once again became popular in most European
countries (Fig. 5 a + b). Common people now recognised that breastfed
children throve better. The reduction of fertility associated with increased
breastfeeding, on the other hand, lead to significantly smaller families.
Mothers had more time to look after their infants and to nurse them
themselves. The inverse correlation between breastfeeding rate and the

number of children is obvious (Fig. 6) although there certainly are other
contributing factors.

FIGURE 2. THE PERCENTAGE OF FIGURE 1. THE PERCENTAGE OF
INFANTS EVER BREASTFED, MUNICH, INFANTS EVER BREASTFED, BADEN,
1869 - 1933. 1873 - 1934.
100
& 100
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% 80
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0o i ! | ] 70
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Fig. 5 The “first renaissance” of breastfeeding, starting at the end ofthe 19* century:
a) Munich: low breastfeeding rate
b) Baden: high breastfeeding rate

This first “renaissance” of breastfeeding lasted until the end of the
thirties. Paediatricians and nurses supported the enthusiasm of young
mothers. In St. Gallen - my birth place-, for instance, the breastfeeding rate
rose from 58 to 97% between 1917 and 1934, whereas the birthrate fell from
27to 15.5 per 1000 inhabitantsbetween 1910 and 1935.
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In 1940, in the middle of the 2~ World War, fertility again started to
increase and culminated in an true baby boom in all European countries.
This baby boom reached its peak in 1964. Curiously, in this children-loving
atmosphere, the wings of breastfeeding enthusiasm began to become lame
and the ardour for breastfeeding reached its nadir at the beginning of the
seventies.

Since 1965, the birthrates in Europe have declined relentlessly until now.
The fertility index, the number of children per woman in the reproductive
age, was 2.7 in 1964 and has now reached 1.4 in Switzerland, 1.2 in
Germany and 1.1 in Italy and Spain. A fertility index of 1.2 is less than 60%
ofthe number necessary to maintain a stable reproduction. 1.2 signifies that
only two generations from now - in about 2060 - the size ofthe population of
the less than 20-year-olds will be less than 50% of its current, already
insufficient size. We are living in a dying society.

Forty (ko porwormer) e adg e
40
30
20
10
1900 -] 40 0 %0 2000

Fig. 6 Breastfeeding rates and fertility in Switzerland in the 20™century: Fertility index
(children per woman in the reproductive age) and estimated breastfeeding rates
(semi-quantitative), based on various sources. A : number of children per woman,
required to maintain a stable reproduction.

Parallel to the marked decrease of our fertility, breastfeeding has
experienced the “second renaissance”. Concurrent with the lowest birth rates
ever, we are confronted with the delightful fact ofa very high breastfeeding
frequency, which exactly mirrors the fertility rate (Fig.6).

The currentboom started in the Scandinavian countries in 1973. Within 7
years, the breastfeeding rate in Sweden rose from 20 to over 80% in 2-
month-old infants* (Fig. 7). In Central Europe, a less impressive wave
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followed two or three years later. The WHO reacted with the publication of
the “International Code of Marketing of Breast-milk Substitutes” in 1981,
the “Ten Steps” 1989 and UNICEF’s “Baby friendly Hospital Initiative” 2
years later. UNICEF did not stand at the beginning ofthis development but
rather jumped onto a running train and immediately proceeded to the

conductor’s cab!
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Fig. 7  The “second renaissance” ofbreastfeeding in Sweden in the seventies (3 1) and
activities of WHO/UNICEF that followed:
1) International code of marketing ofbreast milk substitutes
2) Ten steps to successful breastfeeding
3) Baby-friendly hospital initiative

A new, not yet published European study from 12 different countries
(1991-93), reveals a rather satisfactory breastfeeding activity : 67% at two,
42% at four and 27% at six months of age (F.Haschke, by courtesy®).
However, there are large differences between the Nordic counties which
have high breastfeeding rates, and England, France and the Latin nations

which lower breastfeeding activities.
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Manifold factors have lead to higher motivation to breastfeed: fewer
children, more time, more money, but also more fears of synthetic,
chemically produced foods, an increased scepticism regarding purely
technical ways of thinking and the “back to nature” movement. New
knowledge about the “womanly art ofbreastfeeding” was introduced in the
last decades, not by paediatricians or obstetricians but rather through the
initiative of active women working for La Leche League or as Lactation
Consultants: early skin-to-skin contact immediately after birth, the first
sucking in the first hour after delivery, rooming-in, correct positioning ofthe
infant, proper handling ofthe breast - no longer the so-called cigarette-grasp,
depicted in so many paintings, but the hand-holding used in old Egypt (Fig.
8atb)—and, finally, feeding on demand.

Fig. 8 Methods ofholding the breast during nursing:
a) so-called “Cigarette grasp” (no more recommended). Lukas Cranach d.A. (1472-
1553), Monastery of Capuchins, Innsbruck, Austria
b) so called “C-grasp”, Egypt, Median Empire (1900 B.C.)

A final comment to this last point: paediatricians ofthe first generations
recommended scheduled feeding: 5 feedings a day and none in the night *.
This schedule was derived from the experience of wet-nursing in hospitals.
Not only the rigid timetable 6-10-2-6-10 o’clock was wrong, even “wronger”
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was the total number ofmeals. Even highly motivated mothers suffered from
the “insufficient milk syndrome” after a few weeks of nursing their infants
according to this rigid feeding schedule. The recently published European
Growth Study revealed that when feeding occurs on demand the number of
feedings is significantly higher (Tab.3).

Table 3: Mean number of breastfeedings in 24 h (33)
from the Euro-Growth Study 1991-93 (12 countries)

Age (mo) feedingd/24 h (n)
1 7.1 (1152)
4 0.7%
5 7.6%
6 31.1 %
7 25.7%
8 25.3 %
9+ 9.5%
2 6.6 (873)
4 6.2 (487)
6 5.8 (254)

In the first two months of life, more than 80% of infants took 6 to 8
meals in a 24-hour-period (also at night!) and only 8% were satisfied with
the 5 feedings * once recommended by the great-grandfathers of paediatrics.

All these factors taken together have led to the present situation of
widespread, self-evidentandnatural breastfeeding.

My final question: is today’s delightfully high breastfeeding rate really
indicative of a vital and healthy society, or is it perhaps the contrary, a
symptom of a morbid population? This question confuses me and even
makes me sad. It reminds me of the phenomenon of forcefully blossoming
trees in a dying forest. What should we do? It certainly would not be wise to
discourage breastfeeding (we would be treating a symptom rather than the
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cause of the problem). On the contrary, breastfeeding offers so many
advantages to both mother and infant that we should support it by all means.
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BEER AND BREASTFEEDING
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Abstract: Traditional wisdom claims that moderate beer consumption may be beneficial
for initiation of breastfeeding and enhancement of breastfeeding success. Here
we review the question whether or not there-is any scientific basis for this
popular belief. There are clear indications that beer can stimulate prolactin
secretion which may enhance lactogenesis both in non-lactating humans and in
experimental animals. The component in beer responsible for the effect on
prolactin secretion is not the alcohol content but apparently a polysaccharide
from barley, which explains that the effect on prolactin can also be induced by
non-alcoholic beer. No systematic studies are available to evaluate the clinical
effects of beer on induction of lactogenesis, and short term studies have shown
a reduced breast milk intake by infants after moderate alcohol consumption of
their mothers. It is conceivable that relaxing effects of both alcohol and
components of hop might also have beneficial effects on lactogenesis is some
women, but there is no hard evidence for causal effects. It appears prudent not
to generally advocate the regular use of alcoholic drinks during lactation but to
rather refer mothers to non-alcoholic beer, even though no adverse effects of
an occasional alcoholic drink during lactation have been documented.

Traditional wisdom not only in Bavaria, but also in many other areas of
the world claims that moderate consumption of beer may be beneficial for
initiation of breastfeeding and enhancement of breastfeeding success
During the early part of the 20" century, beer companies marketed low
alcoholic beers or “tonics” as a means for women to stimulate appetite,
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increase their strength and enhance milk production *. Also in more recent

years, beer has been discussed as a beverage with possible special effects on
lactation *°. At a conference discussing breastfeeding in a Baroque

monastery with an active monastery brewery (Irseer Klosterbriu), located
close to the world’s beer capital Munich, it seems appropriate to briefly
review the question whether or not there is any scientific basis for the
popular belief that beer consumption has effect on the initiation of
breastfeeding.

Some have proposed that beer drinking may facilitate the initiation of
breastfeeding by a soothing effect *¢ Several authors have discussed effects
on the secretion ofthe hormone prolactin by the adenohypophysis. Prolactin,
in concert with the gradual fall in progesterone levels during the postpartum
period, effectively stimulates lactogenesis during the first days after child
birth *” The effects of alcohol consumption on the secretion of prolactin is
controversial *, but beer indeed seems to have a stimulating effect °. De
Rosaand coworkers ° studied 11 female volunteers aged 18-36 years during
the early follicular phase of the menstrual cycle. At three times with an
interval of 48 hours, the subjects were given 1 litre of one of three fluids
under standard conditions. After 12 hours of fasting and fluid deprivation,
and at least 1 hour ofbed rest, the subjects consumed within 15 minutes 1
litre either of beer (6 % ethanol), sparkling water or sparkling water with 6
% alcohol. Prolactin was measured from blood samples obtained at 0, 30,60,
90 and 120 minutes. Peak values were obtained at 30 minutes in all three
groups, but the prolactin increase was significantly larger after beer
(27.1£13.7 ng/ml) than after water (12.6+4.1 ng/ml) or water with alcohol
(12.0£2.2 ng/ml) (p<0.05). An induction of prolactin secretion by beer
consumption was also reported by Carlson et al. !. Five healthy men aged
31-47 years and seven healthy, non-lactating women aged 22-46 years were
studied in the late morning after their usual breakfast. After collection of3
baseline samples, the subjects consumed 800 ml ofbeer with 4.5 % alcohol
in 30-45 minutes, and blood samples were collected at 15 minute intervals
for 2.5 hours. In the male subjects, serum prolactin levels increased after
beerconsumption from 7. 0£1.5 ng/ml(M+£SE) to 12.0+£2.1 ng/ml (p<0.025).
In females there was an increase from 9.6+£1.8 ng/ml to a peak 0f22.6+2.6
ng/ml (p<0.005). A similar response was observed in one woman who drank
nonalcoholic beer. Pretreatment of the women in the study with naloxone
had no effect on prolactin secretion. In contrast to beer, there was no
prolactin response in female volunteers after oral ingestion of a hot cacoa
drink or a an aqueous solution of D,L-salisonol, a tetrathydoisoquinolone
component of beer and some other alcoholic beverages which had been
proposed as a potential responsible agent > These two studies as well as
other data ' demonstrate that neither ethanol alone nor a simple volume
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stimulus induce arise of serum prolactin, whereas beer drinking can induce
an acute increase of prolactin secretion in non-lactating humans.

A similar effect of beer on prolactin secretion was also reported in animal
experiments. A study aimed primarily at investigating a potential
relationship between beer intake and development of mammary
adenocarcinoma " investigated female C;H/St mice that were infected with a
b-type RNA virus (Bittner particle) to induce mammary adenocarcinomas.
The animals were either given water or decarbonated light beer (Budweiser)
as the sole liquid. While there was no difference in tumor prevalence or
tumor growth, beer drinking mice tended to have higher serum prolactin
levels at 49 days after weaning (65+35 ng/ml) than controls (53423 ng/ml;
n.s.). Similarly, intravenous injection of an aqueous beer extract induced a
marked increase ofprolactin secretion in ewes '®.

Sawagado and Houdebine from the Laboratoire de Physiologie de la
Lactation at Jouy-en-Josas, France, attempted to further characterise the
lactogenic compound in beer '8. Mature virgin Wistar rats aged 14 weeks
were given orally for 4 days lyophilised beer powder produced from Pelfort
ordinary stout, or aqueous barley extracts. Measurements of beta-casein
contents in rat mammary gland by radioimmunoassay demonstrated a
marked beta-casein accumulation with both beer and barley administration,
which could be prevented by the simultaneous administration of the
dopaminergic drug CB 154. Thus, it appeared that the effect on casein
accumulation was mediated by prolactin. Further studies in ewe showed that
beer powder, barley extract and a crude malt extract, but not hop extract
triggered a prolactin response, which suggested that the lactogenic principle
in beer does not derive from hop but from beer barley and malt. The authors
also found that maltose, which is abundantly found in barley, was unable to
stimulate aprolactinresponse.

In order to identify the class of molecules to which the lactogenic
compound or compounds belong, Sawagado and Houdebine went on and
treated beer, barley and malt extracts with various solvents . It turned out
that the active compound in beer is insolubilized in 50 % ethanol. After
resuspension in water and extraction with chloroform, the active compound
was detected in the water phase. Thus, the authors concluded that the active
molecule is neither a protein not a lipid but rather a polysaccharide. It turned
out that more alcohol was required to precipitate the lactogenic activity from
beer than from barley and malt suggests that the active polysaccharides
might be partly cleaved into smaller molecules during the fermentation
process.

In further studies, the authors found that several other plants also contain
lactogenic compounds, including cotton seed, Europhorbia hirta and Accacia
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nilotica. Thus, in addition to beer some other plants or plant extracts might
be utilisable for enhancing lactogenesis.

In an electronic literature search, we did not find any controlled studies
that investigated the possible clinical effects of beer consumption on
lactogenesis and breastfeeding success. Indeed, it seems rather difficult to
realise such a controlled study due to both ethical and practical limitations.
However, studies are available that investigated the effects of alcoholic
drinks on the short-term behaviour ofbreastfed infants.

Menella and Beauchamp studied a group of 12 lactating women in a
study with a cross-over design "°.On two consecutive days, they consumed
either beer with 4.5 % alcohol providing an alcohol intake 0f0.3 g/kg, or an
equal volume ofnon-alcoholic beer. Following alcoholic beer consumption,
the odor of expressed milk was altered and infants drank less milk
(149.5+£13.1 ml vs. 193.1£18.4 ml, p<0.05) than after maternal consumption
of non-alcoholic beer. In contrast to the alteration of drinking behaviour,
there was no significant difference in maternal perception of their infant’s
behaviour or their own lactational performance. A similar effect on infant
feeding was observed in another study on 12 mother-infant pairs after
maternal consumption of either orange juice or orange juice with a small
amount of alcohol (0.3 g/kg) **When the mothers had consumed alcohol,
their infants sucked more frequently during the minute offeeding (67.0+6.5
vs. 58.4£5.9 sucks/minute, p<0.05), but consumed significantly less breast
milk milk (120.44£9.5 ml vs. 156.4+8.2 ml, p<0.001. Both these studies
could not provide information on potential longer-term effects of maternal
alcohol intake on breastfeeding.

In addition to these short-term observations, concern arises with regard to
early alcohol exposure of the breastfed infant in view of the proposed
potential long-term effects of early flavour experience on later preferences
for foods and drinks *' .It has been considered that exposure to significant
amounts of alcohol during early life might enhance later alcohol
consumption. Moreover, the possible pharmacological effects ofalcohol in
young infants let lead us to consider a regular alcohol intake ofbreastfeeding
women undesirable ** even though modest consumption has not been
associated withadverse effects’.

In conclusion, there are clear indications that beer can stimulate prolactin
secretion which may enhance lactogenesis. The active principle responsible
for the effect ofbeer on prolactin is not the alcohol content but apparently a
polysaccharide from barley, which explains that the effect on prolactin can
also be induced by non-alcoholic beer. However, no systematic studies are
available to evaluate the clinical effects ofbeer on induction oflactogenesis,
and short term studies have shown a reduced breast milk intake by infants
after moderate alcohol consumption oftheir mothers. It is conceivable that
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relaxing effects of both alcohol and components of hop might also have
beneficial effects on lactogenesis is some women, but no hard evidence of
causal effects is available. It appears prudent not to generally advocate the
regular use ofalcoholic drinks during lactation but to rather refer mothers to
non-alcoholic beer, although no adverse effects ofan occasional drink during
lactation have been documented.
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Abstract: The impact of breast-feeding on overweight and obesity in children at school
entry was assessed in a cross sectional study in Bavaria in 1997. The school
entry health examination enrolled 134577 children. Data on early feeding were
collected in two rural districts (eligible population n=13.345). The analyses
were confined to 5 or 6 year old children with German nationality. The main
outcome measures were overweight (BMI1>90™ percentile for all German
children seen at the 1997 school entry health examination in Bavaria) and
obesity (BM1>97" percentile). Information on breast-feeding was available for
9206 children of whom 56% had been breast-fed for any length oftime. In non
breast-fed children the upper tail of the BMI distribution was enlarged as
compared to the breast-fed children whereas the median was almost identical.
The prevalence of obesity in children who had never been breast-fed was 4.5%
as compared to 2.8% in ever breast-fed children. A clear dose response effect
for the duration of breast-feeding on the prevalence of obesity was found:
3.8%, 2.3%, 1.7% and 0.8% for exclusive breast-feeding for up to 2, 3 to 5, 6
to 12 and more than 12 months, respectively. The results for overweight were
very similar. The protective effect of beast feeding on overweight and obesity
could not be explained by differences in social class or lifestyle. The adjusted
odds ratios of breast-feeding for any length of time was 0.71 (95% CI 0.56-
0.90) for obesity and 0.77 (95%CI 0.66-0.88) for overweight. This data set did
not allow to adjust for maternal weight, an important risk factor for obesity in
children. Maternal overweight, however, could not explain the effect of breast-
feeding on overweight and obesity in a similar study. The reduction in the risk
for overweight and obesity is therefore more likely to be related to the
properties of human milk than to factors associated with breast-feeding. The
potential relevance of different components of human milk for the observed
reduction in the risk for overweight and obesity is discussed. The preventive
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effect of breast-feeding on overweight and obesity is an important additional
argument for the promotion of breast-feeding in industrialised countries.

1. INTRODUCTION

In industrialised countries overweight is the most frequent nutritional
disorder in children and adolescents, with a continuing increase of its
prevalence ' 2. Overweight children have a high risk for overweight in
adulthood’” and for health disturbances such as arterial hypertension,
dyslipidaemia, coronary heart disease, gout and others ¢. Since therapeutic
interventions in obese children aiming at weight loss are costly and have less
than satisfactory long-term success rates’, identification of strategies for
effective prevention ofobesity is particularly attractive.

We have recently addressed the question whether prolonged breast-
feeding might have long-term programming effects on the prevalence of
overweight and obesity in children at school entry ¢ In this study, carried out
in Bavaria, the risk for overweight and obesity decreased by duration of
exclusive breast-feeding.

The aim ofthis article is

- to summarizetheresults of the Bavarian study *

- to discuss whether the apparently reduced risk for overweight and
obesity in breast-fed children can be attributed to the properties of
human milk

- to give further details on the lower prevalence of overweight/obesity
in breast-fed children in Bavaria

- to stimulate the discussion as to which components of human milk
might be instrumental in reducing the risk for obesity in breast-fed
children

2. STUDY DESIGN AND MAIN RESULTS OF THE
BAVARIAN STUDY

2.1 Study design and setting

The study was part ofthe bavarian school entry health examinations 1997
enrolling 134,577 children (figure 1). From February 1997 to August 1997
13.345 children examined in two rural Bavarian regions (Oberpfalz and
Niederbayern) and their parents were given a questionnaire on risk factors



Does Breast-Feeding Protect against Childhood Obesity? 31

for atopic diseases. The overall response rate by the parents was 76.2%. The
total number of completed questionnaires was 10.163. These data were
linked with data on length and weight measured as part ofthe routine health
examination. The BMI was calculated as weight / length’. The analysis was
confined to the 5 year old (n=1975) and 6 year old (n=7382) German
children leaving 9357 questionnaires for the analyses. The age and sex
specific distribution ofthe BMI in all German children investigated during
the 1997 school health examination in Bavaria was used as the reference to
define overweight (BMI>90"percentile) and obesity (BMI>97"percentile).

seen at the school entry health examination — length and weight measured in ait

n= 134,577

v
living in 2 rural regions of Bavaria and given the atopy questionnaire

n= 13,345

¥
questionnaire completed

n=10,163

¥

children with German nationality aged 5 or 6
n=9,357

information on breast-feeding availabie
n= 9,206

N

never breastfed n=4022 ever breastfed n=5184

Figure 1 : Overweight and Obesity in Bavarian Children at school entry in
1997

The main exposure was exclusive breastfeeding and its duration. The
question on breastfeeding was: ,,Was your child breastfed”. Ifthe answer
was yes the further question was: “For how long was your child exclusively
breastfed. The categories offered to answer this question were: for not more
than 2 months, 3 to 5 months, 6 to 12 months and for more than a year.

In order to identify covariables potentially associated with breastfeeding
several additional items were considered. These regarded housing
characteristics and lifestyle (e.g.the age of thehouse, child’s ownbedroom,
maternal smoking in pregnancy, spare time spent outside in summer and
winter), questions on the child’s health (e.g. prematurity, low birth weight,)
and questions on diet (time of introduction of solid food, consumption of
own cooked food or industrial ready-to-meal products, food bought in health
food shops) and explorative questions (never, less than once weekly, once or
twice, 3 - 6 times weekly or daily) on the consumption of selected dietary
items (milk products, fish, meat, fat, carbohydates). The highest education of
either parent was used as a marker for social class.
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2.2 Main results

There was a progressive reduction of the prevalence of overweight and
even more pronounced of obesity in children at school entry by duration of
breastfeeding (figure 2). Several indicators of social class and lifestyle
differed significantly between breastfed and not breastfed children. Many of
these were also associated with overweight or obesity. High parental
education, prematurity and low birth weight reduced the risk of overweight
and obesity, whereas maternal smoking during pregnancy increased the risk.
Full fat milk products (milk, quark or yogurt, whipped cream) and sweet
deserts may be avoided by overweight children suggesting a spurious
“protective” effect ofthese products as compared to a “risk” associated with
the consumption ofthe low fat version ofthese products. There was also an
apparent reduction of'the risk for overweight and obesity associated with a
high consumption ofbutter and breakfast cereals ®.

% 14 Overweight Obesity
12 |-= E :
L F i
T — e
8 P ;
6 : T ;
! + i
4 : e
2 ; .
L ! R
&
) LS IASS 7 PSS
-- = point estimate I = 95%ClI

Figure 2: Overweight (BM>90" percentile) and obesity (BM1>97"
percentile). Prevalence in german children aged 5 or 6: relation to breast-
feeding

Parental education was the only factor accounting for a > 10% shift ofthe
oddsratio for breastfeeding and overweight and obesity towards unity. Other
factors which remained significantly associated with overweight/obesityin
the final logistic regression model were high parental education, maternal
smoking in pregnancy, low birth weight, having an own bedroom and
frequent consumption of butter (table 1). The adjusted odds ratios by
duration ofbreastfeeding are shown in table 2. Being ever breast-fed reduced
the risk ofoverweight by more than 20% and breastfeeding for six months or
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Table 1: Independent risk factors for overweight and obestity: final
logistic regression model

Overwoight \ Obesity
____©R 95% Cl | OR 95% CI

Breastiesding 0.79 0.68 - .93 0.75 0.57 — (.98
High parenial 0 08 0.70 - 0.85 | .75 .56 -0.93
cfucation
Matzrnal smoking 1.52 118 -1.8% 1.85 126 27
In pregnancy

i Birthweight 0,68 0.53 - 0.58 2.81 .54 - 1.20
= 2500 g :

P _ | _

@ b 1.24 1.0% - 1.46 1.20 0.8 —1.58
Butier== 3x/ week 072 0.62 — .84 089 0.54 080

Table 2: Impact of the duration of breast-feeding on overweight and
obestiy in German children aged 5 or 6: OR’s adjusted for parental
education, maternal smoking in pregnancy, low birth weight, own bedroom
and frequent consumption ofbutter

Ovenweirhit Qbesaly
OR 95%CI T OR B3I

Creast-fad for : o

=2 months (n=2,084) 0.69 0.73-1.07 .90 0.65-1.24

3-5 months in=2,052) .87 072106 ; 065 0.44-0.95

i

6-12 months [n=863) 067 0.48-0.91 0.57 (0.33-0.49

=12 manths =121} 043 0.17-1.07 0.28 0.04-2.04
Ever breast-fed [n=5%.184) 079 0.6B8-00.93 075 0.57-0 4

more reduced the risk by over 35 %. Even more pronounced effects were
observedregarding obesity (25% and43% respectively).

3. CAN THE APPARENTLY REDUCED RISK FOR
OVERWEIGHT AND OBESITY IN BREAST-FED
CHILDREN CAN BE ATTRIBUTED TO THE
PROPERTIES OF HUMAN MILK?

With all cross sectional studies there is a risk ofrecall/information bias.
Some misclassification regarding the duration ofbreastfeeding is likely, if
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mothers have to remember details of the child’s earlier feeding. This
misclassification, however, is unlikely to be related to the outcome because
the overt aim ofthe study was the search for risk factors ofatopic diseases.
Selection bias is also unlikely: the return rate ofthe questionnaires was high
and unrelated to the outcome measure 8. Random misclassification of the
measurement oflength and weight is likely, as it is difficult to ensure that all
persons involved in the measurement in more than 10 different public health
offices use exactly the same equipment in exactly the same way. This
misclassification, however, is unlikely to be dependent on breastfeeding, as
this information was not known to the persons involved in the measurement.

Breastfeeding was associated with a number of lifestyle and dietary
factors documented as part of the study. With the exception of parental
education none ofthese was a confounder ofthe association ofbreastfeeding
and overweight/obesity. High parental education in breastfed children,
however, only partially explained the association of breastfeeding and
overweight/obesity

Information on important risk factors for overweight, which might be
confounders of the presumed protection by breastfeeding, could not be
optimally assessed:

lifestyle and social class

- Parental education may not be the optimal indicator of social class,
but additional information is difficult to obtain in Germany because a
potential impact of social class on health is not perceived by the
German population.

- Physical activity is certainly an important risk factor for
overweight/obesity. As the questionnaire had not been originally
designed for this purpose these questions were limited to “time for
playing outdoors”, which - though associated with breastfeeding -
was not associated with overweight/obesity and was not a
confounder.

- Diet is another important lifestyle factor associated with the risk for
adiposity — the questions were confined to a semi-quantitative
assessment ofthe present diet. Many overweight children, however,
might have changed diet to reduce their weight.

Genetic risk factors for overweight/obesity

- Parents’ weight is an important indicator of the genetic risk for
overweight/obesity ' and maternal overweight appears to be
associated with a short duration of or no breastfeeding > A positive
family history of adiposity was not a confounder of'the association
between breastfeeding and overweight/obesity in a previous study °.
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In our cohort study on this issue presented at this meeting by Dr.
Bergmann prolonged breastfeeding was less common in overweight
mothers but maternal overweight was not a confounder of the
association of breastfeeding and overweight/obesity.

A strong argument against a role for lifestyle factors associated with
breast-feeding to explain the observed protective effect comes from a study
on Canadian adolescents born in the 1960ties®. In this study a similar dose
related, protective effect of breast feeding on the later prevalence of
overweight/obesity was found. Ifthis dose dependent protective effect were
caused by lifestyle factors associated with breastfeeding similar confounding
factors should have to have been operative during the different time periods
in different societies. In kramer’s study only 18.5% ofthe children had been
breastfed as compared to 56% our study suggesting other mothers might
have chosen to breastfeed their children in the nineties in Bavaria than in the
sixties in Canada. The lifestyle in the early sixties in Canada was almost
certainly different from that in Bavaria in the early nineties. Although it is
difficult to rule out that unknown factors associated with the lifestyle of
families ofbreastfed children might be causative for the apparent protective
effect of breastfeeding this does not appear likely.

4. FURTHER DETAILS ON THE “LOWER
PREVALENCE OF OVERWEIGHT/ OBESITY IN
BREAST-FED CHILDREN” IN BAVARIA

The age and sex specific distribution ofthe BMI in all German children
investigated during the 1997 school health examination in Bavaria was used
as the reference to define overweight (BMI>90"percentile) and obesity
(BMI>97" percentile). The 90" and 97® percentile in Bavaria are
considerably higher than the widely used Frenchreference values ' (table 3).
This means that most children defined as overweight according to the
Bavarian percentiles would have BMI values above the 95"percentile of the
French reference values.

The lower prevalence of overweight/ obesity in breast-fed children in
Bavaria does not reflect a shift in the entire distribution of the BMI’s in
breast-fed children as compared to those on formula. There is no shift ofthe
mean but the upper tail of the distribution is “fatter” in non breast-fed
children (figure 3). This has implications for further studies: These findings
might not be reproduced, ifonly means and their 95% confidence intervals
are considered. The biological model to explain the observed protective
effect on overweight and obesity should match a shift in the “upper tail”.
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Table 3: BMI: 90* percentile and 97 percentile for German children in
Bavaria 1997: compared to reference values by Rolland-Cacheraetal. 1991.

— -
age in | Gender| 90™ percentile 97" percentile
I yaars —
Bavaria | Rolland-Cachera | Bavaria : Rolland-Cachera
5 male : 17.24 17.07 19.22 17 89 :
| b
] male 17.53 17.18 19.77 15.08
5 female 17.38 16.81 19.39 1768
g famale 1790 16.81 19.63 17.83

As the study was cross sectional we do not have data on the BMI during
the first five years oflife in these children. The data of our cohort study on
this issue presented at the meeting by Dr. Bergmann suggest, that the
protective effect ofbreastfeeding emerges only after the 4* year oflife.

S. WHICH COMPONENTS OF HUMAN MILK
MIGHT BE INSTRUMENTAL IN REDUCING
THE RISK FOR OBESITY IN BREAST-FED
CHILDREN?

The components of human milk feeding accounting for a lower risk for
overweight/obesity in breast-fed infants might be related to the hormonal
response, bioactive factors present in human milk, a lower caloric intake
and/or a lower protein intake, all of which might potentially have long-term
effects .

Lucas et al = 1 reported significantly higher plasma insulin
concentrations in bottle than breast fed infants, which would be expected to
stimulate fat deposition and thus might affect early development of
adipocytes. Human milk also contains bioactive factors that may modulate
tissue growth and development. Breast milk contains both epidermal growth
factor and tumor necrosis factor alpha, both of which are known to inhibit
adipocyte differentiation in vitro """’

Moreover, nutrient intakes ofbreast and bottle fed infants differ between
breast and formula fed babies * Recent data indicate that the metabolisable
energy and protein intakes of breast-fed are considerably lower than
previously assumed and significantly below those found in populations of
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Figure 3: Distribution of the BMI in breastfed and non breastfed German
children aged 5 and 6 in two rural Bavarian regions

formula-fedinfants . These early differences in macronutrient supply
might have long term effects on substrate metabolism. In longitudinal
follow-up studies, Rolland-Cachera and coworkers *% observed a
significant relationship between the dietary protein intake at the age of 10
months with later BMI and body fat distribution. The authors proposed that a
high protein intake in early childhood might predispose to an increased risk
of obesity at a later age. Indeed, in animal studies the early protein
availability during fetal and postnatal development was found have long-
term metabolic programming effects on glucose metabolism and body
composition in adult life**2,

6. CONCLUSIONS

+Based on the data ofthis cross sectional study enrolling almost 10,000
children there is strong evidence that breast-fed children are less
likely to be overweight or obese at school entry than formula fed
children.

« This effect reflects “fattening” of the upper tail of the BMI distribution
for non breast-fed children but is not due to a shift ofthe mean.
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+ There is some evidence that the reduced risk of overweight/obesity in
breast-fed children is related to the properties ofhuman milk and not
to different genetics or lifestyle factors in these children. Further
research for confirmation ofthis statement is needed, however.

¢ The causal factor in human milk, accounting for its protective effect
againstoverweightawaitsidentification.
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Abstract: For each individual, the genetic endowment at conception sets the limits on the
capacity or metabolic function. The extent to which this capacity is achieved
or constrained is determined by the environmental experience.  The
consequences of these experiences tend to be cumulative throughout life and
express themselves phenotypically as achieved growth and body composition,
hormonal status and the metabolic capacity for one or other function. At any
time later in life the response to an environmental challenge, such as stress,
infection or excess body weight is determined by an interaction amongst these
factors. When the metabolic capacity to cope is exceeded, the limitation in
function is exposed and expresses itself as overt disease. During early life and
development the embryo, fetus and infant are relatively plastic in terms of
metabolic function. The effect of any adverse environmental exposure is
likely to be more marked than at later ages and the influence is more likely to
exert a fundamental effect on the development of metabolic capacity. This has
been characterised as “programming” and has come to be known as “the
Barker hypothesis” or “the fetal origins hypothesis”. Barker has shown that
the size and shape of the infant at birth has considerable statistical power to
predict the risk of chronic disease in later life. These relationships are graded
and operate across a range of birth weight, which would generally be
considered to be normal, and are not simply a feature of the extreme of growth
retardation. The first evidence showed strong relations between birth weight
and heart disease, the risk factors for heart disease, diabetes and hypertension,
and the intermediary markers for heart disease, blood cholesterol and
fibrinogen. Strong associations have also been found for bone disease, allergic
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disease and some aspects of brain function. In experimental studies in animals
it is possible to reproduce all of the metabolic features predicted from this
hypothesis by moderating the consumption of food, or its pattern during
pregnancy, and determining metabolic behaviour in the offspring. It has been
shown that aspects of maternal diet exert an influence on fetal growth,
especially the dietary intake of carbohydrate, protein and some micronutrients.
However, these relationships are less strong than might have been predicted,
especially when compared with the associations which can be drawn with
maternal shape, size and metabolic capacity. Maternal height, weight and
body composition relate to the metabolic capacity of the mother and her ability
to provide an environment in which the delivery of nutrients to the fetus is
optimal. Current evidence suggests that the size ofthe mothers determines her
ability to support protein synthesis, and that maternal protein synthesis,
especially visceral protein synthesis, is very closely related to fetal growth and
development. It is not clear the extent to which the effect of an adverse
environment in utero can be reversed by improved conditions postnatally, but
some care is needed in exploring this area, as the evidence suggests that
“catch-up” growth imposes its own metabolic stress and may in itself exert a
harmful effect.

1. DEVELOPMENT OF METABOLIC CAPACITY,
VULNERABILITY, PLASTICITY

The processes, which underlie normal growth and development from
conception to birth take place as structured changes which proceed in an
orderly fashion and at a defined rate. The integration ofthis process in time
and space is critical for a successful outcome, and each succeeding period in
the process is to an extent determined by the success of all the prior
components ofthe process. Therefore length, weight and body composition
at birth reflect the integration of this complexity, and the functionally
capacity of individual organs and tissues will be determined by the extent
and nature of these interactions. Thus at any point in time, metabolic
function is determined by past experience and will in turn shape and
modulate function in the future'.

The developing fetus is extremely plastic and the opportunity exists for it
to be substantially moulded by its environment. For this reason the mother
seeks to maintain an environment which is characterised by constancy, to
protect development and limit the potential perturbations experienced by the
fetus. With time the plasticity declines, function and metabolic capacity
become more set. A normal part of growth is the development of a reserve
capacity for most metabolic functions and processes, which provides a buffer
against change and gives the individual the ability to cope with a wider range
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of environmental perturbations without obvious upset’. The evidence
suggests that although the upper limit of aspects ofthis metabolic capacity
may be genetically determined, the achieved metabolic capacity may be
determined by environmental effects which operate during fetal and early
life, making these programmed functions’. Programming is a term which
characterises the general ability of the phenotype of the organism to be
moulded by environmental experiences. It embraces the idea of critical
environmental stimuli operating at defined sensitive periods during
development, having the ability to induce long-lasting changes in form,
function or behaviour of an individual. The environmental change which
underlies the response might be characterised by functions as diverse as
effect of temperature of incubation on gender of crocodiles to fixation and
parenting in geese*s. The ability of an organism to respond effectively to
variation in the environment has clear survival value for individuals and the
species.

For the human, birth marks a point along the development of these
processes, where without entire independence the newborn has sufficient
robustness to withstand a range of environmental perturbation. Achieved
size is a crude marker for metabolic capacity; in general the metabolic
machinery or the enzymic capacity ofa larger liver is greater than that ofa
smaller liver, and a larger muscle mass has a greater capacity to remove
glucose from the circulation at a faster rate. Thus, in many ways, size at
birth may reflect, or act as an indirect marker for metabolic capacity, and
achieved growth will to some extent be a reflection of'this size and hence
capacity', Metabolic disorders supervene when the available capacity is not
adequate for the demand imposed, and hence individuals with less capacity
are more susceptible to the same environmental challenge. Ageing
represents the loss of capacity and those who achieve a lower overall
capacity are more likely to hit the critical, minimum level for normal
function, at an earlier age, and therefore more likely to be younger when
they first manifest diseases associated with ageing”.

2. INFANT-CHILDHOOD-PUBERTY MODEL OF
GROWTH

Growth represents the formation of new tissue, which means that
sufficient energy needs to be available to enable the net deposition of protein
and water as new tissue’. At all stages oflife and development the potential
for growth is determined by the genetic makeup ofthe individual. However,
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the phenotypic expression of this potential is determined by a number of
factors, amongst which the interaction ofthe available energy and nutrients,
with the modulating influence ofthe hormonal milieu is of special and most
critical importance’. The relative importance of nutrients and hormones is
not constant, but changes at different stages of development, so that for any
one period the major drive towards net tissue deposition is likely to vary
from any other stage. Three major phases of growth have been identified by
Karlberg, based upon the relative importance ofthe balance of substrate and
hormones at the different stages: fetal-infant; childhood; and pubertal®.
Thus, it is suggested that although the overall pattern of growth during early
life may approximate a smoothed curve, this might in reality comprise the
sum ofthree independent curves, for each ofthe three separate periods. The
dominant driver for the fetal-infant period is the availability of substrate.
Hormonal factors are required, but the normal process is limited by the
availability of energy, substrate and cofactors, with the growth trajectory
during infancy representing an extension of the fetal growth pattern or
trajectory. This period may extend up to the second half of the first year.
The childhood phase of growth commences at some time between 6 and 18
months ofage and last up to 10 to 12 years. The main driver for this part of
the process appears to be the growth hormone axis. The timing ofthe end of
the infant period and the start of the childhood period may be critical in
determining the extent of stunting in later life. The pubertal phase of growth
is primarily driven by sex steroids, and therefore is gender specific. Itbegins
at some time between 8 to 10 years and continues until full maturity is
achieved. At all ages and all stages, the quantity and quality of nutrients
available will exert an influence on the process and patterning of growth, but
an early insult will have a more marked effect for the same level of change.
It appears that the transition periods may be the most critical for adverse
influences, for example the increased likelihood of stunting ifthe transition
from infantto childhood periods is delayed.

3. ROLE OF ENERGY AND NUTRIENTS

The rate of growth is critically dependent upon the availability of
sufficient energy, although it may be constrained by the limited availability
of one or other nutrient. Although the data are not sufficiently clear, it is
likely that the quality of growth (the pattern and composition oftissues being
deposited) is importantly influenced by the pattern of macronutrients
available as sources ofenergy. It appears that for the late fetus there is an
exceptional dependence upon glucose and amino acids as energy substrates,
with very little utilization of lipids. However, up to one half ofthe weight
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gained by the fetus during the third trimester may be associated with adipose
tissue, and as much as 40% ofthe variation in birth weight might be due to
differences in fat mass. The sources of energy for the late fetus are
unusually dependent upon the oxidation of glucose and amino acids and we
have insufficient understanding of the factors which modulate the
availability and utilisation of macronutrients ofthe human fetus during this
time.

4. AMINO ACID METABOLISM: ESSENTIAL AND
NON-ESSENTIAL

Amino acids are utilised as the building blocks for protein synthesis, as
well as for the formation of a diverse range of complex molecules of
fundamental importance to metabolism. In nutrition, the amino acids have
classically been divided into two groups; those that need to be provided
preformed in the diet, essential amino acids, and those which can be
synthesised in adequate amounts by the host, non-essential amino acids® .
Even for adults, this division is less sharp than previously recognised, but for
the fetus all amino acids have to be provided preformed either from the
mother or from the placenta until the pathways for de novo formation are
adequately developed and mature. The time and pace of this maturation
varies, with some pathways not achieving significant or adequate function
until after birth, for example the ability to synthesise adequate amounts of
cysteine and taurine. The pattern ofamino acids required by the developing
fetus is very different to that found in dietary protein, the “goodness offit” is
poor. Therefore there must be considerable modification to produce an
appropriate pattern, either by maternal metabolism or placental formation.
The accumulation during late gestation by the fetus of non-essential amino
acids is far greater than the accumulation ofessential amino acids. Amongst
the essential amino acids there is a particular demand for amino acids which
are synthesised in large amounts by the placenta: glycine and glutamine®.
Therefore, it is important for fetal growth that the capacity for these
metabolic interconversions is adequate and achieved by the appropriate stage
of development. For example, about 90% of the fetal need for glycine
appears to be dependent upon placental formation through a metabolic
pathway which is dependent upon folate'’. Thus it might be expected that
impairment of folate status would result in a shortfall in the availability of
glycine to the fetus. Given the critical role played by glycine in intermediary
metabolism, and the heavy demand on glycine for the formation of structural
proteins such as collagen, it would be expected that a marginal folate status
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might result both in a limitation in skeletal development and in the
functional capacity of intermediary metabolism.

S. FETAL ORIGINS OF ADULT DISEASE

Until recently it was generally considered that the chronic non-
communicable diseases of adulthood, heart disease, hypertension, diabetes
and cancer, were caused by a genetic predisposition acting with lifestyle
factors such as smoking, diet and activity. Over the last decade it has
become clear that other factors may play a substantial role, and in particular
programming of the metabolic capacity during early life may be especially
important. The first evidence for this proposition came form a series of
epidemiological studies carried out by Barker and his colleagues which
suggested that growth during early life potentially represents a major risk
factor for the later development of ischaemic heart diseases* The
proposition is that early nutritional exposure programmes future metabolic
competence and behaviour by imprinting a change upon genomic
expression. The first evidence came from ecological studies which showed
that geographical differences in death from ischaemic heart disease in
England and Wales were related to differences in infant mortality 70 years
agol4, suggesting that growth and development in the perinatal period may
be related to an important risk factor for heart disease. In retrospective
cohort studies ofmen and women born in Hertfordshire between 1911-1930
and Sheffield between 1907 and 1924, it was shown that those with the
lowest weight at birth and 1 year had the highest death rates for heart
disease, and thus for example in Hertfordshire men the standard mortality
rate was 111 forthose less than 18 Ibs at 1 year compared with 42 in those
weighing over27 Ibsatone year ' Early growth relates directly to current
clinical evidence of coronary vascular disease'’, and also to risk factors
(such as hypertension, diabetes or obesty)** and intermediary markers
(such as blood lipids and clotting factors), for ischaemic heart disease's2.
The general nature ofthese observations has been replicated in many studies
throughout the world, and the weight ofevidence is such that it can be stated
with reasonable confidence that the pace and pattern of early growth
represents a majorrisk factor for the development ofdisease during later life.
However, this statement it too bald for the more fundamental implication
carried by the relationships which have been characterised. Thus although
disease or death has been used as a sharp end point to characterise the
clinical importance of the relationships, the metabolic basis for the
pathological changes is evident from much earlier in life. Thus for example,
in studies carried out in children in England, India, Jamaica and elsewhere,
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the metabolic differences which underlies the risk of disease are already
evident, from as early as 3 or 4 years ofage?? Thus programmed metabolic
changes contribute to the determination of the capacity for metabolic
function during the entire life ofan individual. The metabolic function ofan
adult, represents the cumulative experience oftheir environmental exposure
throughout their entire life experience. At each age the memory of past
metabolic experience contributes to determining current metabolic
behaviour, to a greater or lesser degree, although the greatest impact appears
to be related to experience during pre-natal life or in infancy.

One of the more important features of the observations made by Barker’s
group, which are often ignored, or misinterpreted, is that the changes
described operate in a graded fashion, across the range of birth weights,
which in the past have been considered to be normal. There has been the
tendency to interpret the observations as being a feature of'babies of lower
birth weight, which has very easily been translated to a feature ofbabies of
low birth weight, that is obviously pathological limitations in growth and
development. The implication thatthe changes are graded across the normal
range ofbirth weight, rather than a pathological feature which is expressed
below some critical cut-off point has major implication which are often not
appreciated, in terms ofthe basis ofthe changes and the implications which
they carry for health during pregnancy and later in life for the offspring.

Despite the obvious dependence of fetal growth on the delivery of
nutrients from the mother, it has been difficult to demonstrate simple
relationships between maternal diet, energy or nutrient consumption, during
pregnancy and the growth of the fetus. Although it has been possible to
show relations between size at birth and the maternal intake of
macronutrients, and selected micronutrients, the relative contribution to the
variability in birth weight appears modest, explaining ofthe order of3 to 5%
of the variability in birth weight>>?¢.  This is similar to the 5 to 7% of
variation in birth weight explained by smoking®. When characterising the
nutritional status of an individual, the dietary intake is only one part, and
body composition and the functional ability or the metabolic state of
adaptation also have to be taken into consideration®. Thus, relative to the
explanatory power of dietary consumption, maternal fat mass during
pregnancy showed a much stronger relationship with the blood pressure of
the child at 11 years of age*. When measures of maternal metabolic
function are used to assess the competence of the mother for carrying a
pregnancy, the relationship with growth are much more evident. For
example, the visceral mass of the mother shows a close relationship with the
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amount of protein which she synthesises on a daily basis, and this in turn is
related to the growth ofthe fetus?”. Thus, at least 20% ofthe variability in
length ofthe newborn could be attributed to variations in maternal protein
synthesis, a very strong explanatory variable. The importance of maternal
body composition as a measure of her metabolic competence is further
emphasised by findings ofinter-generational relationships?. From studies
carried out in Finland. Heart disease was most common in men who were
born light, especially in those who were thin at birth. The risk was even
greater in men who had mothers who were short, especially ifthe mothers
were short and fat. The authors suggest that in societies, or individuals, in
transition from poorer to improved social circumstance women move from
being short and thin to being short and fat, before they become taller. They
suggest that in this way the diseases of affluence mark the demographic
transition, a biological marker of inter-generational competence and
availability of food®

In all the epidemiological studies, there tends to be a loss in the
associations between birth size and measures ofmetabolic competence until
after 2-3 years of'age, and again around adolescence until its completion.
Both these time periods represent the transition between the different phases
of growth: infant to child and child to adolescence. This raises the question
of the need for an established drive to growth, or growth trajectory for
exposing the relationships in population studies. Itraises the possibility that
during childhood a growth hormone drive is required to expose the potential
limitation in the underlying metabolic capacity for specific functions, and it
is for this reason that height itselfis a good proxy for metabolic capacity.

6. ANIMAL STUDIES

Even the most elegant and skilfully conducted epidemiological studies
can only provide indirect evidence in support of the general hypothesis that
early exposure programmes later metabolic function. The range ofvariables
which have to be taken into consideration and the number of uncontrolled
factors which play a part in determining the final outcome over long periods
oftime, means that ifwe are to move forward in providing reasonable proof,
or in understanding the mechanistic basis of the associations, experimental
studies must be carried out. Thus we and others have sought to reproduce
the observations from human epidemiological studies in experimental
animals. Itis important to be clear about the objectives ofthis work, and its
potential limitations. Firstly, in animal studies one is notnecessarily seeking
to reproduce a disease, but rather to try to modify the processes which are
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known to lead to disease under suitable circumstances. Secondly, as has
been emphasised above, one of the more important feature of the
observations which have been made in epidemiological studies is that the
changes observed are seen across the normal range of variation and are not a
special feature of extremes of size at birth or extremes of dietary intake in
the mother. There are many studies in which animals have been provided
with diets which have been severely restricted or deficient in one or other
nutrient. The result has been offspring which have failed to grow and which
have obvious abnormalities of function. The more important challenge is to
determine whether it is possible to achieve significant variation in function,
when the dietary intake ofthe animal is varied across a range which reflects
the normal variability of dietary consumption. Thus, do the modest
variations in macronutrient consumption, across the range usually seen
amongst population groups, induce important differences in the growth,
development and function ofthe offspring? The literature contains anumber
of examples in which extreme dietary manipulations have exerted marked
effects upon physiologic and metabolic function. The studies of McCance
and Widdowson* clearly established the general principle that diet during
early life influences the rate of growth and development of form and
function at later stages and identified the susceptibility of hypothalamic
function during critical periods in early pregnancy. The idea of Winick and
Noble that any particular tissue would be most sensitive to an insult, with
irreversible effect, if the insult were to act during the period of most rapid
cell division has dominated thinking in this area’. Whilst establishing basic

principles each ofthese models has used extremes of dietary manipulations.
Thus it can be shown that specific appetite for macronutrients in the
offspring can be markedly influence by the macronutrient intake of the
mother during pregnancy and lactation®? Sexual dimorphism in growth,
body composition, fat patterning and thyroid hormonal profiles were seen in
the offspring from pregnancies where the total food intake was reduced to
50% during the first two thirds ofpregnancy. The females offspring became
relatively obese, whereas the males had evidence ofpreferential deposition
ofadipose tissue in intra-abdominal sites®.

7. MATERNAL MACRONUTRIENT
CONSUMPTION AND PROGRAMMED
METABOLIC FUNCTION

The remarkable aspect ofthe epidemiological work carried out by Barker
and colleagues, is that the important observations have related to variations
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in function which lead to subsequent pathology within a range of maternal
food intakes, birth weights and growth during infant which have in the past
been considered to encompass a normal range function*?! Therefore, we
have been interested to develop an animal model within which to explore the
possibility that relatively modest changes in maternal intake during
pregnancy might exertan influence upon metabolic function in the offspring.
The level of protein in the maternal diet has been shown to influence the
development and function ofthe endocrine pancreas™. We have varied the
protein intake during pregnancy in a range from adequate (about 20%
protein) through marginally adequate to frankly inadequate (about 6%
protein) and demonstrated a graded response to the programming ofa wide
range of metabolic functions. The dams are given different levels ofprotein
in the diet before and/or during pregnancy. At birth they are placed onto
normal laboratory chow and the offspring are weaned to chow diets.
Therefore, the only exposure to nutritional constraint is pre-natal. With this
model there is disproportionate growth of the fetus and placenta®™. The
altered body proportions in the pups are indicative of selective protection of
brain growth at the expense of viscera and somatic tissue’*. Postnatal
growth is near normal except at the extremes of maternal dietary protein
(6%). When offspring are allowed macronutrient self-selection up to 100
days, the animals exposed to 9% protein in utero are significantly heavier
than those exposed to 18% protein®. The pattern of macronutrient selected
is modified in the 9% protein group, with the males and females showing
different responses. Females exposed to 9% protein have significantly
increased adipose tissue in all regions, with increases of around 100% for
intra-abdominalsites. Males have highly significant increases in omental
and mesenteric sites*®.

Pre-natal exposure to low protein diets alters glucose tolerance®:
There is a graded increase in blood pressure as the maternal dietary protein is
decreased, which is identifiable from 4 weeks of age and persists for life”.
There is altered anti-oxidant capability, inflammatory response and immune
function®. Hepatic function is modulated with the appearance of direct
effects upon the development of hepatic zonation", and there is impaired
nephrogenesis®. Thus relatively changes in the maternal diet can exert
wide-ranging effects, which are specific, not generalised, and represent
fundamental changes in aspects of metabolic competence of which changes
in growth and body composition are one manifestation.

There are other models, which have sought to relate changes in maternal
diet during pregnancy to programmed changes in the offspring. Many ofthe
dietary changes are extreme, but manipulationg the fatty acid composition of
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the diet also exerts significant programmed effects upon blood pressure®,
and immune function*.There is a great deal still to be learnt in this area.

8. PROGRAMMING OF THE HYPOTHALAMO-
PITUITARY-ADRENAL AXIS

McCance and Widdowson had suggested that the critical influence
exerted by nutrition during fetal life would be upon hypothalamic function®.
Edwards and colleagues have suggested that blood pressure might be
critically determined through the maternal glucocorticoid axis45. In dams
given low protein diets, the activity of placental 11BOH-steroid
dehydrogenase was reduced by about one third, which would increase the
likelihood of fetal over-exposure to maternal glucocorticoids*. The extent
to which maternal glucocorticoids might directly contribute to programming
fetal metabolism has been explored”. Maternal administration of
metyrapone or matemal adrenalectomy during early pregnancy abolishes the
effect of maternal low protein diets upon the blood pressure of offspring*-+
This provides direct evidence that part of the effect might be attributed to
changes in the hypothalamo-pituitary-adrenal axis in the mother and/or the
fetus. Further support comes from the observations that maternal low
protein diets induce modulation of glucocorticoid sensitive enzymes in the
fetal brain and liver# There is differential regulation of glucocorticoid
receptors in the brain, liver and aorta, and offspring of dams given 9%
protein during pregnancy do not show a diurnal pattern of ACTH in blood,
although diurnal changes in cortisol concentrations are maintained .

9. CONCLUSIONS

The nutritional determinant ofthe function ofa mother and her fetus have
to allow for at least four different levels of interaction: genetic endowment
and intergenerational influences; early programming, shape, size and body
composition at birth; growth and development interacting with lifetime
experience; current plane ofnutrition, lifestyle and diet. Her shape and size
are areflection ofher genetic endowment, but may also represent the effect
ofinter-generational influences. Inaddition herbody composition will relate
to her chronic food intake and patterns of activity. The plane of nutrition
will determine the nature of her metabolic adaptation. Her current food
intake will determine the set of her homeostatic mechanisms at any
particular point in time. Within these interaction it may be very difficult to
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differentiate genetic frominter-generational effects. For example, when the
genetic model ofrodent hypertension, the spontaneously hypertensive rat, is
cross-fostered during lactation, the pups have a lifelong blood pressure
which is in the normal range. The composition ofthe maternal milk appears
to exert a major effect upon the development of "genetically predisposed"
increases blood pressures®. Thus the early life origins ofadult disease are set
in train through an interaction amongst maternal body composition, pre-natal
diet and post-natal diet. These directly determine the shape, size and body
composition of'the individual which interacts with the hormonal profiling
and nutrient intake. There is clear evidence for hypothalamic programming
playing a part in the process with evidence for a contribution from
glucocorticoids, growth hormone, thyroid hormone, sex steroids and the
autonomic nervous system.

Early growth determines later shape and size, which is probably a
reflection of the adjustments required to protect brain growth and function
over visceral function or somatic growth. Shape and size is related to
metabolic function and entraining of weight can be related to a severe insult
during the third trimester. Two processes interact with life style. During
early pregnancy the growth trajectory is set, based upon the interaction ofthe
genetic profile with the maternal hormonal milieu and the local availability
of oxygen and nutrients. This sets or programmes the "fetal metabolic
demand", probably at the level ofthe hypothalamus. During late gestation
and infancy the achieved growth is a balance between the programmed fetal
demand and the hormonal milieu (maternal and fetal) and the availability of
energy and nutrients to the fetus. This interaction sets or programmes "fetal
or infant metabolic competence". The metabolic competence determines the
extentto which an individual might withstand an adverse lifestyle.

The next decade will see the complete unravelling ofthe human genome.
The following period will require that we understand the factors which exert
important influences upon the expression of genes. Programmed metabolic
function is likely to be on ofthe more important variables about which we
will need much more detailed knowledge and understanding.
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EARLY PROGRAMMING OF GLUCOSE
METABOLISM, INSULIN ACTION AND
LONGEVITY

C. N. Hales

Department of Clinical Biochemistry, University of Cambridge
Addenbrook's Hospital, Cambridge CB2 2GR England

1. INTRODUCTION AND BACKGROUND

The studies which I review below were designed to test our hypothesis
that restriction of growth during fetal and possibly early infant growth could
lead to life-long programmed changes in glucose and insulin metabolism. A
consequence of this, especially when combined with adult obesity we
predicted would be glucose intolerance and type 2 diabetes'.  This
hypothesis in turn arose from epidemiological studies carried out in
collaboration with Professor David Barker in Southampton examining the
relationship ofpoor early growth (e.g. low birth weight or thinness at birth)
with loss of glucose tolerance? or the presence in adult life of the insulin
resistance syndrome’. It was found that low birth weight was related to an
increased prevalence of impaired glucose tolerance and type 2 diabetes.
Even more strongly low birth weight was related to a greatly increased odds
ratio for developing the insulin resistance syndrome (also referred to as
syndrome X or the metabolic syndrome). These findings have been
reproduced in a wide variety ofpopulations and ethnic groups world wide”.
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Our “thrifty phenotype” hypothesis' was introduced and so named to be
contrasted with the much earlier “thrifty genotype” hypothesis proposed by
Neelss. Neel suggested that the lack of elimination of the (supposed at that
time) genes which caused diabetes by natural selection indicated that in
some circumstances these genes were beneficial and hence retained by
natural selection. These conditions he proposed were those pertaining to
much of human evolution namely a precarious and intermittent supply of
macronutrients. Such genes had only recently had detrimental effects as a
consequence of an overabundance of macronutrients and lack of exercise
leading to obesity. At the time that Neel made his proposal the distinction
between diabetes type 1 (early onset and relevant to reproduction and natural
selection) and type 2 (late onset, predominately post reproductive and
therefore protected from natural selection) was not clear. Despite this
problem with how the thrifty genes might actually operate and a lack of
insight as to which they might be this genetic theory ofthe aetiology oftype
2 diabetes is probably the most generally accepted even at the present time.
Nevertheless it is clear that the effects ofrelatively poor fetal growth can
effect susceptibility to type 2 diabetes independently of genetic factors.
Beck-Nielson’s group have studied identical twins discordant for type 2
diabetes. They found that the birth weights of the non-diabetic twin were
significantly higher than those who had diabetes’.

2. ANIMAL MODELS

It has been known for many years that both in animals and humans poor
protein nutrition could lead to a loss of glucose tolerance and reduction in
insulin secretion and that these changes may be irreversible (reviewed in
[1]). In a more recent example ofthis approach applied to the pregnant rat
dam it was found that the [ cell growth, replication, insulin secretion and
glucose tolerance of offspring of such pregnancies - particularly if the
protein deficient diet was also fed to the offspring for a while after weaning -
were considerably impaired’. We therefore decided to adopt this model to
explore the concepts and their potential underlying mechanisms proposed in
the thrifty phenotype hypothesis. Mostcommonly we have fed pregnant and
lactating rats an 8% protein isocaloric diet and compared their offspring with
those ofrats fed 20% protein diets. In the great majority of experiments all
animals were weaned onto a normal diet and fed ad lib. In experiments
where we combined the reduced protein diet with diet-induced adult obesity
we continued the reduced protein diet to 70 days ofage to reproduce exactly
the conditions shown to have major effects on glucose tolerance’. We have



Early Programming of Glucose Metabolism, Insulin Action, 59
and Longevity

also in a number of studies compared the effects of maternal restriction
during pregnancy or lactation separately. We have reviewed the early
findings ofthese studies® and therefore what follows is a brief summary of
the mainresults.

3. METABOLISM IN VIVO

The glucose tolerance of offspring from reduced protein pregnancies and
lactation up to the age of 3 months was increased. This was associated with
an increased insulin sensitivity since the fasting plasma insulin concentration
like that of glucose was reduced. At one year ofage there was no difference
in glucose tolerance but by 15-18 months ofage the offspring whose dams
consumed a reduced protein diet had a significantly reduced glucose
tolerance (but not frank diabetes). Overall therefore they showed a greater
age dependant loss ofglucose tolerance. Inmale animals this appeared to be
associated withrelative insulin deficiency whereas in females plasma insulin
concentrations were reduced [review in 9]. The age dependency and
different features between the male and female situation are consistent with
what is observed in the human situation.

We have also observed changes in blood pressure but the pattern of
changes differs depending on the exact dietary regime imposed and the
composition of the weaning diet. The importance of the weaning diet on
outcome has been emphasised by the research of other workers studying this
aspect of the problem'. Most commonly we have observed a significant
reduction in blood pressure. However in the experiments in which the
reduced protein diet was prolonged to 70 days and then followed by diet-
induced obesity hypertension was produced both by the reduced protein and
by obesity. When the two were combined an additive effect resulted in
severe hypertension!!,

Plasma lipid concentrations were most commonly reduced in the
offspring of reduced protein pregnancies’>. However obesity increased
plasma triglyceride in both control and reduced protein offspring. Asjudged
by the fasting plasma insulin concentration it also produced insulin
resistance in both groups. The effects of obesity and reduced protein were
not additive the latter if anything somewhat reducing the changes due to
obesity per se.
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Nevertheless it is still not clear how many of the features of the insulin
resistance syndrome are simply secondary to coexistent (usually intra-
abdominal) obesity and how many are expressions of a separate inherent
series of other metabolic changes. Certainly offspring of reduced protein
pregnancies with diet induced adult obesity exhibit many ofthe key features
of'the insulin resistance syndrome in humans. They are short, fat, glucose
intolerant, insulin resistant, severely hypertensive and have
hypertriglyceridaemia' .

4. METABOLISM IN VITRO

4.1 Liver

There were permanent changes in the key enzymes of glycolysis and
gluconeogenesis.  Glucokinase was reduced and phosphoenolpyruvate
carboxykinase increased. Livers from reduced protein offspring when
perfused with lactate put out more glucose. The effect of glucagon to
stimulate glucose production was unexpectedly reduced but insulin's normal
effect to inhibit this was initially reversed to an increase in glucose output.
The reduced effect of glucagon may be due to a considerable reduction in its
receptors. Howeverinsulinreceptornumbers were increased.

In view ofthe reduction in glucagon action and receptors we wondered
whether the animals might be resistant to ketosis after starvation. This is a
well known feature of diabetes in countries such as India where poor
nutrition is common. After 48 hours of starvation the offspring ofreduced
protein pregnancies had higher concentrations of non-esterified fatty acids
but lower concentrations of f hydroxybutyrate than controls. This finding is
consistent with their being ketosis resistant.

The changes in hepatic metabolism which we have observed are also
consistent with a proposal ofthe thrifty phenotype hypothesis, namely that
they are adapted to better withstand starvation. Increased gluconeogenesis
and non-esterified fatty acid concentration but with a lower production of
ketone bodies would be beneficial to the maintenance of fuel supply without
an enhanced risk ofacidosis. It is unclear exactly what are the mechanisms
leading to these hepatic changes. It is clear that they are profound and are
accompanied by structural changes which include an increase in size and
decrease in number ofthe liver lobules®.
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4.2 Muscle

Glucose uptake by isolated muscle strips from reduced protein offspring
at 3 months ofage was increased but could be returned to normal by a 1 hour
pre-incubation in the absence of insulin. Under the latter conditions the
effect ofan intermediate submaximal concentration ofinsulin was enhanced
suggesting an increased sensitivity to insulin. The latter may be at least in
part due to a considerable increase in the number ofinsulin receptors. These
observations may again at least in part explain the increased glucose
tolerance and insulin sensitivity ofthese animals in vivo.

4.3 Adipose tissue

The basal glucose uptake ofisolated adipocytes of 3 month old reduced
protein offspring was increased. Since in preparation these cells have
already been pre-incubated in the absence ofinsulin this finding differs from
that in muscle. A further difference is that stimulation by insulin increased
the maximum glucose uptake above that of controls whereas in muscle an
equal maximum was reached for both groups of animals. In contrast to this
enhancement of glucose metabolism there was a reduction of the effect of
insulin to inhibit catecholamine-stimulated lipolysis. There was also an
enhanced stimulation of lipolysis by a catecholamine in the fat cells of
reduced protein offspring. The factors mediating these changes are not
entirely clear. As with liver and muscle an increased number of insulin
receptors was seen. Of the components of the insulin signalling system
examined to date the greatest change observed was in the cell’s content of
the p110 [ catalytic subunit of phosphatidyl inositol-3-kinase. This was
drastically reduced in the cells of the reduced protein offspring. We have
speculated that the latter subunits may be involved in insulin’s antilipolytic
action and the a subunit in its effects to increase glucose uptake. Thus by a
change in the relative amounts of the subunits expressed the balance of
metabolic control in adipose tissue could be shifted to enhanced uptake and
storage of glucose as fat coupled with an increased release of fatty acids as
an alternative fuel* Again one could argue that when carbohydrate was
intermittently available it would be metabolically advantageous to take it up
rapidly and convert it to a long-term energy store.

Indeed Neel in proposing the thrifty genotype hypothesis speculated that
one of the features might be a very rapid and high insulin response to
intermittent nutrition. In this way again long-term storage ofnutrient could
be achieved. It is therefore very interesting that in our model of the thrifty
phenotype essentially the same outcome is achieved but by a general



62 C.N. Hales

increase in the expression ofthe insulin receptor rather than a large increase
ininsulin output.

S. LONGEVITY

In our more recent studies we have become very interested in the effect
of changes in fetal and post natal growth on life span. This interest was
raised by our observation that in male rats life span could be increased or
decreased depending upon whether growth was retarded post natally or
during fetal life respectively. In female rats the pattern of changes was the
same but much smaller and hence did notreach statistical significance’.

We have repeated these observations in a further round of experiments in
which we sought to widen the growth differences still further by
manipulation of litter size. Male rats born from normally fed dams were
cross-fostered to lactating females on the reduced protein diet but (unlike the
previous experiment in which all litters were culled to a uniform number of
8) litters were not culled resulting in an average size of 13 thus maximising
competition for already limited nutition. Conversely male offspring of
reduced protein pregnancies were cross fostered to normally fed lactating
dams but the litters culled to 4 thus further enhancing the switch to abundant
nutition. Under these conditions similar changes of survival were observed
but with much smaller numbers ofanimals.

We hypothesised that the changes in longevity which we observed could
be due to changes in the rate of telomere shortening in tissues crucial for
long term survival. Telomeres are nucleoprotein structures at the ends of
each chromosome. They serve anumber offunctions. Ithasbeen suggested
that one ofthese is to control the number of cell divisions which a cell can
undergo. In the absence ofthe enzyme telomerase which appears to be the
main; but perhaps not sole, method of maintaining telomere length,
telomeres shorten with each cell division. When telomeres reach a critical
shortness it is suggested that cell cycling is arrested, cell senescence occurs
and this may be followed by cell death. The evidence that this process
accounts for the senescence of mortal cells in tissue culture is now very
impressive [reviewed in's. The evidence that telomere shortening may be
linked to cell senescence and longevity in vivo is much less clear.

We therefore carried out a study ofour male “cross over” rat experiments
with the object of determining whether 1) rat telomeres shorten significantly
with age ii) they shorten such that significant numbers reach a critical
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shortness (1-4 kb) by the age at which they start to die iii) our animals which
die young have significantly shorter telomeres than those with an increased
life span. We found that the telomeres ofkidney and liver but not the brain
(the three tissues studied) shortened significantly and sufficiently to be
involved in cell survival in these organs. The telomeres of the kidney but
not the liver were significantly longer in the animals with an increased
compared with the animals with a decreased life span. This is particularly
interesting since male rats predominately die of renal failure. We have
speculated that differences in telomere length determine the rate ofrenal cell
senescence, hence renal failure and death of the animal®.  Further
experiments are in progress to monitor closely the relationship of renal
functionto telomere length.

6. CONCLUSION

It is clear from these experiments in animal models that early
programming of glucose metabolism, insulin action and longevity does
occur in the rat. The changes which occur are quite complex and
widespread. They may include structural changes in differentiated tissues
but probably occur at the stage of differentiation. The changes in
metabolism are the consequence of changes in expression of hormone
receptors, components ofhormone signalling pathways and the expression of
key regulatory enzymes. It seems probable that these in turn reflect changes
in gene expression which are established early in life and then continue into
adult life. The consequences ofthe progress in understanding in this area is
that much more attention to and insight into the optimisation ofearly growth
is required in order to improve long term human health. Areas ofparticular
importance are the growth and health of females, good nutrition pre and post
conception and the harmonisation ofpost natal nutrition and growth with the
growth potential established during fetal life. Our studies in rats would
suggest that it is unwise to force post natal catch up growth in situations
where fetal growth has been retarded leading to a reduced post natal growth
potential.
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The human infant has a very small immune system and needs the support of
the mother with the transplacentally arrived IgG antibodies to protect tissues
with inflammatogenic and energy-consuming defense. The mucous
membranes, where most infections occur, need support via the specialized
secretory IgA antibodies and the many other mucosal defense mechanisms
provided via the mother's milk. This defense is not inflammatogenic and
energy-consuming.

We learn about additional defense factors in the milk, like the anti-secretory
factor, which seems to protect against diarrhoea. The milk contains numerous
growth factors and cytokines, like leptin, which may promote the development
of'the intestine as well as the immune system.

Results are appearing giving interesting evidence for enhanced protection
against infection also after the termination of breastfeeding. This may occur
via the priming of the infant's immune system after uptake of anti-idiotypic
antibodies and lymphocytes from the milk.

A breastfeeding motivation study in a large Pakistani village resulted in a 50%
decrease of diarrhoea and infant mortality. Deep interviews with the mothers
and the traditional birth attendants suggested that even better results may be
obtained.
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1. THE SMALL IMMUNE SYSTEM OF THE
NEWBORN

A newborn mouse has only 1% of the immune system of an adult
animal'. In man the information is less complete, but Brandtzaeg has shown
how strikingly especially the IgA-producing B cells increase in number in
the intestinal mucosa during the first several weeks — months of life’. The
newborn can be compared with a gem-free, but not antigen-free, animal
where one can see a 10-fold increase in the number of lymphocytes in the
gut mucosa after colonization even with one single bacterial strain® *These
observations give a relatively good picture of the size ofthe whole immune
system since about 2/3 ofthat is found in the intestinal mucosa3.

Not only has the newborn an immune system oflimited size, but it is also
somewhat functionally deficient at birth. Switching through the immuno-
globulin isotype genes is inefficient and early antibody responses are mainly
composed of [gM antibodies]. Immunologic memory is reported to be sparse
and several cytokines are only produced in small amounts like IFN-y
(interferon-y) and IL-4 (interleukin-4). Phagocytes also have a decreased
function. Even if newborns are sensitive to infections they are still apt at
protective immune responses quite early. They are not like an
immunodeficient individual who cannot respond. For instance newborns can
mount a memory THI1 response to BCG-vaccine of a magnitude similar to
that in adult®. On the other hand the newborn can only produce 10% of
adult levels of IFN-y, known to be important in defense against
Mycobacteria.

2. INTESTINAL COLONIZATION OF THE
NEWBORN AND THE IMMUNE SYSTEM

The strongest stimulus expanding the immune system seems to be the
colonization ofthe intestinal mucosa with bacteria after birth”. It may also be
one reason why the intestine grows with some 20-25 cm in the first few
days, but here growth factors and cytokines in the mother’s milk may well
be importantalso.

In an adult the anaerobic bacterial flora provides ‘“colonization
resistance’’ which makes it difficult for new bacterial strains to settle in the
gut. At that time the anaerobs make up >98% ofthe flora. However, in early
life aerobs dominate till they have consumed the oxygen in the gut to an
extent that anaerobes can settle and grow. Before 4 months of age the ratio
of anaerobes to aerobes is still only 158 Only slowly do the anaerobes
increase. This may mean that potentially pathogenic aerobes may reach
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relatively high numbers in early life since there is less competition from the
anaerobes.

Furthermore, there is today a much changed order of bacterial
colonization and other species in the gut of the newborn than previously
recorded?. This is reviewed by A. Wold in the present volume. She also
brings up the effects of breastfeeding on the intestinal flora.

3. THE ENTEROMAMMARIC LINK-MILK IgA
ANTIBODIES AND THEIR ROLE

The mother’s milk consistently contains SIgA antibodies against
numerous Escherichia coli 0 and K antigens® -9, as well as other intestinal
microbes!''. The explanation is now well understood. Microbes in the gut are
sampled by the M cells covering the Peyer’s patches bringing them into
contact with the antigen-presenting and lymphoid cells ofthe patches®. After
antigen exposure lymphoid cells committed to production of [gA-dimers+J
(joining) chain will leave the patches to migrate, or “home”, to various
mucosae such as in the gut, where the IgA dimers produced will bind to the
poly Ig receptor on the basal portion of the gut epithelium via the J chain.
The complex formed will pass through the epithelial cells appearing on its
surface as SIgA antibodies protective against mucosal infections. But the
lymphoid cells from the Peyer’s patches will also home to exocrine glands
like the lactating mammary glands where they will produce the IgA dimer-J
chain which are transported into the milk via the poly Ig receptor and
appears in considerable amounts as the complete, stable SIgA>.

As a consequence ofthis enteromammaric link the breastfed infant will
be able to cover its intestinal epithelium with SIgA antibodies to the
microflora which the mother has been exposed to both most recently, and
also a long time ago responding again in the mammary gland via her
memory lymphocytes migrating there during lactation®. This way the infant
will be well covered against the microbes of its milieux; which are those
which are most likely to colonize the infant’s mucosae. It is likely that this
way the infant’s encounter with the early colonizers is dampened. Thus
intestinal bacteria in breastfed infants are covered by SIgA antibodies which
may possibly limit their numbers in the gut and diminish their adherence to
mucosalreceptors.

These milk SIgA antibodies have been shown to provide significant
protection against intestinal infections caused by Vibrio cholerae,
enterotoxigenic Escherichia coli, Campylobacter, Shigella and Giardia
lamblia ''°.
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By now, it is well accepted that breastfeeding protects against otitis
media, respiratory tract infections, gastroenteritis, urinary tract infections,
neonatal septicemia and necrotizing enterocolitis . The SIgA antibodies
may play a role in all of these infections, but this has not been formally
proven.

4. OTHER DEFENSE FACTORS IN MILK ACTING
IN THE INFANT’S GUT

It is unknown whether or not the limited amounts of IgG and IgM
antibodies present in the maternal milk play a measureable role in the
mucosal defense ofthe infant.

In early colostrum the major milk protein is SIgA, in mature milk it is
lactoferrin (LF) at the level of2-5 g/1°LF is a single chain glycoprotein. Its
peptide chain contains 692 aminoacids and folds into two globular lobes;
each ofthese contains an iron-binding site'®. LF has many functions besides
binding iron. It is bacteriostatic and bactericidal for many species. It also
inhibits certain viruses, kills yeasts and even certain tumour cells in vitro's
19 Enzymic degradation gives rise to peptides, especially the lactoferricin
(LF-cin), which are efficiently bactericidal®®.

LF and LF-cin are also anti-inflammatory, e.g. by inhibiting production
of anti-inflammatory cytokines like IL-1, IL-6, IL-8, TNF-o '
Furthermore, it can bind to B-cells and inhibit antibody synthesis, affect T
cell proliferation, interfere with the complement system, interfere with the
cytotoxic effects of NK cells and block histamin release from mast cells?*-
24

There are data to suggest that LF and LF peptides come out in the urine
of preterm breastfed infants>2. Milk SIgA antibodies coat the enteric
bacteria which are usually the cause ofurinary tract infections by entering
the urinary tract from below. The anti-adherence effects ofthese antibodies
may help preventing such a course. Breastfed infants also have a higher level
of oligosaccharide receptor analogues in the urine thannon-breastfed®’-%°.
Furthermore, breastfeeding may result in a selection ofless virulent bacteria
in the gut 3932 All these factors may help explaining how breastfeeding can
protect against urinary tract infections® 3%

We have studied the possible protective role of orally given human LF
and LF peptides against urinary tract infections caused by E. coli in the
mouse® The LF structures were given 30 minutes after the introduction of
the bacteria into the urinary tract. The LF reduced the number ofbacteria in
the bladder and the kidneys compared to the control 24 hours after the start
ofthe infection (p<0.0001 and p=0.006). One ofthe peptides also reduced
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the number ofbacteria in the kidneys. The LF could reduce the levels ofthe
inflammatogenic IL-6 both in the urine and the blood (p<0.05 and p<0.02).
Thus it seems that milk LF may reach the urinary tract presumably after
binding to the LF receptors in the intestinal brush-border?*. Such a transport
may also involve some ofthe peptides resulting from enzymic degradation
ofthe relatively resistant LF in the gut.

Using experimental colitis in mice as another in vivo model we could also
show protective effects of LF*® Thus there were significant effects delaying
the appearance ofblood in the stool (p<0.001) and macroscopic bleedings
from the rectum (p=0.008). The length ofthe colon was not reduced in the
LF treated group as in the untreated controls (p<0.05) and there were fewer
changes in the histologic picture (p=0.012). Synthetic peptides derived from
LF seemed also able to reduce the inflammatory changes including the
number of MHC I positive cells. High levels of LF could be shown in serum
and also in urine ofthe LF-treated animals. Thus it may be that LF provided
viabreastfeeding may have an anti-inflammatory activity in the gut.

Most of the anti-viral effects of milk seem to be connected with LF,
although there are also SIgA antibodies to viruses like parainfluenzae,
influenzae A, rhinovirus, rotavirus, poliovirus, cytomegalovirus and respira-
tory syncytial virus. Why breastfeeding, which protects so well against many
other enteric infections, does not provide more than a delaying or partial
defense against rotavirus infections is not quite clear3”-3°.

The lactadherin which is a 46kDa mucinrelated glycoprotein can bind
rotavirus and seemed to be protective in a study ofrotavirus infections in
Mexican children®. This has been debated*!.

There are several other protective components in human milk than
antibodies and LF, but their protective capacity need further studies. This is
true for the 90K, Mac2 binding protein in milk, which has been claimed to
protect against viral infections in the respiratory tract* Its possible effect on
enteric viruses does not seem to have been studied.

The presence of leptin in the milk*® may be of significance for the
infant’s host defense since leptin has the structure and several functions ofa
cytokine %45 It stimulates haematopoeitic and lymphoid cells, especially
THI cells which produce IFN-7y it enhances phagocytosis and may
upregulate inflammatory cytokines* However, the role of milk leptin for
the offspring has not yet been investigated, when it comes to its possible role
forthe immune system.

Certain bacterial enterotoxins induce a regulatory peptide, anti-secretory
factor (AF), which turns off diarrhoea®® . A structurally closely related group
ofpeptides called feed-induced lectins (FIL) reduces the prevalence ofpost-
weaning diarrhoea in piglets*’. A proper mix of sugars and aminoacids, or
processed cereals can induce FIL. With such a diet we were recently finally



70 L. A. Hanson etal.

able to control devastatingly voluminous and frequent diarrhoeas in a patient
with hypogammaglobulinemia on immunoglobulin prophylaxis, but without
AF in his intestinal mucosa.

Furthermore, using Western blot we have been able to demonstrate the
presence of AFFIL in milk from Pakistani and Guatemalan mothers, but not
from Swedish mothers 3. Presumably the Swedish mothers had not been
exposed to microbial enterotoxins as the other mothers presumably had. It is
possible that the presence of AF/FIL in maternal milk can be yet another
factor which protects against diarrhoeal disease in the offspring. We do not
know whether it is possible to induce AFFIL in the milk via the mother’s
diet.

There are numerous cytokines and growth factors present in human

milk*~!. Especially IFN-v, TGF- (Transforming Growth Factor- 3) and G-
CSF (Granulocyte-Colony Stimulating Factor) are present in high amounts
in milk. These components may well be functional in the infant. This is
suggested for TGF-1 by the fact that fosterfeeding rescued gene-disrupted
newborn mice to early survival and normal development’2.

S. LONG TERM EFFECTS OF BREASTFEEDING

By now several studies have provided evidence that breastfeeding
provides enhanced protection against infection also for years after the
termination of breastfeeding®. This has been suggested for otitis media®,
respiratory tract infections* Haemophilus influenzae type b infectionsss 5,
diarrhoea” and wheezing bronchitis in non-atopic childrens® %, This
enhanced protection may last from 3-10 years and the protection seems to be
increased foreachweekof breastfeeding.

There is also evidence that vaccinations may be enhanced during and
after breastfeeding against e.g. BCG®,tetanus and diphteria toxoids and
poliovirus vaccines®'. However, this effect is not seen against all vaccines
which hasbeen discussed*’.

Studies of the mechanisms behind this indicate that anti-idiotypic
antibodies and lymphocytes from the mother’s milk are taken up in the
infant’s gut and can obviously prime its immune system. Anti-idiotypes
given to neonatal mice via the milk clearly primes, enhancing subsequent
immune responsess .

Anti-idiotypic antibodies are present in human milk and might have a
similar effecté.

Several studies indicate that milk lymphocytes are taken up and found in
the gut mucosa, mesenteric lymph nodes and even in small numbers in
spleen and lungss®. Quite remarkable is that the offspring becomes
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tolerant to the maternal MHC thus becoming able to accept these milk cells
which then might be able to transfer immunological information. One
striking consequence is that this tolerance to maternal MHC results in
significantly better results ofrenal transplantation using the mother as the
donor and the child (even as an adult) as a recipient. The results are much
better than if the donor is the father or a mother who has notbreastfed’*-72.
In agreement with this breastfed children have a significantly lower
precursor frequency of cytotoxic T lymphocytes reactive against maternal
HLA than non breastfed”.

6. BREASTFEEDING IN REALITY

This was the title of the key note presentation of the first author at our
Conference in Oaxaca 1986. At that time we reviewed the data from our
studies ofthe mode of feeding in Pakistan illustrating all the problems with
delayed onset of breastfeeding, consistent addition of other foods and fluids
before and during breastfeeding (prelacteals) with a heavy exposure to
various microbes in early life as a consequence™. On the basis of our
findings we instituted in one village with a population of 6500 a
breastfeeding motivation campaign as part ofa health care program. After 3
years we have evaluated some of the outcomes. The results were striking
with a 50% reduction both in the prevalence of diarrhoea and in infant
mortality (Ashraf, Zaman, Jalil et al, unpublished results). Previously all
children were given prelacteals like cleared butter, a herb concoction, sugar
or salt water etc. and only 50% ofthe children had had any breastmilk at 48
hours after delivery™. After the motivation campaign prelacteals were more
often avoided and 90% the children started to breastfeed within the first 24
hours. The median delay after birth was 6 hours.

The decline in the prevalence of diarrhoeal illnesses was presumably not
only due to the introduction of colostrum, but also to continued exclusive
breastfeeding and avoidance ofthe bottle (which were messages during the
motivation campaign and later). The avoidance ofthe prelacteals may have
reduced neonatal septicaemia and other related infections in early postnatal
age. The longterm effect of optimal brestfeeding practices seem to impact
the attained length at the age oftwo years where we can see that this new
cohort of children have “gained” at least 3-4 cms in length and that the
“gain” starts as early as 3-6 months oflife.

However, deep interviews with the mothers and the traditional birth
attendants (TBA:s) who had been informed about the advantages of
breastfeeding still showed that some misconceptions remained. It was
conceived by some that the breast was empty till the 2 or 3« day and that
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the baby should only be put to the breast at that time. It was also mentioned
that the colostrum had been in the breast for a long time, was not clean,
good, or digestible and should not be given as suggested by elders. Giving
prelacteals is a tradition, about 2000 years old’>, and it was considered
needed since the breast was empty after delivery. Still this tradition is
obviously being applied much less now.

The many benefits of breastfeeding were well known to the TBA:s as,
well as the mothers.

These early results which are still incomplete show a striking improve-
ment in early health, but also demonstrates that the information to the TBA:s
and mothers need to be expanded to make obvious the importance of an
immediate start of breastfeeding after delivery to stimulate milk production
and a strict avoidance ofprelacteals, which we previously have shown to add
to the early intestinal colonization with bacteria of the infants’®.This is a
definitely dangerous factor, most likely partly explaining the high risk 0f2%
of e.g. neonatal septicemia with a mortality of some 60%’’. Even partial
breastfeeding was found to protect againstneonatal septicemia with an odd’s
ratio of 18 in this setting’®.

These observations illustrate the obvious importance of early onset of
breastfeeding in poor communities, but also show what improvements can be
attained. Especially rewarding was the fact that the mothers in general had
received the information so positively in the motivation study. The resulting
empowerment of these women was evident.
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Human breast milk contains an array of factors with anti-infectious potential,
such as immunoglobulins (especially secretory IgA), oligosaccharides and
glycoproteins with anti-adhesive capacity, and cytokines. Breast-feeding is
associated with protection from the following infections or infection-related
conditions: gastroenteritis, upper and lower respiratory tract infection, acute
otitis media, urinary tract infection, neonatal septicaemia and necrotizing
enterocolitis. Some of the protective effects may derive from an altered
mucosal colonization pattern in the breast-fed infant. In other instances breast-
fed infants develop less symptoms to the same microbe which causes disease
in the bottle-fed infant. An example of an altered colonization pattern is that
breast-fed infants have less P-fimbriated, but more type 1-fimbriated E. coli.
This may protect against urinary tract infection in the breast-fed infant since P
fimbriae are the major virulence factor for urinary tract infection. An example
of changed consequences of the same microbial colonization is that secretory
IgA in the breast-milk protects very efficiently from translocation of intestinal
bacteria across the gut mucosa by coating intestinal bacteria and blocking their
interaction with the epithelium. This mechanism may protect the infant from
septicaemia of gut origin and, possibly, necrotizing enterocolitis. Breast-milk
is also highly anti-inflammatogenic and contains hormone like factors which
counteract diarrhea. Thus, breast-fed infants may be colonized by recognized
diarrheal pathogens and still remain healthy. Due to a less virulent intestinal
microflora and decreased translocation breast-fed infants will obtain less
stimuli for the gut immune system, resulting, in e.g., lower salivary IgA
antibody titres.

Short and Long Term Effects of Breast Feeding on Child Health
Edited by Berthold Koletzko et al., Kluwer Academic/Plenum Publishers, 2000 77



78 A. E. Wold and 1. Adlerberth
1. INTRODUCTION

Breast-feeding is associated with protection from a range ofinfections or
infection-related conditions (Table 1). For infants in developing countries,
breast-feeding is in many cases life saving?, but also in developed countries
excess morbitity due to lack ofbreast-feeding may be substantial®>. Some of
the protective effects may derive from an altered mucosal colonization pat-
tern in the breast-fed infant. In other instances breast-fed infants develop less
symptoms to the same microbe which causes disease in the bottle-fed infant.
This might relate either to a changed behaviour of the colonizing microbe,
e.g. alteration of toxin or adhesin production, or to altered host
responsiveness. For example, anti-diarrheal hormones or anti-inflammato-
genic compounds in the milk might render the infant less sensitive to
microbes and their toxins. Some mechanisms of importance for the
protection ofthe breast-fed infants against infection will be reviewed here.

2. COMPONENTS OF HUMAN MILK WITH
POTENTIAL TO AFFECT MICROBES OR HOST
RESPONSES TO THEM

An adulthuman being produces approximately 2-3 g ofsecretory IgA per
day. The fully breast-fed infant is supplemented with 0.5-1 gper day. Thus,
the breast-fed infant's mucosal membranes are equally effectively covered by
secretory IgA as are those ofan adult, despite a very low production of sec-
retory IgA by the newborn infant. Secretory IgA in the milk derives from
dimeric IgA produced by plasma cells in the mammary gland which acquires
secretory component during passage through the mammary gland duct
epithelial cells. Secretory IgA is highly resistant to proteolytic degradation in
the gastrointestinal tract* 5. IgA antibodies do not activate complement or
other inflammatogenic effector functions, but are thought to exert their ac-
tion by agglutinating bacteria and blocking their too close interaction with
mucosal epithelial cells. IgM and IgG antibodies together make up only a
few per cent of milk immunoglobulin. Breast milk antibodies are directed
against a multitude ofantigens: microbial surface structures, toxins and food
proteins.

A component of human milk with potential capacity to influence micro-
bial colonization and pathogenicity is the large amounts of receptor-active
structures both in the form of soluble oligosaccharides and as protein- or
lipid-bound glycosyl chains. Human breast milk contains 4-6 g/1 ofcomplex
oligosaccharides, which are virtually absent from cow's milk®.The free oli-
gosaccharides consist ofa variety of linear and branched structures based on
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milk lactose, comprising a total of more than a hundred different oligosac-
charide structures. Fucosylated oligosaccharides can function as receptors
for the hemagglutinin of Vibrio cholerae ofthe classical biotype’. Other free
oligosaccharides in milk inhibit the adherence ofpneumococci to retropha-
ryngeal epithelial cells®.

In addition, glycoproteins in the milk have N- and O-linked oligosaccha-
ride chains that may possess receptor activity towards intestinal microbes.
The mannose-containing N-linked oligosaccharide chains of secretory IgA
are receptors for type 1-fimbriated E. coli®. The O-linked oligosaccharide
chains ofthe IgA 1 subclass are receptors for Actinomyces naeslundii that are
part of dental plaques', and the very complex oligosaccharide chains of sec-
retory component! interact with Helicobacter pylori'?as well as type 1
fimbriated E. coli*. Other milk glycoproteins carry oligosaccharide receptors
for Haemophilus influenzae® or S-fimbriated E. coli’’,, which are associated
with urinary tract infection and neonatal sepsis/meningitis'*.

Human milk also contains quite high levels of cytokines , mainly of the
types derived from macrophage's2. Cytokines may actually survive the
passage through the gastrointestinal canal with retained physiologic acti-
vity*?which opens the possibility that they may influence intestinal physio-
logy and the development of the infant's immune system. In addition, a
variety of hormones and growth factors are found in the milk, which may
affect the function and structure of the developing gut.

3. PRINCIPLES OF NEONATAL COLONIZATION
AND ESTABLISHMENT OF A COMPLEX
INTESTINAL MICROFLORA

The gastrointestinal tract which is sterile at birth becomes colonized by a
successively larger number ofbacterial species during the first years oflife.
The pattern of such colonization has recently been reviewed?* Within a few
days, enterobacteria such as E. coli, Klebsiella or Enterobacter, enterococci
or staphylococci can be cultured from the rectum ofmost infants. During the
first week(s) such bacterial species, collectively called facultative bacteria
because they can grow both in the absence and presence of ambient oxygen,
dominate the intestinal microflora. Anaerobic bacteria, such as bifidobacte-
ria, Bacteroides, clostridia and other genera reach high bacterial numbers
somewhat later. This occurs when the facultative bacteriahave consumed the
oxygen in the intestine and rendered this habitat suitable for the anaerobes,
most of which are very oxygen sensitive and die rapidly in contact with air.
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As more and more anaerobic species establish in the intestine, they will
in turn impede the capacity of the facultatives to proliferate. This suppres-
sion of faculative population numbers is a complex and incompletely under-
stood process which relates to the limited availability ofmetabolizable sub-
strate in combination with a complete lack of oxygen and the presence ofa
range of growth-inhibiting substances produced by anaerobic bacteria such
as HPS,organic acids etc.* Freter showed that some 95 different anaerobic
species were needed in order to replicate the suppressive effect ofa full in-
testinal microflora®. The adult individual who harbours several hundred an-
aerobic species has population levels of E. coli and other facultatives which
are a hundred to a thousandfold lower than those seen in the newborn infant
due to this suppressive effect. Since it takes several years until all anaerobic
species have established in the intestine?, young infants tend to have higher
levels offacultative bacteria, including E. coli, compared with adults?®.

Self-evidently, an infant can only be colonized by a bacterial species if
she/he is exposed to that particular species. Contrary to what most people
believe, most infants born in "modern" societies are not colonized from their
mother's intestinal, vaginal or perineal microflora, but rather from the envi-
ronment. At least this is true for E. coli and other enterobacteria, which is the
only group of bacteria that has been systematically studied in this respect.
Only one third or less ofinfants born in developed countries derive their in-
testinal £. coli from their mother's fecal flora?’. The most common source of
such bacteria is instead a cross-colonization between infants cared for by the
same staff at the maternity ward? 2° Since such spread ofbacteria is much
dependent on hygienic routines and environmental conditions, infants born
in developing countries are earlier colonized with enterobacteria than infants
born in developed countries*and also display a more rapid turn-over of
enterobacterial strains in their microflora during infancy?!

4. INFLUENCE OF FEEDING MODE ON
INTESTINAL MICROFLORA COMPOSITION

Infant feeding practice may affect the intestinal colonization pattern in
two ways: by influencing which microbes that are available, and by in-
fluencing the intestinal milieu to become hostile to some bacteria but
favourable for others.

During breast-feeding the infant will suckle not only milk, but also bacte-
ria on or around the nipple. Thus, the infant swallows typical skin flora bac-
teria, such as Staph. epidermidis and Staph. aureus. Such bacteria are also
found in banked mother's milk®2. Conversely, the bottle fed infant may ingest
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bacteria contaminating the feeds, such as enterobacteria, especially in deve-
loping countries with poor hygienic conditions?.

We have recently summarized the results of 25 studies that compare the
intestinal flora ofbreast-fed and bottle-fed infants. The results from six of
these studies are shown in Table 2. The most consistently observed diffe-
rences are that bottle-fed infants have more enterococci and more clostridia
than breast-fed infants. Instead, breast-fed infants tend to have more staphy-
lococci, especially at an early age.

In some studies, breast-fed infants have lower counts of enterobacteria
than bottle-fed infants, but more consistently they have less enterobacteria
other than E. coli, e.g. Klebsiella, Enterobacter and Citrobacter, as com-
pared with bottle-fed infants. Breast-fed infants also have fewer E. coli
strains at a certain time point and over a period of time as compared with
bottle-fed infant**35. Among E. coli strains, those expressing type 1 fim-
briae with mannose-specific adhesins seem to be selectively favoured in the
suckling infant’s 37while E. coli with adhesins conferring mannose-resistant
hemagglutination and P-fimbriated E. coli are disfavoured by breast-fee-
ding***. There are also studies showing that breast-fed infants less often
than bottle-fed ones tend to be colonized with E. coli strains that are resistant
to the bactericidal effect of human serum®, or carry the K1 capsule®, the
latter being a virulence factor for neonatal sepsis/meningitis®. Collectively,
these factors contribute to a less virulent composition ofthe enterobacterial
flora ofthe breast-fed infant.

Already a century ago, Tissier reported that breast-fed infants had a
microflora dominated by bifidobacteria, while this was not the case with arti-
ficially fed infants*.. Such a pronounced difference has not been noted in
mostrecent studies, for unknown reasons?.

S. INFLUENCE OF BREAST-FEEDING ON
TRANSLOCATION AND INFLAMMATION

In germ-free animals that are monocolonized with, e.g., E. coli, live bac-
teria pass across the intestinal barrier to reach the mesenteric lymph nodes,
blood stream and other organs, a process termed translocation*? Transloca-
tion depends strongly on the population numbers in the intestine ofbacteria
with capacity to translocate, such as E. coli, enterococci, lactobacilli and
staphylococci. Above a population level of 10° per gram feces of a certain
species, translocation of such bacteria is readily detectable in experimental
animals*> 4 The high levels of facultative bacteria in the intestinal flora of
the neonate may predispose for translocation. Thus, transient bacteremia was
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detected in a number of healthy newborn infants during their first week of
life*s . This may be the mechanism underlying neonatal septicaemia‘.

Another reason for the susceptibility ofthe newborn to bacterial translo-
cation is under-developed host defenses. Protection from translocation is
afforded by T cells”* and by secretory IgA (see below). As E)gotsl(} these de-
fence systems mature in response to the intestinal microflora =, the new-
born infants has a paucity of both intestinal T cells and IgA producing
plasma cells.

Breast-feeding seems to protect very efficiently against translocation’'-.
The most important mechanism is probably that milk secretory IgA coats the
intestinal bacteria whose translocation is thereby prevented®. Thus, supple-
mentation of formula by secretory IgA from rabbit milk abrogates transloca-
tions* 5, while neither IgG nor lactoferrin has any effect’’. Other mecha-
nisms may, however, contribute, since the breast milk contains such an end-
less array of components with the capacity to influence gut function. For
example, epidermal growth factor, which is present in human milk, was
shown to significantly decrease bacterial translocation when administered to
newborn rabbits together with formula®. Peroral treatment with IL-6, a cy-
tokine present in the breast-milk protects mice from translocation®.

Probably as a consequence ofboth a less varied intestinal microflora and
less translocation, breast fed infants have fewer T cell blasts in their circula-
tion and their lymphocytes are less responsive to antigen stimulation®. Sev-
eral studies show a more rapid and prominent increase of salivary or serum
IgA in bottle-fed infantss'- although there are also studies which report the
opposite®® . A more rapid rise in serum IgM antibodies against E. coli has
beenreported in bottle-fed as compared to breast-fed infantse.

6. MECHANISMS OF PROTECTION AFFORDED
BY BREAST-FEEDING ON INFECTIONS AND
RELATED DISEASES

6.1 Septicaemia

Breast feeding has a dramatic protective effect against infant septicaemia.
As septicaemia might strike 2% ofnewborn infants in a developing country
and kill 1%,this disease is second only to diarrhea as a global killer?’. Infant
septicaemia may result from translocation of intestinal bacteria across the
intestinal barrier. Thus, the same bacterial strain has been recovered from
blood and feces in cases of septicaemia due to E. colitt as well as other en-
terobacteria®. The extremely efficient protection from septicaemia afforded
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by breast-feeding is likely to depend primarily on prevention oftranslocation
by means ofmilk secretory IgA.

6.2 Gastroenteritis

Breast-feedingoffers significantprotection from gastroenteritis (Table 1).
A range of substances could mediate such an effect. Secretory IgA anti-
bodies against many diarrheal pathogens and their toxins are present in the
milk. To delineate which types of anti-microbial antibodies ofthe secretory
IgA isotype that afford protection against gastroenteritis, the mouse back-
pack tumour model was developed™. Plasma cell tumours making dimeric
IgA with anti-microbial specificity are constructed and injected into non-
immune mice where they establish and produce their immunoglobulins.
Since dimeric IgA is transported into secretions, these mice will obtain a
"natural" secretory IgA response on their mucosae, the specificity of which
is determined by the tumour. The protection afforded by secretory IgA with
various specificities can thus be determined™.

6.2.1 Rotavirus infection

Rotavirus infects mature intestinal epithelial cells and is the major cause
of diarrhea in infants and young children world-wide. It does not seem as
breast-feeding offers significant protection against rotavirus infection in the
young infant”'”?. However, infections may more often be asymptomatic in
the breast-fed infant™, and breast-feeding may delay the time-point for in-
fection™.

Rotavirus induced diarrhea in mice can be prevented by giving the mice
plasma cell tumours secreting dimeric IgA which is transported to the intes-
tinal lumen via the intestinal epithelial cells”. IgA anti-rotavirus antibodies
seem to function by neutralizing virus within the cells during this process”
Since maternal secretory IgA antibodies from the milk are delivered in the
intestinal lumen and are not transported through the epithelium, virus neu-
tralization within the epithelial cell is not likely to occur.

Other milk components than secretory IgA may bind and neutralize
rotavirus, €.g. mucin molecules™™.

6.2.2 Bacterial diarrheal pathogens
In backpack tumour models, secretory IgA antibodies against Vibrio

cholerae bacteria protect tumour bearing mice against cholera-induced diar-
rhea™. Antibodies against bacterial LPS are very effective, whereas anti-
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bodies against the toxin are relatively inefficient®>- Probably, the anti-bacte-
rial antibodies prevent attachment to small intestinal epithelium®! ,which is
the prerequisite for efficient delivery ofthe toxin®?,and hence, for diarrhea
tooccur.

In a similar way, backpack tumours secreting antibodies against a carbo-
hydrate epitope on the Salmonella surface protect mice against peroral chal-
lenge with this organism® Anti-salmonella immunity is also transferred via
the breast-milk ofimmune mothers and protects the suckling pups®.

The effectiveness of antibacterial antibodies against colonization of the
small intestine with diarrheal pathogens contrasts sharphly with the complete
ineffectiveness of anti-bacterial antibodies to clear organisms from the co-
lonic micoflora. Thus, at this site most bacteria are coated with IgA and per-
sist unaffected® .This relates to the fact that the vigorous peristalis of the
small intestine requires that bacteria adhere avidly to the mucosal surface in
order to remain . In contrast, for persistence in the colonic microflora
with its vasts populations ofresident bacteria, adherence to the mucosa is not
mandatory, although certain adhesins, most notably P fimbriae in E. coli,
promote long-term colonization®’

Fully breast-fed infants may be colonized with several diarrheal patho-
gens and still remain healthy®: . Anti-secretory factor refers to a group of
proteins whose synthesis is induced after an episode of diarrhea, and which
protect against new diarrheal challenge®. Anti-secretory factor is found in
the pituitary gland, where the protein has also been identified in humans®',
but also in the milk ofrats and pigs. Anti-secretory factor in sow's milk con-
fers protection on the piglets from diarrhea, caused by toxin-producing
Escherichia coli. Anti-secretory factor appears to be present in milk of
mothers from areas where diarrheal diseases are endemic (unpublished data).

6.3 Urinary tract infection

Urinary tract infection may occur after colonization of the periurethral
area by intestinal bacteria, mainly E. coli, which subsequently spread to the
urinary tract. P fimbriae are the major virulence associated trait for urinary
tract infection - such adhesins bind to urinary tract epithelial cells which
both facilitates colonization and triggers an inflammatory response®. P
fimbriae are also a colonization factor in the human large intestine - E. coli
expressing P fimbriae have better capacity to persist in the microflora than
strains lacking such adhesin®“ Susceptibility to urinary tract infection
correlates with carriage of P-fimbriated strains in the intestinal microflora?”.

Breast-feeding is moderately protective against urinary tract infection
(Table 1) and the effects lasts for some time after breast-feeding has
ceased®®. There is therefore reason to believe that a modulation of the in-
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testinal microflora may be responsible for this effect. Indeed, as mentioned
above, breast-fed infants less frequently than bottle-fed infants carry P fim-
briated E. coli in their microflora®.

6.4 Acute otitis media

Breast-fed infants are protected from acute otitis media, an effect which
seems to be independent of other known risk factors such as sibling or day
care contact and parental smoking'®. The mechanism for protection is
unclear - there are antibodies in the milk against pneumococcal polysaccha-
rides, but such antibodies do not seem to prevent the infant to be colonized
by pneumococci or contract otitis'®'. In contrast, antibodies against non-type-
able Haemophilus influenzae,the second major cause ofotitis, in the breast-
milk were associated with a lower colonization rate in the infant, but the cor-
relation was very weak, -0.27'2, and thus of questionable biological signifi-
cance.

Breast milk contains both a factor that inhibits binding of pneumococci
and another factor which prevents adherence of Haemophilus to nasopha-
ryngeal epitheliums. It would thus seem logical ifbreast-fed infants would be
less often colonized by these organisms, but this has not been observed!®.

6.5 Necrotizing enterocolitis

Necrotizing enterocolitis is the most common gastrointestinal emergency
in premature infants. It affects between 1 and 8% ofall neonatal intensive
care admissions in the United States =~ and mortality remains between 20
and 40% with frequent sequelae in the survivors'® .Symptoms include ab-
dominal distention and rectal bleeding and in severe cases the intestinal wall
is perforated. The pathogenesis ofnecrotizing enterocolitis is unknown, but
is thoughtto derive from a detrimental interaction between intestinal bacteria
and the premature gut, expecially under conditions ofpoor blood perfusion.
The clustering of cases have suggested that certain bacteria could be causa-
tive agents, but the microbes isolated from the affected infants are normal
flora bacteria typical of'the age group, e.g., E. coli, Klebsiella and clost-
ridia'*

Necrotizing enterocolitis almost exclusively occurs in bottle-fed infants.
The beneficial effect of maternal milk could be due to interference with
direct contact between bacteria and mucosa, in combination with the anti-
inflammatory properties ofhuman milk. For example, human colostrum has
been shown to protect cell monolayers from injury by activated polymorpho-
nuclear leukocytes . IgA antibodies are not only non-inflammatogenic,
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but also counteract inflammation by down-regulating oxidative burst and
secretion of proinflammatory cytokines from phagocytic cells'® 0, Growth
factors in the milk may contribute to development of the neonatal gut
leading to increased resistance to damage by microbes or their products!!'.

Table 1. Infections and infection-related diseases in which breast-feeding has been proven to
exert protection.

Disease Risk ratio References
country
Overall mortality
Guinea Bissau 3.5 112
Gastroenteritis
Developing countries 2-10 Reviewed in 113
Industrialized countries 2-8 Reviewed in 114
Dehydration due to diarrhea 6 115
Death in diarrhea 14 2
Sepsis
Pakistan 18 116
Sweden n.d. 117
Pneumonia (deaths)
Brazil 4 2
Otitis media
Finland >3 118
U.S.A. 2 119
U.S.A. 2 100
Upper respiratory infections 103
Urinary tract infection
Italy 3-5° 120
Sweden n.d. 99
Necrotizing enterocolitis
Great Britain 20¢ 121

n.d. = not determined.

a. Relative risk 3 times for falling ill before 1 year ofage, comparing children breast-fed 6
months or more versus bottle-fed infants. Before 6 months of age 0% ofthe fully breast-
fed infants fell ill, versus 10% in the bottle-fed group.

b. Relative risk 5 times if considering feeding mode at referral, 3 times if considering ever
breast-fed versus never breast-fed.

c. In infants born after at least 30 weeks gestation.
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Table 2. Examples of observed differences in intestinal colonization pattern between breast-
and bottle-fed infants.

Relation Studies with . .
Speci breast/bottle- sionificant Difference but not Negative
pecies g L .

fed infants differences significant studies
Staphylococci 1000 122-124*
Enterococci 0.01 123-125
Clostridia 0.01 123b,124¢
Enterobacteriaceae 0.1 1264 127
Bifidobacteria 10 123, 125
Bacteroides 0.1 125 123

a. Significant by 4w (not by 2 or 6w).

b. Significant day 14,28 (not d4).

c. Significant by 2w, 4w, not by 6w.

d. Significant by 2w, not by 4w. Significant only for the frequency colonized, not for the
number of CFU in the different groups.
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OPSONOPHAGOCYTOSIS VERSUS
LECTINOPHAGOCYTOSIS IN HUMAN MILK
MACROPHAGES

Horst Schroten, Frank Kuczera, Henrik Kohler and Riidiger Adam
University Children 's Hospital, Heinrich Heine Universitat Diisseldorf Dusseldorf Germany
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Some important immunoprotective effects of human breast milk have
been attributed to the presence of macrophages. We investigated the gene-
ration of superoxide anion (O,) by monocytes and human milk macrophages
after stimulation with opsonized and unopsonized zymosan in the absence and
presence of mannose as an inhibitor to investigate lectinophagocytic and
opsonophagocytic properties. Peripheral blood monocytes generated more O,-
than human milk macrophages (417,4 + 79,1 nmol O,/ mg protein vs. 216,1 +
15,1 nmol O,-/ mg protein, p<0,05) after stimulation with opsonized zymosan.
When unopsonized zymosan was used as a serum-independent stimulus
monocytes generated slightly less O,- in comparison to human milk macro-
phages (150,8 + 34,5 nmol / mg protein vs. 176,1 £ 18 nmol O, -/ mg protein,
p<0,05). These findings demonstrate that the proportion of opsonin-
independent phagocytosis in human milk macrophages is higher than in mono-
cytes (82% vs. 36%). When mannose was used as an inhibitor a significantly
higher reduction of O,- generation occurred in human milk macrophages
compared to monocytes stimulated with opsonized zymosan, whereas no
difference was found when unopsonized zymosan was used. These results
indicate that human milk macrophages are stimulated to a greater extent by
opsonin-independent mechanisms than blood borne monocytes. As the
colostrum and the intestinal environment of the neonate offers only a little
amount of opsonins like complement and immunoglobulin G, such a
differentiation to lectinophagocytic properties could bear a great advantage for
protective fuctions of human milk macrophages.

Short and Long Term Effects of Breast Feeding on Child Health
Edited by Berthold Koletzko et al., Kluwer Academic/Plenum Publishers, 2000 95
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1. INTRODUCTION

Preferation of breast milk feeding is in all infants is based on various
advantages. Besides its well known nutritional benefits antimicrobial
properties are of great importance. The presence of soluble factors such as
secretory immunoglobulins (especially sIgA), lactoferrin, lysozym and a
variety of additional humoral defense factors such as complement,
oligosaccharides and other non-cellular components contribute to the
beneficial effects. In addition large numbers of viable cells are present in
human breast milk with a high proportion of macrophages likely being
responsible for some antiinfectious properties.

These mother milk macrophages are of 18 to 40 um in diameter with a
high amount of phagocytosed lipids. Morphological and cytochemical
properties are similar to differentiated macrophages. They bear Fc-receptors
for different subclasses of [gG and C3b-receptors (Balkwill and Hogg 1979,
Schroten et al 1987), synthesize various humoral defensive factors such as
complement factors (C2, C3, C4), cytokines (Interleukin I), lactoferrin,
lysozyme and more (Ogra and Greene 1982, Cole et al 1982, Speer and
Kreikenbaum 1993). Human milk macrophages are antigen presenting cells
with a capacity of phagocytosis comparable to circulating macrophages
(Mori and Hayward 1982, Leyvan-Cobian and Clemente 1984, Speer et al
1986) while antibody dependend cytotoxicity was reported to be reduced
(Mandyla et al 1982). They have been shown to phagocytose and kill certain
bacteria, virus and yeast (Speer et al 1986 & 1993). In comparison to
peripheral blood monocytes milk macrophages show a lower capacity of
adherence and chemotaxis (Clemente et al/ 1986, Speer and Kreikenbaum
1993) whereas production ofreactive oxygen intermediates was reported to
be equal in these cells (Cummings ef al 1982, Tsuda et al 1984 , Speer et al
1986).

Studies on the pH-resistance showed relative resistance of human milk
macrophages to alkali conditions similar to those in the small intestine (Blau
et al 1983) and to conditions with a pH <3 (Speer ef al 1986) so it seems
very likely that they can develop their immunoprotective functions within
the gastrointestinal tract ofthe breastfed baby.

Due to a lower availability of opsonizing factors in the milk (Vassao and
Cameiro-Sampaio 1989) and the gastrointestinal tract of the infant human
milk macrophages are supposed to be activated by other mechanisms than
bloodmonocytes.

Different patterns ofrecognition and ingestion of invading pathogens can
be clearly distinguished in phagocytic cells. Interaction of macrophage
membrane receptors with complentary coating substances on the surface of
the pathogenetic particle is well described as opsonophagocytosis. These
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coatings (opsonins), derived from various sites ofthe hosts immune system,
consist ofbridging serum factors such as immunoglobulins, iC3b-fragment
ofthe C3-complement factor, C-reactive protein, surface protein A and D
and the mannose binding protein.

Interaction of carbohydrate binding proteins, lectin receptors, with
complementary carbohydrate chains are another main mechanism of
enhancing uptake of pathogens. This phagocytic process, known as serum
independent- or lectinophagocytosis, is mediated for example through the
mannose receptor or a lectin-site on the CD1 1b/CD18 (MAC-1) integrin, the
beta-glucan-receptor.

Aim ofthis study was the investigation of opsono- and lectinophagocytic
properties of human milk macrophages by measuring the superoxide anion
(O,-) production in comparison to human blood monocytes after stimulation
with opsonized and unopsonized zymosan particles in the absence and
presence ofD-mannose as a relevant inhibitor.

2. MATERIALANDMETHODS

2.1 Collection, preparation, and culture of cells

Human milk was collected from 38 healthy lactating women 1-6 days
post partum by hand expression at the Department of Gynecology and
Obstetrics, Heinrich Heine Universitat Dusseldorf, Germany after having
obtained informed consent. The samples were stored at room temperature in
sterile containers until they were cultured within 4h.

Degreasement of milk was performed by 1:1 dilution with PBS and
centrifugation at 4°C and 600 g for 10 min. For purification the sediment
was resuspended in 25 ml PBS, layered on 25 ml Ficoll-Hypaque
(Pharmacia, Uppsala, Schweden) and then centrifuged at 20°C and 1000g
for 20 min. The mononuclear interface cell layer was washed in PBS and
RPMI (Gibco) (supplemented with penicillin, gentamicin, Hepes, fetal calf
serum FCS and glutamin) and resuspended in RPMI (with supplements).
Purity (> 90%) of monocytes macorphages was assessed by naphtylacetate-
esterase staining. Cells were enumerated by cell counter (Coulter, Krefeld
Germany) and adjusted at a concentration of2.5 x 105 cells/ ml. Monocytic
viability of > 95 % was assured by the trypan blue exclusion test. Two ml
ofthe cell-suspension were prepared in plastic culture dishes and cells were
allowed to adhere for 2h at 37°C and 5 % CO, then washed vigorously with
PBS to remove nonadherent cells.
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Monocytes were isolated from heparinized human blood from healthy
volunteers as described above by Ficoll-Hypaque gradient and then treated
like the milk macrophages.

In both tissue dishes with monocytes and macrophages the protein
content was determined according to the method described by Lowry
(Lowryetal 1951). Only samples with a protein content between 40 and 100
pg were used because of an unacceptable variability in superoxide anion
production in samples containing less than 35 pg (Johnston et al 1978). Until
the essay was performed the cells were stored in PBS onice (max. 15 min.).

2.2 Superoxideanion production

Superoxide anion production was measured by reduction of superoxide
dismutase (SOD) sensitive cytochrome C. Stimulation of the cells was
achieved by adding 100u1 opsonized or unopsonized zymosan with 200 p1
cytochrome C solution. Addition of 2 ml N-ethylmaleimid stopped the
induced oxidative metabolism after 30 min. Reduction of cytochrom C was
quantified spectrophotometrically (550 nm). The assay was repeated with
SOD to correct for oxygen independent reduction of cytochrome C. Results
were expressed in nmolO,- / mg protein.

2.3 Stimulatingagents

Opsonized and unopsonized zymosan (Sigma Chemicals, St. Louis,
USA) was used as a stimulus. For opsonization serum from healthy donors
was taken. The zymosan particles (2 x 105/ul) were autoclaved for 30 min,
washed twice with PBS and resuspended in PBS. The samples were adjusted
to 2x10’ particles /u 1 and stored at -70° C until being used in the assay.

24 Inhibitor

Mannose (Sigma Chemicals) was used as a potential inhibitor. It was
incubated with the isolated cells for 15 min at 37°C prior to the stimulation
assay. Mannose was used in 0.1-, 0.25- and 0.5-molar solution. All assays
were performed in duplicate.

2.5 Expression of mannose-receptor

To visualize possible expression of the mannose receptor, phagocytes
were stained with a murine antibody generated against the human mannose
receptor (Pharmingen, San Diego, USA). Human bloodborne monocytes and
milk macrophages were prepared as described above until incubated for ten
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minutes, washed with PBS, centrifuged with 300 g at 20°C for 10 min..
Detection of staining was performed with a fluorescence microscope (Zeiss
Optics, Gottingen, Germany).

2.6 Statistics

Statistical analysis was performed by using the Student t-test. An alpha-
error of p<0,05 was regarded as significant.

3. RESULTS

3.1 Stimulation without inhibitors

Without any additional stimuli superoxide anion production was 40 + 3
nmol O,-/mg Protein/30 min (nmol O,/mg P/30’) in milk macrophages and
47 +4.7 nmol O2/mg P/30’ inblood monocytes.

After stimulation with opsonized zymosan peripheral monocytes
generated 417 £ 79 O)-/mg P/30” while 216 = 15 nmol nmol O,/mg P/30’
could be measured in the assay with milk macrophages in the absence of
potential inhibitors. Whenunopsonized zymosan was used, blood monocytes
produced 150 + 35 nmol O,-/mg P/30’ and milk macrophages generated 176
+ 18 nmol 02-/mgP/30’. Thus peripheral blood monocyes released a higher
absolute amount of superoxide anions than human milk macrophages when
stimulated with opsonized zymosan while O,-production after activation
with unopsonized zymosan demonstrated approximately equal release ofthe
measured oxygen metabolites. When looking at the relations between
opsonin-dependent and opsonin-independent stimulation human milk
macrophages revealed a much higher proportion of superoxide anion
generation (100% to 82 %) than bloodborne monocytes (100% to 36%)
when stimulated with unopsonized zymosan as a serum-independentparticle.

Stimulation afterpreincubation with Mannose

After addition of D-mannose in concentrations of 0.1, 0.25 and 0.5 m
prior to stimulation with opsonized zymosan blood monocytes reacted with a
significant reduction of O, -generationto 302 + 62, 247 + 58 and 162 + 53
nmol 02-/mg P/30 (p<0.05). Milk macrophages showed lowering of
superoxide anion production to 139 + 18, 84 + 14 and 39 £ 1 nmol O,/mg
P/30’ after preincubation with the above mentioned concentrations of D-
mannose (p<0.0005). This reduction was significantly concentration-
dependent (p<0.0005). Comparison of the different cell types revealed a
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significantly greater relative decrease in O, generation in milk macrophages
compared to blood monocytes after stimulation with opsonized zymosan and
mannose treatment. When inhibiting with a 0.5 molar mannose solution,
reduction of 61 % could be demonstrated in the assay with blood monocytes
and a reduction of 82% in the milk macrophages. Milk macrophages can
thus be inhibited to a greater extent by mannose than blood monocytes under
conditions of serum-opsonization (figure 1).

nmol O2- / mg Protein

No Inhibitor

0,25m Mannose
0,5m Mannose

0 Blood Monocytes ggMilk Macrophages
Figure 1: Stimulation with opsonized zymosan and inhibition with mannose.

Preincubation of D-Mannose after stimulating with unopsonized
zymosan revealed a decrease in oxygen radical output to 89 £ 15, 63 +11
and 30 = 5 nmol O,/mg P/30’ in blood monocytes, 80 % with 0.5m
mannose, (p<0.05) and a reduction to 99 + 13, 58 + 7 and 32 =5 nmol O,
/mg P/30’ in milk macrophages, 82 % with 0.5 m mannose (p<0.0005). No
significant difference could be found between the two cell population when
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unopsonized zymosan was used - blood monocytes and milk macrophages
could be equally inhibited with mannose in the absence of opsonizing
particles.

4. DISCUSSION

4.1 Stimulation without inhibitors

Superoxide anion production in human milk macrophages has been
reported to be equal to blood monocytes after stimulation with phorbol
myristate acetate (PMA) (Cummings et a/ 1985) and when challenged with
PMA or opsonized zymosan (Tsuda et al 1984, Speer et al 1986). In all
publications though the generation of superoxide anions were related to the
amount of cells in the sample (nmol O,/5x105-10¢ cells). Since milk
macrophages are much bigger in diameter than monocytes and thus have a
greater surface, a greater number of relevant receptors per cell should
principally be assumed. This fact could account for a bias with the
measurement of a too elevated O,-production in milk macrophages.
According to a publication by Johnston and co-workers an unacceptable
variability in the determination of superoxide anion production occurs in
samples with a protein content below 35 pg protein so that the O,-
generation should be related to the absolute amount ofprotein instead ofthe
quantitiy ofcells (Johnston et al 1978).

In our study we compared opsonized and unopsonized particles and were
able to demonstrate that monocytes exhibited a greater O, -release than milk
macrophages when stimulated with opsonized zymosan in correlation with
the absolute amount ofprotein in the sample (nmol O,/mg proteid/30 min.).
After stimulation with unopsonized zymosan an equal superoxide anion-
production was measured.

Comparison of the relation between opsonophagocytosis and opsonin-
independent phagocytosis within the different cell subpopulations leads to
the observation that human breast milk macrophages exhibit a higher
proportion of lectinophagocytosis than blood borne monocytes (82 vs. 36%).

Different patterns ofreceptors on the surface ofthe phagocytes regarding
their number and quality (e.g. Fc-receptor and CR-3 on one hand, mannose-
receptor and B -glucan-receptor on the other) could be a possible indication
for this specialization. Reduced amount ofopsonins such as complement and
immunoglobulins inthe colostrum (Vassao and Carneiro-Sampaio 1989) and
the gastrointestinal tract ofthe neonate could have lead to a relatively better
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serum-independent stimulation of milk macrophages being of favour for the
early defense line in breast fed children.

Systematic suppression of maternal immune responses could also play a
role in differentiation of milk macrophages towards better stimulation by
nonopsonic factors. Opsonic activities ofthe mother in the second and third
trimester of pregnancy and in neonatal sera have been reported to be reduced
(Everaerts et al 1985, Sebring ef al 1989) and studies on the distribution of
the Fc-receptor showed reduced density ofthis recognition moiety on human
milk macrophages in comparison to blood monocytes (Rivas eta/ 1994).

4.2 Stimulation after preincubation with mannose

Zymosan as a derivative of the cell wall of Saccharomyces cerevisiae is
composed of o.-D-mannan and 3-D-glucan, two carbohydrate polymers with
glucan being the most abundant component (Di Carlo and Fiore 1958, Bacon
etal 1969).

Binding and phagocytosis of unopsonized zymosan was reported to be
dependend on the expression ofthe mannose receptor on human (Speert and
Silverstein 1985) and murine macrophages (Warr 1980, Sung et al 1983).
Other studies showed the dependency of superoxide anion release in murine
and rabbit macrophages on the mannose receptor (Berton 1983, Klegeris et
al 1996].

Besides difficulties in the direct transfer ofresearch results derived from
different species some aspects of our study indicate that the mannose
receptor might not play a major role but that another type of membrane
receptor is responsible for zymosan signalling and consecutive respiratory
burst activites in human blood monocytes and milk macrophages.

Monocytes do not express the mannose receptor until they are cultured
for several days (Moekoena and Gordon 1985, Ezekowitz et al 1990, Stahl
and Ezekowitz 1998). We confirmed this by demonstrating negative staining
of blood monocytes with FITC-labelled anti-human mannose receptor
monoclonal antibodies within the cultivation periods of monocytes used in
our experiments. In our assay both types of cells produced approximately
equal amounts of O, when challenged with zymosan particles without any
opsonizing serum factors. Furthermore addition of D-mannose in different
concentrations resulted in inhibition of superoxide anion release to the same
extent in both types of cells. Since the mannose receptor is absent on the
surface of blood monocytes and they still show the same reactions to
stimulation and inhibition as milk macrophages who do bear mannose
receptors on their membrane (as shown by staining with moAbs), an
involvment ofthis type ofreceptor seems to be unlikely in the production of
superoxide anions, even though the process of internalization per se might
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be induced by different means. These findings are supported by a recent
report of Astarie-Dequeker et al. who showed that phagocytosis of
unopsonized zymosan through the mannose receptor did not result in
triggering of O,-production (Astarie-Dequeker et al 1999). These
investigators could demonstrate that the uptake of zymosan particles by
human monocyte derived macrophages was dependend on the mannose
receptor as well as on another membrane component, the 3-glucan receptor,
which is located on the complement receptor type three (CR3). Even though
internalization ofunopsonized zymosan was also mediated by the mannose
receptor, an observation which has been confirmed by other authors
(Lombard ef al 1994), the O,-generation itself was triggered only by
phagocytosis via the B-glucanreceptor.

This lectin-like B-glucan receptor has been located on the o, 3, integrin
CR3 (CDI11b/CD18, Mac-1) It has been shown to be functionally
independed from the complement receptor type 1 (CR1) and the receptor for
IgG (FcR) (Czop and Austen 1985). Another B-glucan receptor not localized
on the CR3 has been postulated on human monocytes and a myelomonocytic
cell line (Czop and Kay 1991),but its existence is discussed controversially
(Thornton et al 1996).

Some laboratories found the binding ofzymosan particles to the B-glucan
receptor to be inhibited by a variety of glucan-containing polysaccharides in
human and murine mononuclear phagocytes whereas mannose-monomers,
mannose-homoglycans or methylmannoside failed to block this lectine site
(Czop and Austen 1985, Janusz et al 1989, Thornton et al 1996, Xia et al
1999). In murine peritoneal macrophages pretreatment with B-glucans
reduced release of reactive oxigen metabolites after stimulation with
unopsonized zymosan (Adachi etal/ 1993).

Recently Thornton et al. used a soluble zymosan polysaccharide (SZP) to
evaluate the sugar specifity of the B-glucan receptor. Their investigations
revealed the lectin site of CR 3 to have a broader specifity for certain
polysaccharides than originally appreciated. SZP, which blocked the binding
site to the same extent as various B-glucan preparations, was unexpectedly
found to consist primarily of mannose. In addition a specifity for N-acetyl-
D-glucosamin (NADG) and glucose could be demonstrated (Thornton et a/
1996).

Ourresults with stimulation by unopsonized zymosan and inhibition with
D-mannose to the same extent in both types of cells could be the
consequence of an equal distribution of the B-glucan receptor on blood
monocytes and milk macrophages. Considering the sugar specifity of this
lectin-site the demonstrated concentration dependend functional impairment
ofzymosan-induced superoxide anion production could be explained in the
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inhibition ofthe B3-glucan receptor by D-mannose. Even though mannose did
not alter SZP binding to the -glucan receptor (Thornton et al 1996) it could
possibly interfere with the binding of unopsonized zymosan. A reason for
the discrepant results ofmannose-exerted inhibition ofthe B-glucan receptor
could also be found in the fact that B-glucan triggered production ofreactive
hydrogen metabolites is regulated differently from signalling pathways for
phagocytosis of B-glucans (Okazaki et al 1996). Also the different
concentrations of inhibitors used in the assays could contribute to differing
results.

In the opsonization ofzymosan the participation ofboth alternative and
classical complement pathways as well as immunoglobulins has been
demonstrated in a study on respiratory burst in human granulocytes (Cheson
and Morris 1981). Zymosan specific IgG antibodies have been identified to
enhance alternative pathway activities in human serum (Schenkein and
Ruddy 1981). According to Valletta et al. superoxide anion production in
rodentmacrophages was dependend upon immunoglobulins as well (Valletta
andBerton 1987).

Complement factors such as C3b or iC3b are also necessary in the
opsonization ofzymosan (Xia ef al 1999). A concerted interaction between
CR3 and the B-glucan lectin site with the complement receptor being the
primary binding site and the 3-glucan-receptor being the function triggering
moiety has been postulated for example in the synthesis of platelet-
activating-factor (PAF) in human monocytes (Elstad ef a/ 1994). In human
neutrophils binding ofcomplement-opsonized yeast is related to complement
receptor 1 (CR1) and the binding site for iC3b on CR3 whereas ingestion
and respiratory burst depepend on coupling with the -glucan binding site
(Cain et al 1987). Respiratory burst in rodent macrophages was reported to
be inhibited by complementreceptor blockade (Klegeris and McGeer 1994).

Monocytes have been shown to secrete the essential factors foractivation
and propagation ofthe alternative complement pathway (factors C3, B, D, H
and I) (Hetland and Eskeland 1986) so they are capable of local zymosan
opsonization via autocrine liberation of complement factors (Ezekowitz et
al1984 &1985).

In our studies challenge ofblood monocytes and milk macrophages with
opsonized zymosan resulted in a high stimulation ofblood monocytes with a
release of superoxide anions being twofold higher than after stimulation with
unopsonized zymosan. Milk macrophages' liberation ofoxygen metabolites
was about equal with and without opsonization. Since similar numbers of
CR3-receptors have been postulated in the two cell subpopulations, a
different type of opsonin-receptor would possibly account for the effect of
this uneven stimulation and inhibition in connection with opsonized
zymosan. Equal inhibition of the CR3-dependend opsonophagozytosis by
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mannose on one hand and a higher amount of FcR-dependend
opsonophagocytosis not being mannose inhibitable on the other then result
in the better stimulation of blood monocytes and lower inhibition by
mannose under opsonin challenge in blood monocytes in comparison to milk
macrophages. A decreased equipment ofmilk macrophages with Fc-receptor
has been described by Rivas and co-workers supporting the idea of an
uneven distribution ofthis recognition site (Rivas et al 1994).

Summa summarum the undertaken study has shown that the macrophage
population in human milk is capable of reacting with the release of
superoxide anions to both opsonized and unopsonized particles. The higher
amount oflectinophagocytic responses possibly reflects the spezialization of
these phagocytes to the specific neonatal environment.
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IS ALLERGY A PREVENTABLE DISEASE?

Bengt Bjorkstén
Karolinska Institute, Centrefor Allergy Research, Stockholm

1. INTRODUCTION

There is now an almost universal consensus that the prevalence of
allergic diseases has increased considerably in western industrialised
counties, particularly since the Second World War!. The reasons for the
increase are largely unknown. Until recently, most ofthe interest has focused
on identifying risk factors, i.e. environmental factors that would increase the
likelihood for sensitisation. Thus, excessive exposure to indoor allergens,
particularly house dust mites, tobacco smoke and poor indoor ventilation,
have all been suggested as major risk factors. As a consequence, primary
prevention has focussed on reducing exposure to these putative risk factors.
None of the suggested risk factors can more than marginally explain the
large regional differences on allergy prevalence, however, and the results of
intervention studies have largely been disappointing.

As sensitisation to ubiquitous environmental allergens usually occur in
early childhood and the increase in allergy prevalence has been particularly
pronounced in children, much ofthe interest has been focussed on this age
group. Over the past few years, novel discoveries related to the maturation of
the immune system has resulted in an interest in identifying factors that
protect against the development of manifest allergic disease, rather than
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studying risk factors. Such studies were prompted by the discovery that
normal pregnancy in mammals, including man, is accompanied by an
immune deviation towards Th2 type immunity’. As a consequence, the
immune system of the new-born baby is also skewed towards Th2-type
immunity’. Thus, an “allergy-type” immunity is normal early in life. The
development ofa balanced Th1/Th2 immunity is achieved in early childhood
by the influence ofthe environment.

The tendency to develop allergic disease is strongly influenced by genetic
factors, environmental influences, age and the conditions under which
exposure takes place. The environment has undergone major changes in
recent years. “Environment“ and “life style” are much more than emissions
from traffic and exposure to mites, however. The concept of “life style*
should therefore be expanded considerably, since an altered life style also
includes dietary changes, the microbial environment, extensive travelling to
new environments, stress and much more. Furthermore, the mother is a little
discussed, but significant “environmental factor” in early infancy.

Primary allergic sensitisation to environmental allergens most commonly
occurs early in life, often even before birth*4. Animal studies suggest that
the neonatal mucosal tolerance induction mechanisms are malfunctional®
Moreover, cross-sectional®’” and prospectivet studies strongly indicate that
exposure to allergens early in life may have an impact on the incidence of
allergy many years later. Thus, an understanding of the development of
immune responses to allergens is a prerequisite for the understanding ofwhy
the prevalence of allergy is increasing in developed countries and for the
implementation of primary prevention. In this review, the potential for
primary prevention of allergy is discussed in the light of epidemiological
observations and recent studies on the development of immune responses to
allergens. Also, the role ofthe mother as an “environmental factor” will be
discussed.

2. EPIDEMIOLOGICAL ASPECTS

The increasing prevalence and severity of atopic diseases seen in
industrialised countries are in marked contrast with the low prevalence of
allergy among children in the formerly socialist countries of Europe with a
life style similar to that prevailing in Western Europe 30-40 years ago®!'.
These and other regional differences were recently confirmed in two large
epidemiological surveys. In the European Community Respiratory Health
Survey (ECRHS) the prevalence ofasthmarelated symptoms were studied in
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young adults aged 20-44 years, mainly in Europe. Carefully validated
questionnaires were used in populations who were selcected in an identical
manner in all the study centred2. The findings were confirmed by lung
function tests and analysis of IgE antibodies to allergens in representative
subpopulation'? The International Study of Asthma and Allergy (ISAAC)
comprised almost 800,000 children aged 6/7 and 13/14 years in over 150
centres in over 50 countries over the world*+'7 Both the ECRHS and the
ISAAC confirmed that that there are large variations in the prevalence of
allergy and that these variations can not be explained by similar variations in
any known life style and other environmental factors.

3. PRE- AND POSTNATAL DEVELOPMENT OF
IMMUNE RESPONSES TO ALLERGENS

Immune responses to allergens are characterised by a cross-regulation
between competing [FNy-secreting T helper 1 (Th1)-like cell populations
and IL-4-producing Th2-like cell populations. As already mentioned,
pregnancy is associated with a strong skewing towards Th2 type immunity
and ifthis does not occur in time, there is an increased risk for abortion?. As
aconsequence neonatal immunity is Th2-skewedand allergen specific T-cell
responses are common already at birth®. Probably, these responses are
normal and do not indicate future allergy.

During the first years of life, the neonatal immune responses towards
inhalant allergens deviate towards a balanced Thl and Th2 like immunity,
resulting in low levels of IgG antibodies and low level T cell responses to
inhalant allergens in non-allergic children and adults*. These T cell
responses are predominantly Thl-like. This process seems largely to be
completed at around 5 years ofage's. In contrast, immune responses to foods
are generally suppressed.

Temporary low-level IgE responses to food and inhalant allergens are
common during the first years of life’® They are then down regulated in non
atopic individuals, while they continue to increase in children who develop
allergic manifestations. In a prospective study, the development of serum
IgE and IgG subclass antibodies to §-lactoglobulin, ovalbumin, birch and cat
was analysed from birth up to 8 years of age® The levels of IgG-subclass
antibodies to B-lactoglobulin peaked at 6 months and to ovalbumin at 18
months and then decreased, while the IgG-subclass antibody levels to the
inhalant allergens generally increased with age. The kinetics of IgG
antibodies to allergens was largely similar in Sweden with a high, and
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Estonia, with a low prevalence of allergic disease, except for low levels of
maternally derived IgG, antibodies to the inhalant allergens in cord blood in
the latter babies?’. The findings indicate that Th2 dependent antibody
responses are normally down regulated in non atopic individuals.

In contrast, recent studies show that the atopic phenotype is associated
with a prolonged period of Th2 type immune responses to allergens early in
life>18. Thus, the maturation process seems to proceed at a slower pace in
infants with an atopic family history and/or who develop allergic disease, as
compared to non atopic babies. The findings confirm on the T cell level the
previous observations showing that humoral immune responses to food and
inhalant allergens are common during the first years oflife’*. The difference
between individuals with and without a genetically determined atopic
propensity may thus be how readily the neonatal Th2-skewed immunity
deviates towards a Thl type response. Therefore, it seems reasonable to look
for postnatal environmental factors affecting the incidence ofallergy, rather
thanto advocate allergen avoidance during pregnancy.

4. MICROBIAL INFLUENCES

Rook and Stanford recently suggested two major syndromes that could be
the result of inadequate microbial stimulation early in life; inadequate
priming of T helper cells, leading to an incorrect cytokine balance and a
failure to fine-tune the T cell repertoire in relation to epitopes that are cross-
reactive between self and microorganisms2. The authors coined the
expressions “input deprivation syndrome” and “uneducated T-cell regulation
syndrome”.

Infections can have long-lasting non-specific systemic effects on the
nature ofthe immune response to unrelated antigens. It has been suggested
that recurrent infections during early childhood may protect against allergy,
as suggested by several studies reporting an inverse relationship between the
incidence of atopy and family size, particularly the number of older
sibling?->s It has also been suggested that vaccination against pertussis may
be increasing the incidence of Th2-mediated disease, although in a recent
prospective study this was shown not to be the case®. From an
immunological point of view, however, respiratory infections would not be
expected to exert such continuous strong pressure on the maturing immune
system as to induce immune deviation.
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The microflora ofthe large gut may have important roles in both human
health and disease. This perspective is by no means a new concept, as
Metchnikoff already a century ago indicated the clinical importance of the
host colonic microflora?”. Rapid advancements have have been made,
particularly over the past 10 years and the bacterial microflora ofthe human
gut is now accepted as an integral component ofthe host defence system.

The total mucosal surface area ofthe adult human gastrointestinal tract is
up to 300m?’,making it the largest body area 1nteract1ng with the
environment. Itis colonised with over 10 micro-organisms, weighingover
1 kg and corresponding to more than 10 times the total number ofcells in the
body.

The gastrointestinal tract ofthe new-born baby is sterile. Soon after birth,
however, it is colonised by numerous types of micro-organisms.
Colonisation is complete after approximately one week but the numbers and
species of bacteria fluctuate markedly during the first three months of'life.
When the microflora has been established it is surprisingly stable over time
and environmental changes, e.g. a treatment period with antibiotics only
temporary changes the composition of the microflora.

Microbial stimulation, both from normal commensals and pathogens in
the gastrointestinal and respiratory tract, is important for normal postnatal
maturation of immune functions. We recently observed that the gut flora of
Estonian and Swedish infants differ in several respects® The gut flora of
Estonian infants is similar to the flora of European children some 20-30
years ago and more often comprises Lactobacilli and Eubacteria, and the
numbers are higher than in Swedish infants. The potential significance of
these findings were supported by an observation that colonisation with
lactobacilli appears to be more intense in non allergic as compared to
allergic children®.

S. THE INFLUENCE OF MATERNAL IMMUNITY

The immune system of the newborn infant is influenced by maternal
immunity, both transplacentally and via the breast milk. Thus, there is a
close immunological interaction between the mother and her baby during
gestation and during the period of breast-feeding, where the mother may
provide protective factors and immune modifying components, as well as
antigenic stimulation.
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As already discussed, the fetomaternal interface is surrounded by high
levels ofthe Th2 cytokines IL-4 and IL-10 ?,probably in order to divert the
maternal immune response away from damaging Thl-mediated immune
responses* The tendency of atopics to express Th2-like immunity may thus
be of reproductive advantage, and we have recently observed a higher
number of children among atopic mothers as compared to non-atopic
mothers®. The higher cord blood IgE levels seen in newborns of atopic
mothers as compared to newborns with a paternal or no atopic history may
depend on apossibly stronger placental Th2 shiftin atopic mothers. The Th2
polarisation during pregnancy may influence the offspring for variable
periods postnatally, as evidenced by the selective expansion of Th2 memory
cells in antigen challenged newborn mice®. This could conceivably explain
the well known higher penetration of maternal than paternal heredity of
allergic disease.

Maternal IgG antibodies are transplacentally transferred via an active
transport, providing a passive protection for infections in the baby. High
levels of cord blood IgG antibodies to 3 -lactoglobulin have been reported to
protect against the development ofcow’s milk allergy, although this was not
confirmed in another study®® Low levels of IgG antibodies to cat and birch
in cord blood are associated with an increased prevalence of sensitvityto cat,
as well as asthma at 8 years of age** If high levels of maternal allergen-
specific IgG antibodies indeed are protective, this may be an alternative
explanation to the observations in several epidemiological studies showing
an increased risk for allergy to seasonal allergens in children born before the
relevant pollen¢’. Birth at this time ofthe year would provide low levels of
cord serum IgG antibodies. Furthermore, high levels of IgG anti-IgE
antibodies in cord blood are associated with less allergy during the first 18
months of life, particularly in babies with a strong family history ofallergy?.

The precise relation between breast-feeding and infant allergy is poorly
understood. Any allergy-preventing effect of human milk, iftrue, seems to
be limited to babies with a genetically determined increased risk for atopic
disease36The capacity to influence infant immunity may also vary between
mothers. Breast milk cell supernatants from atopic mothers stimulate higher
levels of cord blood IgE secretion in vitro than cell supernatants from non-
atopic mothers?” . We have recently been able to demonstrate that breast-milk
from non-atopic mothers contain higher levels of ovalbumin-specific
secretory IgA antibodies than breast-milk from atopic mothers, as measured
by a sensitive enzyme amplified ELISA (Casas et al, unpublished).
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During early infancy there is a close immunological interaction between
the mother and her offspring, through the breast milk but relatively little is
known about the exchange ofimmunological information. Besides numerous
components that help in the protection against infection, human milk
contains components that enhance the maturation ofthe immune system of
the new-born infant. Observations include an early stimulation of IgA
antibody synthesis in breast-fed infants*® and transfer of cell-mediated
immunity and cytokines*. Thus, human milk would not only provide passive
protection against infections, but also actively stimulate infant immunity.
There are considerable individual variations in the composition of human
milk, however. This may explain the controversy with regard to the possible
allergy-preventive effects of breast feeding. If individual variations in the
milk modulate the development of immunity in the neonate, then maternal
immunity may represent an environmental factor, which would influence the
risk for allergic manifestations in her child, possibly even several years later.

Human milk also contains foreign antigens, e. g. food antigens eaten by
the mother and these may sensitise the baby“. A maternal hypoallergenic
diet during the lactation period is associated with less atopic eczema in the
children, but does not reduce the prevalence of other atopic manifestations
during the first four years of life*'.

Low levels oftotal IgA and cow’s milk specific IgA*™* in breast milk
have been reported to be associated with cow’s milk allergy in the infants.
This was not confirmed, however, in a carefully controlled prospective
study*.

There are several reports in the literature suggesting that allergic disease
is associated with an abnormal metabolism of long chain fatty acids. A
disturbed composition of polyunsaturated fatty acids (PUFA) has been
reported in milk from mothers of atopic infants. For example, the levels of
the essential fatty acid linoleic acid (LA), as well as its metabolites were
lower in early mature milk from atopic, as compared to non-atopic mothers
and the ratio between n-6 and n-3 fatty acids was higher®. Differences in the
fatty acid composition of human milk seems to have a relevance for the
breast fed infants. Thus, lower levels ofthe n-3 fatty acids, EPA DPA and
DHA have been observed in mothers of infants who developed allergic
disease during the first year oflife as compared to mothers ofbabies who did
not develop any allergic manifestation*. These differences were
independent of maternal allergy. Similarly low levels ofcertain polyamines
have been observed in milk from atopic mothers®. As these compounds are
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required for optimal DNA synthesis, variations in the levels could affect
immune responses to foreign antigens in breast fed infants.

6. PRIMARY PREVENTION OF ALLERGY

Prospective intervention studies of allergy prevention have so far at best
only shown modest effects. There are as many studies showing slightly
reduced incidence of allergy among breast fed infants as compared to
formula fed babies as there are studies showing no effect, or even more
allergy in the former infants**. Efforts to prevent allergy in infancy and
early childhood through substituting regular cow’s milk based infant
formulae with extensively hydrolysed products have only shown a slight
reduction in the incidence of cow’s milk allergy, while there was no effect
onrespiratory allergies®.

Studies have also been devoted to the prevention of childhood allergy
through manipulation ofthe maternal diet during pregnancy and the lactation
period. The conclusion of these studies is that allergen avoidance during
pregnancy* does not seem to have any effects on allergy incidence in the
offspring, nor did a maternal diet rich in cow‘s milk increase the likelihood
oftolerance induction®. In contrast, maternal avoidance of allergenic foods
during the first three months of lactation was associated with a reduced
incidence ofatopic eczema in their babies during the first year of life**.

It is well established that exposure to tobacco smoke in infancy and early
childhood is associated with an increased risk for respiratory infections and
wheezing, as well as for sensitisation to inhalant allergens*. Other measures,
like efforts to reduce the levels ofindoor allergens like house dust mites and
pets have largely been disappointing® Recent studies even suggest that the
contrary may be true, i.e. that exposure to allergens during infancy may
reduce the prevalence of allergic asthma in school children *.

7. CONCLUSIONS

Environmental factors, e. g. Western life style associated factors and
maternal immunity, including the cytokine milieu at the placenta, transfer of
IgG antibodies via the placenta and IgA antibodies and cytokines via the
breast-milk, may all influence the development of immune responses to
allergens. The first encounters with allergens occur during the first year of
life, or even before birth. T- and B-cell reactivity to food allergens peak
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early in life and are then down regulated, whereas the responses to inhalant
allergens increase with age. Atopic children may have a bias to allergen-
stimulated production oftype 2 cytokines, as reflected by higher levels of
IgE and IgG, responses to allergens.

Currently recommended measures for primary prevention of allergy are
at best only modestly effective. The avoidance ofexposure to tobacco smoke
is at present the only recommendation that is reasonably well documented by
evidence based medicine. Primary prevention of allergy may in the future
include measures to enhance the induction of immune deviation and clinical
tolerance. Such studies are currently performed and the outcome will be
known in a few years.
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Early feeding with cows' milk (CM) may cause cows' milk allergy (CMA).
Breast milk contains many immune factors which compensate for the
undeveloped defence mechanisms of the gut ofthe newborn infant. We studied
the effect of supplementary CM feeding at the maternity hospital on the
subsequent incidence of CMA, the effects of formula and breast feeding on the
subsequent immunologic types of CMA, and the importance of immune
factors present in colostrum in the immune responses of infants with CMA. In
a cohort of 6209 infants, 824 were exclusively breast-fed and 87% required
supplementary milk while in the maternity hospital: 1789 received CM
formula, 1859 pasteurized human milk, and 1737 whey hydrolysate formula.
The cumulative incidence of CMA, verified by a CM elimination-challenge
test, was 2.4% in the CM, 1.7% in the pasteurized human milk and 1.5% in the
whey hydrolysate group. Among these infants, exposure to CM at hospital and
a positive atopic heredity increased the risk of CMA. Of the exclusively
breast-fed infants, 2.1 % had CMA. Risk factors for the development of IgE-
mediated CMA were: exposure to CM at hospital, breast-feeding during the
first 8 weeks at home either exclusively or combined with infrequent exposure
to small amounts of CM and long breast-feeding. The content of transforming
growth factor-B 1 (TGF-B1) in colostrum from mothers of infants with IgE-
mediated CMA was lower than from mothers of infants with non-IgE-
mediated CMA. In infants with CMA, TGF-B1 in colostrum negatively
correlated with the result of skin prick test and the stimulation of peripheral
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blood mononuclear cells to CM, but positively with infants' IgA and IgG
antibodies to CM proteins. Feeding of CM formula at maternity hospital
increases the risk of CMA, but exclusive breast-feeding does not eliminate the
risk. Prolonged breast-feeding exclusively or combined with infrequent
exposure to small amounts of CM during the first 8 weeks induces the
development of IgE-mediated CMA. Colostral TGF-f3 1 may inhibit IgE- and
cell mediated reactions and promote IgG-IgA antibody production to CM in
infants prone to developing CMA

1. INTRODUCTION

Food allergies, particularly cows' milk allergy (CMA), develop during
the first months oflife in infants in whom both the non-specific and specific
defence mechanisms ofthe gastrointestinal tract are undeveloped. A positive
atopic heredity is a known risk factor for food allergies,' but very little is
know aboutthe other factors predisposing to CMA.

1.1 Breast-feeding and the development of CMA

Breastmilk contains many immunologic and nonspecific defence factors
which compensate for the underdeveloped defences of the gut of the
newborn infant.>* Low levels of secretory IgA or cows' milk (CM) specific
IgA in colostrum have been associated with the development of CMA.*5 On
the other hand, exclusively breast-fed infants are shown to be sensitised to
food antigens present breast milks” and the symptoms ofatopic eczema have
alleviated after cessation of breast-feeding.t Breast milk also contains
soluble immunoregulatory factors.>*'' However, the effects ofthese factors
onthe infants' immune responses are unknown.

1.2 Early exposure to food antigens

The first exposure to food antigens provokes an immune reaction in an
infant, the type of which depends on the age at introduction and the quantity
and frequency of doses.”2 In one study, the exclusively breast-fed infants
with symptoms of CMA were all exposed to CM at maternity hospital,
whereas in another study,' early exposure to CM reduced the emergence of
allergic diseases during the first 18 months. Infrequent exposure to small
amounts of food antigen has been associated with the development of
specific IgE-response.'>'
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2. OBJECTIVE

We soughtto study prospectively:

(1) Whether feeding newborn infants CM formula at maternity hospital
increases the risk of CMA and could the risk be reduced by feeding
them pasteurized human milk or extensively hydorolyzed formula.”

(2) The effects ofbreast- and formula feeding on the subsequent type of
CMA classified by the presence or absence of CM-specific IgE
antibodies. s

(3) The importance of immune factors present in breast milk on the
development of CMA and on the immune responses of allergic
infants to the proteins in CM."

3. METHODS

3.1 Patients

We followed prospectively 6209 healthy, full-tern infants, whose
mothers volunteered to participate to the study immediately after delivery.'”
Although breast-feeding was strongly encouraged in the 3 hospitals, 5385
(87%) ofthe infants required supplementary milk at hospital. According to
the month of birth and delivery hospital, these infants were randomly
assigned to receive blindly one of 3 study supplements: liquid CM formula
(Tutteli; Valio, Finland); pasteurized human milk (a mixture of milk from
multiple donors expressed 1 to 6 months after delivery); and extensively
hydrolysed whey formula (Pepti-Junior®, Nutricia, The Netherlands). The
comparison group comprised 824 exclusively breast-fed infants. The infants
were kept in the hospital for a mean of4 days. When at home, the mothers
recorded the infant-feeding regimen daily during the first 8 weeks. They
were advised to supplement breast-feeding with CM formula when required
and start solid foods at 4 to 6 months ofages. Data on infant feeding were
recorded also at the ages of 6 and 12 months. The mothers were given
written information about symptoms suggestive of CMA and advised to call
on of the authors (ISMS) if an infant had any of such symptoms. The
diagnosis of CMA was based on typical symptoms (urticaria, exanthema,
atopic dermatitis, vomiting, diarrhoea, wheezing, or allergic rhinitis), their
disappearance after CM elimination and arecurrence in a challenge test with
CM at hospital. Ofthe 247 challenges performed, 118 (48%) were positive.
In addition to these, CMA was diagnosed elsewhere in 81 infants. These
infants are, however, excluded from the following analyses due to possible
heterogeneity in diagnostic criteria. The data on atopic heredity was recorded
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at maternity hospital. Obvious atopy was defined as asthma or symptoms
from 2 different organsin 1 orboth parents.

3.2 Immune responses of infants with CMA

Before the CM challenge test, a skin prick test with liquid CM formula
was performed and a blood sample drawn.'8Serum total and CM-specific
IgE were measured by the Pharmacia CAP system (Pharmacia & Upjohn
Diagnostics, Uppsala, Sweden). For classification as IgE-mediated reactions,
aweal diameter >3 mm in skin prick test or values of CM-specific IgE > 0.7
kUL were taken as positive responses. Serum IgA was measured by an
immunoturbidometric method, IgG and IgA antibodies to whole CM, b-
lactoglobulin and o -casein by means of an ELISA."2 Proliferation tests of
peripheral blood mononuclear cells with CM antigens were performed
randomly on 54 infants with CMA as described earlier.2' Proliferation was
expressed as a stimulation index (SI): median counts per minute
incorporated in the presence of the antigen divided by median counts per
minute incorporated in the absence ofthe antigen.

33 Breast milk samples

We had a sample of colostrum from 108 mothers ofthe 118 infants with
CMA, 207 control samples were randomly selected from mothers of infants
without CMA. Total [gA was measured by an immunoturbidometric method.
An ELISA assay was used to measure the concentrations of CM-specific
IgA, interferon-gamma (IFN-v), interleukin-6 (IL-6) and transforming
growth factor-betal (TGF-1)."° The detection level ofthe assay for IFN-y
was 150 pg/mL, forIL-650 pg/mL and for TGF-[31 60 pg/mL.

34 Statistical analyses

The data are presented with mean and 95% confidence intervals (CI) or
range. The data with skewed distribution were analysed after logarithmic
transformation. Pearson’schi square test, Student’s #test and ANOVA were
used in statistical comparisons. Multivariate logistic regression model was
used to analyse the independent contribution of factors to the events studied
and presented with odds ratios (OR) and 95% CI. Correlations were
calculated by using the Spearman’s rank correlation test.
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4. RESULTS

The CM challenge was positive in 118 infants at a mean (range) age of
6.7 (2.8-12.7) months giving a cumulative incidence of 1.9 % in the present
cohort. In the whey hydrolysate group fewer infants developed CMA than in
the CM group (Table 1). In the pasteurized human milk group there was a
similar trend. The exclusively breast-fed infants and those exposed to CM
were at similarrisk.

Table 1. Cumulative Incidence of CMA and ORs for the Risk of CMA according to Feeding
Group at Maternity Hospital
Infants with CMA

Feeding Group (N tot) N (%) OR (95% CI)
CM formula (1758) 43 (2.4) 1.0

Pasteurized human milk (1844) 32(1.7) 0.70 (0.44-1.12)
Whey hydrolysate formula (1715) 26 (1.5) 0.61 (0.38-1.00)
Own mother’s milk (811) 17 (2.1) 0.85 (0.48-1.51)

During the first 8 weeks of life, 54% ofthe allergic infants and 55% of
the tolerant infants in the randomised groups had been exposed to CM at
home compared with only 6% and 20% in the comparison group,
respectively. The percentage of allergic infants with a history of obvious
parental atopy was almost double that oftolerant infants: 36% vs 19%. In the
4 groups of allergic infants the prevalence was similar: 33%, 38%, 35%,
47% in the CM, pasteurized human milk, whey hydrolysate and comparison
groups, respectively. Among the tolerant infants respective figures were:

18%, 19%,20% and 19%. Among the infants given supplementary feedings
athospital, significant risk factors for CMA were exposure to CM at hospital
(OR 1.54, 1.04-2.30) and apositive atopic heredity (OR2.32, 1.53-3.52).

At challenge, 75 (64%) infants showed IgE-mediatedand 43 (36%) non-
IgE-mediated response to CM. Of the IgE-positive infants, 68% reacted
within 2 hours compared with 16% in the non-IgE-mediated group. The
IgE-positive infants had more often urticaria (76% vs 9%), but less
frequently atopic dermatitis (28% vs 72%),vomiting (9% vs 30%), diarrhoea
(0% vs 23%) and wheezing (1% vs 14%) than those with non-IgE-mediated
reaction. During the first 8 weeks at home, the infants with IgE-mediated
reaction were exposed to CM less frequently and those who were exposed
were given smaller amounts of CM during a shorter period (Table 2). They
were breast-fed longer, and greater percentage of them had symptoms
suggestive of CMA during exclusive breast-feeding. Of the 50 infants
showing symptoms during exclusive breast-feeding, 18 were given CM at
hospital. Thus 32 infants were sensitised during exclusive breast-feeding.
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Table 2. Infant Formula and Breast-feeding Patterns in the IgE-Positive and IgE-Negative

Groups
CMA
Feeding Pattern IgE-mediated Non-IgE-mediated
CM formula exposure at maternity 41% 28%
hospital
CM formula exposure at home <8 40% 61%*
weeks of age
-duration of exposure (wk) 1.3 (0.8-2.0) 4.0 (2.9-5.5)**
- daily dose / infant (mL) 40 (30-70) 150 (100-240)**
- total volume/infant (mL) 400 (210-770) 4280 (2100-8750)**
Symptoms during exclusive breast- 49% 30%*
feeding
Total breast-feeding (mo) 8.4 (7.8-9.1) 4.5 (3.5-5.7)**

#p<0.05 **p<0.001

Significant risk factors for the development of IgE-mediated CMA were:
exposure to CM athospital (OR 3.5, 1.2-10.1),breast-feeding during the first
8 weeks at home either exclusively (OR 5.1, 1.6-16.4) or combined with
infrequent exposure to small amounts of CM (OR 5.7, 1.5-21.6), and long
breast-feeding (OR 3.9, 1.6-9.8). The prevalence of parental atopy was
similar in the IgE-positive and IgE-negative groups: 33% and 42%,
respectively.

The mean concentrations of IgA and milk-specific IgA were similar in
colostrum samples from mothers ofinfants with [gE-mediated and non-IgE-
mediated CMA and also from control subjects (Table 3). IFN+y) could be
measured only in 27% and IL-6 only in 48% ofsamples. For both IFN-y) and
IL-6, the mean levels of samples with values above the detection level were
similar in the study groups and the CIs for these samples were wide (data not
shown). The mean concentration of TGF-1 in colostrum of mothers of
infants with IgE-mediated CMA was significantly lower than in samples
from mothers of infants with non-IgE-mediated CMA (#=2.57, p=0.012;
Table 3). The level of TGF-1 in control samples was between the 2 groups

ofallergic infants and did not differ from either group.

Table 3. Mean (95% CI) Concentrations of IgA, Milk-Specific IgA and TGF- Bl in
Colostrum Samples of Mothers of Infants with CMA and From Control Mothers [Number of
samples]

Mothers of I§A, IgA CM anti- | TGF-p1,

infants with g/L | bodies, AU* pg/mL**

IgE-mediated | 2.4 (2.3-2.4) | 188 (103-342) | 589 (413-840)
MA [69] [68] [65]

Non-IgE- 2.0(1.5-2.8) | 114 (50-261) 1162 (881-1531)

mediated CMA | [39] [38] [37]

Control 2.1(1.9-2.4) 207 (160-269) | 807 8677-963)

subjects [207] [203] [126

*AU = Arbitrary units. **p=0.015, ANOVA.
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The concentration of TGF- B1 in colostrum significantly correlated with
the serum antibody levels of IgA to B-lactoglobulin (r=0.204, p=0.04), IgG
to cecasein (r=0.237, p=0.02), IgG to CM (r=0.240, p=0.02), diameters of
the skin prick test responses with CM (r=-0.228, p=0.02) and SI's to o~
casein (r=-0.282, p=0.04) and B-lactoglobulin (r=-0.347, p=0.01) measured
from infants with CMA at the time ofthe challenge. Ofthe 315 mothers,
19% had obvious atopy. Maternal atopy had no influence on any of the
parameters measured from colostrum

S. CONCLUSIONS

In this prospective study we show that in an unselected group of 6209
healthy, full-tern infants exposure to CM while in the maternity hospital
increases the risk of subsequent CMA, but exclusive breast-feeding did not
reduce it."” The adverse effects of early exposure to CM may derive from the
higher permeability ofthe immature gastrointestinal tract ofnewborn infants
to macromolecules.”? As suggested earlier, a positive atopic heredity was
another significant risk factor for CMA.! More surprisingly, the exclusively
breast-fed infants were at similar risk than those exposed to CM. Similarly,
in a recent study newborn infants exposed to CM or placebo in addition to
breast-feeding during the first 3 days had similar percentage of allergic
diseases at 0 to 2 years. In contrast, in an earlier study, none of the 210
infants who were exclusively breast-fed at hospital developed CMA. 3 In the
present study, all but one of the allergic infants in the comparison group
were exclusively breast-fed for at least the first 8 weeks. The non-
randomised comparison group was formed on the basis ofmother's ability to
fully breast-fed her infant while in hospital. They were more often non-
smokers and multiparous (data not shown), factors associated with reduced
risk of atopic diseases.! However, a know risk factor, a positive atopic
heredity, was not more prevalent in the comparison group. The small
amounts of food antigen present in breast milk may elicit a specific IgE-
response in exclusively breast-fed infants,” and the emergence of food
allergies was reduced when both the nursing mother and her infant avoided
CM.*

Feeding of whey hydrolysate formula at hospital reduced the risk of
CMA. In earlier studies on infants at high risk for atopic diseases feeding
with extensively hydrolysed formula for several months after birth has
reduced the incidence of food allergies.*? Our study shows that the
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extensively hydrolysed formula was at least as good in preventing CMA as
pasteurized humanmilk.

We also found that differences in infant feeding patterns modulate the
subsequent immune response to CM in infants prone to CMA."®* Breast-
feeding exclusively or combined with infrequent exposure to small amounts
of CM during the first 8 weeks oflife was associated with the development
of specific IgE-response, whereas the infants with non-IgE-mediated CMA
had been given larger volumes of CM more frequently. Similar effect of
antigen load on the milk-specific IgE response has been described.'*Also, in
animal studies small oral doses of food antigen stimulated IgE production,'®
whereas the specific IgE response was the more suppressed the larger the
antigen dose.” Of the 50 infants having their first symptoms during
exclusive breast-feeding, 18 had been exposed to CM at hospital. Thus, 32
infants were probably sensitised to CM proteins present in breast milk.°Our
results suggest that CM proteins in breast milk are capable of both
sensitisingand triggering the allergic immune reaction to CM.

This is the first study to show that TGF-Bl in colostrum may have a
significant effect on CM-specific immune responses in infants with CMA."
Low content of TGF-B 1 was associated with more vigorous IgE-response
and proliferation oflymphocytes to CM proteins. Onthe other hand, TGF- 31
in colostrum positively correlated with the antibody levels of IgA to b-
lactoglobulin and IgG to o-casein and CM measured from the sera of the
infants with CMA. The function of TGF-B1 in human milk is still vague.
Homozygous TGF- B 1 null mice die of devastating autoimmune disease soon
after weaning, probably having been rescued until that age by transfer of
maternal TGF-B1 across the placenta and in the mothers” milk.* TGF- 31
strongly inhibits the proliferation of T cells.” This is also suggested by our
findings of reduced proliferation of lymphocytes to CM proteins in infants
with CMA of mothers having high concentration of TGF-1 in colostrum.
The level of TGF-B1 did not differ between patient groups and control
subjects suggesting that low level of TGF-B1 is not the sole factor
predisposing to CMA. We found that low content of TGF-B1 promotes the
development of IgE-response, but at higher levels other types of abnormal
immune reactions prevail. This is in accord with the role of TGF-f in the
class switch of immunoglobulins; it directs switching to IgA3® and inhibits
IgE switching.’!

In conclusion, early feeding with CM increases the risk of CMA, but
exclusive breast-feeding does notreduce the risk. Differences in infant breast
and CM formula feeding influence the subsequent type of CMA, and also,
TGF-B1 in colostrum modulates the immune responses of infants prone to
developing CMA.
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The relation of infant feeding to childhood asthma is controversial. This study
tested the hypothesis that maternal asthma alters the relation of breastfeeding
to childhood asthma. Questionnaires were completed at age 6, 9 or 11 years
by parents of 1043 children enrolled at birth. Active MD asthma was defined
as a physician diagnosis of asthma plus asthma symptoms reported on one of
the questionnaires. Duration of exclusive breastfeeding, categorized as never,
<4 months, or > 4 months, was based on prospective physician reports or
questionnaires completed at 18 months. The relationship between
breastfeeding and asthma differed by maternal asthma status. For children with
maternal asthma, the percent developing active MD asthma increased
significantly with longer duration of exclusive breastfeeding. Odds of
developing asthma among these children were significantly elevated (OR:
5.7,CI: 2.8-11.5), after adjusting for confounders. This association of longer
exclusive breastfeeding with increased risk of reported asthma among children
with asthmatic mothers may be biologically based, or may reflect reporting
biases.

INTRODUCTION

It is well known that breastfeeding is associated with lower rates of
wheezing illnesses in infancy and perhaps beyond.'* However, the literature
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on the relation between infant feeding practices and the development of
childhood asthma is conflicting.#¢ Studies have assessed the association
between feeding and asthma after adjusting forparental history ofallergy, to
control for confounders and to determine whether allergic predisposition
mightaltertherelationship. However, given the well-documented individual
variability in milk composition, it is plausible that the milk of asthmatic
mothers may differ from that ofnonasthmatic mothers. Thus, adjustment by
maternal asthma might reveal differential effects of breastfeeding on the
development of asthma.

2. OBJECTIVE

This study tested the hypothesis that maternal asthma alters the relation
ofbreastfeeding to childhood asthma.

3. METHODS

3.1 Study Design

Data for this report came from the Tucson Children's Respiratory Study
(CRS), a prospective longitudinal study ofrisk factors for the development
ofasthma in childhood. Healthy newborns (n=1246) and their families, not
selected for allergy history, were enrolled at birth from 1980-1984.7 Data on
parental characteristics (ethnicity, education, physician diagnosed asthma,
smoking) was obtained by questionnaire at enrollment. Infant feeding
information was obtained prospectively, from forms completed by
physicians at well child visits, and retrospectively, from parent completed
questionnaires when the child was 1.6 years old. Prospective data were
given priority.  Children were categorized with regard to duration of
exclusive breastfeeding (never breastfed, breastfed exclusively <4 months,
breastfed exclusively> 4months).

3.2 Questionnaires and Analyses

Parents were asked by questionnaire at ages 6, 9, and 11 years whether a
doctor had ever said that the child had asthma, and whether the child
wheezed in the past year. Children were considered to have active MD
asthma ifthe parents reported that a physician had diagnosed asthma in the
child and that the child had asthma symptoms and/or wheezing on one or
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more ofthese questionnaires. Relations between feeding history and asthma
in the child were assessed bivariately and then stratified by maternal asthma
status. The chi square test for homogeneity of odds ratios was used to
determine ifthe effect of feeding differed between maternal strata.t Logistic
regression was used to assess whether the relation persisted, after adjusting
for potential confounders.

4. RESULTS

4.1 Active MD asthma and infant feeding status

There was no significant relationship between active MD asthma by
age 11 and duration of exclusive breastfeeding, as seen in Table 1.
However, the association between feeding and asthma differed by maternal
asthma status. For children with non-asthmatic mothers, the percent with
active MD asthma by age 11 was unrelated to duration ofbreastfeeding. In
contrast, among children with maternal asthma, there was a direct relation
between duration of breastfeeding and asthma, with 9%, 36%, and 57%
developing asthma, for those starting formula at birth (n=11), in the first 3
months of life (n=53), and after 4 months (n=37, trend ¥'=8.9, p<.005),
respectively. The association of breastfeeding and asthma in the child
differed significantly by maternal asthma status (%> for homogeneity 4.9,
p<.01), indicating effect modification by maternal asthma. Presence of
asthma in the father did not similarly alter the relation between breastfeeding
and asthma. These relationships did not appear to be confounded by the
severity of maternal asthma, since breastfed children in all maternal asthma
groups appear to have more asthma.

Table 1. Percent (n) with active MD asthma at age 6,9 or 1 1 by duration of exclusive
breastfeeding, and stratified by maternal and paternal asthma status

Total Never BF Exclusive BF Exclusive BF
<4mao. 24 mo.
Total group 20.8%(904) 17.6%(142) 20.4%(441) 22.7%(321)
Maternal 40.6%(101) 9.1% (11) 35.8% (53) 56.8% (37)
asthma*
No maternal 18.3%(792) 17.3%(127) 18.5%(384) 18.5% (281)

asthma
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Paternal asthma  30.3%(109) 26.1% (23) 26.5% (49) 37.8% (37)
No paternal 19.5%(704) 16.4%(110) 19.2%(364) 21.1%(270)
asthma

(*p<.01, trend chi square p<.005)

4.2 Multivariate analyses

The relations between feeding and active MD asthma were further
analyzed using logistic regression (n=875;177 asthmatics). Since maternal
asthma altered the relationships shown, feeding status was entered into the
logistic model in interaction terms with maternal asthma. Odds of active
MD asthma were calculated for three groups of children (see below)
compared to children not exclusively breastfed > 4 months whose mothers
did not have asthma. Maternal education, maternal smoking in the first year
of life, gender, and ethnicity were also included as possible confounders.
Odds of developing MD asthma were: 5.7 [2.8 — 11.5, p<0.001] for those
exclusively breastfed > 4 mos. with asthmatic mothers; 2.0 [1.1 — 3.6, p<.05]
for those exclusively breastfed >4 mos. by non-asthmatic mothers; and 1.0
[0.7 - 1.5] forthose notexclusivelybreastfed >4 mos.

5. CONCLUSIONS

This analysis suggests that maternal asthma status alters the relation of
breastfeeding to the development of asthma in childhood. Among children
of asthmatic mothers, longer exclusive breastfeeding was found to be
associated with a higher risk of asthma; asthma was unrelated to feeding
status for children who lacked maternal asthma.

Whether breastfeeding protects against asthma has been long debated.’
Most studies which find an apparent protective effect of breastfeeding
assessed “asthma” in early childhood.* Thus, these studies only validate the
well-documented protective effect of breastfeeding against early wheezing
illnesses. 21 Other studies which found a protective effect failed to adjust
for confounders®, and most lack objective confirmation of asthma such as
IgE levels, making it difficult to minimize the effect ofrecall bias. Further,
non-breastfed infants in earlier studies often received cows’ milk, meats and
other foods in the first months of life," which might have increased their
allergic symptoms. Larger population based studiess¢ find no relation
between breastfeeding and asthma, but results were not adjusted by maternal
asthmastatus.

The finding of a different relation of breastfeeding to asthma in the
child depending on maternal asthma status is consistent with our
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observations reported elsewhere'” thatthe association between breastfeeding
and total serum IgE in the child depends on maternal IgE level: IgE was
elevated in children of mothers with high IgE only if they are breastfed,
whereas IgE was lower in children of mothers with lower IgE only if they
were breastfed.

Ifthe association reported here is biologically based, as suggested by the
IgE relationships, it may be explained in two ways.  First, the milk of
allergic mothers may differ from milk of nonallergic mothers in ways that
affect subsequent allergic susceptibility. The presence of allergens or
allergen-specific antigens, as well as cytokine profiles, may differ by
maternal atopic status, but this has not, to our knowledge, been studied.
Differences have been found13in the levels of long chain polyunsaturated
fatty acid levels in the milk of atopic vs. nonatopic mothers. In vitro
experiments by Allardyce and Wilson'* showed that cord blood lymphocytes
stimulated with supernatants from milk ofatopic mothers were significantly
more likely to produce IgE than were lymphocytes stimulated with
supernatants from nonatopic mothers. It is unknown, however, what
components ofmilk were responsible for the observed effect.

The second speculation is that breastfeeding alters some other outcome in
the infant, which in turn affects susceptibility to asthma. It has been
hypothesized's that one cause ofthe worldwide increase in asthma may be a
decline in infectious illness through improved sanitation, and the use of
antibiotics.  Breastfeeding is both protective against a wide range of
infections,>'¢ and exclusively breastfed infants have lower levels of gram
negative enterobacteria in their gastrointestinal tract.” While beneficial with
regard to infant illness, these consequences ofbreastfeeding may reduce the
stimulus for maturation ofdendritic cells, thereby attenuating or delaying the
Thl response,® particularly among infants genetically predisposed to
asthma.

However, itis also possible that the relationship between breastfeeding
and asthma in children of asthmatic mothers results from reporting bias.
Asthmatic mothers who breastfeed may behave differently from asthmatic
mothers who do not in ways which affect their child's risk of reported
asthma. For example, they may be more likely to seek medical attention for
wheeze in their child, they may be more likely to remember a diagnosis of
asthma, or they may differ with regard to use of asthma medications during
pregnancy. It is also impossible to differentiate shared exposures between
breastfed infants and their mothers, from potential differences in milk. The
observation of a similar pattern with IgE suggests a biological base, and
analyses adjusted forpotential confounders. Nevertheless, it is possible that
either unmeasured confounders or some reporting bias may account for the



136 A. L. Wright etal.

current findings, particularly given the relatively small number ofasthmatic
mothers in this population who never breastfed.

From the public health standpoint, it is important to put the finding of
lower rates of asthma associated with formula feeding for children with
asthmatic mothers into perspective. First, these observations do not apply to
the vast majority of mothers who do not have asthma. If the relation of
breastfeeding to asthma in children of asthmatic mothers is substantiated by
other studies, those effects would need to be weighed against the many other
health benefits" associated with breastfeeding, including optimal nutrition,
protection against infection, long term benefits and potential cognitive
advantages, as well as benefits for maternal health.
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Abstract: Coeliac disease, or permanent gluten sensitive enteropathy, has emerged as a
widespread health problem. It is considered an immunological disease,
possibly of autoimmune type, albeit strictly dependent on the presence in the
diet of wheat gluten and similar proteins from rye and barley. There are
reasons to believe that the aetiology of coeliac disease is multifactorial, i.e.
that other environmental exposures than the mere presence in the diet of gluten
affect the disease process. Our studies have shown that prolonged breast-
feeding, or perhaps even more important, ongoing breast-feeding during the
period when gluten-containing foods are introduced into the diet, reduce the
risk for coeliac disease. The amount of gluten consumed is also of importance
in as much as larger amounts of gluten-containing foods increase the risk for
coeliac disease, while it still is dncertain ifthe age for introducing gluten into
the diet of infants is important. Thus, a challenging possibility, that need to be
further explored, is if the coeliac enteropathy can be postponed, or possibly
even prevented for the entire life span, by favourable dietary habits early in
life.

1. INTRODUCTION

Coeliac disease, or permanent gluten sensitive enteropathy, is now
recognised as a widespread health problem." 2 This is certainly of concern,
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because in many countries gluten-containing cereals are an important
constituent of the daily diet. Further, ifnot treated the disease is associated
with a number of complications related to malabsorption, e.g. diarrhoea and
growthretardation in infancy, and depression, osteoporosis and malignancies
later in life. The wide spectrum of symptoms contributes to diagnostic
difficulties, and in many countries screening studies have unveiled the fact
that the majority of cases are undiagnosed.*'® The diagnosis is ascertained
by a small intestinal biopsy revealing an enteropathy, which, however,
resolves with gluten-free diet."! Thus, effective treatmentis available.

The aetiology of coeliac disease is not fully understood.? Genetic
susceptibility is a prerequisite, although the genes involved have not yet
been identified. Further, it is considered an immunological disease, possibly
of autoimmune type, albeit strictly dependent on wheat gluten and similar
proteins from rye and barley. According to one view the disease has a
multifactorial aetiology, with additional environmental exposures of
importance.’*'s Such exposures on which research has thus far focused
relate to infant feeding, i.e. breast-feeding duration and mode ofintroducing
dietary gluten with respect to age ofthe infant and amounts given. However,
according to another view such environmental exposures merely affect the
clinical expression of the disease and not the immunological process
resulting in the small intestinal coeliac lesion. '

2. IS COELIAC DISEASE PREVENTABLE?

In the evolution of mankind, cultivation of cereals is a rather recent
practice,'” although cereals have become an important part of the diet.
Generally abandoning the use of gluten-containing cereals is therefore
unrealistic, even ifthis would effectively prevent onset of coeliac disease. If
environmental exposures, except for the mere consumption of gluten, e.g.
infant dietary patterns, do influence development of the small intestinal
coeliac lesion, a change in these patterns might have a preventive effect.
However, ifsuch exposures only affect the clinical expression ofthe disease,
then except for genetic modification of wheat, rye and barley, secondary
prevention is what remains, i.e. treatment with a glutemfree diet after the
disease has been diagnosed.

It has been suggested that there is a strong genetic influence in coeliac
disease as compared with other immunological diseases such as insulin-
dependent diabetes mellitus.2This is supported by a considerably increased
risk for disease among relatives compared to the general population, e.g. a
prevalence for first-degree relatives of 5-10% and a concordance rate of 70%
in monozygotic twins. However, usually family members share not only



Does Breast-Feeding Affect the Riskfor Coeliac Disease? 141

genes but also have a common environment. This is especially true for
dietary habits. Therefore, when using the family level to study the potentially
causal role of such exposures there is a risk of overestimating the impact of
genetics atthe expense ofenvironmental exposures.

Maiki et al have demonstrated that there may well be a latency between
introduction of gluten into the diet ofa genetically susceptible individual and
the development of the small intestinal coeliac lesion." They identified
individuals, both children and adults, who on a gluten-containing diet had a
normal small intestinal mucosa that, with a delay of years, became
pathological. This observation may support the view that the disease is
precipitated by environmental exposures besides mere presence of gluten in
thediet.

Further, abrupt changes in incidence in genetically stable populations,
indicate the importance ofa change in environmental exposures over time.
Recently Sweden experienced a quite unique epidemic of symptomatic
childhood coeliac disease.?' From 1985 to 1987 the annual incidence rate
in children below two years ofage increased fourfold to 198 cases (95% CI
186-210) per 100 000 person years, followed from 1995 and onward by a
sharp decline to 51 cases (95% CI 36-70) per 100 000 person years in 1997,
i.e. back to the level preceding the increase.?! Interestingly, in the 1970s a
decline in incidence of coeliac disease was observed in England, Scotland
and Ireland, and according to some ofthese studies it was also preceded by a
rise.”** However, as these studies are based on symptomatic cases, they do,
of course, not constitute definite proof of a change in incidence of the
coeliac enteropathy.

In the 1970s Finland experienced a decreased incidence of symptomatic
coeliac disease in children below two years ofage, which was counteracted
by an increased incidence among school children, who had more vague
symptoms.* In Sweden the decline in incidence in children below two years
ofage has thus far not been counteracted by any increase in older children,
but the observation time is too short to exclude that this will occur. It is
noteworthy, however, that during the peak of the Swedish epidemic the
cumulative incidence reached 5.0 per 1000 births by four years of age,” as
compared to Finland with a cumulative incidence of 1.0 per 1000 births and
Denmark with 0.14 per 1000 births at sixteen years of age.> * This could
possibly be explained by differences between the populations with regard to
genetic predisposition or case ascertainment. However, it might also be an
effect of differences in environmental exposures, and if this is so, the
proportion of children with possibly preventable disease is larger in Sweden
than inneighbouring countries.

In many countries screening studies have revealed that the majority of
coeliac disease cases are undiagnosed,*® with a study in Estonia as an
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exception.” Further, the prevalences reported for different countries were
surprisingly similar, which is an argument for a strong genetic influence in
disease aetiology. However, with the exception of the Italian study,‘a
problem with all these studies is that the prevalence estimates are imprecise,
as illustrated by broad confidence limits. Thus, larger studies are needed to
exclude - or confirm - differences in prevalence between populations.
Interestingly, a recent screening of Saharawi children in Algeria suggested a
prevalence of 56 per 1000 (95% CI 42-71),* which is considerably higher
than all earlier studies. The extent to which this is a result of genetic
susceptibility or environmental exposures, respectively, is so far merely a
matter of speculation.

3. BREAST-FEEDING DURATION

Based on observations of coeliac disease patients it was suggested as
early as the 1950s that breast-feeding delays onset of the disease,” a view
later supported by other similar studies.**'

National ecological studies comparing changes in exposure and disease
occurrence over time in groups ofindividuals considered to be representative
ofthe country’s population at large have resulted in contradictory findings.
An increase in breast-feeding was suggested as a possible contributing factor
in the decline in incidence in England, Scotland and Ireland in the early
1970s.2* In the Netherlands, however, an increase in breast-feeding
paralleled a recent increase in incidence.?? Furthermore, a four-fold increase
in incidence in Sweden in the 1980s was paralleled by unchanged breast-
feeding habits.

Italian case-referent studies concluded that increased duration of breast-
feeding was associated with decreased risk for coeliac symptoms.:* 34A
protective effect of prolonged breast-feeding was also demonstrated in
Swedish case-referent studies by Ivarsson ef a/ * and Falth-Magnusson et
al,* butnot in a study by Ascher et al.’

4. INFANT FORMULAS

A question is whether breast-feeding is protective or if it is early
introduction of infant formula that increases the risk for coeliac disease.
However, the protective effect of prolonged breast-feeding was also
demonstrated in the Swedish setting, where infants were often breast-fed
past six months of age.'**
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It has been suggested that a change in infant formulas, from diluted
cow's milk to modern, adapted formulas more similar to human milk with
regard to protein content and composition, has reduced the risk for coeliac
disease. This was suggested with respect to the decline in incidence of
childhood coeliac disease in Ireland,**and the decrease in incidence of
symptomatic disease in young children in Finland.” In Sweden no decline in
incidence followed the change to adapted formula.>”

S. BREAST-FEEDING AND GLUTEN
INTRODUCTION

A major finding in the two larger Swedish case-referent studies was the
significant protective effect of introducing gluten containing foods while
breast-feeding was still ongoing,* and in the former study this effect
remained after adjustment both for age at introduction of dietary gluten and
for quantity of gluten consumed during this period (to be published). In the
Swedish family study based on silent disease this was not confirmed.*
However, the latter study was small (8 cases) and the referents were siblings
ofthe cases, with the risk ofmatching for dietary habits.

Furthermore, taking our increased knowledge about the immunological
impact of breast-milk into account,® it is biologically plausible that
introduction of dietary gluten while the child is still breast-fed might
increase the possibility of developing oral tolerance to gluten.

6. AGE AT INTRODUCTION OF GLUTEN

In the 1950s Dicke ef al showed that presence of gluten in the diet is a
prerequisite for developing coeliac disease.* It has been discussed ifthe age
at introduction of gluten into the diet affects the age at which the coeliac
enteropathy develops, and, more importantly, if it has an impact on the
overall risk of contracting the disease.

Comparing English coeliac disease patients in the 1950s and 1960s,
respectively, it was suggested that earlier introduction of dietary gluten
resulted in earlier presentation ofthe disease.* However, in clinical studies
which also took differences in breast-feeding duration into account, no
relation was found between age at introduction of dietary gluten and
presentation of disease.*!

Based on a national ecological approach it was suggested that a later
introduction of gluten into the diet of infants may have contributed to the
decline in incidence in England, Scotland and Ireland in the 1970s.2* In
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contrast, postponed introduction of gluten into the diet of infants preceded
the increase in incidence in Sweden in the 1980.19!

Several case-referent studies have reported age at introduction of dietary
gluten as a factor of no importance.*-¢ However, our incident case-referent
study indicates that introduction of gluten into the diet at five to six months
ofage may be associated with an increased risk compared to both earlier and
later introduction (to be published).

7. QUANTITY OF DIETARY GLUTEN

Quantity of dietary gluten during infancy as a risk factor for coeliac
disease has mainly been investigated by means of international ecological
studies. Thus, several countries have been compared with respect to
estimated gluten intake in healthy infants and the incidence ofthe disease.*-
“ A higher intake of wheat gluten was reported for infants in Sweden and
Italy, compared to Finland, Denmark and Estonia. Further, the first
mentioned countries reported a higher occurrence ofcoeliac disease than the
latter. A report from the Netherlands contradicted this; in spite of a
comparatively high intake of dietary gluten the incidence of symptomatic
coeliac disease was low+ However, a recent screening study revealed that
the disease is much more common than previously recognised.'® Thus, it
seems that the Netherlands can also be included among those countries in
which a comparison using an ecological approach supports the importance of
a larger quantity ofdietary gluten as a risk factor for coeliac disease.

The Swedish case-referent study by Falth-Magnusson et a/ found that the
cases were introduced to gluten-containing food by bottle more often than
the referents, which presumably contributed a larger amount of gluten.3s
Further, the findings in our case-referent study also support larger amounts
of gluten as a risk factor for the disease, irrespective of type of food, i.e.
gluten-containing follow-on formula or other foods (to be published).

Moreover, clinical experimental design has also been used as an
approach to this question by giving individuals a certain amount of dietary
gluten and following the possible effect on the small intestinal mucosa. This
has been done in adult volunteers, patients with dermatitis herpetiformis,*
and in children with diagnosed coeliac disease and treated with a gluten free
diet.* All these studies reported a dose-related effect on the small intestinal
mucosa.
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8. WHAT CAN BE LEARNT FROM THE SWEDISH
EPIDEMIC?

During the epidemic of symptomatic coeliac disease in children below
two years of age the incidence reached levels higher than reported from any
other country, and the decline that followed was amazingly abrupt.” These
conspicuous changes in incidence is indicative of an abrupt increase and
decrease, respectively, of one or a few environmental factors influencing a
large proportion of Swedish infants.

We analysed this further using an ecological study design, and explored
any temporal relationships between changes in early feeding patterns and
changes in disease occurrence (Figure). The period of rapidly increasing
incidence was preceded by i) about halfthe infants being breast-fed at six
months of age, ii)a twofold increase in the average daily consumption of
the total amount of wheat, rye and barley provided by follow-on formula,
and iii) a new national recommendation at the end of 1982 to postpone
introduction of gluten from four until six months ofage. The rapid decline in
incidence rate started in 1995, and the period of interest with respect to
exposure was characterised by i) a continuous increase from 54% to 76% in
the proportion ofinfants still breast-fed at six months ofage, ii) the average
daily consumption ofthe total amount of wheat, rye and barley from follow-
on formula decreasing, starting in 1995, by one third, and iii) a change in
the national recommendation in the autumn of 1996 to introduction of
dietary gluten in smaller amounts from four months ofage, preferably while
the child is still being breast-fed.

Results based on this ecological approach must, of course, be interpreted
with caution, as they are not based on exposure data and disease risk on an
individual level. The findings are, however, compatible with the epidemic
being a result, at least in part, of a change in and interplay between age at
introduction of gluten, amount of gluten given, and whether breast-feeding
was ongoing or not when gluten was introduced. Other factor(s) may also
have contributed, and the search for these should be encouraged.

9. CONCLUSIONS

Coeliac disease has emerged as a widespread health problem. Genetic
susceptibility and presence of gluten in the diet are prerequisites for
developing the disease. However, there are some evidence to suggest that the
actiology is multifactorial, with additional environmental exposure of
importance.
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The search for such exposures has focused on infant dietary patterns.
Prolonged breast-feeding, or perhaps even more important, ongoing breast-
feeding during the period when gluten-containing foods are introduced into
the diet, seems to reduce the risk for coeliac disease. Larger amounts of
gluten-containing foods most likely increase the risk for coeliac disease,
while it still is uncertain if the age for introducing gluten into the diet of
infantsis important.

Bringing together knowledge from clinical, epidemiological and
experimental studies it seems likely that infant dietary patterns, also besides
presence ofgluten in the diet, interact with the genetic endowment, resulting
in an immunological process which may, or may not, lead to the small
intestinal coeliac lesion. Thus, a challenging possibility, that need to be
further explored, is ifthe coeliac enteropathy can be postponed, or possibly
even prevented for the entire life span, by favourable dietary habits early in
life.
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Research has not provided unequivocal support for the recommendation to
continue breastfeeding until children reach at least age 24 months. In many
circumstances, breastfeeding duration is chosen or conditioned by factors other
than scientific evidence and recommendations. Even in communities where
breastfeeding into the second year is the nom, a significant number of toddlers
are weaned before the recommended age. The research reported here was
conducted in a rural community of western Kenya. We prospectively followed
a cohort of 264 children for 6 months (mean age at baseline, 14.1 + 2.4
months) to examine the effect of variable breastfeeding duration on length and
weight gain. We found that breastfeeding was positively associated with
growth in a manner that we inferred to be causal, the effect being stronger on
linear growth than on weight gain. This was despite the fact that in a cohort
where 95% were breastfeeding at baseline, the prevalence of stunting (height-
for-age below -2 standard deviations of the WHO-NCHS reference) was
already 48%. The present paper examines the socioeconomic characteristics,
sanitation, morbidity, and complementary feeding practices that define the
context of this apparently contradictory relationship. The population was poor,
no household had running water, and malaria is endemic in the study area.
Complementary feeding was initiated for 93% of the cohort before age 3
months. The weaning diet was bulky (77% energy from carbohydrate), and
high in phytate content ([phytate]:[zinc] molar ratio, 28). Diet quality, judged
by diversity and animal source food intake, was low. Several micronutrient
intakes were below current recommendations, including riboflavin (63%),
niacin equivalents (64%), calcium (72%), iron (74%) and zinc (33%). Based
on a locally defined socioeconomic status scale, children in higher SES
households were breastfed for a shorter duration than were children from
poorer households. Sanitation and water consumption modified the effect of
breastfeeding duration on growth: the effect was stronger in the absence of a
pit latrine and at low water consumption. Our results support the
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recommendation to sustain breastfeeding in the second year, particularly in
economically depressed environments with inadequate sanitation and water
supplies

1. INTRODUCTION

Traditional norms rather than scientific recommendations are
responsible for the universal initiation of breastfeeding at birth in Marachi
Central Location, Busia District in western Kenya. As is the case in the rest
of'sub-Saharan Africa' over 90% ofchildren continue breastfeeding beyond
infancy. For a variety ofreasons, however, only halfofthose who survive to
their second birthday are likely to be breastfed for the recommended
minimum 24 months.? Because of the controversy surrounding the cross-
sectional association between prolonged breastfeeding and child nutrition,>
we used a prospective cohort design to more rigorously examine the
relationship between continued breastfeeding and growth in the second year.
If continued breastfeeding negatively influenced growth, then 90% of this
young population would be at risk of growth failure through continued
breastfeeding. If, on the other hand, it were good for growth throughout the
second year, this would need to be established to support the
recommendation on prolonged breastfeeding. But whatever the influence
might be, other factors thatjointly or interactively with breastfeeding affect
growth would need to be established for more comprehensive understanding
and management of child nutrition in the second year.

2. METHODS

Children born between 1 May 1994 and 31 January 1995 were
identified in a door-to door survey throughout the location. Twins, children
who had a congenital malformation, or whose mother intended to leave the
study location within the next six months, was mentally unstable or deceased
were excluded. Out of 296 children enrolled into the study in November
1995 (baseline), 264 were followed up successfully till May 1996 (final
assessment).

Anthropometry was measured at baseline and final assessment to
estimate growth in weight and length. Morbidity data were collected by
recall in weekly cycles. Food intake data were collected using 24-hour
dietary recall interviews administered every three weeks during the study.
Demographic and other descriptive information about the household, mother
and child was collected in face-to-face interviews at baseline and final
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assessment. Among the specific factors described were water use, sanitation
facilities and socio-economic status. Breastfeeding status was monitored
throughout the study. Breast milk intake in a single 24-hour period was
estimated in a sample of 50. Observed intakes were regressed on the child’s
age (months) to estimate the age effect on breast milk consumption. For
average breast milk intake in the sample, the regression equation was applied
using each child’s midpoint age over the period that he/she was
breastfeeding. The result was weighted by duration of breastfeeding as
percent oftime follow-up to estimate average breast milk intake during the
observation period. Energy and nutrients in breast milk were estimated on
the basis of mature milk composition data from sub-Saharan Africa and
India.’

Statistical analyses were carried out using SPSS for Windows 95.
Multiple linear regression and general linear models were used for
multivariate analyses.

3. RESULTS

3.1 Basicchild characteristics and growth

Mean age at baseline was 14.1 months (range, 9-18 mo). Only 14
children (5%) in the final sample (n=264) had been weaned (i.e., stopped
breastfeeding) before enrolment into the study and 77 others (29%) were
weaned before final assessment. Reported reasons for weaning were
pregnancy (30%), to make the child eat other foods (23%), unexplained
refusal by the child (13%), maternal or child illness (12%), insufficient milk
production (8%), the child considered to be old enough (5%), prolonged
separation (5%) and maternal employment (3%).

Based on the WHO-NCHS reference, 48% of children were stunted at
baseline with no observed improvement during the follow-up period. The
prevalence of underweight (weight-for-age z -score below -2 SD) fell from
37% to 23%, while wasting (below —2SD weight-for-length) was prevalent
in 6% ofthe sample at baseline and in 3% at final assessment. The average
duration of follow-up was 5.6 months, during which children gained an
average of 5 cm and 1.3 kg. There was a positive association between the
duration of breastfeeding and both weight and length gain.
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Table 1. Attained growth and malnutrition prevalence at baseline and final assessment

Baseline Follow-up

(n=264) (n=264)
Age (months) 14.1+2.4 19.7+£2.4
Length (cm) 71.8+3.6 76.7+3.9
Weight (kg) 85+1.3 99+1.3
Stunting (<-2 LA z-score) 48% 48%
Underweight (<-2 WA z-score) 37% 23%
Wasting (<-2 WH z-score) 6% 3%

3.2 Child morbidity

With free treatment available throughout the study period, the reported
incidence and duration of infections may not reflect usual patterns in the
population. According to the weekly morbidity recalls, fever was reported
for 19% ofthe observation period. Malaria is endemic in the study area and
was the infection for which treatment was most frequently sought at the
clinic. Two non-specific signs of infection, namely, reduced activity and
reduced food intake due to illness, were reported for 12% and 15% ofthe
observation period, respectively. Upper respiratory infections (mild-
moderate cough and nasal discharge, with or without fever) were present
11% of the time, while lower respiratory infections (severe cough or
difficulty breathing with or without fever) were reported for a mean 3% of
the observation period. Diarrhoea was present 5% of the time and bloody
diarrhoea for less than 1%. There was no evidence ofsignificantly increased
morbidity when breastfeeding was curtailed, and none of the recorded
measures of infection were significantly associated with growth in the
sample.
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33 Child feeding

3.3.1 Complementary feeding

Recall information on the weaning process showed that exclusive
breastfeeding was short-lived. Almost 50% of mothers gave their newborns
water within the first three days postpartum, and by the end of the first
month, over 80% of infants had begun to receive water. The introduction of
complementary foods followed a similar pattern (Fig 1). Over two-thirds of
children were placed on semisolids within the first month, and by the end of
the second month, 85% were receiving complementary food. Less than 3%
of the sample maintained exclusive breastfeeding for the recommended
minimum four months.

100

80

Cumulative %

1-3d 1mo 2mo 3mo 4 mo
Age at initiation

Figure 1. Age at initiation of complementary feeding

Complementary food selection patterns initiated in infancy did not
change significantly through the second year. The first complement chosen
by more than half the sample (n=149; 56%) was cereal-based gruel. A few
mothers (27%) added milk, beans, dried fish, or leguminous seeds to the
basic gruel recipe to improve its nutritive value. Other first weaning foods
were cow’s milk (39%) and fruit (3%). For more than 90% of the sample,



156 A. W. Onyango

gruel was an important component of the daily diet throughout the study.
The household staple, ugali (a stiff porridge served with meat/vegetables)
gained prominence over the observation period, consumed daily by 73% at
the start, and by 94% at the end ofthe study.

Average diversity in children’s diets increased only minimally from 6
unique food items (from 4 food groups) at baseline to 7 food items (from 5
food groups) at final assessment. Specific information was collected on the
consumption of foods that are indicative ofhigh quality diet. Meat and its
animal origin substitutes were regularly consumed by an average 40% ofthe
sample. Fruit was consumed by small but generally increasing proportions of
the sample through the study period, from 22% at baseline to 34% at final
assessment.

Mean dietary energy intake over the observation period was 718 kcal/d,
of which 96 kcal (13%) was obtained from foods of animal origin. Total
protein intake averaged 21 g/d while fat and carbohydrate intakes were 11
g/d and 139 g/d, respectively. More than three-quarters (77%) of total
dietary energy came from carbohydrate, 14% from fat, and 10% from
protein.

Considering the complementary diet alone, percent energy from foods of
animal origin and vitamin B, intake were each positively associated with
linear growth, while increased fat intake was associated positively with both
length and weight gain.

3.3.2 Energy and nutrient intakes from breast milk and
complementary foods

Estimated energy and nutrient intakes from breast milk and
complementary foods were pooled to assess total and per kg body weight
consumption. Energy requirements for 1-2 year-old toddlers have been
estimated to be 86 kcal/kg/d or 1092 kcal/d,* while estimated protein
requirements were 160 mg N/kg/d for age 1-1.5 y and 151 mg N/kg/d for

1.5-2y.9

At average energy intake (112 kcal/kg/day), these children were
receiving 130% of average daily energy requirements, although per day
intake was 93% ofthe estimated requirement for children in the second year.
Average protein intake (308 mg N/kg/d) was also above the upper limit
(average requirement + 2 SD) ofnitrogen per kg body weight (197%). Other
nutrients whose average daily intake was above the estimated requirements
were vitamins B1,B12and C, folic acid and phosphorus. Nutrients whose
mean intakes were below the lower limit of the recommended range were
calcium (72%), iron (74%), vitamin A (80%), vitamin B, (63%), niacin
(64%), and zinc (33%).101
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In multiple regression analyses, energy intake was significantly
associated with both measures of growth. It was estimated that at average
energy intake (1018 kcal/d), children gained 0.5 cm and 280 g more than
those consuming 822 kcal/d, or 1 SD below the sample mean. Neither
protein nor carbohydrate intake were significantly associated with growth.
On the other hand, fat intake was positively associated with both length and
weight gain. Children whose daily fat intake was 1 SD (6.9 g) below the
mean gained 0.6 cm and 207 g less than those with mean intakes equal to the
sample's daily average. The model with fat explained 18.5% variation in
length gain and 13.4% in weight gain, while the one including a measure of
average energy intake explained 10.3% and 9.6% variation in length and
weight gains, respectively. Vitamin B,intake was positively associated with
linear growth but not with weight gain, and no other micronutrient was
significantly associated with either measure of growth.

34 Household water consumption and sanitation

Less than 2% ofthe study households had piped water. The two most
important water sources were hydraulic pumps and natural springs. Most
households drank the water without further processing or treatment (n=195,
74%). Those who did strained it with a cloth or sieve (n=39, 15%), boiled
(n=20, 8%, or let the water sit in the sun for a few hours before storing it
(n=10, 4%). Average household consumption was equivalent to 62 L/d
(range, 20-240 L/d) and per capita consumption 10 L/d. Total household
water consumption was positively associated with both measures of growth,
but when replaced with per capita consumption, these associations were no
longer statistically significant.

Three-quarters of households had access to a pit latrine, which had a
non-significant positive association with linear growth (f=0.51 cm) in a
multiple regression model adjusting for child age, sex and the duration of
follow-up. On the other hand, its average relationship with weight gain was
negative (f=-150 g). Neither per capita water consumption nor access to a
pit latrine was correlated with the duration of breastfeeding. However, in the
absence of a latrine, breastfeeding duration had a stronger positive
association with linear growth than in opposite conditions. A similar
interaction was observed with per capita water use, where the positive
association between breastfeeding duration and linear growth was more
evident in households with per capita water consumption below 10L/d.
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3.5 Socio-economic status

Household income was not measured, but 40% of fathers and 1% of
mothers were reported as having paid employment. The majority of the
sample depended on petty trade and farming for cash incomes. Of six
variables considered to be sensitive markers of wealth in the study
population, nearly half of the households owned a bicycle (n=127, 48%);
117 (44%) possessed a radio; and 108 (41%) purchased meat in the week
prior to final assessment. Less than one-third of the sample (n=73, 28%)
owned a portable stove, 48 mothers owned a watch, and only 41 (16%) used
a hurricane lantern for household lighting. These variables were summed to
create a socio-economic status (SES) score. The median household in the
sample had a score of 2 (range, 0-6).

Children from households with a higher SES score were weaned earlier
than those from lower SES households. Each of'the six items in the score
was examined individually for its relationship with growth. The only factor
that had a significant association with a measure of growth was the
possession ofa bicycle. Children whose parents owned a bicycle gained 0.5
cm more than the comparison group. The other factors individually had non-
significant associations with growth. The summated score obtained from all
six items was strongly associated with improved linear growth ($=0.20 cm
for each additional point on the scale), but not with weight gain (B=10 g) in
multivariate analyses. For example, in households with a socio-economic
status score 5, average length gain was 1 cm more than the length gained
over an equivalent period by children of the same age and gender in
households with a score of 0.

4. DISCUSSION

Despite the fact that 95% of the cohort was breastfeeding, the
prevalence of stunting at baseline was 48% and that ofunderweight 37%. If
this were a correlational study, it might be concluded that prolonged
breastfeeding was negatively correlated with growth. Multivariate analyses
that adjusted for confounding factors showed, however, that continued
breastfeeding in the second year was positively associated with length and
weight gain in the sample.

One recalls that the recommendation is to breastfeed exclusively for at
least four months, followed by safe and nutritious foods to complement
breast milk from about age six months onwards. More than 90% of children
in our sample were placed on complementary foods before they were 3
months old. The nutritional implications of premature initiation of
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complementary fluids and solid foods in locations like Marachi Central have
been reviewed.'>* Exposure to infections is increased because of poor
sanitation and water supplies, breast milk is replaced by low-quality foods,
and it is possible that micronutrient-chelating agents in the complementary
foods reduce the bioavailability ofiron and zinc in breast milk beginning at
this early age. A previous study in this population found a link between
stunting and the introduction of cereal-based gruel before age 4 months.

A study in Embu, eastern Kenya, also reported a high prevalence of
stunting in the second year with onset dating back to infancy.'s Apart from
low energy density, the typical diets in Embu and Marachi Central had a
[phytate]:[zinc] molar ratio of 28.'® Breast milk intake in our sample reduced
this ratio to 24, which is still above the level (15) at which improvement in
zinc bioavailability would be expected.”"Moreover, total zinc intake was
only one-third of estimated requirements, and breast milk, being low in zinc
at that stage oflactation, could not adequately compensate for the deficiency
in the diet.

The weaning dietin Marachi Central had other characteristics that have
been associated with reduced growth, such as low intake ofanimal foods."®
Low dietary fat intake has been linked with reduced linear growth
elsewhere.” In our sample, estimated daily energy intake was not severely
restricted despite the fact that the proportion ofdietary energy obtained from
fat was only 14%. Apart from increasing energy density, fat intake may be a
marker for an overall higher quality diet, which has also been associated
with improved growth. Breast milk in our sample accounted for 61% of
overall fatintake.

Low birth size and infections during infancy may also have contributed
to the observed levels of malnutrition. However, in the absence of data on
either factor, it is impossible to estimate the extent oftheir influence on the
observed rate of malnutrition. Malaria is endemic in the study area and was
the problem for which medical care was most frequently sought at the
project clinic during the study. Its control may have played a part in
improving weight-for-length and weight-for-age during the period of
follow-up. Infection was not associated with growth in our study, but others
have observed reduced infection with continued breastfeeding in the second
year.” Other benefits of breastfeeding during acute infections have also been
reported -2

Sanitation and water consumption modified the association between
breastfeeding duration and linear growth. Similar effect modification has
been reported in the association between breastfeeding and infant
mortality.” In populations where the water supply is inadequate and basic
sanitation lacking, early weaning will very likely compromise growth. It has
been shown that increased water usage and improved sanitation have
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synergistic positive influences on child growth.?” Apart from making a direct
contribution to hygiene, increased water consumption has been associated
with frequent meal preparation.®® Ifthis in turn implies more frequent child
feeding, it might explain why increased water consumption was particularly
important for children who had stopped breastfeeding.

Socio-economic status was a negative confounder of the association
between breastfeeding and linear growth. Children from poorer households
had lower weight-for-height and were also breastfed longer than those from
higher SES households. Rather than poor malnutrition causing prolonged
breastfeeding, it is more likely, as was observed in the Sudan,” that
economic wellbeing facilitates the choice to stop breastfeeding and also
provides for at least close to adequate replacements for breast milk.

S. CONCLUSION

Given the quality of the typical weaning diet in Marachi Central,
neither the high prevalence of malnutrition (underweight and stunting) nor
the positive association between breastfeeding and growth is surprising. The
list of wealth markers in the community and the low average score on the
chosen index suggest that the majority of families could not be expected to
afford a nutritious weaning diet to replace breast milk in the second year.
On the other hand, interactions between breastfeeding and sanitation suggest
that when the former must be curtailed, care should be taken to improve
sanitation ifthe potential negative impact of interrupted breastfeeding is to
be attenuated.
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1. INTRODUCTION

At least as early as 1977,prevalence studies have demonstrated a
negative associationbetween children’s growth andbreastfeeding beyond 12
months'?. Over this past decade, health professionals have struggled to
understand this apparent negative relationship while increasing their efforts
to promote breastfeeding in accordance with the World Health
Organization’s recommendation to breastfeed for at least two years’. Given
the well-known health benefits ofbreastfeeding during the first year oflife, a
negative relationship with later growth is surprising.

One proposed explanation of this enigma is that lengthy breastfeeding
results in poor total dietary intake; however, results from recent studies do
not support this explanation. First, in an analysis of data from Peruvian
toddlers 12-14 mo of age, previous 3-mo breastfeeding practice was not a
predictor of low intakes of complementary foods; only per person food
expenditure had a significant (positive) association with intake (p=0.03;
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Marquis, unpublished data). Second, studies in Guinea-Bissau, Peru, Sudan,
and Senegal have analyzed growth and breastfeeding data and have provided
clear evidence that the negative association reflects maternal decisions to
continue to breastfeed those children in poorest health (that is, the negative
relationship is due to reverse causality)>s. For example, in Sudan, Fawzi et
al.” found a 50 percent reduction in weaning over a 6-mo interval for
children who were stunted at the beginning of the interval. Finally,
breastfeeding was predicted by low growth, previous low dietary intakes,
and increase in diarrheal morbidity in Peruvian children 12-15 mo ofage.*

This paper ascertains whether this reverse causality continued beyond the
15® month oflife. Two questions that have arisen from review ofthe recent
studies will be addressed. First,how does the association between prolonged
breastfeeding and growth change over the second year oflife? Second, ifthe
association does change with age, does reverse causality continue to be the
explanation ofthe negative association between breastfeeding and growth?
These questions will be examined through the analysis of data from a poor
urban community in Peru.

2. METHODS

The study site is an arid valley, just 20 minutes from the center of Lima,
Peru. Although many families had lived in the community for years, at the
time of the study few people had the resources to complete a permanent
structure for their home. Poor hygiene conditions, with no piped water or
sewage, was the norm. Most families were nuclear with a father living in the
home; however, incomes were unstable, relying on daily wages. The
majority of women did not work outside ofthe home.

This analysis was based on data from 677 children 0 to 36 months ofage
who were participants of a diarrheal surveillance study between 1985 and
1987°. The children were chosen for the surveillance study through an
initial random selection 0f400 households. This analysis included only 279
children who were between 12 and 24 mo of age, had anthropometric
measurements at the beginning and end ofat least one ofthe 3-moperiods of
interest(12-14; 15-17; 18-20; and 21-23 completed months), and had dietary
and diarrheal morbidity information from previous study periods. Table 1
demonstrates the number of children with complete data and those who
breastfed in each study period. Data from children who breastfed at the
beginning of each period were used in the analysis of risk of weaning
analysis.
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Principal factors of interest included children’s anthropometric
measurements, complementary food intakes, breastfeeding behaviors, and
diarrheal morbidity. = Weights and recumbent lengths were measured
monthly. The breastfeeding variable was the 3-mo average ofthe monthly
reports ofbreastfeeding frequency. A monthly food frequency questionnaire
documented intakes of 27 categories of common foods and liquids. The
complementary food intake variable was the 3-mo average value of the
reported number of food categories consumed by the child two or more
times per week and correlated with total energy intake.  Diarrheal
morbidity was determined through twice-weekly home visits to document
symptoms of diarrhea, defined as three or more liquid or semi-liquid stools
in a 24-h period.

3. STUDY CHARACTERISTICS

By twelve months of age, almost one-fifth of the children were stunted
and/or underweight (Table 1). The rates of underweight dropped sharply
after 14 mo of age, however, the proportion of children who were stunted
almost doubled by 18 months and remained high through 24 months.

The median duration ofbreastfeeding was 19.5 mo. Seventy percent of
children breastfed between 12-15 mo, droppingto41.3% between 21-23 mo.
Among those toddlers who continued to breastfeed, the feeding frequency
was about two feeds/day lower at 21-23 months then during the 12-14 mo
period.

Children’s diets became more varied at older ages, as demonstrated by an
increased number of complementary foods reported to be eaten. However,
at 15 months, diets were still limited; only 60% of mothers reported that
their children regularly drank milk or ate meat and one-fifth did not eat eggs.

Diarrheal disease rates and number of days ill remained high throughout
the second year. The median number of days ill showed a small,
nonsignificant decline with age.
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Table 1. Characteristics of study children, by study period (mo)

12-14 15-17 18-20 21-24
(n=174) (n=169) (n=164) (n=160)
Stunted (%) 20.1 33.7 37.8 37.5
Underweight (%) 19.0 14.8 12.2 13.1
Breastfed (n {%}) 123(70.7) 110(65.1) 90 (54.9) 66 (41.3)
Dietary intake 14.1£2.2! 14.6£2.0 14.7£2.5 14.7£2.1
(# foods)
Diarrheal incidence 22+ 8 2.342.1 2.342.1 2.1£1.9
(# episodes)
"Mean+SD

4. HOW DOES THE ASSOCIATION BETWEEN
BREASTFEEDING AND LINEAR GROWTH
VARY OVER THE SECOND YEAR OF LIFE?

Breastfeeding had a complicated relationship with linear growth. When
12-24 mo data were analyzed together, diet and morbidity jointly modified
the association between breastfeeding and growth (p=0.02). Increased
breastfeeding was associated with lower linear growth only in children with
low complementary food intakes and high morbidity. For example, when
these children were breastfed at the 75th percentile value (5.7 breastfeeds/d),
they had slightly lower length gain (-0.23 cm/3 mo) than their weaned
contemporaries. For all other children without the combination of low
intakes and high illness, breastfeeding was associated with a slight increase
in linear growth; thus, the rest of this article will focus on the comparison
between children with low complementary foods and high morbidity and all
other children.

We developed a categorical variable to represent the combined effect of
low (below the mean) complementary food intake and high (equal or above
the mean) incidence of diarrhea, assuming that those children with this
combination (LDHM) were the children who had the worse health
conditions.

Throughout the second year, when complementary food intakes were
above the mean or when food intake was low but diarrheal morbidity was
also low (thus representing the non-LDHM group), there was at best a very
slight increase in linear growth in breastfeed as compared to weaned children
(Figurel).
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Fig. 1: Difference in linear growth bertween breastfed and weaned children, by
complementary food and diarrhea. A negative value reflects lower growth in breastfed
children.

The negative association between breastfeeding and growth was noted
only in the LDHM group. Between 12 and 14 mo, there was a decrease of
0.44 cm/3 mo in linear growth associated with breastfeeding. @~ LDHM
breastfed children continued to have lower 3-mo length gains than weaned
children through 20 months of age. Between 21-23 mo, the situation
reversed itselfand the average breastfed child had a 0.54 cm increase in 3-
mo length gain as compared to a weaned child. We tested whether the
slopes for the interaction term for breastfeeding and LDHM were
significantly different across the four study periods. The slopes for 15-17
and 18-20 mo periods were not significantly different than that for 12-14
mo; however, the slope for 21-23 mo was significantly different. Therefore,
age modulated the interactive effect of breastfeeding, diet, and diarrhea on
lineargrowth.

In summary, the Peruvian data provide an example of where the
relationship between breastfeeding and linear growth is not constant over the
second year of life. There is a negative association from 12 through 20
months ofage. However, the relationship reverses itself and is positive at
the end ofthe year. Even with the change in the direction ofthe association,
complementary food intakes and diarrheal morbidity continue to modify the
effect ofbreastfeeding on growth. Only those children who had the poorest
conditions demonstrated a negative association between breastfeeding and
linear growth early on and had increased growth related to the continued
presence of human milk in their diet at the end of the year.
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4.1 Other supporting evidence

There is recent evidence from other longitudinal research studies to
support the Peruvian results. Fawzi et al.” analyzed length and weight gains
in Sudanese children 6 to 36 mo ofage. The reduction in length and weight
gains in breastfed as compared to weaned children was amplified for those
who were poor as compared to theirrelatively affluent contemporaries.

Mulder-Sibanda and Sibanda-Mulder'" provided similar results from
Bangladesh but with diarrhea as the outcome. Bangladeshi children who
breastfed for over 24 months had increased risk of diarrhea, however, this
effect was only seen in the poorest children, as was case in the Sudanese and
Peruvianstudies.

Finally, in a cross-sectional study of prevalence of malnutrition in
Uganda children, there was a dramatic increase in the odds ratio of being
stunted for children breastfed 18-24 mo (OR=6.69) as compared to children
breastfed for less than 12 months'2. However, this was reversed for children
who breastfed for over 24 months (OR=0.06), demonstrating a similar
change in the direction ofthe association between breastfeeding and growth
as seen in the Peru data.

The results from Peru, Bangladesh, Sudan, and Uganda lend support to
the conclusion that the association of breastfeeding with growth often is
modulated by factors that are proxies of dietary intakes and illness (such as
those used in these studies, access to health facilities, income). The
influence of these factors on the breastfeeding-growth relationship may
change with age.

S. IF CHANGE OCCURS, DOES REVERSE
CAUSALITY CONTINUE TO BE THE
EXPLANATION FOR A NEGATIVE
ASSOCIATION BETWEEN BREASTFEEDING
AND GROWTH DURING THE SECOND YEAR
OF LIFE?

Analysis of cross-sectional data of breastfeeding and growth cannot
determine the direction of causality because the sequential direction of
events cannot be clearly delineated. Ifpoor growth were a determinant of
maternal breastfeeding decisions and, therefore, were the reason for a
negative association between growth and breastfeeding (i.e., reverse
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causality), then one would expect to find delayed weaning in those children
who initially had the poorest health. We analyzed the Peruvian data using
linear logistic regression to predict the probability of weaning across the
second year. An earlier analysis focused on risk ofweaning during the 14th
mo of life’. We repeated the analysis for the risk of weaning during the 12-
23 months, using the same categorization ofage (12-20 and 21-23 mo) as we
had used in the analysis of growth. The sample for these analyses included
only those children who still were breastfeeding at the beginning of the
period and, therefore, were at risk of being weaned.

The determinants of weaning were weight-for-age at the beginning ofthe
risk period, mean complementary food intake during the three previous
months, and change in mean incidence of diarrhea over the previous six
months (that is, incidence for the last quarter minus incidence for the
previous quarter) (Table 2). Forrisk ofweaning at 14 mo, 12-mo weight for
age, 9-1 1 mo dietary intake, and the change ofincidence ofdiarrhea from 9-
14 mo had been used. The probability of weaning for the 25"(low) and 75th
(high) percentile values of the three determinants were calculated and
compared.

Table 2. Logistic regression equations for the risk of weaning, by study period (n=415)

beta SE t p

Constant -0.406 0.431 -0.941 0.346
Initial WA (z-score) 0.334 0.354 0.942 0.346
Low diet/high morbidity=LDHM -1.363 1.178 -1.157 0.247
(0=no;Fyes)

Age (0=21-23; 1=12-20) -0.760 0.480 -1.582 0.114
WA*LDHM -1.786 0.942 -1.897 0.058
WA*Age -0.419 0.385 -1.089 0.276
LDHM*Age 2.115 1.236 1.711 0.087
WA*LDHM*Age 2.349 0.988 2.377 0.017

From 12-21 months, when children's complementary food intakes were
low and diarrheal morbidity was high,mothers made different weaning
decisions depending on the child's nutritional status. When the W/A was
also low, mothers decreased the probability of weaning by almost one-half.
No change in the probability of weaning was noted in those children who
were not part ofthe LDHM group.

Similar results were not seen at 21-23 months. Poor nutritional status
accompanying poor dietary intakes and frequent illness did not alter the risk
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of weaning. In contrast, mothers weaned more frequently when the child
had better dietary intakes and W/A and less illness. Mothers may view these
children as not at any risk and able to be weaned without problem.

In summary, data on risk of weaning support the conclusion that the
negative association .between growth and breastfeeding is due to reverse
causality through the first nine months ofthe second year. Over the months
that the negative asssociation is detected, mothers reduce the probability of
weaning when multiple health concerns are present. By the end ofthe year,
when a positive effect ofbreastfeeding on growth is observed, poor health no
longer delays weaning.

5.1 Other supporting evidence

There are a few studies that have examined the role of child health on
risk of weaning. Simondon and Simondon have published results from
Senegal demonstrating that low (<-2.0) HA at 9-10 mo was related to a 2.3
mo prolongation of breastfeeding duration as compared to mean HA®
Molbak and collaborators® followed a cohort of children in a longitudinal
study in semi-urban district in Guinea-Bissau. The relative risk of weaning
for children with a WA <-2.5 Z scores was 0.6, that is, poorly nourished
children had a 40% reduction in risk of weaning as compared to children
with z-score WA > -2.5. The data from Senegal and Guinea-Bissau both
support the Peruvian results demonstrating that maternal child-feeding
decisions are influenced by child health.

6. CONCLUSIONS AND IMPLICATIONS

The relationship between breastfeeding and linear growth in the Peruvian
context is complex and fluid. The observed lower growth rate in breastfed
children from 12-20 mo can be explained by reverse causality. Mothers
purposefully continue to breastfeed children with the poorest health
conditions and wean those who are healthier. At the end ofthe second year,
child health has areduced influence on weaning decisions. At this older age,
a strong positive effect of breastfeeding can be noted in those children who
have the poorest health. It is not surprising that the negative association
indicating reverse causality disappears at the end of'the second year in the
Peruvian data. We have reported elsewhere that, by 24 months, maternal
breastfeeding decisions are more closely tied to maternal needs rather than
childneeds."
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There is now sufficient evidence from the Peruvian study and other
published studies, to accept reverse causality as the explanation for a
negative relationship between growth and prolonged breastfeeding in poor,
disadvantaged communities.  Breastfeeding did not place the Peruvian
children at risk of poor diets; dietary intakes were only predicted by
families’ ability to purchase food. Given the growth benefits noted in
children with diets poor in quality and quantity, reduction in morbidity and
mortality associatied with continued breastfeeding, health professionals
should promote the World Health Organization’s recommendation to
breastfeed for two years or beyond in addition to promoting optimal
complementary feeding atan affordable price.
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BREASTFEEDING AND GROWTH IN RURAL
SENEGALESE TODDLERS
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1. INTRODUCTION

While the benefits of breastfeeding during infancy have been well
described for developing countries in terms of health and survival,'? its
positive effects have been questioned for older children. From 12 to 36
months of age, the continuation of breastfeeding has frequently been
associated with a low nutritional status, in terms of either weight-for-age, as
in Botswana,’ Bangladesh® and Guinea-Bissau,‘height-for-age, as in Nepal,
Senegal,” Ghana,*? People's Republic of Congo,* Brazil,"" and Uganda®2, or
weight-for-height.””'> A recent review of demographic and health surveys
(DHS) found a significant, negative association between the persistance of
breastfeeding and height-for-age in 5 out of 11 Sub-Saharan African
countries and in 9 out of 11 countries from North Africa or other
continent." A positive association has been decribed for a few settings
only, such as China (with height-for-age and weight-for-height)'s and
Bangladesh (with left upper arm circumference). 16

Since the negative relationships do not seem to be explained by
confounding by poverty or other factor®!4 several reviews have suggested
that it might be explained by "reverse causality", that is, the mother lets the

Short and Long Term Effects of Breast Feeding on Child Health
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decision of weaning depend on the child's nutritional status, health, growth
orappetite.''""”

Some evidence for reverse causality in Africa was provided for over 30
years ago from rural Nigeria. Duration of breastfeeding was two months
longer for children with a low weight-for-age during infancy (median
duration was 25 months vs. 23 months for children with a good weight-for-
age).” Similarly, in rural Guatemala, children weaned early (at 12-29
months of age) had been larger in the first year of life compared to those
weaned at 30-47 months ofage.”!

More recent evidence comes from studies conducted in Guinea-Bissau,
Peru and Sudan. In periurban Guinea-Bissau, 59 children with a very low
weight-for-age (<-2.5 z-scores) at 10-17 months of age were breastfed for
1.8 months longer than the remaining 295 children (24.1 vs. 22.3 month).’
The lower relative risk of weaning of children with very low weight-for-age
remained significant in a Cox model including child's sex and maternal age,
ethnic group and education. In periurban Peru, children who had
simultaneous low weight-for-age, low dietary intake and increased diarrheal
incidence at about 1 year of age tended to be less often weaned by 15
months.”In a large longitudinal study in Northern Sudan, the risk ofbeing
weaned over the following six months was 50% lower for stunted children,
compared to normally nourished children, in a logistic regression model
which also included age, sex, morbidity, maternal education and economic
level.” There was no relationship between wasting and risk ofweaning.

In this report, we describe the results of a study on the relationship
between prolonged breastfeeding and growth in a poor African context.

2. STUDY AREA AND POPULATION

The studies were conducted in a rural area of Senegal in Sahelian West
Africa. The nearly 30 000 inhabitants are ofthe Sereer ethnic group, over
90% are farmers and grow millet, for their own consumption, and
groundnuts, mainly for sell, during the rainy season from June to October.
Electricity and indoor piped water are not available. Only the larger villages
have outdoor piped water, while the others use wells. Less than 20% ofthe
compounds have pit latrines. Main declared religions are Islam (75%) and
Christianism (20%), but these have been adopted during the last 30 years and
traditional animistic beliefs and practices are still strong. The social
organization consists of extended families and polygamic marriages.

Both mortality and fertility are high. From 1994 to 1996, the infant
mortality rate and the child mortality rate were 77 and 182 per thousand,
respectively, while the total fertility rate was 7.1 live-born children per
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woman.** Morbidity and nutrition, in particular transmission ofmalaria and
wasting in preschool children, are very dependent on season. They peak at
the end of the rainy season in October-November and are at their lowest
level during the dry season.

The area has been under demographic and epidemiological surveillance
since the sixties. From 1987 to 1997, information about all births, deaths,
migrations and weaning events was collected weekly by highly trained
fieldworkers, while bi-monthly rounds were used from 1997 to 1999.
Several studies on pertussis vaccines included organization of monthly
vaccination sessions according to the Senegalese Expanded Program of
Immunization (EPI), from 1989 to 1997.* A high level of participation
(about 80% of infants) was obtained by systematic call of eligible infants
during home visits by field workers the week before the session and by
transport services. Anthropometric measurements (length measured to the
nearest mm and weight measured to the nearest 10 g) were taken routinely.

3. BREASTFEEDING AND GROWTH

According to a study of the relationship between nutritional status,
growth and mortality risk in a sample ofmore than 5000 children aged 0-5
years, conducted in the Niakhar study area from 1983 to 1985, breastfed
children had significantly lower height-for-age and weight-for-height than
weaned children from 18 to 36 months ofage.” Traditional midwives, field
workers and mothers of underfives in the area consistently stated that this
association between malnutrition and breastfeeding did not surprise them,
but that it was due to later weaning ofmalnourished children (K. Simondon,
unpublished observations). In order to test this statement, a retrospective
analysis of factors associated with age at weaning was conducted in a sample
of 4515 children, who were born from 1989 to 1995 and had attended
vaccination sessions from 1990 to 1996.% Duration of breastfeeding was
analyzed using Cox's proportional hazards models, because about 20% ofthe
sample was right-censored, i.e. date of weaning was not available either
because the child had died or out-migrated before weaning or because the
child was still breastfed when follow-up was stopped. Median duration of
breastfeeding was 23.7 months and half of the children were weaned
between the ages of21.7 and 25.9 months. Main factors related to duration
of breastfeeding were maternal age and parity (greater values were
associated with longer durations), height (greater values were associated
with shorter durations), education and occupation (if any: shorter durations),
and season (longer durations for children born at the end ofthe rainy season
and shortest durations for those born at the onset of the rainy season). The
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child's height-for-age and weight-for-height at the time of the last
vaccination (at 9-10 months ofage) were both very significantly associated
with age at weaning. Infants with a height-for-age below -2 z-scores at 9-10
months ofage were weaned 2.3 months later on average than children with a
z-score above 0 (25.0 vs. 22.7 months), while differences were somewhat
smaller for weight-for-height (24.2 vs. 23.2 months). These differences
remained very significant when all variables linked to duration of
breastfeeding were entered into a multivariate Cox model. Although these
differences in median duration ofbreastfeeding seemed quite modest, great
differences in prevalence of malnutrition existed during late infancy when
four groups ofincreasing age ofweaning were compared (Table 1).

Since the high levels ofstunting and wasting among children weaned late
existed already during infancy, at an age at which all children were still
breastfed, prolonged breastfeeding could not be the reason of their poor
nutritional status. Our study thus proved that prolonged breastfeeding not
necessarily impairs growth, even in communities where breastfed children
are more malnourished.

Table 1. Prevalence of stunting and wasting at 9-10 months of age with 95% confidence
intervals (CI), by duration of breastfeeding

Age at weaning ~ Stunting (%) 95% CI Wasting (%) 95% CI
(months)

<18 6.4 24-103 7.7 3.4-12.0
18-23.9 9.5 8.1-10.8 9.2 7.8-10.6
24-30 17.6 15.6-19.6 11.9 10.2-13.6
>30 26.6 18.7 -34.5 14.5 8.2 -20.8
From?

However, since no indicator of economic status was available in the
database, these results did not prove that mothers consciously prolonged
breastfeeding in response to a poor nutritional status of their child. It was
still possible that richer mothers per se had less malnourished children and
breastfed for shorter durations. Furthermore, the existence ofother, unknown
confounding factors couldnotbe excluded.

Published studies on the relationship between breastfeeding and growth
have given conflicting results. Marquis et al/ found that breastfeeding was
associated with faster growth in length (from 12 to 15 months)” The
dependent variable was intensity of breastfeeding, measured as the mean
number offeeds per day (from 0-15.3). Thirty-one children were weaned by
12 months and 15 more were weaned during the interval, within the sample
of 107. Second, part of the initial sample (27 out of 134 children) was
excluded from the analysis because these children with a high diarrheal
incidence and low dietary intake from non-breast milk foods were at
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significantly lower risk of weaning and thus showed evidence of reverse
causality, as described above. Since the relationship between breastfeeding
intensity and linear growth was negative for these children, no significant
relationship between breastfeeding intensity and linear growth existed before
their exclusion.” Even after their exclusion from the analysis, the main
effect of breastfeeding intensity on linear growth was not significant in a
multiple linear regression analysis. However, the interaction between
breastfeeding intensity and intake of animal-product foods was significant,
which meant that breastfeeding intensity was positively associated with
linear growth for children with low intake of animal products only. Growth
in weight was not analyzed in this study.

A prospective, community-based study of 1 116 children from periurban
Guinea-Bissauused random effect models to assess the effect ofweaning on
weight or length, while adjusting for previous weight or length, age, sex,
season and previous diarrheal prevalence.”® Weaning was associated with a
significant, relative decrease in weight but not in length. The negative effect
was strongest during infancy, but remained significant during the second
year of life.

A prospective study of the effects of vitamin A supplementation on
health and survival in Sudan was used to assess the relationship between
breastfeeding and growth in length and weight in a sample of 28,753
children.”From 12 to 24 months of age, breastfed children had 2 cm lower
length increments and 50-100 g lower weight increments, compared to
weaned children. These differences remained in all subgroups when the
sample was stratified by economic level and maternal literacy. However, as
stated by the authors themselves, it was difficult to exclude the possibility of
additional confounding.

4. MATERNAL REASONS FOR WEANING

Although reverse causality seems to exist in a variety of settings, more
knowledge is needed about the reasons for the relationship between the
child's nutritional status, health and duration of breastfeeding. Is weaning
child-driven or mother-driven? Are child characteristics more or less
important than mother's characteristics, and which child characteristics are
important formothers' weaning decisions?

In rural Nigeria, children were weaned when they were considered
"sturdy and healthy".*In an rural area of Ivory Coast, mothers were
reported to use developmental milestones (mainly independent walking) in
their decision of weaning, and children were weaned at about 18-24 months
ofage.” nurban Egypt, both child-centered reasons, such as developmental
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milestones (walking, complete dentition) and good appetite for family food,
and mother-centered reasons, such as illness, Islamic fasting during
Ramadan and desire for a new pregnancy, seemed important.** However, in
periurban Guinea-Bissau, the effect of illness on the duration of
breastfeeding was ambigious.’ Most children were weaned because they
were healthy or "old enough" (67.6%; N=945), while a few were weaned
because of child illness (7.3%) or maternal illness (9.0%). The last two
groups were weaned significantly earlier than the former (medians of 19 and
18 months, respectively, vs. 23 months for the healthy children). It is
difficult to know why both health and illness were reported as reasons to
wean in this area. Weaning because of child's illness may be explained by so
different reasons as hospitalization of the child without the mother,* or

mother's belief that her breastmilk caused the illness. In many settings,
diarrhea of the breastfed toddlers, while the mother is pregnant,
systematically leads to weaning because of a widespread belief that a
pregnant mother's milk can harm the child.>3+

Brazilian mothers stated that they did not adapt duration ofbreastfeeding
to their child's state," while in an rural area of Kenya, reasons for weaning
among 98 toddlers did not include either the child's nutritional status, growth
health or motor development, but rather maternal pregnancy (54%), child's
refusal or inability to continue (13%) and parents' preference for weaning
(11%).35A low appetite for family food may have been a reason for weaning
in this society, since some mothers weaned in order to "get the child to eat
other foods" (9%). A low appetite for non-breast milk foods, especially
when associated with malnutrition, was also reported as a reason for
weaning in urban Mali, West Africa.*® These mothers practices are thus
exactly the opposite to those of Egyptian mothers who weaned in response to
a good appetite for non-breastmilk foods.*

In periurban Peru, mothers stated to wean mainly in order to protect
maternal health but a "big" child was also mentioned as a reason for
weaning, while prolonging of breastfeeding was often due to illness of'the
child.** The later weaning of children with high diarrheal morbidity in this
community was confirmed by survival analysis as mentioned above.

Thus, review of the literature suggests that reverse causality might be
inexisting in some settings, or even that ill or poorly growing children may
be weaned earlier than others, such as in developed or emerging countries
where non-breast milk foods of high nutritional and hygienic value are
available. Conversely, especially in poor societies, breastmilk may be
considered better than other existing foods, and in these settings, poor child
health, nutritional status or growth are more likely to incitate the mother to
prolong breastfeeding. In some traditional West African communities, height
seems to be important and this factor will of course have a major influence
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on differences in the prevalence of stunting between breastfed and weaned
children. In areas such as urban Peru where morbidity seems the most
important factor of reverse causality, differences in height between groups
are likely to be more subtle.

S. CONCLUSION

In his textbook entitled 'Pediatrics in Developing Countries', published in
1973, Morley concluded from his experience in rural Nigeria: "Mothers
cease breastfeeding when the child is healthy and sturdy"..."Since
malnourished children are breastfed longer, some physicians have, falsely,
concluded that undernutrition was caused by the long duration of
breastfeeding.’” This statement is also valid for rural Senegal and probably
for many other areas in Africa south of Sahara.

To conclude from cross-sectional differences in nutritional status
between breastfed and weaned toddlers that prolonged breastfeeding impairs
growth is to neglect mothers' knowledge and optimal use of very limited
resources. To recommend weaning of malnourished African children by 12
months of age, as has been done in the literature,®* would be extremely
dangerous in settings where mothers trust "experts", but would only discredit
nutritional education with mothers in traditional, rural settings where the
benefits of breastfeeding are well-known.
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1. INTRODUCTION

Many studies from both industrialized and developing countries have
shown significant differences in growth between breastfed and formula fed
infants. Most of the studies found that during the last half of infancy
breastfed infants weigh less than formula fed infants. In developing countries
it has been convincingly shown that this is often due to reverse causation.
Mothers with small and weak infants tend to breast-feed their infants longer
as they know from tradition that breast-feeding protects a weak infant. This
is described in detail in the three chapters of this book which analyse the
association between breastfeeding and growth among infants from Senegal
(Simondon et al.), Kenya (Onyango), and Peru (Marquis et al.). Thus,
breastfeeding per se is not likely to cause the slower weight gain among
breastfed infants in these populations. The reason for the significant
association between duration of breast-feeding and weight gain in
industrialized countries is less clear.

Data on the association between duration of breast-feeding and linear
growth in industrialized countries are conflicting, as will be discussed below.
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Some studies show the same kind ofassociation as for weight, while others
showno significant association between breastfeeding and linear growth.

The aim of the present publication is to review studies from
industrialized countries which have analysed the association between
duration of breast feeding and linear growth, to present previously
unpublished data on breast-feeding and growth from a large Danish study
and to discuss possible mechanisms that could explain the difference in
linear growth between breastfed and formula fed infants and possible long
term consequences for growth.

2. STUDIES FROM INDUSTRIALISED COUNTRIES

In a study from Finland, the linear growth velocities of exclusively
breastfed infants were compared to a group ofinfants breast-fed for less than
3.5 months'. The number ofexclusively breast-fed infants studied were 116
at 6 months, 36 at 9 months, and 7 at 12 months. Linear growth velocity was
slower in breast-fed infants at 3 to 6 months, 6 to 9 months, and 9 to 12
months. Itis interesting that linear growth was different already during the 3-
6 months period, but not surprising that exclusive breast-feeding beyond 6
months is associated with reduced growth velocity. There is now agreement
that breastfed infants should start complementary feeding not later than six
months, as prolonged exclusive breastfeeding is likely to result in suboptimal
nutritional status, especially regarding zinc, iron and protein. Indeed there
were signs of protein deficiency, with lower prealbumin values among
breast-fed infants in the Finnish study, and a few of the infants showed
catch-up after complementary feeding was started.

In a pooled analysis of data from seven longitudinal studies from North
America and Europe, Dewey and coworkers analysed growth of breastfed
infants®. Growth data were compared to the NCHS/WHO growth reference.
In the group breast-fed for 12 months or more there was a decline with age
in length-for-age SD (Z) scores, but it was less than the decline seen in
weight-for-age. The mean SD score at 12 months was -0.29 equivalent to
about 7 mm below the reference. Three ofthe seven studies included data up
to the age of 24 months. It is remarkable that there was a considerable
difference between the data from the Darling study which had z-scores
above zero for almost the whole age period and the two studies by Krebs and
Whitehead from the US and the UK, which had values resembling each
other, at a level which from 12 to 24 months was close to -0.6 SD-scores.
The Darling study recruited infants from a university town with a high
socioeconomic status, and had also birth weights well above the other
studies. Among infants with data at both 12 and 24 months; there was no
increase in SD-score from 12 to 24 months (p=0.55).
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Preliminary data from the Euro-growth Study’, which includes data from
22 European centres found that length gain from 0-12 months was negatively
influenced by duration of breast-feeding (p<<0.001). Duration of breast-
feeding did not influence length gain from 0-36 months, but the sample
followed until 3 years was considerably smaller.

In the Darling study from California, a group of41 formula fed infants
was compared with a group of 46 infants breastfed up to the age of 18
months®. The weight of the breastfed infants was significantly below the
formula fed group between 6 and 18 months, while there was no difference
in length and head circumference. There was, however, a significant lower
cumulative length gain from birth to 12 months in breastfed boys compared
to formula fed boys (23.8 cm vs 25.4 cm, p<0.05), while there was no
difference in girls.

In a study from Italy, growth during the first year oflife was compared in
three groups: 56 formula fed infants, 48 infants breast-fed for 4-11 months
and only 13 infants breastfed for 12 months or more’. Growth was analysed
by comparing NCHS/WHO SD-scores among the three groups. There was a
highly significant (p=0.001) difference in weightgain from 0-12 months
between the feeding groups with the formula group gaining most. The same
tendency was seen for length-for-age, but the difference was not significant
(p=0.21). The formula fed infants increased by 0.26 SD-scores, while those
who were breast-fed for 4-11 months gained 0.08 SD-scores and those
breast-fed for 12 months or more lost 0.09 SD-scores. The difference in
length gain between the two outer groups (0.35 SD-score) is equivalent to
approximately 0.8 cm.

Two previous, independent studies from Denmark have examined the
association between breastfeeding and growth. Both found a significant
negative association between longtermbreastfeeding and linear growth.

In a pooled analysis of data from two longitudinal growth studies from
the Copenhagen area, where infants were followed from birth to 12 months,
the association between duration ofbreastfeeding and growth was analysed®.
At 12 months infants breast-fed for 9 months or more weighed 400 g less
(95% CI: 70-740 g) and were 1.0 cm shorter (95% CI: 0.3-1.8 cm) than
infants breastfed for a shorter duration.

In another Danish study’, the association between breastfeeding and
growth from 5-10 months was examined in a random sample of Danish
infants. A food questionnaire and a questionnaire on breastfeeding duration
and on weight and length gain based on measurements from the child
welfare clinics were returned with complete data by 339 families. In a
multiple regression analysis controlling for mid-parental height, birth weight
and protein intake, infants breast-fed for 7 months or more were gaining 198
g less in weight (p<0.01) and 7 mm less in length p<0.01) than those
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breastfed for less than 7 months. Interestingly, those breastfed for 7 months
or more received less meat (p=0.05) and less cow’s milk (p=0.01) at the age
of 10 months.

3. MATERIAL AND METHODS

The Copenhagen Perinatal Cohort consists of about 9000 infants born
1959-61 atRigshospitalet, the main university hospital in Copenhagen. Data
on length, weight and head circumference were collected at birth and at 12
months®* . All measurements were done by paediatricians at the hospital.
Furthermore, duration of breastfeeding (total duration) was recorded at the
one year examination. Personal identification numbers have made it possible
to collect data from several Danish public registers. Among these data is
draft information on all conscripts (only males) which include data on adult
height (and 1Q). Thus, it will be possible to examine if an influence of
breast-feeding on growth during infancy has any effect on adult stature. Data
on the relation between linear growth and relevant background variables in
males will be published elsewhere. Here we present data on the relation
between linear growth during the first year oflife and background variables
in females from the cohort.

Table 1. Backgroundvariables includedin the analysis

Matemal height Gestational age
Maternal age Birth weight
Parity Social class
Pregnancy weight gain | Marital status
Smoking in pregnancy

1250 girls had a complete data set and were included in the analysis.
Analysis ofvariance was used to examine the relation between breastfeeding
and linear growth. The variables in table 1 were included as covariates in
analyses adjusting the relation between breastfeeding and linear growth for
background variables.

4. RESULTS

The mean values of the raw data according to breastfeeding group is
given in table 2. Interestingly, there was a significant positive association
between breastfeeding and birth length with a gradual increase in length with
increasing duration of breastfeeding. Despite this, length at 12 months
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showed the opposite association with a gradual decrease with increasing
duration of breastfeeding. The difference in length gain from birth to 12
months was highly significant with infants being breast-fed for less than 1
month growing 2.7 cm more than those breastfed for more than 9 months.

Table 2. Birth length, length at 12 months and length gain according to duration of

breastfeeding

Birth Length Length gain
Duration of breastfeeding length 12 months 0-12 months
(cm) (cm) (cm)
1-4 weeks  (n=349) 50.5 76.2 25.6
1-4 months  (n=602) 50.8 75.6 24.8
5-9 months  (n=268) 51.1 75.3 242
>9months (n=31) 51.2 74.3 229
ANOVA (p value) 0.02 0.009 <0.0001

Table 3. Birth length, length at 12 months and length gain according to
duration of breastfeeding. The means have been adjustedfor the background
variables in table 1 (birth weight was not included as a covariate in the

analysis of birth length)

Birth Length Length gain
Duration of breastfeeding length 12 months 0-12 months
(cm) (cm) (cm)
1- 4 weeks (n=349) 50.7 76.2 25.2
1-4 months (n=602) 50.8 75.5 24.7
5-9 months (n=268) 50.8 75.4 24.5
> 9 months (n=31) 51.0 74.6 23.2
ANOVA (p value) 0.8 0.006 0.002

After controlling for the variables in table 1,the difference inbirth length
between the breast-feeding groups disappeared. However, there were still
highly significant differences in length at 12 months and length gain from 0-
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12 months between the feeding groups. The difference between the two

outerbreastfeeding groups decreasedto 2.0 cm.

In the analysis, the following factors were positively associated with birth
length: Maternal height, pregnancy weight gain, gestational age and social
status (borderline significant, p=0.07), while there was a negative
association with smoking during pregnancy. Length at 12 months was
positively associated with maternal height and birth weight and negatively
with being offspring of a single mother. Length gain was positively
associated with maternal height and gestational age and negatively with
birth weight and being offspring ofa single mother.

Data on weight and head circumference in the same group of infants have
been analysed in the same way. Weight data showed the same pattern and
the same level of significance as data for length while there were no
significant associations between head circumference and duration of
breastfeeding (datanotshown).

S. DISCUSSION

In the present study and in two previous studies from Denmark, duration
of breast-feeding was significantly and negatively associated with linear
growth. The data suggest that the effect is strongest during the second halfof
infancy. Other studies found the same association and among those which
did not find a significant effect, several found a trend towards the same
association.

It is not likely that the association is caused by a high number of infants
being breastfed exclusively beyond 6 months, as in the Finnish study'. In the
two previous studies from Denmark, only a few infants were exclusively
breastfed beyond 6 months and none beyond 7 monthss’. In the present
study, only 7% ofthe infants were breastfed exclusively beyond 6 months
and only 1% beyond 9 months (datanot shown).

Analysis of the association between breastfeeding and growth should
take into account the complicated and strong associations between these two
factors and other biological and social factors. The present study
demonstrates the importance of adjusting for background variables. Both
birth size and growth from birth to 12 months are influenced by variables
which are also strongly associated with duration ofbreast-feeding, like social
status and smoking. Social status is positively associated with both growth
and breastfeeding in most populations in industrialized counties Smoking
has a negative effect on birth size and duration of breast-feeding as in the
present study (data not shown), while smoking might have a positive effect
on growth velocity during infancy due to catch-up after intrauterine growth
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retardation. Interestingly, birth length was positively associated with
duration of breastfeeding. The most likely explanation for this association is
that mothers with a healthier life style (and a higher social class?) are also
the mothers who decide to breastfeed for a longer period.

What are the possible mechanisms responsible for the association
between breastfeeding and linear growth? Could it be reverse causation
which seems to be the case in developing countries. We find it unlikely in
our society as we would rather expect the opposite; that mothers with a small
infant would tend to stop breastfeeding earlier, because she and those
advising her would feel that breastfeeding mightnot be sufficient.

It could also be that mothers who decide to breastfeed for a longer period
give complementary food that is different from what mothers who have
stopped breastfeeding earlier give their infants. In one of the studies from
Denmark’, mothers who breastfed for a longer period gave their infants less
meat and, not surprisingly, less cow's milk at the age of 10 months. Thus,
these infants received less animal protein and less of the micronutrients
associated with animal protein. In a previous study, we found indications of
zinc deficiency at the age of 9 months in a group of Danish infants' but in
another of our studies in which we randomised infants to a diet with low or
high meat intake during the age period from 8 to 10 months, there was no
effect ofmeat on growth''. However, these infants were not breastfed.

Protein intake is generally significantly lower in breastfed infants than in
infants who are weaned, also during late infancy'?, but breastfed infants are
usually receiving sufficient protein to cover their requirements. However, it
has been suggested that a protein intake above the requirements can
stimulate growth®, perhaps through an effect of certain aminoacids on
insulin secretion. Furthermore, it has been suggested that a high protein
intake has a direct effect on IGF-1 secretion and thereby possibly on
growth . Breast milk also contains many hormones, growth factors and
bioactive peptides that could have an effect on appetite or more directly on
growth, perhaps through an endocrine modulation.

Is there an effect on long term growth and adult stature? Several studies
have suggested that growth during infancy has a long-term effect on later
growth. According to the growth model suggested by Karlberg, growth
during the infancy period is regulated differently from growth during the
childhood period’s. Applying this model on growth data from Pakistan he
suggested that a growth deficit accumulated during the infancy period was
not picked up later's. These data are in accordance with the growth pattern
seen in many developing countries where the average growth curve of a
population typically has a pattern with adequate growth or even catch-up
growth from birth to 6 months, a marked faltering from 6 to 18 months and
thereafter a growth curve which is parallel to the reference curve, indicating
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that growth velocity after this age is close to the growth velocity in the
reference population. However, the situation in developing countries is very
different from the situation in most industrialized counties, and there are no
data available to show ifthe slower growth in breast-fed infants have any
effects on later growth and adult stature. Ifthere is an effect on adult stature
it could potentially have an effect on health as well, either positively or
negatively. Adult stature is strongly negatively associated with the risk of
death from cardiovascular disease, and positively associated with the risk of
death from endocrine cancers like prostata cancer and mammae cancer'.

In conclusion, infants who are breastfed well into the second halfofinfancy
have a slower linear growth than infants who are weaned earlier, at least in
some populations in industrialized countries. The mechanism behind this
association is not known and it is not known ifthere are long term effects
on linear growth. With the increasing focus on early programming or
imprinting, and thereby also growth during infancy it is of interest to
understand the mechanisms responsible for the association between
breastfeeding and linear growth. Furthermore, it is important to know if
there are any positive or negative long term effects on growth and health.
In the meantime the results of studies showing a slower linear growth
velocity in breast-fed infants should not be used to advocate against long
term breastfeeding as we have no data suggesting any detrimental effects.
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THE ASSOCIATION BETWEEN PROLONGED
BREASTFEEDING AND POOR GROWTH—
What are the implications?

Jean-PierreHabicht, M.D.,Ph.D.,MPH
Division ofNutritional Sciences, Cornell University, Ithaca. NY 14853
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Abstract:

1.

Breast feeding, growth, reverse causality, confounding, complementary
feeding:

The smaller size of breast fed children in infancy and thereafter in
malnourished and well-nourished populations has resulted in rushes to
judgement that have been shown to be ill-advised. The reasons for the smaller
size in malnourished populations is due to retaining the small and sickly child
at the breast (reverse causality) and the consequent continuing sickliness of
this breast fed child (negative confounding). Once the reverse causality and
negative confounding have been taken into account breast feeding improves
growth, at least through the second year of life. Thus prolonged breastfeeding
should always be fostered, especially in malnourished populations. An
exception remains when breast milk may transmit disease to the suckling
child. In well-nourished populations the magnitude of the difference between
breast fed and weaned children is much less than in malnourished populations,
is observed to increase over the first year of life, but to have disappeared by
the end of the second year. One may never-the-less be concerned that
complimentary feeding practices are not adequate for these children.

INTRODUCTION

The practical program and policy implication of the previous reports is
that continued breastfeeding is good. The three studies from poor
malnourished populations in Kenya, Senegal and Peru found (published here
and in other reports) that the benefits of breastfeeding and suckling extend
even into the third year of life in spite ofthe finding that sometimes babies
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who are partially breastfed beyond the age of six months are not as big as
non-breast babies. When this occurred it was not that breastfeeding stunted
growth but that small baby size and poor health determine continued
breastfeeding.

While the studies from developing countries are clear, itis less clear
why there is a negative association between infant size and continued
breastfeeding in the latter half of infancy in the study from Denmark.
However this study does not affect practical recommendations because there
is no evidence that this decreased rate of growth is detrimental.

2. EVOLUTION OF ISSUE

A review of the evolution in our thinking on the relationship between
breastfeeding and size is instructive. The contribution by Simondon in this
volume cites the various authors who have reported a negative association
between breastfeeding and baby’s size. Initially investigators who were
known for their scientific rigor reported this negative association but were
careful in their assessment of the implications for recommendations,
awaiting further research to clarify the situation. However, a highly
publicized reportin 1988 (Brakohiapa et al. 1988 cited in Simondon) stated
in their summary that , “These results indicate that prolonged
breastfeeding can reduce total food intake and thus predispose to
malnutrition.” The possibility ofreverse causality wasnot considered.

Reverse causality refers to the situation when the putative cause and
effect relationship are reversed. This was, for instance, the reason for the
extremely high association between not breastfeeding (putative cause) and
infant mortality (effect) originally reported in the literature. The association
was mostly due to the fact that children who died shortly after birth never
breastfed and not because a lack of breastfeeding caused these deaths
(Habicht et.al. 1986). In this case an important remaining component ofthe
association was never-the-less causal, in that breast feeding did save lives.

The example ofthe breastfeeding-mortality association shows that after
discarding the effect ofreverse causality one must continue to search for and
demonstrate causality. In other words, it is not enough to show reverse
causality to negate causality. Analyses to determine causality and reverse
causality require longitudinal data to establish a time sequence. The first
study to do this in the examination of breast feeding and growth was in
Africa but was reported in French in a source that was so obscure that it was
unknown (Garrenne etal. 1987 citedin Simondon). This report was followed
up shortly by a publication from Bangladesh, whose senior author was also
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French (Briend and Bari, 1989 cited in Simondon), but published in the peer
reviewed English literature. Since at least 1993 (review by Grummer-
Strawn cited in Simondon) the possibility of reverse causality was well
known, although it took some further time before it was established as the
cause of the negative association between breastfeeding and growth, as
reported in the three studies in this section. It is interesting that quantitative
proof of reality comes for this issue, as for so many others, decades after
anecdotal evidence is reported (e.g., Morley 1968 cited in Simondon) based
upon facts that are well known to those working in the field.

In contrast to silence on the possibility of reverse causality, the
methodological problem of confounding was considered as of the first
reports about the negative association between breast feeding and child size.
Confounding is the term used to refer to a situation in which the relationship
between a putative determinant (e.g., breastfeeding) and an outcome (e.g.,
growth) is caused by a third factor (e.g., illness). The association of poor
growth with breastfeeding would then be due to illness, or to poor
complementary feeding, or to biased measurements and reporting, but not to
breastfeeding. Longitudinal data do not help much in dealing with
confounding. This issue must be addressed with imagination and persuasion
to make a plausibility argument. Alternatively specially designed and
difficult intervention trials can be used to make a statistical probability
statement, which is stronger than a plausibility argument (Habicht et
al.1999).

The position taken by a number of authors who have urged the
abandonment ofprolonged partial breastfeeding because of some biological
anorexic properties is surprising, even without an understanding ofthe issue
ofreverse causality, Some ofthe authors who had looked for confounding
and did not find evidence of it apparently were then led to the conclusion
that it must be some unknown factor in breastmilk itself. But our
understanding at the time ofthe advantages ofbreastfeeding in the kinds of
populations in which it most occurs was solid. In particular the advantage of
continuing breastfeeding when the complementary diet was poor in protein
was often mentioned, and has since been shown to be the case in just these
kinds ofpopulations (Marquis etal 1997a).

The papers questioning the benefits of prolonged breastfeeding and
those discussing these reports were not chary in inventing mechanisms to
explain why breastfeeding stunted growth. Overwhelmingly they were
biological and child- oriented in the sense that breastmilk was supposed to
reduce appetite. None of these mechanisms were ever tested. The reverse
causality mechanism, which is behavioral and under the control of the
mother (“mother-oriented”), is easily testable. Why was it not invoked first?
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We believe it is because quantitative research in breastfeeding is
insufficiently informed about breastfeeding decisions and behaviors (such as
those described Simondon’s paper, in Dettwyller et al. (1987) and in
Marquis et al (1997a) both cited in Simondon). This expertise and similar
expertise about breast feeding in general (Pelto 198 1) would be useful to our
ISHM&L. It will require some recruiting to bring this scientific expertise to
oursociety.

While inferring causality from statistical associations without other
plausible evidence is a perennial problem, the scientific mill ultimately
grinds finely enough to correct the mistake. However, the harm is not so
quickly erased. In December, 1999 a graduate student approached me about
investigating the anorectic properties ofbreast milk, in spite of having read
all the pertinent literature! Apparently the idea was too beguiling. More
serious than the effect on graduate students is the effect on programs and
policy recommendations where such mistakes are not so benign, and
continue to bedevil policy discussions long after the scientific mistake is
corrected.

3. SUMMARY OF THREE STUDIES IN
DEVELOPING COUNTRIES

The reports at this meeting fromrural Kenya, rural Senegal and a slum in
Peru had a number of similarities and some differences. The similarities
were that they were longitudinal, were of children who were more than a
year old, and who were already markedly stunted. One can infer from the
data presented that the mean stunting was in the range of —1.6to -2.0Z-
score for children in their second year oflife. This corresponds to the level
of malnutrition usually seen in rural communities and slums around the
world. Some countries, such as Guatemala and India, and the Sahel during
famine periods have more severe levels (around —3.0Z-scores). All the
studies used linear OLS statistics with interactions. All three studies
presented analyses that take into account confounding, either in this
meeting’s reports or in previous publications.

The major dissimilarities relate to the amount of information that was
presented about each study in this book. The Senegal report reported a
generally beneficial effect of breast feeding on growth up to 28 months of
age. The Kenyan report mentioned that there was a positive association
between the duration of breastfeeding and growth.. The Peruvian report
followed the evolution of the negative association between breast feeding
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and growth through the second year oflife — it did not present evidence ofa
beneficial effect of breast feeding as had the other two. However, that
evidence had been presented in a previous publication ( Marquis et al. 1997
b).

) The Peruvian studies had ethnographic information, which showed the
dynamics of decision making that led to reverse causality. Mothers are
concerned that prolonged breast feeding weakens them so they stop when
their child “no longer needs it”. In Peru the information presented at this
meeting showed that the strength ofthis preferential prolongation ofbreast-
feeding for sickly children changes markedly over the second year oflife. It
was very strong at the beginning and had ceased by the end.

Reverse causality can be reinforced by confounding in that the children
who continue to be breastfed are more sickly after their selection. This
negative confounding has been described in the Peruvian study (Marquis et
al 1997b). Ofcourse, reverse causality and negative confounding biases are
related in that children who are sickly and retained at the breast tend to
remain sickly and continue to grow poorly.

Once reverse causality and negative confounding have been taken into
account all three studies showed a beneficial effect of breast feeding on
growth. At the meeting analyses ofall three studies were discussed but not
presented, Apparently the usual confounders that might explain this positive
effect were investigated and found not to be reponsible. This increases the
plausibility that the benefits on growth associated with breast feeding are
causal and not artifactual, Plausibility is further increased ifthe conditions
that potentiate this beneficial effect are those that would be expected given
the biological benefits that are ascribed to breastfeeding. This was the case in
these studies: the benefits were greater among children in environments with
poor housing or hygienic conditions (verbally reported for Kenya and
Senegal), and who have poor complementary diets (Peru in Marquis 1997a).
Another finding in Peru confirms the mothers’ perceptions about the special
benefits of breast feeding for children who are not growing well (not
“thriving”). These finding underscore the importance of recognizing and
factoring in heterogeneity ofresponse to nutritional activities when planning
interventions and in analyzing study results. Testing for statistical
interactions (synergisms and antagonisms) is important, but needs to be
supported by thoughtful comparative analyses of subgroups to fully
understand therelationships.

The practical implication of these studies is that in poor populations
breast feeding improves growth and is most beneficial when other household
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circumstances are least propitious. This heterogeneity is not yet being taken
into account adequately in the recommendations relative to breast feeding by
HIV mothers. Neither are the heterogeneities in the likelihood of HIV
transmission through breast milk being adequately considered. For instance
the recent finding of much reduced transmission during exclusive breast
feeding (Coutsoudis et al. 1999) may change the recommendations
substantially for certain poorpopulations.

4. THE COPENHAGEN STUDY

This study also found a negative association between breast feeding and
growth. The longer the baby suckled the shorter it was at one year of age.
This, and the above studies, were also comparable in that they were
longitudinal, and they sought to take into account confounding and reverse
causality. However, they were not comparable in age or in the level of
poverty. In contrast to the other studies, this study collected data in infancy.
The babies in the Copenhagen study lived in one of the most healthy and
well-grown populations ofthe world, and were not stunted at the onset ofthe
study, in contrast to the poverty-stricken, unhealthy and stunted children in
the other studies. These differences are so profound that one might think that
there is nothing to be learned from the other studies as relates to this study.

In fact the Copenhagen study is an important representative of many
other studies that have shown that breastfeeding duration is associated with
decreased growth in infancy in well offpopulations (WHO °95). This effect
is presumed to be due to a biological effect of breast milk on child.appetite.
It is a “child-oriented” mechanism in contrast to a behavioral mother-
oriented mechanism. The Copenhagen study took into account biases due to
self-selection and confounding. Once these were considered there was no
difference in growth until after four months ofage. Thereafter children who
were breastfed were almost a centimeter shorter by nine months ofage, and
another centimeter for those who breast fed longer. One might conclude
from this evidence that nothing more is needed to assert that this decreased
growth is natural, and is a healthy consequence ofprolonged breast feeding.
This assertion is the basis of a world wide effort to establish growth
standards for breast fed infants (De Onis et al. 1997). It is also the basis for
the UNICEF recommendation to breastfeed exclusively to six months ofage.

Aspects ofthe Copenhagen study, as well as studies in other countries,
should give one some pause before concluding that no further research is
needed on this subject. The magnitude ofthe growth effect associated with
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duration of breastfeeding is substantially different across all these studies.
For instance the Copenhagen study found differences oftwo centimeters at
one year of age in comparison to a half centimeter difference reported in
WHO (1999). This variability across studies is not likely to be due to factors
mediated only throughbreastfeeding.

In the Copenhagen study the proportion who breastfed to five months
was 20%, and only 3% were breastfed beyond nine months. This very small
proportion indicates that longer breastfeeding was not culturally normative
in Copenhagen, and the small minority of mothers who did continue were
likely to be different from the great majority who did not in multiple ways
that affect growth. It is likely that child care and dietary patterns were
different in this subgroup, and these differences need to be investigated
before one can conclude that observed differences are due to breastfeeding.
In the case of Denmark Dr. Michaelsen has pointed out that this seems to be
particularly the case for those who breastfeed longest. Is this the reason for
the much larger difference in length between the longest breast feeding
group and the others? The possibility that other factors are responsible
underscores the importance of further investigation, particularly because of
concern about the adequacy of complementary feeding, even in wealthy
families indeveloped countries.

On the other hand, scientific uncertainty about feeding in later infancy
should not affect breastfeeding recommendations in wealthy countries,
because the differences in growth between those who breast feed longer and
those who receive breastmilk for a shorter period oftime is usually small at
one year ofage and disappears thereafter.

However, it may well turn out that the effects on growth, especially
among those who breast feed for longer periods of time, is due to
inadequacies In complementary feeding. Our knowledge on this score is
woefully lacking (Brown etal 1998),in contrast to our knowledge about the
adequacy and benefits of human milk and breast-feeding. It is time that we
turned our attention to this essential complementary element to breast-
feeding.
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1. PREVALENCE OF HIV-1 AMONG PREGNANT
WOMEN IN SUB SAHARA AFRICA

HIV-1 infection is possibly the most common serious health problem
facingpregnant women in Africa. The prevalence of HIV-1 amongpregnant
women ranges from 5-10% in West Africa, 10-30% in East and Central
Africa and > 20% in Southern Africa. The prevalence of HIV is 4% in the
Indian sub-continent and less than 2% elsewhere in the world (UNAIDS,
1998). Because there is mother-to-child transmission of HIV, the epidemic
of HIV-1 among women of childbearing years is associated with a parallel
epidemic in children. With the development of effective technologies to
prevent MTCT, replacement feeding and anti-retroviral therapy, new
paediatric infections are almost exclusively a problem of the developing
world where there is limited capacity to rapidly adopt new strategies for
prevention. It was estimated that in 1997 alone, ~ 600,000 children were
infected with HIV-1 of whom 90% were in sub- Saharan Africa (UNAIDS,
1998).

Babies are atrisk of HIV-1 infection while in utero, during delivery and
postnatally through breastfeeding. In non-breastfed infants, most MTCT of
HIV takes place during the intrapartum period. Inbreastfeeding populations,
30-50% ofthe overall transmission is attributable to breastfeeding (Van de
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Perre et al.1992a). This paper reviews what is currently known about
breastmilk transmission of HIV.

2. BREASTMILK TRANSMISSION OF HIV-1
AMONG WOMEN WITH NEW HIV INFECTIONS
IN THE POSTNATAL PERIOD

A variety of studies utilizing different study designs have yielded
evidence of breastmilk transmission of HIV-1. The initial evidence for
breastmilk transmission was from case reports and case series of women
who sero-converted in the postnatal period following transfusion with HIV-1
contaminated blood (Ziegleret al.1985, Colebunders etal. 1988, Stiechm and
Vink 1991, Palassanthiran et al. 1993). These were followed by cohort
studies of HIV-1 uninfected women, where some sero-converted following
heterosexual exposure to HIV while they were lactating (Hira etal. 1990,
Van de Perre 1991b). Most of these studies had small sample sizes and
marked variation in the estimate ofrisk. In order to provide a more accurate
estimate of'the risk of HIV-1 transmission a meta-analysis was carried out.
The risk of breastmilk transmission of HIV- 1 to infants of women who sero-
convert in the postnatal period was estimated to be 29% (95% CI 16-42%)
(Dunnetal. 1992).

3. BREASTMILK TRANSMISSION OF HIV-1
AMONG WOMEN WITH ESTABLISHED
INFECTION

Most babies who are exposed to HIV-1 are infants of women with
established HIV-1 infection. Evidence for breastmilk transmission has been
from birth cohort studies ofinfants of HIV-1 infected women. Within these
cohorts, HIV infection rates have been higher in infants exposed to
breastmilk compared to those who were formula fed (Ryder et al. 1991,
European collaborative study 1992, Gabiano et al. 1992, Mayaux et al.
1995,).

Several problems have been experienced in determining the magnitude of
breastmilk transmission of HIV. Following infection with HIV, there is a
window period in which infection is undetectable using the currently
available technology. Therefore itistechnically impossible to isolate closely
related exposure points, including very early breastfeeding, exposure from
intra-partum and late pregnancy transmission of HIV. Published studies of
MTCT of HIV-1 also have some fundamental differences. These include
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among others, differences in the techniques used to determine infant
infection status with earlier studies using antibody-based tests and later
studies using DNA PCR to document infant infection as well as differences
in severity ofdisease in the study population (Ryder 1994). The studies also
differed in the duration of follow-up as well as duration of exposure to
breastmilk. Babies in developing countries breastfeeding into the second
year of life while those in developed-countries breastfeeding for only a few
weeks (European collaborative study 1992, Gabiano et al. 1992, Mayaux et
al. 1995, Lepage etal. 1993, Dattaetal. 1994). There were also differences
in the nutritional status of women in the different cohorts with women from
the developing countries having high levels of anemia and vitamin A
deficiency (Semba et al. 1994, Nduati etal. 1995). The HIV-1 subtypes in
the different regions differ with subtype B being the predominant one
Europe, America and Australia while subtypes A, D, C predominate in sub-
Saharan Africa. The role of these factors on breastmilk transmission of HIV
have only been partially elucidated.

3.1 Magnitude of Transmission Among Women with
Established Infections

In order to determine the magnitude ofbreastmilk transmission of HIV-
lin women with established infections there is need to compare
breastfeeding and formula feeding infants. In the early cohort studies, one
mode of infant feeding predominated; breastfeeding in developing country
cohorts and formula in developed country cohorts. In any one cohort there
were few children having a different method of infant feeding to enable
meaningful comparison. A meta-analysis ofthe published data estimated the
additional risk ofbreastmilk transmission among infants of HIV-1 infected
women to be 14% (95% CI 7%-22%) (Dunn et al. 1992). More recent
cohort studies have included more even numbers of breastfeeding and
formula feeding infants. These studies have found that breastfeeding
doubles the risk of MTCT of HIV (Bobat et al 1997, Tess et al 1998).

The best estimate we have on the magnitude ofbreastmilk transmission
of HIV-1 in the first month of life is from a randomized clinical trial of
breastfeeding and formula feeding among infants of HIV-1 infected (Nduati
etal. 1999). In this study where women and infants in the two study arms
were comparable at baseline, differences in HIV-1 infection status in the two
arms ofthe study could be attributed to breastfeeding. At the end of two
years, the additional risk of HIV-1 infection in breastfeeding infants was
found to be 16% (95% CI 6.5%-25.9%). In this study there was > 95%
compliance in the breastfeeding arm ofthe study and 70% in the formula
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arm. Therefore, the estimates of breastmilk transmission of HIV-1 from this
study was probably an underestimate of the true risk.

3.2 Timing of Breastmilk Transmission of HIV-1

Babies are at risk of HIV-1 infection as long as they are breastfeeding but
the risk of breastmilk transmission of HIV-1 is highest in the first 6 months
of life. In two breastfeeding cohorts studies that have presented data on the
time to first positive HIV-1 PCR, a rapid increase in number of infected
children in the first 6 months of life and relatively fewer sero-conversions
after this period of time were observed as shown in table 1 (Simonon et al.
1994, Bertolli et al. 1996). The conclusions from these studies was that
there was postnatal MTCT of HIV-1 among infants of women with
established infection, babies were at risk as long as they were exposed to
HIV-1 contaminated breastmilk, and the younger infant was more
vulnerable. These studies could not separate late pregnancy, intrapartum and
early breastmilk transmission and were therefore limited in determining the
individual contribution of any of these time points to mother-to-child
transmission of HIV.

Table 1. Timing of breastmilk transmission of HIV-I

Reference In utero Intrapartum and early Late posnatal
transmission postpartum transmission transmission

Simonon 1994 7.7% 12.7%* 4.9%

Bertolli 1996 6% (CI14%-10%) 18 (CI 14%-24%) 4% (CI2%-8%)

# confidence intervals not given in the published paper, * calculated from data presented in the table.

An alternative approach has been to examine the risk of HIV-1 infection
in babies who have been shown to be uninfected in the postnatal period. The
term late-postnatal transmission is used to describe infection in infants who
have had a period free of infection and subsequently become infected
through exposure to breastmilk. Although this method has the advantage of
isolating breastmilk transmission of HIV-1 from the late pregnancy, and
intrapartum transmission, there is a drawback in that this method does not
provide information on the risk of breastmilk transmission in the first few
weeks oflife. There is considerable variability in the estimated risk of late
postnatal transmission of HIV. The earlier studies that used anti-body
testing classified children to have late postnatal testing if they became
infected after the 6 month of life or even later. With the current HIV PCR
technology, HIV infection status ofan infant can be determined as early as 2
months of life and thus the period of observation has been extended
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backward to begin from 2 months of life. The studies also vary in the
duration of exposure to breastfeeding. In order to give an accurate estimate
ofthe risk of postnatal transmission, a pooled analysis was carried out. The
risk of late postnatal transmission was determined to be 5.4% (Leroy et al.
1998).

Estimation of the risk of early breastmilk transmission has continued to
be a challenge. Three recent studies have examined this risk closely. In a
study if central Africa, 19% (CI 8%,33%) breastfed infants of HIV-1
infected women who were PCR negative at 4 weeks of life and followed
until 6 months seroconverted (Bequartetal. 1998). Inthe second study from
Malawi examined the risk ofpostnatal transmission ofHIV-1 in the first two
years of life among babies who were PCR negative at 6 weeks oflife. The
HIV-1 infection rate was calculated to be 0.7% in the period 1-5 months of
life, 0.6% /month in the 6-11 month period, 0.3%/month during 12-17
months oflife and 0.2 in the 18-23 months oflife (Miotti et al. 1999). This
study suggests that after the first 6 weeks of life, the rate of breastmilk
transmission is stable throughout the first year oflife and thereafter declines
significantly in the second year of life. This is probably due to declining
amounts of milk consumed by the infant or through selection of genetically
less vulnerableindividuals.

The third approach has been to estimate the cumulative probability of
infection in breastfed and formula fed infants and to determine the difference
during the course of lactation. In the RCT ofbreastfeeding and formula
feeding among infants of HIV-1 infected women described above, 63% of
the risk difference in the two arms ofthe study had occurred by 6 weeks of
life, and 75% by 6 months after delivery. These observations support the
hypothesis that most breastmilk transmission takes place early during
lactation(Nduatietal. 1999).

The fourth piece of evidence for continuing risk of HN-1 infection in
breastfed infants is from the studies that have evaluated the value of
antenatal anti-retroviral therapy (ARV) as prophylaxis for prevention of
MTCT of HIV in breastfeeding populations. In these studies there is
declining efficacy ofthe ARV therapy with ongoing exposure to breasmilk
(Dabisetal. 1999, Wiktoretal. 1999).

4. CORRELATES OF TRANSMISSION

The factors that correlate with breastmilk transmission of HIV-1 have not
been exhaustively been investigated. These factors can be classified as viral
factors, maternal factors, infectious and anti-infectious factors in breastmilk,
and breast disease.
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4.1 Maternal Plasma Viral Factors

Breastmilk transmission ofHIV is associated with elevated maternal viral
load (Semba et al. 1999, John et al. 1999). There is also preliminary
evidence that subtype C is more easily transmitted postnatally compared to
other subtypes(John et al. 1999).

4.2 Maternal Disease Status

The role of maternal immunosupression independent of maternal viral
load is not well evaluated in the context ofbreastmilk transmission of HIV.
A trend to wards increased postnatal transmission among women with
CD4/CDS ration < 0.5 has been reported(Van de Perre et al. 1993).

4.3 Breastmilk HIV

Several studies have demonstrated the presence of cell associated and cell
free HIV-1 in breastmilk (Nduati etal. 1995, Van de Perre et al. 1993, Ruff
et al. 1994, Guay et al. 1996, Lewis et al. 1998). Two studies have
documented an association between breastmilk HIV and infant HIV
infection. In the earlier Rwandan study, HIV-1 DNA in day 15 milk was
associated with a five fold increased risk of infection in the infant (Van de
Perre etal. 1993). Arecent study in Malawi, women who transmitted HI'V-1
through breastfeeding to their infants had significantly higher plasma and
breastmilk viral load (Semba et al. 1999). In this study women who
transmitted HIV-1 through breastmilk had a median breastmilk viral load of
700copies/ml compared to < 200 copies/ml among women who did not
transmit.

4.4 Breast Disease

A number of studies have reported on the association between mastitis
and breastfeeding ((Semba etal. 1999, John et al. 1999, Van de Perre et al.
1992, Ekpini et al. 1997). Most of the early studies did not have enough
cases to allow for a meaningful analysis. In the Malawian study described
earlier, mastitis was diagnosed in two ways, obvious clinical mastitis, and
sub clinical mastitis based on biochemical estimation ofelevated sodium in
breastmilk. Both clinical and sub-clinical mastitis was associated with
significantly increased risk breastmilk transmission. The probability of
transmitting HIV-1 among women who experienced clinical mastitis was
OR, 9.69 (955 CI13.49-26.8,p<0.0001) ((Sembaetal. 1999). Women with
elevated breastmilk sodium in week 6 breastmilk samples had higher median
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plasma viral load, and lower CD4 counts. The median breastmilk HIV-1
was 900 copies/ml among women with elevated breastmilk sodium
compared to undetectable levels in those with normal levels. At 1 year the
HIV-1 infection rate was 50.9% (28/55) among infants of women with
elevated breastmilk sodium compared to 26% (71/273) among babies of
women without elevated breastmilk sodium. Maternal plasma viral load,
elevated breastmilk sodium and low maternal CD4/CDS8 ratios were
independent predictors of postnatal transmission of HIV ((Semba et al.
1999).

4.5 InfantFactors

There is data to suggest that breastmilk transmission of HIV is more
efficient in the early months of life. Some studies have reported the
association between oral thrush and infant sero-conversion (Ekpini et al.
1997, Njengaetal. 1997). Itis notclear whether this is a causal relationship
or oral thrush is as result of the profound transient immunosuppression
associated with primary HIV-1 infection. The method ofinfant feeding also
appears to have a role in determining the magnitude of postnatal
transmission. One study has reported that babies who are exclusively
breastfed in the first 3 months of life appear to have a lower risk of HIV
infection compared to babies on mixed breast and formula (Coutsoudis
1999).

S. ANTI-INFECTIVE PROPERTIES OF
BREASTMILK

Breastmilk has many cellular and soluble anti-infection factors. The
observation that the majority ofinfants exposed to breastmilk contaminated
by HIV do not become infected suggest that some of these factors may
mitigate against infection. HIV specific IgG,IGA and IGM have been found
in breastmilk of HIV infected women(Van de Perre et al 1993, Belec et al,
1990). Persistence of HIV-1 specific IgM up to 18 postnatal months is
associated with a 90% reduced risk of transmission. In vitro studies have
demonstrated that there are soluble factors in breastmilk that have anti-HIV
properties. There is need to carry out further research to determine how
these properties of breastmilk could be enhanced to minimize breastmilk
transmission of HIV.
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6. CONCLUSIONS

Breastmilk transmission of HIV presents major dilemmas in the
provision of adequate nutrition and protection from infections for children
living in resource poor settings. There is an urgent need to explore various
strategies for minimizing or completely preventing breastmilk transmission
of HIV while at the same time enabling the infant to breast feed. Anti-
retroviral drugs that have been shown to reduce transmission during
pregnancy and delivery need to be further evaluated for their possible role in
pre- and post-exposure prophylaxis during lactation.
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Subclinical mastitis, as diagnosed by an elevated sodium/potassium ratio in
milk accompanied by an increased milk concentration of the inflammatory
cytokine, interleukin-8 (IL8), was found to be common among breast feeding
women in Bangladesh and Tanzania. Subclinical mastitis results in leakage of
plasma constituents into milk, active recruitment of leukocytes into milk, and
possible infant gut damage from inflammatory cytokines. Therefore, we
wished to investigate whether subclinical mastitis was related to known risk
factors for postnatal mother-to-child HIV transmission, that is, high milk viral
load or increased infant gut permeability. HIV-infected South African women
were recruited at the antenatal clinic of McCord's Hospital, Durban. Risks and
benefits of different feeding strategies were explained to them and, if they
chose to breast feed, they were encouraged to do so exclusively. Women and
infants returned to the clinic at 1, 6 and 14 weeks postpartum for an interview
about infant health and current feeding pattern, a lactulose/mannitol test of
infant gut permeability, and milk sample collection from each breast separately
for analysis of Na/K ratio, IL8 concentration and viral load in the cell-free
aqueous phase. Only preliminary cross-sectional analyses from an incomplete
database are available at this point. Moderately (0.6 - 1.0) or greatly (>1.0)
raised Na/K ratio was common and was often unilateral, although as a group
right and left breasts did not differ. Considering both breasts together, normal,
moderately raised or greatly raised Na/K was found, respectively, in 51%,
28%, 21% of milk samples at 1 week (n=190); 69%, 20%, 11% at 6 weeks
(n=167); and 72%, 16%, 12% at 14 weeks (n=122). IL8 concentration
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significantly correlated with both Na/K and viral load at all times. Na/K
correlated with viral load at 1 and 14, but not 6 weeks. At 1 and 14 weeks,
geometric mean viral loads in samples with Na/K > 1.0 were approximately 4
times those in samples with Na/K < 0.6. At 1 week but not later times,
exclusive breast feeding was associated with lower milk viral load than was
mixed feeding. Gut permeability was unrelated to milk Na/K ratio or IL8
concentration and was not significantly increased by inclusion of other foods
than breast milk in the infant’s diet. The results suggest that subclinical
mastitis among HIV-infected women may increase the risk of vertical
transmission through breast feeding by increasing milk viral load. The
importance of various causes of subclinical mastitis, which likely differ at 1
week from at later times and may include local infection or sterile
inflammation, systemic infection, micronutrient deficiencies, or poor lactation
practices, needs to be further clarified so that appropriate interventions can be
implemented.

1. BACKGROUND

1.1 Breast feeding and mother to infant HIV
transmission

Breast feeding is estimated to account for about a third of mother-to-
infant HIV transmission among African populations.' This has resulted in a
major public health dilemma since the advantages of breast feeding for
preventing infant morbidity and mortality are well established. HIV-infected
women who have reliable access to safe, clean breast milk substitutes are
advised not to breast feed. However, in much of Africa, provision of clean
breast milk substitutes cannot be guaranteed and women must balance the
risks of HIV transmission through breast feeding against the risks of infant
mortality associated with not breast feeding. A woman’s choice is further
complicated by the fact that the protection against diarrhea and respiratory
infections which is provided by breast milk may be particularly important for
infants already HIV-infected before or during delivery. Furthermore, in
cultures where breast feeding is almost universal, not breast feeding may
disclose HIV status which could have serious social consequences.
Therefore, it is important to try to identify which women or which feeding
practices are associated with breast milk transmission of HIV so that the
subgroup ofmother-infant pairs at risk can be supported in safe use ofbreast
milk substitutes and the remaining pairs can be supported in optimising
infanthealth through breast feeding.
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A recent study from South Africa found that exclusive breast feeding was
associated with a lower risk of mother-to-infant transmission before 3
months than was mixed feeding.? There are biologically plausible
mechanisms whereby mixed feeding may carry the highest risk of HIV
transmission. Breast milk, in addition to virus, contains antibodies and
glycosaminoglycans which may inhibit virus binding to cells in the infant
gut** various factors which can actively promote the infant's own immune
function,’ and factors which promote development of gut integrity.°
Therefore, with exclusive breast feeding, the net result may be a low level of
postnatal transmission. Feeding of other foods can damage the infant's gut
and increase permeability. In breast feeding mixed with other foods, this
increased permeability, together with decreased total amounts ofbreast milk
immune factors, may tip the balance between virus and protective factors in
milk and permit virus to enter infant cells more readily. An additional factor
which we have recently considered is that supplementation of a breastfed
infant's diet with other foods may, by decreasing milk intake, result in milk
stasis and subclinical mastitis with consequent adverse effects on the infant.

1.2 Subclinical mastitis

The biology ofmastitis has been extensively studied by dairy researchers.
Inflammatory cytokines such as IL8, IL1 and tumour necrosis factor-o.are
produced within the mammary gland and mediate both recruitment of
leukocytes and opening ofthe tightjunctions between epithelial cells.”” L8
can be readily measured in milk!® ! but, in our experience, milk is a difficult
matrix in which to quantitate many of the other key cytokines involved in
mastitis.!! However, sodium is an abundant and easily measurable plasma
constituent which crosses into milk when tight junctions become
permeable."?

Recently, while investigating the impact of maternal vitamin A
supplementation on immune factors in the breast milk of Bangladeshi
women, we wished to exclude women with mastitis since this inflammation
was likely to greatly alter milk immunology.® Therefore, we measured milk
sodium and controlled for the varying proportions of aqueous phase in spot
milk samples by expressing sodium as a ratio to potassium. To our surprise,
elevated milk sodium was too common - 25% of women at 2 weeks
postpartum and 12% at 3 months - for us to simply exclude these women.
Since the study was designed for other purposes, women were not asked
about mastitis at the time of sampling, although any overt mastitis would
have been noted in the general health check. We refer to high milk Na/K
ratio accompanied by high IL8 concentration but in the absence of symptoms
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as subclinical mastitis. Importantly, infants of women with raised milk Na/K
ratio at either 2 weeks or 3 months gained significantly less weight between
these two time points than did infants of women with normal milk sodium. !
Poor weight gain associated with high breast milk sodium has also been
observed in American infants.® A possible mechanism is that poor lactation
practice by the mother or weak suckling by the infant results in milk stasis,
mammary gland involution,* s and consequently both raised milk sodium
and poor growth.

Common features ofclinical and
subclinical mastitis

often occurs unilaterally
high milk sodium
high milk IL8
high milk pH
associatedwithsystemic inflammation
decreasedby dietary anti-oxidants

Since subclinical mastitis was common among Bangladeshi women and
was associated with poor infant, and possibly also maternal, health, we
extended our investigations to other populations. Of Tanzanian women
participating in a trial of food-based micronutrient supplementation, 13% at
1 month postpartum and 11% at 3 months had subclinical mastitis.!" Milk
Na/K ratio correlated with maternal plasma acute phase proteins.
Biologically it seems more plausible that subclinical mastitis may result
from systemic infection or inflammation than that a localised and subclinical
inflammation can result in a detectable systemic inflammation. Systemic
illness is common in the first few months postpartum'e and can increase
permeability of other epithelia such as that ofthe gastrointestinal tract.”We
also found in the Tanzanian cohort that supplementation of women during
the last trimester of pregnancy and the first 3 months postpartum with
vitamin E-rich sunflower oil, but not with vitamin A-rich red palm oil, could
decrease milk Na/K.11 A possible mechanism is that antioxidant
micronutrients such as vitamin E can decrease both production of
inflammatory cytokines and tissue damage caused by free radicals produced
during inflammation.'® Antioxidant micronutrient supplementation is well
recognised in the dairy industry as ameans of decreasing mastitis. 19 The box
summarises the similarities between subclinical and clinical mastitis.

Our South African studies are the first for which the primary aim was to
investigate subclinical mastitis in a population. We first conducted a cross-
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sectional study of women attending vaccination clinics in the Durban area
with their infants (Willumsen et al submitted). We specifically inquired
about symptoms of mastitis or problems with breast feeding and we
collected milk from each breast separately. Problems ofbreast pain, cracked
nipples or other breast feeding difficulties were reported by only 3% of'the
women and could not explain the high prevalence of raised Na/K ratio. Of
269 women with infants 20 weeks old or less, 71 (26%) had Na/Kratio > 0.6
in milk from one breast and 77 (29%) had raised Na/K ratio in both breasts.
Unilateral inflammation thus seems common for both subclinical and clinical
mastitis, indicating that local inflammation or infection may be an important
cause. Although the different sampling methods prevent simple comparisons
across studies, raised Na/K ratio appeared more common in this population
than in those we studied in Bangladesh and Tanzania. One possible reason
for this is the high prevalence of HIV infection in Durban although for
ethical and logistic reasons we did not test for HIV in this cross-sectional,
vaccination clinic-based study. We inquired about infant feeding practices
within the previous 24 hours and found that exclusive breast feeding was
associated with lower Na/K ratio (0.58, 95% CI 0.53 - 0.62, n = 320 breasts)
than mixed breast milk and formula feeding (1.05, 95% CI10.82 - 1.35,n =
104), although mixed feeding with breast milk and other foods resulted in
the lowest Na/K ratio (0.43, 95% CI 0.38 - 0.47, n= 166 breasts; P<0.05 in
eachcase).

There is little comparable population-based data on Na/K ratios in milk
ofwell-nourished European or North American women since breast feeding
in these populations is not universal and the women recruited to research
studies have been generally ofhigh socioeconomic status. Of22 women we
have recruited to date from a general practice clinic in a middle class suburb
of London, 18 had normal Na/K ratio in both breasts, 2 had a slightly
elevated Na/K in one breast and 2 had bilateral subclinical mastitis. We have
also analysed Na/K ratios in repeated samples from a small group ofwomen
expressing milk regularly to feed very sick infants in hospital. Although
many samples in this group have high Na/K since infants were mostly
premature and/or too ill to suckle, Na/K ratios were found to be quite
consistent for an individual woman across time.
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2. SUBCLINICAL MASTITIS AND RISKS FACTORS
FOR MOTHER TO INFANT HIV
TRANSMISSION IN SOUTH AFRICA

2.1 Rationale

We next investigated subclinical mastitis among a group of women
known to be HIV-infected since these women and their infants were likely to
suffer the most serious consequences of subclinical mastitis. The increased
mammary epithelial permeability which results in raised milk sodium'
could permit nonspecific leakage of virus into milk and the elevations in
inflammatory cytokines such as IL8 could specifically recruit leukocytes,
possibly carrying cell-associated virus, into the milk. In addition, certain
milk cytokines appear able to pass functionally intact through the infant's
stomach’ and we wished to investigate whether the high milk levels of
inflammatory cytokines in subclinical mastitis had adverse effects on infant
gut integrity.

2.2 Methods

HIV-infected pregnant women were recruited from the antenatal clinic at
McCord's Hospital, Durban, South Africa in connection with a trial of the
effect of vitamin A supplementation on mother-to-child HIV transmission.
The study showed that vitamin A supplementation had little effect on
transmission®” but infant feeding practices were important.” Exclusive
formula feeding was associated with 19% ofinfants becoming HIV-infected
by 3 months ofage, exclusive breast feeding for at least 3 months with 15%
infection, and breast feeding mixed with other foods with 24% infant
infection which was a significantly higher proportion than in the other two
feeding groups.

The subclinical mastitis study recruited women who were enrolled during
the later part of the main study and who elected to breast feed. Women
returned to the clinic when their infants were 1, 6 and 14 weeks old for
clinical examination, a questionnaire about infant feeding and breast health,
a lactulose/mannitol dual sugar test of infant gut permeability? 22 and
donation of spot milk samples from each breast.

2.2.1  Laboratory analyses

Milk sodium and potassium were measured by flame photometry as
described previously.* Milk IL8 was measured using a commercial ELISA
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kit (CLB, Eurogenetics, Middlesex, UK). Lactulose and mannitol in urine
were measured enzymatically using an autoanalyser.”? Milk viral load was
measured in the aqueous cell free fraction by RNA PCR (Amplicor, Roche
Diagnostics). The method had a detection limit 0of200 copies/ml. Infant HIV
infection was determined by positive blood antibody tests at 9 months or
greater and/or by detection of RNA in samples taken at earlier time points
according to a protocol described previously.*

2.2.2 Statistical analyses

Biochemical data were log-transformed to normalise distributions. Na/K
ratios <=(.6 were considered normal, 0.6 to 1.0 were considered moderately
raised, and > 1.0 greatly raised. These cutoffs were based partly on
histograms ofthe distribution of Na/K ratios, which were remarkably similar
to those in our other studies,'" and partly on published values of milk
electrolytes. Na/K ratios in milk ofhealthy women at one month postpartum
generally averaged 0.6 or less * which is about twice the value expected if
milk electrolyte levels reflect intracellular levels.”Na/K >1.0 is
approximately equivalent to 18 mmol/L sodium which, after the first few
days postpartum and in the absence ofweaning, is indicative ofmastitis.!s

2.3 Results and Discussion

The trial is ongoing so results presented are based on preliminary cross-
sectional analysis ofan incomplete set. The subsample of women from the
main study who were examined for subclinical mastitis did not differ in
general from those in the whole study except that women who did not
breastfeed at all were excluded. Ofthe 108 infants (only 104 mothers since
there were 4 pairs of twins) 26 infants were HIV-infected by 3 months of
age.
The prevalence at each time point of raised milk Na/K ratio in one or
bothbreasts, for women from whom paired samples were available, is shown
in Table 1. Results are similar to those of the cross-sectional survey.
Unilateral raised milk sodium was more common than bilateral, except at 1
week where it is likely that in some women lactation was not fully
established and the mammary epithelium tight junctions had not yet closed
completely. Na/Kratio and milk viral load were not significantly affected by
infant birth weight or gestational age or mode ofdelivery.
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Table 2. Subclinical mastitis among South African women with HIV infection

Na/K level in both breasts* 1 week(n =94) 6 weeks (n = 83) 3 months (n = 61)

bilateral low 35 (37%) 44 (53%) 33 (54%)
unilateral raised
Moderate 17 (18%) 19 (23%) 10 (16%)
Severe 11 (12%) 9 (11%) 12 (20%)
bilateral raised
both moderate 11(12%) 5 (6%) 3 (5%)
one moderate, one severe 12(13%) 4 (5%) 3 (5%)
both severe 8 (8%) 2 (2%) 0(0%)

*low: Na/K <= 0.6; moderate: Na/K > 0.6 and <= 1.0; severe: Na/K > 1.0

Since left and right breasts seemed to behave independently, for some
analyses we used breast, rather than woman, as the sampling unit. Milk IL.8
was always highly correlated with Na/K ratio as we have shown in other
populations previously (Table 2). Milk IL8 was also correlated with viral
load at all times but viral load was significantly correlated with Na/K ratio
only at 1 and 14 weeks. A similar relation between milk sodium and viral
load has been found in HIV-infected Malawian women.** IL8 acts to recruit
leukocytes and we actually measured cell-free virus so we do notbelieve the
relationship between IL8 and viral load is directly causal but that both are
related to the changes that occur during subclinical mastitis. It is slightly
surprising that Na/K ratio, which indicates non-specific permeability, is not
more closely related to cell-free virus than is IL8 concentration.

Table 3. Correlations between logarithmic values of milk Na/K ratios, HIV viral loads and
IL8 concentrations in samples from both breasts

Correlations (r, n, P) 1 week 6 weeks 14 weeks
Na/K with IL8 0.56, 189, <0.001 0.50, 166, <0.001 0.56, 120, <0.001
Na/K with viral load 0.33, 128, <0.001 0.13, 137,0.12 0.32, 110, 0.001
IL8 with viral load 0.28, 127,0.001 0.24, 138,0.005 0.45, 116, <0.001

At 1 and 14 weeks viral load in milk samples with Na/K<=0.6 was
significantly lower than in samples with Na/K>I (Table 3). Interestingly, the
proportion of samples with undetectable virus decreased with increasing
Na/K ratio category at 6 and 14 weeks but not at 1 week. It appears that the
cause of subclinical mastitis and its relation to inflammation and viral load
differs at 1 week from later times.

In the overall trial, women who exclusively breastfed were less likely to
transmit HIV to their infants than women who mixed breast milk and other
foods. Therefore we analysed milk viral loads (Table 4) according to feeding
practice.
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Table 4. Subclinical mastitis and breast milk HIVviral load in SouthAfrican women!

Na/K ratio ] week 6 weeks 14 weeks

<= 0.6 811 (570-1155) 1018 ( 707 - 1465) 829 ( 553 - 1245)
18/66 (27%) 35/98 (36%) 31/77 (40%)

06-1.0 1372 (809 - 2329) 1550 (576 - 4172) 1772 (639 - 4910)
10/39 (26%) 8/26 (31%) 5/18 (28%)

= 1.0 2751 (867 - 8729)* 1565 (699 - 3504) 4402 (1976 - 10077)*
9/25 (36%) 1/14 (7%) 1/15 (7%)

! Geometric mean (95% CI); proportion (%) undetectable, i.e. <200 copies/ml.
* Different from group with Na/K <= 0.6

Mixed feeding was associated with increased viral load at 1 week only.
The proportions of breasts with undetectable viral load were significantly
different across groups at 6 and 14 weeks but this was mainly because ofthe
high proportion among the small numbers in the breast milk plus water
group. IL8 showed the same pattern as viral load and Na/K ratio was similar
but not statistically significantly different even at 1 week, unlike in our
previous cross-sectional study. However, when analysed as proportions in
the different Na/K categories, there were significantly fewer samples in the
moderately and greatly raised Na/K groups in the exclusive breast feeding
group compared to the other groups. Feeding mode likely affects Na/K, IL8
and viral load, rather than vice versa, since there was no association ofinitial
feeding choice with measures of maternal health (eg blood CD4 count or
hemoglobin during pregnancy) or infant health (birth weight, gestational
age) other than the perhaps spurious associations that women who gave
breast milk plus water were slightly older and had slightly heavier babies
than women in other groups.

Table 5. Breast milk HIV viral load in both breasts according to infantfeeding practice!

I week 6 weeks 14 weeks
Exclusive breast 936 (692 - 1265)* | 1267 (893 - 1799)* | 1288 (886 - 1875)
feeding 31/100 (31%) 34/115 (30%) 30/98 (31%)
Breast milk + water | 1707 (706 - 4128)® | 334 (173 - 646)° 200 (200 - 200)
2/18 (11%) 8/12 (67%) 4/4 (100%)
Mixed feeding 6557 (618 - 69626)° | 1420 (356 - 5667)® | 765 (295 - 1984)
4/12 (33%) 3/13 (23%) 7/16 (44%)

! Geometric mean (95% CI); proportion (%) undetectable, i.e. <200 copies/ml. Means in
a column not followed by the same superscript are significantly different by Duncan's
multiple range test, P<0.05.

Finally we investigated whether subclinical mastitis was associated with
increased infant gut permeability. There was no significant association
between gut permeability and either milk Na/K or feeding mode. The latter
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observation is not surprising since, in a larger cohort from the same trial, we
found significantly increased intestinal permeability in infants given formula
only but not in those who were mixed fed (Rollins, Filteau et al,
unpublished). It appears that the amount ofmilk consumed by the mixed fed
group was sufficient to promote gut integrity and that complementary foods
in this middle income (by African standards) peri-urban community with
piped water supply were not grossly contaminated.

2.4 Conclusions

Mother-to-infant transmission occurs in utero, during delivery and
postpartum through breast feeding. Recent progress in reducing transmission
during delivery”* means that even greater attention needs to be paid to
breast feeding transmission since more women are likely to consent to
testing and more of their infants will be born uninfected. Thus the results
from the main study from which the presentresults were taken are especially
exciting showing decreased transmission up to 3 months of age in infants
who were exclusively breastfed, compared to mixed fed, until that age. The
present substudyprovides some evidence ofmechanisms for this association.

Subclinical mastitis was more prevalent among those who mixed fed,
rather than exclusively breastfed, their infants. Subclinical mastitis was
associated with increased milk viral load at 1 and 14 weeks postpartum but,
interestingly, increased viral load was associated with mixed feeding only at
1 week. The mechanisms may differ at 1 week from those at later time
points. Subclinical mastitis had no effect on infant gut permeability. This
may be because high milk concentrations ofinflammatory cytokines such as
IL8 are balanced by high concentrations ofanti-inflammatory cytokines such
as transforming growth factor-B."" Therefore, although results are
preliminary, it appears that subclinical mastitis may increase risk of HIV
transmission during early lactation and this risk is mediated through
increased milk viral load. This supports the epidemiological data suggesting
that early lactation is the major period ofpostnatal transmission.”

Extrapolating from causes of clinical mastitis,” subclinical mastitis is
likely to result from systemic infection, breast infection, mixed feeding such
that milk production decreases below about 400 ml/day's or poor lactation
practices which lead to milk stasis and mammary gland involution.
Infections, usually from skin commensals such as Staphylococcus aureus,
are unlikely to take hold without other factors inducing milk stasis.?
Lactation counselling to optimise breast feeding may reduce the incidence of
milk stasis and raised milk sodium concentration.”
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Policies for optimal infant feeding by African women with HIV infection
are continually beingrevised. The present study provides mechanistic datato
support the observation ofa protective effect ofexclusive breast feeding in a
non-randomised cohort. Further studies should be conducted to determine
whether promotion ofexclusive breast feeding, which is cheap and safe even
for women and infants unaffected by HIV, can decrease HIV transmission
among other populations.
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1. INTRODUCTION

Since 1992, WHO and UNICEF, and since 1995 when it was formed,
UNAIDS, have been workingto develop policies and guidelines concerning
the safest method of feeding for infants of HIV-positive mothers. The first
policy statement put forward in 1992 was made on epidemiological grounds.
In countries with high infant mortality rates due to infection, often
compounded by malnutrition, women were to be advised to breastfeed, as
the risk of death from not breastfeeding was likely to be greater than the risk
of acquiring HIV through breastmilk. In other settings, with low infant
mortality rates, where the risks of artificial feeding were less, women were
to be advised not to breastfeed. These recommendations were seen as
reflecting a double standard — one for the rich and one for the poor — and
proved unworkable as a basis for the development of globally relevant
guidelines.

Throughout the 1990s, the influence ofthe human rights perspective on
health policy steadily increased. The second policy statement on HIV and
Infant Feeding put forward jointly by WHO, UNICEF and UNAIDS in
19971 reflected this in its rights based approach, which called for women in
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all settings to make a fully informed decision about feeding their infants.
Women would not be told or advised what to do, but would be enabled to
make a decision appropriate to their particular circumstances and situation,
and supported in their choice of feeding method.

2. WHO/UNICEF/UNAIDS HIV AND INFANT
FEEDING GUIDELINES

On the basis ofthis policy, itbecame possible to develop “Guidelines for
Decision Makers” and “A Guide for Health Care Managers and
Supervisors”, which had universal applicability. These were issued in
19982 and sought to clarify the direction for implementation, as well as to
identify gaps in understanding, and unresolved questions that required
furtherresearch. There were many serious underlying concerns. While it was
recognised that breastfeeding can transmit HIV to an infant, the exact risk of
transmission remained uncertain, and appeared to vary with a number of
factors including the mother’s health and viral load, the condition of her
breasts and of the infant’s oral and intestinal mucosa. Artificial feeding of
infants was also recognised to have serious risks, particularly in those
countries most severely affected by the HIV epidemic. The term
“replacement feeding” was coined to refer to alternative feeding ofan infant
ofan HIV-positive mother, to draw attention to the need for full nutritional
support throughout at least the first two years of life, during which time an
infant would normally receive a significant proportion of high quality
nutrients in the form of breastmilk. Replacement feeding is defined as “the
process of feeding a child who is not receiving any breastmilk from birth to
two years with a diet that provides all the nutrients that the child needs”. A
common assumption that an infant only needed to be provided with
breastmilk substitutes for the first six months of life was inappropriate.
Many complementary diets are inadequate to support satisfactory growth
even if breastmilk is provided. Replacement feeds could consist of
commercial infant formula, or home-prepared infant formula in families
where animal milk or powdered full cream milk are more readily available.
Micro-nutrient supplements would be needed with home-prepared formula,
and nutrient-rich complementary foods ensured as part of all replacement
feeding from about 6 months of age. The guidelines also make clear that
replacement feeding is not the only alternative: modified forms of
breastfeeding, such as expression and heat treatment of the mother’s
breastmilk, wet-nursing by an HIV-negative wet-nurse, use of
uncontaminated donor breastmilk, and exclusive breastfeeding for a few
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months and then stopping early are other ways of reducing transmission
which women may choose for at least some time.

3. CONTINUING CONCERNS

There continues to be concern about how to provide women with the
information necessary to make a fully informed choice. To do so requires
investment in education ofboth health educators and the public, for which
resources would need to be identified. To support mothers in their choice,
should they wish to give replacement feeds, would in many situations
require alternatives to breastmilk to be made available, instruction in their
safe use to be provided, and their distribution carefully regulated.

There are also concerns about women’s access to adequate fuel, water,
necessary utensils and time; and about the risk of misuse and spillover of
infant formula among women who are uninfected or whose HIV status is
unknown, with a consequent erosion of breastfeeding. Already in some
settings, there appears to be a loss of confidence in breastfeeding promotion
initiatives, and a tendency for some women to feed their infants on infant
formula when it is not necessary. The guidelines emphasise the need to
continue to promote breastfeeding through health education promotions; to
strengthen the Baby-friendly Hospital Initiative to support early mother-
infant contact and optimal initiation ofinfant feeding, as this is relevant for
both HIV-positive and HIV-negative mothers; to train infant feeding
counsellors in both breastfeeding support and replacement feeding; to take
measures to implement the International Code of Marketing of Breast-milk
Substitutes, to protect both HIV-positive and HIV-negative women from
commercial influence regarding their infant feeding decision; to avoid the
distribution ofbottles and teats, as it is possible and safer to feed even new-
born infants by cup; and to carefully monitor exclusive breastfeeding rates,
so that any spillover ofreplacement feeding can be detected and appropriate
actiontaken.

There is concern also about how to ensure that women receive adequate
counselling to make a decision, and support for feeding their infants
accordingly, when resources for all forms of health care is limited, and
unavailable to many women and children even at the most basic level. To
provide health workers who have the necessary skills and time to help HIV-
positive women feed their infants safely would require resources that have
not yet been identified, and which might deplete other part ofthe health care
system.
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4. PREVENTION OF MTCT OF HIV PILOT
PROJECTS

In 1998, following the demonstration that various short courses of anti-
retroviral drugs could reduce mother-to-child transmission (MTCT) ofHIV,
a series of pilot projects for the prevention of MTCT were launched by
WHO, UNICEF and UNAIDS. The aim is to explore the feasibility and cost-
effectiveness of a package of services, including improved obstetric care,
voluntary and confidential counselling and HIV testing (VCT), and short
course anti-retroviral regimes. The package includes infant feeding
counselling, the use ofreplacement feeding by mothers who choose not to
breastfeed, and follow up and support for each mother’s infant feeding
decision. Implementation started first in Botswana, CoteD’Ivoire, Rwanda,
and Zimbabwe, to be followed by Kenya, Zambia, Tanzania, and Uganda
and a number ofother countries.

S. NEW CONCERNS

The early experience gained in the pilot projects has raised a series of
new concerns. It has been found that even when infant formula for
replacement feeding is available, many women prefer not to use it, and
choose to breastfeed, in many cases because of fear of stigmatisation. There
is growing interest in possible ways to make breastmilk and breastfeeding
safer. New evidence has become available that anti-retroviral drugs are
effective even if women breastfeed3. The feared rebound increase in
transmission of HIV during breastfeeding after a short course of anti-
retroviral drugs has been shown not to occur. There is also new evidence that
exclusive breastfeeding may be less likely to transmit HIV to the infant than
mixed feeding®, though this is an observational study and not conclusive. It
is postulated that mixed feeding might increase transmission, because of
damage to the infant’s intestinal mucosa. Mastitis and sub-clinical mastitis,
which may affect up to 16% ofmothers, are associated with increased viral
load in breastmilk, and may increase the risk of HIV transmission®¢. A good
breastfeeding technique is likely to prevent mastitis, and might therefore
reduce the risk of transmission of HIV.

Although it has been suggested that WHO, UNICEF and UNAIDS
should revise the 1998 guidelines in the light ofthe new study, this has not
been found necessary, because by itselfthe study is not conclusive, and for
those mothers who choose to breastfeed, it is already recommended that they
do so exclusively. The range of options for feeding infants remains the same,
and what is important is to make the new information clear in
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implementation of prevention of mother-to-child transmission. Renewed
emphasis is needed on what has long been recommended for all
breastfeeding women: to breastfeed exclusively, without any additional
fluids, even water and tea; and to ensure that a baby is well attached to the
breast during suckling and removing milk effectively, to prevent milk stasis
and mastitis. There is now greater confidence that these long standing
recommendations might also reduce the risk oftransmission of HIV through
breastmilk. To breastfeed optimally, and then to stop early, sometime
between 3 and 6 months, depending on when adequate replacement feeding
becomes feasible, could be the most appropriate option for many women for
whom replacement feeding is difficult, and possibly the safest in many
settings in terms of overall risk ofinfant mortality.

6. TRAINING IN HIV AND INFANT FEEDING
COUNSELLING

As a tool to aid implementation of the guidelines, WHO, UNICEF and
UNAIDS are collaborating on the development of materials for a 3-day
course called “HIV and Infant Feeding Counselling™’, which aims to provide
training for health workers who will counsel women about infant feeding.
The course is designed to be used in conjunction with an existing course on
breastfeeding counsellingg, and to train a cadre ofinfant feeding counsellors
who can counsel all women on their choice of infant feeding method, and
support them in either breastfeeding, modified breastfeeding or replacement
feeding. These materials will reflect the latest understanding, and will be
revised and adapted as new information becomes available.

7. RESEARCH QUESTIONS

1. Implementation is urgently needed, and must proceed on the basis of what
is known now. However, there are a number of important research
questions, relating to both breastfeeding and replacement feeding, answers
to which must be sought to guide implementation in future. These include:

2. What is the risk of transmission of HIV through exclusive breastfeeding
compared with mixed feeding? Additional evidence is urgently needed to
confirm or refute the early report.

3. What is the acceptability and feasibility of the modified breastfeeding
options?

4. How effectively does help to ensure a good breastfeeding technique
prevent mastitis and sub-clinical mastitis?
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8.

is

. What s the feasibility ofreplacement feeding in resource poor settings?

How can mothers measure and prepare feeds accurately and hygienically?

. What instruction and help is necessary to ensure that women can give

adequatereplacement feeds?

. How can mothers overcome practical difficulties such as management of

replacement feeds atnight, for example in village settings?

. What is the infant mortality and morbidity associated with replacement

feeding?

CONCLUSION

Despite the evidence that HIV can be transmitted by breastfeeding, there
much that we need to know about factors that affect the rate of

transmission, and about the risks and feasibility of replacement feeding,
before adequate information can be provided to affected families to enable
them to make the most appropriate decision about feeding their infants.
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Abstract: We investigated the reactivation of cytomegalovirus during lactation and
analysed the role of human milk whey and milk cells in mother-to-child-
transmission. In contrast to term infants, preterm infants may be infected
symptomatically by breastfeeding. Human milk whey is the material of choice
for detection of maternal DNAlactia and virolactia, whereas milk cells not
necessarily have to be infected in transmitters.

1. INTRODUCTION

Mother-to-child transmission of CMV-infection can occur during
pregnancy in the intrapartum period or postnatally. Primary CMV infection
of pregnant mothers poses a 30% to 40% risk of intrauterine transmission'.
The resulting congenital CMV infection has an incidence ofabout 1% ofall
live births in the United States 2. 10-20% of'the infants of primary infected
mothers have symptomatic CMV infection at birth, whereas the presence of
maternal antibody to CMV before conception provides substantial protection
against severe congenital
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CMV infection * . Perinatal virus transmission has been associated with
exposure ofthe infants to CMV containing cervical secretions at birth and
occurs in approximately 40% in offspring of seropositive virus excreting
women ¢, However, most definitions of perinatal CMV transmission also
include breast-feeding as maternal source for the acquisition of postnatal
virus infections ¢ 7. The increasing popularity of breastfeeding has a major
influence on the epidemiology ofpostnatal CMV infections ®.

More than 30 years ago cytomegalovirus was first isolated from human
milk®. In initial studies using unseparated breast milk, the rate ofisolation of
infectious virus from milk in fibroblast cultures (virolactia) ranged from 9%
(19/200) " to 32% (13/41) . All ofthe term infants under study had normal
newborn courses without long-term sequelae such as sensorineural hearing
loss . With the availability of PCR, a first report using milk fractionation
into an aqueous layer and milk cells showed quite low rates of CMV
virolactia (20% or 7/35) and also low detection rates for viral DNA from
milk cells or the aqueous milk fraction '*. Preliminary data ofa longitudinal
prospectively performed study on HCMV transmission by breastfeeding
mothers to their preterm infants revealed a high incidence of CMV
reactivation during lactation and the knowledge, that virus transmission to
preterm infants in contrast to term infants may be associated with a
symptomatic CMV infection. The most immature infants are at the greatest
risk to acquire an early and symptomatic CMV infection ".

This paper presents data on CMV detection in cell free milk whey and
milk cells during the course oflactation and reflects the problems concerning
the identification ofthe target vehicle for CMV transmission in human breast
milk.

2. ROLE OF MILK WHEY IN CMV DETECTION
DURING LACTATION

Human cytomegalovirus can be detected in different compartments of
breast milk. Viral DNA has been detected by means of PCR in Supernatants
ofhuman milk . A detailed protocol for preparation of milk whey and milk
cells was used to describe CMV excretion of breastfeeding mothers of
preterm infants during lactation 5. The resulting whey fraction is cell free

(Fig1).

Sequences of HLA-DRBI were used to detect cellular contamination of
whey preparations by PCR. The presence of CMV DNAlactia was verified
by anested PCR using primers ofthe CMV IE-Exon4 gene .
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Figure I: Detection of CMV DNA in cell free human milk whey and in milk cells (146 bp)
and HLA-DRBI DNA (607 bp) in milk cells only (Agarose gel electrophoresis,
ethidiumbromide staining).

Using this method, it is possible to detect 200 viral genome
equivalents/ml in milk whey. To avoid cellular contamination of whey
preparations, it is necessary to use milk specimens without any prior storing.
Milk whey is the material of choice to detect CMV during any phase of
lactation. Viral DNAlactia is most reliably detected in milk whey at the onset
and the end ofvirus excretion into milk. During these periods, CMV DNA in
milk cells is often not detectable. In cell free milk whey virolactia is more
frequently detectable than in milk cells. There exists a strong correlation
between the detection of DNAlactia and virolactia in milk whey.
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3. ROLE OF MILK CELLS IN CMV DETECTION
DURING LACTATION

The highest concentration of leukocytes in human milk is observed in
colostrum (1-3 x10%ml). In the milk of the first few days after birth, the
different leukocyte types are distributed as follows: neutrophils, 55-60%,
macrophages, 30-40%, and lymphocytes, 5-10% '° .Phenotypic and
functional differences between milk leukocytes and peripheral blood
leukocytes are summarized in Table 1. In contrast to blood T-cells, the milk
CD3-cells express phenotypic activation markers such as HLA-DR, 1L2-
receptor (CD25) and CD45RO (primed/memory cells). Phagocytes in human
milk are also activated. The density of HLA-DR expression on macrophages
is higher compared to peripheral blood monocytes 7

Table 1. Phenotypic and functional characteristics of human milk leukocytes in comparison
to blood leukocytes

milk cell type phenotype function reference
T-cells Ty8T >To/p IFN v prod. T 18
cp4srRo T 19
CD45RA 4
CD4/CDS 4 20
CD3CD25 (I2R) T 2

CD3HLA-DR T

macrophages ~ HLA-DR T MotilityT 17
Foy d PGE2 prod 2
LactoferrinR Lysozyme 23
C3,c4
Lactoferrin
neutrophiles CD1 le Motilitysl/ 24

L-selectin (Leu—8)~L iChemotactic response sl/ 25
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Figure 2: Cytospin preparation of milk cells at the onset of CMV DNAlactia in milk whey at
day ten after delivery. May-Griinwald-Giemsa stain (400x).

Monocytes/macrophages and myeloid progenitor cells are potential target
cells for CMV. Monocytes and late stage infected macrophages are
discussed to be involved in the hematogenous spread of CMV as well as in
the persistent virus infection during latency. Endothelial as well as epithelial
cells also seem to be involved in the virus entry and dissemination,
respectively (for review see: 26). However, up to now the sites of CMV
persistence and the molecular mechanisms for reactivation are quite
undefined.

In Figure 2 a cytospin preparation of milk cells at the onset of CMV
DNAlactia in milk whey at day ten after delivery (transient milk) is shown.
At the onset of viral DNA detection in milk whey neither viral DNA nor late
pp67 mRNA were detectable in milk cells. Virolactia was also not found in
both milk cells and milk whey. Typical fat vacuoles and granular material in
neutrophils and macrophages are visible. Most cells belong to the
macrophage and lymphocyte lineage. Only few neutrophils are present.

In Figure 3 milk leukocytes of mature milk (day 30 after birth) are
shown. The a—naphthyl acetate esterase staining used, allows identification
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ofmacrophages expressing diffuse red-brown granulation. The fat vacuoles
remain unstained. Neutrophils are characterised by their typical
polymorphonuclear shape in the methylgreen counterstain. CMV excretion
into milk has begun 21 days before. On day 30 after birth CMV DNAlactia,
pp67 mRNAlactia and virolactia was detected in both milk cells and milk
whey suggesting an active virus replication in milk cells. Interestingly, the
frequency of neutrophils seems to be enhanced compared to transient milk
(Figure2).

Figure 3: Cytospin preparation of milk cells on day 30 after birth. o-naphthylacetate esterase
stain, methylgreen counterstain (1000x). In this milk cell preparation CMV infection was
productive, since viral DNA, pp67 late mRNA and infectious virus were detectable.

The target cell for CMV in human milk has not been identified up to
now. Cell separation experiments and cell sorting of distinct milk cell
populations (as CD14+ macrophages) failed to proof the CMV infected
vehicles in human milk. Thus, the role of milk cells in virus transmission
remains to be elucidated. A main problem in this context is the fact, that
milk cells are not CMV infected during all stages oflactation. Furthermore,
we found evidence that the frequency ofinfected cells is quite low, since for
successful amplification of viral DNA at least 5x10°-10° milk cells are
necessary. Additionally, some mothers excrete milk cells which remain
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uninfected during the whole course oflactation. The only source of CMV in
the breast milk of these mothers is the cell free milk whey.

4. CONCLUSION

Postnatal CMV transmission by breastfeeding mothers represents the
main route for the acquisition of this virus, since the incidence of CMV
excretion into breast milk during lactation is very high. Additionally, a high
CMV seroprevalence in most counties of the world (up to 100%) and a
transmission rate of about 40% as well as high feeding rates especially in
non-industrialized countries promote the spread of CMV. Therefore, the
epidemiology of CMV is dominated by breastfeeding. Despite the fact, that
the presence of CMV in breast milk has been shown 30 years ago, the
mechanisms, vehicles and the kinetics of viral reactivation remain elusive.
Fractionation of human milk into milk whey and milk cells is a first step in
describing risk factors for transmission. CMV is detectable in cell free milk
whey during all stages ofVviral reactivation in the course oflactation. In milk
whey CMV DNA, CMV RNA and the infectious virus can be detected. The
source ofthis cell free virus remains unclear: milk cells are not infected at all
stages of lactation and some mothers excrete only uninfected milk cells.
Transmission of CMV by breastfeeding mothers to their preterm infants may
be associated with symptomatic CMV infection, such as sepsis-like
syndroms 2. Therefore, efficient and gentle inactivation methods for
infected milk samples are an urgent need for a risk group of preterm infants
with extremely low birth weight (GA<30weeks, BW<1000g).
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PHYSIOLOGY OF OLIGOSACCHARIDES IN
LACTATING WOMEN AND BREAST FED
INFANTS

Kunz Clemens!, Rudloff Silvia’
! Institute of Nutrition, University of Giessen, Wilhelmstr.20, 35392 Giessen;?Research Institute
of Child Nutrition, Heinstueck 11 44225 Dortmund

1. BACKGROUND

Human milkis composed of'50-70 g/1 lactose and 5-8 g/1 lactose derived
oligosaccharides'. It seems likely that among other components milk
oligosaccharides play an important role in the infant's defense against
bacterial and viral adhesion in particular within the gastrointestinal tract? 3
45 A prerequisite for systemic effects is that milk oligosaccharides are
absorbed and distributed via the blood to different organs and cells. To
increase our knowledge with regard to oligosaccharide metabolism in the
infant it would be ofgreat advantage if'suitable methods would be available.

Currently, a dietary influence on the biosynthesis of carbohydrates in the
mammary gland is considered not to be of any importance. However, we
hypothesized that lactating women have an exogenous demand for galactose
(Gal) because they may produce up to several liters of milk per day with a
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high lactose and oligosaccharide content and one of the major constituent of
these carbohydrates is Gal, and not glucose .

Therefore we investigated whether an orally given *C-labeled galactose
bolus to lactating mothers leads to a specific labelling of milk lactose and
oligosaccharides in the human mammary gland (Fig. 1). If the "“C-
enrichment of milk carbohydrates would be high enough we should then be
able to follow some metabolic pathways of milk oligosaccharides in the

infant.

Investigations
1. Milk carbohydrate biosynthesis
2. Metabolism of oligosaccharides
in the infant

Glycogen
intermediary metabolism

Fig. 1: Scheme of our studies with “C-labeled monosaccharides ('*C-Galactoseand *C-
Glucose) to investigate questions with regard to a) milk carbohydrate biosynthesis and b)
oligosaccharide metabolism in the infant.
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2. STUDY DESIGN

The study design is shown in figure 2.

Fifteen breastfeeding women (3rd - 4th month of lactation) received
directly after their breakfast an oral Gal bolus (25 g Gal + 2 g 13C-GalD-
Gal; 1-°C,99 %). During the following 24 - 36 h they collected 5 - 10 ml
milk at each nursing and urine (in 4 h fractions). Most of the mothers also
collected breath at each nursing. The milk volume was determined by
weighing the infant immediately before and after suckling. We also collected
urine from 2 infants during 24 — 36 h after the gal bolus was given to their
mothers.

ts! Breastfeeding 2nd Breastfeeding over36h

Intake of "C-Gal bolus

1-1.5h
Breakiast | R T~ 1 R
+* 1 / 1 \ T >
Mother Mother T see ., st Breastfeeding™
Milk sample Milk sample

Breath Breath Breath
Urine (spontaneous) Urine (4 h fractions)

Infant Infant see ,.1st Breastfeeding™
Stick on urine bag Empty urine bag
Weigh Weigh

Fig. 2: Outline ofthe study design.

The “C-enrichment in breath, urine, whole milk and in milk fractions
with fat, protein and carbohydrates was determined after total combustion by
isotope ratio mass spectrometry (IR-MS) (Delta S, Finnigan, Bremen,
Germany). To identify “C-labelled components protein- and fatfree milk
was separated into individual fractions by Sephadex G25 gel filtration and
characterized by high pH anion exchange chromatography with pulsed
amperometric detection (HPAEC-PAD), high performance thin layer
chromatography (Silica-HPTLC), fast atom bombardment mass

spectrometry (FAB-MS) and C-nuclear magnetic resonance spectroscopy
(13C_mR)(7.7,8

To exemplify the potential of applying stable isotopes in lactating
mothers and to follow the metabolic fate in their infants we report the data
from one mother-infant pair. More detailed information is given in
references 6 and 7.
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3. RESULTS

IR-MS (expressed as 0“Cpps[%0]) of whole milk from all women
revealed a maximum "“C-enrichment during the first 2 h to 8 h after the oral
intake of “C-Gal, followed by a continuous decrease of 0 3Cpps[%0]. An
example is given in Figure 3 which shows the & *Cppe-values in whole milk
and in the milk fat, protein and carbohydrate fraction of one woman. In milk
the maximum & *Cppp Was reached within 8 h after the Gal-bolus was given
which then rapidly declined in the following hours. The highest “C-
enrichment was observed in milk carbohydrates followed by milk proteins.
However, parts of the high 613C,ps[%o0] in the protein fraction are due to
residual lactose present, Only a low amount of "“C-enrichment was
detectable in fat. The cumulative “C-enrichment over the first peak was
about 7 % ofthe oral “C-dose.

To identify " C-enriched components, the carbohydrate fraction was
separated by Sephadex G25 gel filtration in individual fractions and
investigated by HPAEC-PAD, silica-HPTLC and IRMS. As can be seen in
Fig. 4, the highest *Cpps-values were found in lactose, followed by neutral
and to a lesser extent by acidic oligosaccharides.

Figure 5 shows, as an example, the characterization ofthe Sephadex G25
fractions by HPAEC-PAD. The major components have also been identified
byFAB-MS.

" C-NMR ofthe isolated lactose from milk samples collected during 36 h
after the Gal intake demonstrated that a “Cwas present only at the Ci-
position of Gal and at the Cl-positionof glucose. Moreover, in milk from
some women there seemed to be a preferential labelling of Gal compared to
glucose immediately after the Gal intake. As the orally given "* C-Gal was
only labelled at Ci-atom the data indicate that a significant part of dietary
Gal is directly transported to the lactating mammary gland without being
metabolised by the liver 7.

To be able to answer the question whether milk oligosaccharides are
absorbed in the infants ’ intestinal tract we collected urine from 5 infants and
analysedit by the method described above.
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t-Gal intake
\/

12F

10 Carbohydrates

8d

%]

Whole Milk

20

day 1 day 2

Fig. 3: C-enrichment (expressed as 8"Cpps[%o0]) of whole milk and milk fractions from one
woman during the first 36 h after a single oral galactose bolus (25 g Gal + 2 g 13C-Gal; D-Gal,
1-:C,99 %).



246 C Kunz and S. Rudloff

60
| —a—sample 0:0.0h _g-sample1: 11h — sample2:43h 2
50] | —g-sample3:7.6h —y-sample4: 10.6h ——sample 5: 14.1h
| n_sample 6: 19.1 h ——sample 7: 223h —_sample 8:24.8h
40 “_.,_sampcesz 27.6h —g-sample 10: 31.8h
"’ :
9
o
g 20 |
=
m
2 10
8]
o
%=} 0
-10 ]
<20 1
-30
Sephadex G25- 1 2 3 4 5 .
fractions §— *cidicoigosaccharides _y, actose
< neutral ides >

Fig. 4: 13C-enrichment in fractions after Sephadex G 25-chromatography of milk
carbohydrates. d'c ppg Values are shown from the fractions with lactose, neutral and acidic
oligosaccharides from 10 milk samples collected during 32 h after the gal bolus was given.
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In figure 6,the “C-enrichment in the milk of one mother and in the urine
of her infant is shown. Compared to the milk, the maximal 0"C,p, of
infant’s urine was delayed with -10.7 %o as the highest “C-enrichment(in

mother’s milk 34,3 %o).

+ 1¢-Gal intake

40

+Whole Milk
3
—Infant’s Urine
2d
F 1q
(-]
g
o .
w U '

-3

Fig 6: *C-enrichmentin mothers milk andin urine of her infant.
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To further investigate which urinary component contributed to the “C-
enrichment, deproteinized urine was separated by gel filtration into six
fractions which were then directly subjected to IRMS or after further
chromatographic purifications. IRMS analysis of lactose and these
oligosaccharides revealed the highest 8°C,p; -value in lactose, followed by
fucosyl-lactose (Fuc-Lac), lacto-N-tetraose (LNT), Fuc-LNT and Fuc2-Lac
(listed in order of decreasing amounts of “C-enrichment).

4. CONCLUSIONS

Our data demonstrate that a part of orally applied Gal is directly
incorporated into milk lactose, neutral oligosaccharides and acidic
components. Moreover, there seems to be a preferential labelling of Gal
compared to glucose within the lactose moieties. The metabolic fate of in
vivo labelled lactose and oligosaccharides in the recipient infant is currently
investigated. So far, determining the amount of specific oligosaccharides in
milk and their excretion via urine in the infant we found that about 0.5 to 1.0
% of lacto-N-tetraose and lacto-N-fucopentaose 1 can be detected in urine.
The data confirm our previous studies comparing the urinary oligosaccharide
profile of breast-fed and bottle-fed infants’ . The conclusion is that some milk
oligosaccharides are absorbed without being digested in the gastrointestinal
tract. Hence, a variety of physiological effects of milk oligosaccharides may
be possible not only locally in the infant's gastrointestinal tract. Therefore,
an influence of oligosaccharides on leukocyte endothelial interactions may
be of significant importance with regard to immunological reactions (see the
following chapter by Klein et al.).
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Abstract: Breast milk oligosaccharides are excreted in urine in amounts that suggest that
they may exist in the circulation at levels compatible with a physiological
function. Some oligosaccharides have structural similarity to cellular adhesion
molecules and may influence adhesion of cells in breast fed infants. In this
study, breast milk oligosaccharides were purified and incubated in assays of
cell adhesion. They were found to inhibit neutrophil adhesion to stimulated
vascular endothelial cells in a dose dependent fashion. In contrast they
enhanced platelet-neutrophil complex formation. These results indicate that
breast milk oligosaccharides may play a physiological role in modulating
cellular adhesion in vivo.

1. INTRODUCTION

Apart from nutritive aspects of breast milk, a number of physiological
and immunomodulatory and protective properties have long been known.

Important protective factors in breast milk have been associated with
secretory IgA [sIgA], lactoferrin and lysozyme which have direct
antibacterial properties. The role of cellular components of breast milk
during early lactation such as neutrophils, macrophages and lymphocytes in
early immunological protection are unresolved but are thought to assist in
local mucosal immunity.
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More recently, non-immunological components of breast milk such as
complex oligosaccharides with anti-inflammatory and anti-infectious
properties have become the topic of continued scientific interest.

1.1 Structural aspects of oligosaccharides

The amount of oligosaccharides in breast milk changes during lactation.
The oligosaccharide concentration in breast milk is around 5-8g/l which is
around 5-10% of the Lactose concentration and as such a major component
of breast milk. The oligosaccharide spectrum is determined through the
blood group and secretor status of the mother. Around 70% of the Caucasian
population belongs to the Le [a-b+] status with al-2, 1-3 and 1-4 linked
fucose molecules. About 20% of the population have an inactivation of a
secretor gene and the milk lacks mainly al-2 fucosyl components. Around
10% Le [a-b-] have a specific fucosyltransferaseand do not secrete any al-4
fucosy lstructures '.

1.2 Absorption of breast milk oligosaccharides

In order for breast milk oligosaccharides to operate systemically, they
need to be absorbed to have a systemic effect at other surfaces, for example
the endothelium. Intact breast milk oligosaccharideshave been demonstrated
in the urine only of those premature infants who have been breast fed when
compared to formula fed premature infants. 13C stabile isotope studies
revealed that in-vivo labelled lactose given to mothers was incorporated into
oligosaccharides which were taken up by the infant as indicated by the
occurrence of complex 13C labelled carbohydrates with partial identity with
breast milk oligosaccharides from mothers ',

1.3 Oligosaccharides as receptor analogues

The adhesion of pathogens to the host cell is one of the crucial first steps
during infection and inflammation. This contact occurs frequently through
carbohydrate sequences which are ubiquitously expressed on cell surfaces.
These receptors often contain neutral, fucosyl - or sialyl-carbohydrate
structures, similar to those in breast milk oligosaccharides. These
oligosaccharides can fulfil the role of receptor analogues and are such in a
position to prevent adhesion of pathogens [bacteria and viruses]. This
concept has been demonstrated in vitro for Streptococcus. pneumoniae,
Haemophilus..influenza, and campylobacterbinding to epithelial cells 2.
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1.4 Oligosaccharides as ligands of cell adhesion
molecules

Leucocyte adhesion to endothelium and extravasation at sites of
inflammation is a multi - step process. Low avidity binding by sialyted and
fucosylated oligosaccharides and members of the selectin (CD62) family
results initially in slowing down (rolling) of passing leucocytes. This is then
followed by firm adhesion and transmigration mediated by activated Bl and
B2 integrins and members of the immunoglobulin supergene family
particularly VCAM-1 and ICAM-1. The migration of leucocytes, such as
neutrophils, lymphocytes and monocytes at sites of inflammation is therefore
determined by the expression of adhesion molecules which in turn are
regulated by signals mediated by surface costimulatory molecules and by
cytokines 3.

There is increasing evidence that the complex multi-cellular processes of
inflammation, haemostasis and thrombosis are closely linked. It has been
established that inflammatory cytokines such as TNF-ociand IL-1 can induce
a pro-thrombotic state.  This results from increased monocyte and
endothelial cell Tissue Factor (TF) expression and pathway activation and
reduced fibrinolytic activity secondary to raised levels of plasminogen
activator inhibitor-1 ¢ Conversely, key components of the coagulation
pathways, such as thrombin, have now been shown to contribute to
inflammation by inducing IL-6 and IL-8 release from monocytes and
endothelial cells.

Recently, it has become apparent that platelets are pivotal in regulating
this haemostatichnflammatory axis. Platelets express surface adhesion
molecules responsible for primary haemostasis, and accelerate the
conversion of pro-thrombin to thrombin * In addition platelets can secrete
pro-inflammatory mediators such as IL-1 and express surface molecules
capable of modulating inflammatory processes (e.g. CD40L).

The capacity for platelets to influence the haemostatic/inflammatory axis
may rely upon direct contact with inflammatory cells. Heterotypic
aggregation of platelets to neutrophils (and other leukocytes) has been
observed in vitro and in blood taken from healthy volunteers. These
interactions are mediated by platelet CD62P expression, and leukocyte 32
integrins *° Indirect evidence that these complexes may themselves have a
physiological function is provided by studies which have shown changes in
the numbers of, or capacity to form these heterotypic cell complexes in
clinical conditions in which thrombosis and inflammation are prominent
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features. How platelet-leukocyte complexes contribute to these conditions
has yet to be elucidated.

There is now good evidence that sialyl and fucosyl lactosamines such as
sLe*, sLe® are critical epitopes during lectin-ligand binding steps. Similar
carbohydrate structures or their precursors are abundant in breast milk and
may therefore influence adhesive events in vivo®.

2. OBJECTIVE

On the basis of the physiological properties of breast milk
oligosaccharides we have investigated the following:

(1) The modulating effects of oligosaccharide fractions [defatted breast
milk, neutral and acid oligosaccharides] on cellular adhesion to human
umbilical vascular endothelial cells [HUVEC].

(2) The influence of breast milk oligosaccharides on platelet neutrophil
complex formation in a newly developed whole blood assay.

3. METHODS

3.1 Cell culture and adhesion assays

Human umbilical vein endothelial cells (HUVEC) were prepared as
previously described ’. Briefly, endothelial cells were removed from human
umbilical cords by collagenase II digestion, resuspended in MCDB 131
medium with 20% FCS and antibiotics and grown in primary cultures for 24-
48 hours until they reached 90-95% confluence. For flow cytometry and
leucocyte adhesion assays, HUVEC monolayers from primary cultures were
dispersed with trypsin/EDTA and re-cultured onto ECAF coated tissue
culture plates in MCDB131 medium with 20% FCS, ECGF and antibiotics.
Cultures were grown for 24-48 hours until confluent when ECGF containing
medium was removed and medium containing cytokines and/or antibodies or
leucocytes was added for the times indicated.

Peripheral blood leucocytes were prepared by collection of whole blood
from normal healthy donors into heparin (10 IU/ml). The suspension was
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diluted 2 fold in RPMI 1640 medium and centrifuged at 200g for 10
minutes. The red cell/leucocyte pellet was washed again in the same manner
then resuspended in 10 volumes of red blood cell lysing medium (150mM
NH4CI, 20mM NaHCO3, ImM EDTA). Red cells were allowed to lyse for
10 minutes at room temperature before centrifugation at 200g for 7 minutes
followed by a further 2 washes in RPMI 1640 medium with 10% FCS. The
leucobeyte pellet was then resuspended in endothelial cell culture medium at
2x10 cells/ml.

To measure leucocyte adhesion to endothelial cells, 4 x 106leucocytes in
2ml of endothelial cell culture medium were added to endothelial cells in 24
well plates. Plates were placed on a rotary shaker to create flow and
incubated for 1 hour at 37°C in 5% CO5 in air. Non adherent cells were
removed by aspiration of the supernatant and a further two washes.
Endothelial cells and adherent leucocytes were dispersed by incubation in
modified Puck’s saline A supplemented with 0.2 % EDTA and 10% FCS at
pH 7.2 for 15-20 minutes at room temperature. Both adherent and non
adherent cell fractions were washed and centrifuged at 200g for 7 minutes
then resuspended into equal volumes of PBS with 5% FCS and 0.02%NaN3.
Both fractions were stained for T cells (CD3), B cells (CD19), monocytes
(CD14) and neutrophils (CD15).

3.2 Flow cytometry

HUVEC monolayers for antibody staining and flow cytometry were
incubated with modified Puck’s saline A, and resuspended by gentle
mechanical action. The cells were then washed immediately in PBS
containing 5% FCS and 0.02 % NaNj;, and aliquoted for staining. Cells were
incubated with primary mAbs, washed and, when required, incubated with
either FITC or PE conjugated goat anti-mouse IgG. The fluorescence data
were acquired and analysed on a Becton Dickinson FACScalibur using
CellQuest software. In some experiments, the results were expressed as
median fluorescence intensity (MFI). In other experiments, calibrated FITC
conjugated beads (Dako) were used to calculate the molecules of equivalent
soluble fluorochrome (MESF), which allows direct comparison between
experiments.

33 Investigation of platelet-neutrophil complexes
PNCs were investigated as previously described *. Briefly 50 p1of blood

was added to a combination of a directly conjugated monoclonal antibody
directed against a platelet antigen (CD42b PE, CD42b:FITC or CD61
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PerCP)and aneutrophil antigen (CD11b:FITC, Mab24:FITC, CD62L:PE)or
isotype control antibodies within ten minutes ofsampling. Following gentle

mixing, the samples were left at room temperature for ten minutes before the

addition of200 pl of FACSlyse. Following gentle resuspension the samples

were incubated for a further ten minutes before the addition of 250 p 1of
0.2% formaldehyde in PBS. Samples were analysed by flow cytometry

within one hour ofpreparation.

3.4 Whole blood stimulation

Blood was drawn fiom non-smoking healthy volunteers who had not
been on any medication for at least two weeks via a 21G butterfly needle
without the use ofa tourniquet. The first 2ml ofblood were discarded, and
the required volume collected into sodium citrate to a final concentration of
0.38%. Whole blood stimulation experiments were performed immediately
after sampling as previously described 4, ADP was used at a final
concentration of low, and FMLP at a final concentration of IpM.
Different concentrations of BMO (Breast milk oligossacharides) were added
before samples were then analysed after incubation at 37°C with gentle
mechanical agitation on arotary shaker (~10Hz).

4. RESULTS

4.1 Adhesion molecule expression

All BMO samples were tested for their capacity to induce the endothelial
adhesionmolecules, ICAh4-1, VCAh4-1 and E-selectin. None were found to
effect eitherresting EC’s or TNF stimulated cells.

4.2 Leukocyte adhesion to HUVEC’s

Neutral oligosaccharides did not influence neutrophil adhesion at rest.
However, when added to TNFastimulated HUVEC, there was a dose
dependent inhibition ofneutrophil adhesion (Figure 1). We did not detect
any consistent changes in lymphocyte adhesion under these conditions. The
results with acidic oligosaccharides were usually minimal although in some
experiments there was enhancement of neutrophil adhesion.
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Figure 1: Effect of Neutral Breast Milk Oligosaccharides on Neutrophil adhesion to TNF
stimulated Endothelial Cells

4.3 Platelet-neutrophil complex formation

Examination ofthe neutrophils from whole blood stained with CD42b:PE
and CDIIb:FITC, allowed the detection of two populations of cells: free
neutrophils and platelet-neutrophil complexes (PNCs). ADP stimulation
increased the intensity of CDI Ib staining in both PNCs and free neutrophils.
Addition of defatted breast milk led to a dose dependent increase in PNCs
and an increase in neutrophil CDI1Ib expression. This occurred in the
presence or absence of ADP. Experiments with BMO also increased PNCs
although in the samples used low levels of endotoxin were detected
(Figure2).



258 N Klein etal.

100]
90 ]
80

70
60 1 *

R
a1 [[E}

10

CD11b/CD42b-positive (%) events

PBS 1% 5% 10% PBS 1% 5% 10%

No ADP ADP

Figure 2: CDI11b/CD42b expression on polymorphic neutrophiles and
platelets after incubation withbreastmilk oligosaccharides

5. CONCLUSIONS

(1) This study investigated the capacity for different breast milk
fractions to influence the processes of adhesion involved in endothelial —
leukocyte interactions and in platelet-neutrophil complex formation. Both
adhesive models require selectins, integrins and members of the
immunoglobulin  superfamily. We found that purified neutral
oligosaccharides had the capacity to inhibit binding of neutrophils to TNF
stimulated endothelium. The model used examined adhesion under low flow
conditions and so it is difficult to be exactly certain how these sugars were
operating. It is probable that selectin mediated adhesion was most effected
but further studies are required to examine this further.



Immunmodulatory Eflects of Breast Milk Oligosaccharides 259

(2) We also found that defatted BM and purified oligosaccharides
enhanced the formation of PNCs. Again both selectins and integrins are
involved in PNC formation. How the oligosaccharides are mediating this
effect is unclear. They may act to bridge CD62P to its ligands on neutrophils
or more probably through the crosslinking of neutrophil selectins they
activate a signalling cascade which leads to increased integrin expression
and activation. More work is required to understand these processes in more
detail.

(3) In summary, our results indicate that breast milk oligosaccharides can
influence cellular adhesion but further work is required before we can be
confident that the oligosaccharides are operating in isolation and are not
acting in concert with non-oligosaccharide contaminants present in the
samples as aresult ofthe purification process.

REFERENCES

1. Kunz C, Rodriguez-Palmer0 M, Koletzko B, Jensen R. Nutritional and biochemical
properties ofhuman milk, Part 1: General aspects, proteins, and carbohydrates. Clin
Perinatol 1999:307-33

2. Schwertmann A, Schroten H, Hacker J, Kunz C. S-fimbriae from Escherichia coli
bind to soluble glycoproteins from human milk. J Pediatr Gastroenterol Nutr
1999:257-63

3. Hogg N, Stewart MP, Scarth SL, Newton R, Shaw JM, Law SK, Klein N A novel

leukocyte adhesion deficiency caused by expressed but nonfunctional beta2
integrins Mac-1 and LFA-1.JClin Invest 1999;103:97-106

4. Peters MJ, Heyderman RS, Hatch DJ, Klein NJ Investigation of platelet-neutrophil
interactions in whole blood by flow cytometry. JImmunol Methods 1997;209: 125-
355

5. Peters MJ, Dixon G, Kotowicz KT, Hatch DJ, Heyderman RS, Klein NJ.

Circulating platelet-neutrophil complexes represent a subpopulation of activated
neutrophils primed for adhesion, phagocytosis and intracellular killing. BrJ
Haematol 1999;106:391-9

6. Schwertmann A, Rudloff S, Kunz C. Potential ligands for cell adhesion molecules
in human milk. Ann Nutr Metab 1996;40:252-62

7. Klein NJ, Ison CA, Peakman M, Levin M, Hammerschmidt S, Frosch M,
Heyderman RS The influence of capsulation and lipooligosaccharide structure on
neutrophil adhesion molecule expression and endothelial injury by Neisseria
meningitidis. JInfect Dis 1996;173: 172-9



This page intentionally left blank.



24

POLYUNSATURATED FATTY ACID SUPPLY
WITH HUMAN MILK

Physiological aspects and in vivo studies of metabolism
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Abstract: The origin of polyunsaturated fatty acids (PUFA) in human milk has not been
studied in detail. Diet, liberation from maternal stores and endogenous
synthesis from precursors may contribute to PUFA present in human milk.
Other factors influencing lipid content and fatty acid composition such as
gestational age, stage of lactation, nutritional status and genetical background
are known. In a series of in vivo studies using stable isotope methodologies we
investigated the metabolism of PUFA during lactation. With this techniques
the transfer of single dietary fatty acids into human milk, the oxidation and the
deposition in tissues were estimated. Our studies demonstrate that the major
part of PUFA in human milk seems not to be derived directly from the
maternal diet but from body stores. Nevertheless diet is important, because
long term intakes affect composition of body stores.

1. INTRODUCTION

Human milk contains a variety of fatty acids mainly present in the form
of triglycerides. The majority of these fatty acids are saturated and
monounsaturated fatty acids. However, aminor but important component are
the polyunsaturated fatty acids (PUFA). These PUFA are indispensable for
the structure of membranes, some of them serve as precursors for
eicosanoids and some ofthe PUFA are associated with functional outcome
during infancy °. The two major families, n-6 and n-3 PUFA, are derived
from the essential fatty acids linoleic and o-linolenic acid, respectively,
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which must be derived from the diet, because in humans they cannot be
synthesized de novo. The pathways ofn-6 and n-3 PUFA with the revised
steps of long-chain polyunsaturated fatty acid (LC-PUFA) synthesis are
shown in figure 1. The major PUFA in human milk is linoleic acid, but more
than ten other PUFA are found in human milk samples. In the last years
much attention has been given to the LC-PUFA arachidonic and
docosahexaenoic acid, fatty acids with chain lengths of 20-22 carbons.
Together, both LC-PUFA represent amounts ofabout 1% oftotal fatty acids
in human milk. Their importance results fiom their connection to growth,
neurodevelopment and visual function ofthe recipient infant 1

After some physiological and compositional aspects of fatty acids in
human milk we will summarize in this chapter some of our recent work with
stable isotopes that elucidate the metabolism of PUFA during the period of
lactation.

n-6 n-3
Linoleic Acid C18:2 C18:3  a-Linolenic Acid
¢ A 6-Desaturase i
C18:3 C18:4
¢ Elongase ¢
C20:3 C20:4
¢ A 5-Desaturase i
Arachidonic Acid C20:4 C20:5
¢ Elongase ‘L
C24:4 -—m— C22:4 C22:5 —» (24:5
ss b e
C24:5 - (225 C22:6 -—=-— C24:6
Docosahexaenoic Acid

Figure 1: Simplified scheme of the revised pathways of LC-PUFA synthesis (solid lines,
based on data of Sprecher et al. 2!)
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2. HUMAN MILK POLYUNSATURATED FATTY
ACID COMPOSITION

2.1 Single feeding and stage of lactation

During a single feeding there is a marked increase oftotal fat content in
human milk. At the end ofa nursing cycle this milk, the so called hind milk,
contains 2-3 times more total fat and thus energy than fore milk 8. Hind
milk has been used in nurseries with success in preterm infants to enhance
weight gain *. The overall fatty acid composition during a single feeding is
not affected by this change of fat content, but the absolute amounts of PUFA
are also increased in hind milk.

With advancing lactation the fatty acid composition of human milk
changes. From colostrum to mature human milk the percentages of linoleic
and o-linolenic acids increase, whereas the percentages of LC-PUFA,
mainly arachidonic and docosahexaenoic acid, decrease ¢. Because with
advancing lactation the total fat content of milk is also increasing the total
amount of LC-PUFA remains relatively stable '>. During the first 4-6 weeks
oflactation the changes in PUFA composition are more pronounced, but up
to the 16" week of lactation a decrease of LC-PUFA has been observed *.
The comparisons of breast milk from mothers of preterm and term infants
have resulted in some controversies. But generally the PUFA composition of
term and preterm mothers' milk is comparable.

2.2 Human milk samples from different countries

The fatty acid composition ofhuman milk from different countries has a
similar pattern. Koletzko et al. reported data from several studies of
breastfeeding mothers in Europe and Africa which resulted to have
comparable median values and ranges for PUFA composition when
expressed as weight percentages 13This finding is rather surprising if one
considers the differences in ethnicity, living conditions and dietary intakes.
The major PUFA in human milk is always linoleic acid with a median value
of 11.0 and 12.0 wt.% in different European and African countries,
respectively *. o -Linolenic acid, about one order of magnitude lower than
linoleic acid in human milk, is most times the second major PUFA. The
linoleic/o -linolenic acid ratio is used for the expression of the n-6 / n-3
balance, which seems important since both fatty acid families compete for
the same enzymes in their pathways of LC-PUFA synthesis. In the above
mentioned report this ratio was similar in different counties and ranged
from 8.6 to 16.9 in European countries and from 8.8 to 15.7 in African
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countries. Likewise the median values for the percentage of total n-6 LC-
PUFA of'the above cited study were 1.2 and 1.5 wt.% for European and
African countries, respectively, and 0.6 wt.% for the percentage oftotal n-3
LC-PUFA for both European and African countries. The human milk PUFA
composition from seven different studies included in the report of Koletzko
et al. ® are presented in figure 2.

& Germany
@ Spain

O Hungary
B Sweden
8 Nigeria
@ Gambia
@ Tanzania

Total Linoleic Arachi- o-Lino- Docosa-
PUFA donic lenic hexaenoic

Figure 2: PUFA composition of mature human milk in different European and African
counties (medians or means; wt.% of'total fatty acids; from Koletzko et al. 13)

2.3 Maternal diet

Diets have an influence on the fatty acid composition of human milk.
After absorption dietary fatty acids are rapidly transfered via chylomicrons,
VLDL and LDL particles to the mammary gland and secreted into human
milk ’. The short term effects ofa diet have recently been demonstrated after
ingestion of single meals with high contents of different characteristic fatty
acids, e.g. a-linolenic, linoleic or docosahexaenoic acid 5. Within 6 hours
after consumption ofthe test meals significant changes in marker fatty acids
were observed. After 1-3 days these changes were no longer present.

The long term effects ofmaternal diet have been assessed by comparison
of populations with vegadvegetarian, high carbohydrate, high fish and
omnivorous diets. Maternal PUFA intakes are generally reflected in the
PUFA composition of human milk (see figure 3). But also the fatty acid
composition of adipose tissue is influenced by long term dietary habits '®.
The high intake oflinoleic and o-linolenic acid with the vegan/vegetarian
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diet is followed by higher values ofthese fatty acids in human milk ofthese
mothers when compared to the omnivore mothers “. A high carbohydrate
diet does not markedly change the PUFA composition of human milk ',
whereas a high fish diet, rich in eicosapentaenoic and docosahexaenoic
acids, like that of eskimo populations, is reflected in the high levels ofthese
n-3 LC-PUFA in their milk®.

8@ Omnivorous

@ Vegetarian

O High
Carbohydrate

@ High fish

Total Linoleic Arachi- a-Lino- Docosa-
PUFA donic lenic hexaenoic

Figure3: PUFA composition of human milk with different diets (medians or means,
wt.% of total fatty acids; drawn from data of Koletzko et al. '*,Sanders and Reddy *,
Finley et al. 4 Muskiet et al. “and Innis and Kuhnlein?)

3. STUDIES OF FATTY ACID METABOLISM WITH
STABLE ISOTOPES DURING LACTATION

Substrates labeled with stable isotopes are ideal to trace dynamic
processes in vivo. Their advantage in human studies is the absence of any
radiation when compared with the radioactive isotopes. Stable isotopes are
naturally occurring and their use has generally been considered as safe and
without adverse effects. These advantages are indispensable prerequisites for
studies with infants or during pregnancy and lactation. Today stable isotopes
are used in a variety of applications for diagnostic and research purposes .
Different aspects of fatty acid metabolism such as absorption, endogenous
synthesis, oxidation and transfer to several body compartments have been
investigated. Even in very low birth weight infants this methodologies have
recently been applied to demonstrate the in vivo synthesis ofthe LC-PUFA
arachidonic and docosahexaenoic acid?.
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Already more than ten years ago Hachey et al. studied the transfer of
dietary triglycerides labeled with stable isotopes in three healthy
breastfeeding mothers which remained on their regular diets ’. In their study
deuterated palmitic, oleic and linoleic acids were given simultaneously with
a standardized test meal to the participants. Chylomicrons and VLDL were
the lipoproteins primarily involved in the transfer ofthe labeled triglycerides
from diet to human milk. They reported a uniform secretion pattern for the
three labeled fatty acids to human milk with peak enrichments between 8-10
hours after consumption of the test meal. The long-chain, diet-derived fatty
acids accounted for about 29 % of the fat in human milk. In the following we
report on some of our recent stable isotope studies that illustrate the
metabolism of polyunsaturated fatty acids during lactation.

3.1 Linoleic acid metabolism

In a previously published study with six breastfeeding mothers we
investigated repeatedly the metabolism of linoleic acid at 2, 6 and 12 weeks
of lactation 2. All women were on omnivorous diets and received an oral
dose of 1 mg/kg uniformly *C-labeled linoleic acid with their breakfast.
Dietary intakes were documented by 5 day home protocols during the study.
Samples of breath and milk were collected over the period of 5 days at
defined timepoints and measurements of *C enrichment of breath CO, and
of fatty acids in human milk performed with isotope ratio mass
spectrometry. Without any correction for a dilution of the CO, that might
occur in the bicarbonate body pool we estimated a total of 20 % oxidation of
the labeled linoleic acid within 5 days after ingestion. Peak enrichments in
breath CO, occurred between 3-5 hours after consumption of the labeled
linoleic acid and values close to the baseline were reached at 36 hours. There
was no difference in the kinetics and the cumulative oxidation between the
different stages oflactation.

Transfer of linoleic acid into milk peaked at about 12 hours and
continously decreased until the 5th day (figure 4). The major part of dietary
linoleic acid was transfered within 48 hours. Cumulative recovery oflinoleic
acid in milk reached about 13 % ofthe tracer dose over the period of 5 days.
There was a considerable variation between the individual subjects but our
data are in agreement with the study of Hachey et al. 7 who reported for
human milk a cumulative recovery for linoleic acid of about 10 % of the
dose within 3 days. We calculate that about 30 % ofthe linoleic acid in
human milk originate from direct dietary transfer. Only a minor part ofthe
ingested linoleic acid was used for endogenous synthesis ofthe longer chain
metabolites dihomo-7y-linolenic and arachidonic acid which are also present
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in human milk. About 3-25 % ofdihomo-y-linolenic acid in human milk was
derived from synthesis from dietary linoleic acid. Only about 3 % of the
arachidonic acid in human milk was originating directly from dietary linoleic
acid.
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Figure 4 Time course of linoleic acid transfer from diet to milk (drawn from data of
Demmelmair et al. 2)

3.2 Docosahexaenoic acid metabolism

In another study with ten mothers during the 4 and the 6* week of
lactation the effects of a docosahexaenoic acid supplementation on human
milk fatty acid composition and the transfer of *C labeled fatty acids from
diet into human milk as well as their oxidation were assessed. Again women
were on omnivorous diets and had to complete a 7 day dietary protocol
during the study observation. At4 weeks oflactation women were randomly
and blindly assigned to a docosahexaenoic acid supplement (DHASCOTM) or
a placebo. The supplement used in this study was a commercially available
fatty acid mixture containing about45 % docosahexaenoic acid. Other major
components were myristic, palmitic and oleic acid (20%, 18% and 10%,
respectively). The women receiving the docosahexaenoic acid supplement
had signicantly higher values of DHA in human milk when compared to the
control group after the two weeks of supplementation. The effects of the
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docosahexaenoic acid supplementation were in agreement with earlier
results ofMakrides et al. “who used the same source of supplement.

At 6 weeks of lactation all the participating mothers were given 3C
labeled myristic, palmitic, oleic and docosahexaenoic acid simultaneously.
CO, and milk fatty acid enrichment were measured at defined timepoints
over a period 0f48 hours.

The cumulative oxidation ofthe fatty acid mixture in the breastfeeding
women participating in this study was comparable to that ofthe linoleic acid
oxidation in the previous study and achieved about 15% ofthe tracer dose
within 48 hours. Results of the fatty acid oxidation have recently been
reported (see figure 5, from Fidleretal. °).

—s— DHASCO
—eo— Linoleic acid

Cumulative recovery (%)

18 24 30 36 42 48
Time (h)

Figure 5: Cumulative recovery of 13C in breath CO2 in breastfeeding mothers after oral tracer
application of 13C-DHASCOTM or 13C-linoleic acid (median [IQR], *p<0.05, **p<0.01,
*#%p<0.001, from Fidler et al. * and Demmelmair et al. 3)

The kinetics and the cumulative recovery of palmitic, oleic and
docosahexaenoic acid in human milk were similar and not different between
the supplemented and the placebo group. In contrast myristic acid recovery
in human milk was always much lower, which might be explained by the
observation that dietary medium chain fatty acids are oxidized readily and
that medium chain fatty acids in human milk are also synthesized de novo
from carbohydrates * The transfer of fatty acids into human milk peaked
between 12 and 24 hours and steadily decreased afterwards. Cumulative
recovery of docosahexaenoic acid in milk reached about 8 % ofthe tracer
dose over the period of2 days. Values for palmitic and oleic acid cumulative
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recovery were comparable. Overall these values were close to those reported
by Hachey et al. 7and also to those reported by us before for linoleic acid 2.

In conclusion, milk fat contains PUFA from direct transfer of dietary
fatty acids, from liberation from body stores and to a minor extent from
endogenous synthesis. The major part of PUFA in human milk is derived
from body stores. The latter seems to explain why PUFA content in human
milk remains relatively stable after short term changes of dietary fat
composition. This might be ofbenefit for the recipient infant. So far the few
studies using stable isotope methodologies during lactation have led to a
better understanding of fatty acid metabolism and further research in this
area seems promising.
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Abstract: Polychlorinated biphenyls (PCBs) and dioxins are environmental pollutants.
Prenatally, as well as postnatally through breast feeding, large amounts are
transferred from mother to the child. Formula is free of these substances.
Considering their potential developmental neurotoxicity, we investigated long
term effects of perinatal exposure to PCBs and dioxins on neurological and
cognitive development. Given the evidence that PCBs exert oestrogenic
effects, and oestrogens are known to suppress lactation, we investigated the
effect of maternal PCB body load on lactation performances as well. Methods.
A group of 418 infants were followed from birth up to 6 years of age. Half of
them were fully breast fed (BF) for at least 6 weeks. Prenatal PCB exposure
was measured from cord and maternal blood. Postnatal exposure was reflected
by PCB and dioxin levels in breast and formula milk and plasma PCB levels at
42 months of age. Both neurological and cognitive development were taken as
outcome variable at 18, 42 months and at 6 years ofage. At 18 and 42 months
of age neurological condition was evaluated according to Hempel and at 6
years of age according to Touwen. Condition was evaluated in terms of
optimality. Separately, the fluency of movements was scored. Cognitive
abilities were measured at 18 months by the Bayley Scales of Infant
Development, at 42 months of age by the Kaufman Assessment Battery for
Children (K-ABC) and at 6 years of age by the McCarthy Scales. Daily breast
milk volume and milk fat content in relation to PCB body load was evaluated
in 102 mothers. Multivariate regression models were applied to analyse
associations of measured exposure variables with independant variables
adjusted for confounders. Results. At 18 months ofage cognitive development
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was not affected by either pre- or postnatal exposure to the measured PCBs
and dioxins. However, neurological examination showed an adverse effect of
prenatal exposure to the measured pollutants on neurological optimality score.
At 42 months of age we found negative associations between prenatal PCB
exposure on cognitive development. However no effect was demonstrated on
postnatal exposure to the measured pollutants. Neurological development was
not affected by either pre- or postnatal exposure to PCBs and dioxins. At 6
years of age the preliminary results revealed evidence that cognitive
development is affected by prenatal exposure to these pollutants in children
from young mothers. An adverse effect of prenatal exposure on neurological
outcome was also demonstrated in the formula fed group but not in the breast
fed group. Despite a higher PCB exposures from breast milk we found at 18
months, 42 months of age, and at 6 years of age a beneficial effect of breast
feeding on the quality of movements, in terms of fluency, and on the cognitive
development tests. Maternal PCB body load was inversely related to 24-h
breast milk volume and milk fat content. Conclusion. These data give evidence
that prenatal exposure to PCBs do have subtle negative effects on neurological
and cognitive development of the child up to school-age. Human breast milk
volume and fat content is adversely affected by the presently encountered PCB
levels in W. Europe. Our studies showed evidence that breast feeding
counteracts the adverse developmental effects of PCBs and dioxins.

1. INTRODUCTION

Both PCBs and dioxins are aromatic structures with differentpossibilities
to bind a chlorine atom. There are 209 different PCB congeners and 210
different dioxin congeners The planar PCBs, because of their planar
structure, resemble more closely to the dioxins. In general, 4 non planar
markercongeners (PCB 118, 138, 153 and 180) are measured to characterise
PCB-levels in environmental media or biological tissues. Sum of these 4
congeners makes up more than 50% ofthe total PCB-content. At present,
these PCBs can be measured in a precise and accurate way.

PCBs are resistant to high temperatures and can conduct heat very easily.
They have electrical insulating properties. Because of these favourable
properties they became very attractive for the chemical industry after World
War II. Consequently, PCBs were produced commercially in mixtures for
use in carbonless copy paper, as plasticizer, fire retardants, heat transfer
fluids, hydraulic fluids and as dielectric fluids in capacitors and
transformers. Over 800 million tons of PCBs have been produced until the
late 1970s, when the production was banned in most Western countries.
However, worldwide, and in particular in some Eastern European countries,
large scale production continued up to mid 80s.
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Dioxins are unwanted by products of thermal and chemical processes
(e.g. waste incineration). Both, PCBs and dioxins, are lipophilic, chemically
stable, and highly resistant to biological detoxification. The halflife ofthese
compounds very between 4 and 15 years. Food is the major source (>90%)
of human exposure. Other routes e.g. water and soil contribute to less than
10% of total exposure. In The Netherlands, dairy products are the major
dietary source ofthese compounds (Huisman et al 1995a). Prolonged intake
of small amounts of PCBs and dioxins from early life, in combination with
the low metabolic degradation and rate of excretion, will eventually lead to
high levels atreproductive age. This applies in particularto species at the top
of'the food chain, like fish, birds, wildlife, and human beings. Short term
dietary regiments with a low intake of PCBs and dioxins did not reduce the
levels in breast milk (Pluim et al 1994).

PCBs can be found in all fat compartments ofthe human body, including
blood, adipose tissue, brain and human milk. PCBs cross the placenta easily
from early gestation (Lanting et a/ 1998a). Maternal PCB-stores accumulate
in foetal tissues that contain relatively high levels of storage lipids, in
particular triglycerides. Consequently, ona fatbasis, liver contains 80% and
brain 20% ofthe PCB levels encountered in adipose tissue. Fetal adipose
tissue PCB levels are similar with those in human milk (Lanting et al

1998a). This indicates that the vulnerable foetus is exposed to maternal
levels ofthese environmental pollutants.

Postnatally PCBs and dioxins are also transferred in large quantities
from the breast-feeding mother to her rapid developing child. On a body
weight basis, daily intake of the breast fed child is about 80 times higher
than the median intake ofan adult (Huisman etal 1995a).In contrast, most
formula milks are free of these compounds, owing to the fact that the
manufacturers usually replace cow’s milk fat by vegetable fats or oils free of
PCBs and dioxins. Consequently, levels ofthe PCB congeners at 42 months
of age of children, who received exclusive breast feeding are between 3.5
and 4.5 times higher than those in children who received formula milk
(Lanting ef al 1998b, Patandin et al 1997). At 42 months of age, PCB
concentrations are lower in formula fed children than those in cord blood
(median 0.20 vs. 0.34 pg/L), whereas in breast feeding children remarkably
higher than those at birth (median =0.78 vs. 0.43 pg/L). Thus, human milk
contributes substantiallytopostnatal PCB-intake.
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1.1 Neurotoxicity studies in humans

Although relatively large amounts of PCBs are ingested with breast milk,
most of available evidence suggests an adverse effect of prenatal exposure
inproducing long term postnatal neurotoxicity.

In the United States higher levels of intrauterine exposure to PCBs, as
determined by PCB levels in maternal and cord plasma, have been found to
result in deficits in fetal and postnatal growth (Fein et al 1984, Jacobson et
al 1990, Gladen et al 1996), alower score on psychomotor developmental
tests up to the age of 2 years (Jacobson et al 1990, Rogan et al 1991),and a
lower intelligence quotient at 11 years of age (Jacobson ef al 1996). In
Taiwan, cognitive deficit was affected in children who had been prenatally
exposed to elevated PCB and dibenzofuranes concentrations through
contaminated rice oil consumed by their mothers during pregnancy. These
effects persisted until at least 7 years ofage. (Chen etal 1992).

In Europe an ongoing study (the Dutch PCB/dioxin study), revealed 2
weeks after birth an adverse effect of a combination of prenatal and early
postnatal exposure of PCBs, polychlorinated- p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) on neurological condition,
evaluated by the Prechtl neurological examination (Huisman et al 1995b).
Higher levels of PCBs in breast milk were associated with a higher
incidence ofhypotonia. In a subgroup, visual recognition memory at 3 and 7
months of age was not affected by the measured perinatal exposures to
PCBs and dioxins (Koopman-Esseboom 1995). In the same subgroup of
children at 3 and at 7 months of age, there was no effect of perinatal
exposure to PCBs and dioxins on the mental scale ofthe Bayley.

In this chapter, we will review the results of the “Dutch PCB/ dioxin
study’ during the follow up till 6 years of age. The following aspects
will be discussed in more details:

- PCB-levels inmaternal blood, cord blood and breast milk, and dioxin

levels in breast milk.
- The effect ofperinatal exposure to PCBs and dioxins on the cognitive

and neurological developmentat 18 and 42 months ofage, and briefly

the preliminary results at 6 years ofage.
- The effect of maternal PCB body load on lactation performances.

2.STUDY DESIGN “DUTCH PCB DIOXIN STUDY”

Detailed description of the sampling and analytical methods as well as
the results ofthis follow up study have been published in numerous papers.
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During the 10-years course of this project all clinical studies have been
reviewed by Koopman_Esseboom (1995) and Huisman (1996) and more
recently by Patandin (1999a)and Lanting (1999).

Some years ago these Dutch cohorts were combined with two newly
recruited cohorts from Duesseldorfand the Faroe Islands to form a more
comprehensive set ofdata. The aim ofthis multidisciplinary follow-up study
was to look into a broad spectrum of PCB and dioxin related effects in order
to determine if current W-European background concentrations are relevant
to develop neurotoxicity early in life.

Apart from the effect ofearly exposure of PCBs and dioxins on long term
development, the effect ofthese pollutants on lactation performances was
evaluated. Given the experimental evidence that several PCBs and their
metabolites exert estrogenic effects and estrogens adversely influence
maternal milk output and fat metabolism we investigated the relationship
between maternal PCB body burden on the one hand, and the 24-h
breast milk output, and triglyceride (TG) content of mature breast milk
on the other.

2.1 Sample recruitment

From June 1990 until June 1992, healthy pregnant women living in the
Rotterdam and Groningen area were asked to participate.

In each area the planned sample size was 100 breast-feeding and 100
formula-feeding mother and infant pairs. Eligible women were approached
by theirmidwives or obstetricians. Inclusion criteria were: (1) pregnancy and
delivery without complications or serious illnesses; (2) first or second born
infants; (3) born at term (37-42 weeks); and (4) white race. In the BF group,
we only included mothers who were able to sustain full breast-feeding for at
least 6 weeks. In the FF group, formula milk from a single batch was
provided (Almiron M2; NutriciaN.V.; The Netherlands). In the latter group,
children were exclusively fed on formula-milk during the first 6 months after
birth. A wide range ofperinatal factors, including maternal age, body weight
and height, parity, formal education, dietary intake and smoking habits were
recorded. In addition, the maternal pre-pregnancy body weight and height
were measured and used to calculate the body mass index (BMI; weight

[kg]/height*[m]). Data on the number of weeks of full and partial breast-
feeding were also collected.
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2.2 ExposureVariables

Prenatal exposure to PCBs was reflected by the PCB levels in maternal
and cord blood. Maternal blood samples were obtained in the last month of
pregnancy. The 4 non planar PCB congeners (Nos. 118, 138, 153 and 180)
were determined by gas-liquid chromatography/electron capture detection
with the use oftwo capillary columns of different polarity (Berg et al 1995).
In W. Europe these congeners are relatively high and they can be measured
accurately. The sumof these fourcongenerconcentrations was calculated for
cord (XPCB..) and maternal plasma (ZPCB,,). XPCB.. and XPCB,,
were used as a measure ofprenatal exposure.

Postnatal exposure to PCBs and dioxins was estimated in breast milk
samples and in the formula batch. Breast milk was collected as a 24-hour
sample at 2 and 6 weeks after delivery. In all milk samples 17 ubiquitous
2,3,7,8-substituted dioxin congeners were determined by gas
chromatography high ressolution mass spectrometry (GC-HRMS). The 26
PCB congeners were analysedby gas chromatography with electron capture
detection (GC-ECD; Tuinstra et al 1993). Postnatal exposure was calculated
in breast-fed infants as XPCB _ ;, times duration of lactation. To express the
toxic potency ofthe mixture ofdioxins and dioxin-like PCBs in breast-milk,
the toxic equivalent factor (TEF; Safe 1994) was used to calculate the toxic
equivalents (TEQ). In addition as a reflection ofthe body exposure to PCBs
up to the age 0f42 months, sum ofthe four plasma PCBs were measured at
42 months ofage.

2.3 Outcome variables

2.3.1 Neurological Examination and Psychodevelopmental tests

At 18 months, neurological condition was assessed using the age-specific
neurological exam according to Hempel (1993). This technique focuses on
the observation ofmotor functions (grasping, sitting, crawling, standing, and
walking) in a free field situation On the basis of this examination each
toddler was classified as normal, mildly abnormal, or abnormal. The
classification ‘abnormal’ implies the presence of an overt circumscript
neurological syndrome, which usually leads to handicap in daily life, such as
cerebral palsy. “Mildly abnormal” signifies the presence ofmild signs which
do notnecessarily lead to a handicapping condition, e.g. slight asymmetries,
or mild hypo-, and hypertonia. The neurological findings were also
evaluated by means of a list of 57 precept criteria for optimality. For each
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child, aneurological optimality score (NOS) was established by counting the
number of items considered optimal. The quality of movements in terms of
fluency was evaluated separately as a fluency cluster score. Fluency of
movements has been shown to be an indicator for the integrity of brain
function (Prechtl eral 1997).

Mental (MDI) and psychomotor development (PDI) was evaluated by the
Dutch standardized version ofthe Bayley Scales of Infant Development. All
tests were performed atthe infants’ homes.

At 42 months of age, the age specific neurological examination was
carried out by the same technique as described for the 18 months exam. In
addition to the clinical diagnosis ( “normal”, “mildly abnormal” and
“abnormal’).a neurological optimality score (NOS) was established by
counting the number ofitems considered optimal. The quality ofmovements
in terms of fluency was evaluated separately as a fluency cluster score.

Cognitive ability was assessed by the validated Dutch version of the
Kaufman Assessment Battery for Children (K-ABC; Neutel et al 1996). The
K-ABC is constructed to assess two types ofmental function: sequential and
simultaneous processing. Both scores can be combined to calculate the
overall cognitive score.

At 6 years of age, neurological condition was assessed by means of a
standardized age-specific neurological examination (7ouwen 1979) On the
basis of this examination, each child was classified as normal, as having
“minorneurological dysfunction” (MND), or as definitely abnormal. A child
was diagnosed abnormal in case ofa neurological disorder which resulted in
a handicapping condition (e.g. cerebral palsy) A child was classified MND
ifit showed minor neurological signs, such as choreiform dyskinesia, mild
diffuse hypotonia, or mild problems in coordination of fine manipulative
ability, which did not result in a overtly handicapping condition. The
neurological findings were also evaluated in terms of optimality. Separately
a fluency cluster score regarding the quality ofmovements was developed.

The Dutch version ofthe “McCarthy Scales of Development (MCSD;)”
was used for the cognitive and motor assessment. The MCSD is a well
standardised psychometric tool yielding a “General Cognitive Index (GCI)”,
comparable to an [Q-measure, as well as amemory and amotor score.
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2.3.2 24-hour breast milk sampling. Determination of breast milk
volume and total fat content

To evaluate the effect of PCBs on lactation performances, mothers
were instructed to pump their breasts before each feed. Milk was
collected during a total period of 24 h. Milk volume was measured and
documented immediately after each collection. From this a 10% aliquot
was taken . All 10% aliquots were pooled immediately after completion
of the 24-h collection and stored at -20 C until analysis. Total milk fat
was calculated from the total fatty acid content of milk fat. Fatty acid
concentrations were determined by capillary gas chromatography with
split injection and flame ionisation detection as described in previous
papers (Lanting 1999)

24 Statistical analysis

Multivariat analysis were applied to determine the association between
the measured exposure variables with the outcome variables adjusted for
confoudingfactors

3. RESULTS

3.1 Characteristics of the study population

No differences were found between the study centres, Groningen and
Rotterdam, formaternal age, weight, percentage ofsmoking duringpregnancy
for both women and their partners, gender, 1-minute APGAR scores and
obstetrical optimality scores.

From the overall cohort 0of418 children, 209 were breast-fed and 209
were formula-fed during infancy. A total of 207 subjects were living in
Rotterdam, and 211 in Groningen. In Groningen, the educational level
achieved by both the mothers and their partners was higher than in Rotterdam,
as was the maternal alcohol consumption during pregnancy. Duration of
gestation, based on reported last menstrual period, was also significantly
different, but the difference was considered to be too small to have any
biological significance. Mean birth weight was slightly higher in Groningen
(3.56+£0.44 vs. 3.47£0.44 kg). Baseline characteristics ofthe study group as
a whole and that ofthe breast and formula feeding group at birth are given in
Tables 1and?.
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Table 1. Baseline characteristics ofthe whole study group

Variables Qutcome (n=418)
Education*

Lower secondary school/higher secondary school/university 20% / 37% / 43%
Parity of child

First bordsecond or third born 48% / 52%
Smoking during pregnancy; yes/no 26% 174%
Alcohol consumption during pregnancy*

No/sporadic/regular (at least 1/wk) 72% 1 25% / 3%
Sex of child: male/female 54% /46%
Neonatal jaundice: no/mild/severe 43% / 57% /0%
Maternal age (years): mean (SD) 29 (4)

Maternal weight (kg): mean (SD) 65 (10)
Maternal height (cm) *: mean (SD) 170 (6)
Quetelet index: mean (SD) 22 (3)
Birth weight (kg) *: mean (SD) 3.52 (0.44)
Gestational age (weeks) *; mean (SD) 403 (1.2)
Apgar | min: median (range) 9 (3-10)
Obstetrical Optimality Score: median (range) 64 (50-70)

*Significant difference between Groningen and Rotterdam (p<0.05)

Table 2. Characteristics of the breast- and formula-fed group at birth.

Breast-fed Formula-fed

At birth n=209 n=209
Maternal age (years) = SD 30 + 4 28+4
Education

Mother, higher education (%) 132 (63%)* 50 (24%)

Father, higher education (%) 130 (62%)* 64 (31%)
Maternal smoking during pregnancy, yes (%) 34 (16%) 74 (35%)
Maternal alcohol use during pregnancy, yes (%) 78 (37%)' 18 (18%)
Sex: male (%) 115 (55%) 107 (51%)
Birth order, first born (%) 107 (51%) 94 (45%)
Gestational age (weeks) = SD 403 + 1.2 403 £ 12
Birth weight (g) + SD 3544 + 460 3487 + 428

* P-value <0.01: significantly different from the formula-fed group
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3.2 PCB LEVELS IN MATERNAL BLOOD, CORD
BLOOD, AND BREAST MILK; DIOXIN LEVELS
IN BREAST MILK. PCB LEVELS IN 42 MONTH-
OLDS

Maternal and cord plasma concentrations of the measured PCB
congeners andthe X PCB are presented in Table 3. Formula-feeding mothers
consumed less dairy products and beef, which are relatively rich in PCBs,
compared with their breast-feeding counterparts (Huisman 1995a). The
postnatal exposure levels measured in 24-hour breast milk samples (n=195)
and formula milk are given in 7able 4. In the formula milk samples, the
levels of the measured PCB congeners were found to be below the limit of
detection. XPCB concentrations in the BF children at 42 months of age
( ZPCBuzmonns) Was 4 times higher than that in the FF group (median 0.78 vs

0.2ug/L).

Table 3. Prenatal exposure variables: maternal and cord plasma levels of PCB 118, 138,
153, and 180 (IUPAC)

Exposure levels (ng/L) Breast-fed Formula fed
(p5.p50.p90) N=209 N=209
SPCB-maternal 1.1,2.2,4.0 0.95,1.9,3.6
CPCB-cord 0.20,0.43,0.99 0.16,0.34,0.80

Table 4. Postnatal exposure levels, median (range), from breast milk and formula milk

Postnatal exposure levels Breast milk Formula milk
SPCBmilk (ng/kg fat) & n-193; 405 (158-1226) ND
2dioxin-TEQ (ng/kg)@ n=177; 29(11-76) ND
YPCB-TEQ (ng/kg) + n=186; 33(13-103) ND
Total TEQ (ng/kg)* n=168; 63(25-155) ND

8 ZPCBmilk, sum of Polychlorinated biphenyl (PCB) congeners IUPAC Nos 118, 138, 153
and 180 in breast milk
@ Zdioxin-TEQ, sum oftoxic equivalents (TEQs) of 17 dioxins in breast milk.
+ XPCB-TEQ, sum of TEQs of 8 dioxin-like PCBs in breast milk.
* Total TEQ, sum of dioxin-TEQ and PCB-TEQ measured in breast milk.
ND: not detectable.
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3.3 EFFECTS OF PERINATAL EXPOSURE TO PCBs
AND DIOXINS ON NEUROLOGICAL AND
COGNITIVE DEVELOPMENT AT THE AGE OF
18 and 42 MONTHS AND AT 6 YEARS OF AGE

At 18 months ofage. The age specific neurological examination and
cognitive abilities were tested in 418 and 207 children, respectively. Prenatal
exposure had a negative effect on neurological condition (Huisman et a/
1995c¢). However, cognitive development appeared to be unaffected; thus,
neither mental nor psychomotor score was related to prenatal or postnatal
exposure to PCBs and dioxins (Koopman-Esseboom et al 1996). Postnatal
PCB exposure through breast milk did not show any adverse effects on
neurological examination and on the cognitive development. On the contrary
a beneficial effect ofbreast feeding on the fluency ofmovements was found
(Huismanetal 1995c).

At 42 months ofage. Neurological condition and cognitive abilities were
evaluated in 394 and 395 children, respectively. The neurological
examination revealed that neither prenatal exposure to PCBs nor postnatal
exposure to PCBs and dioxins was associated with the neurological
optimality score (Lanting et al .1998c) Despite a high lactational exposure to
PCBs and dioxins, a beneficial effect of breast-feeding was found on the
quality ofmovements in terms offluency (Lanting ef al 1998d).

Cognitive ability showed after adjustment for confounding factors that
prenatal PCB exposure was negatively associated with the overall cognitive
score as well as with both individual subscales of the Dutch K-ABC. The
effect of prenatal PCB exposure was greatest in the FF group: the high
exposure group had a 6-8 point reduction in score compared with the low
exposure group. In contrast, hardly any effect could be detected in the
breast-fed group. Moreover, children who were breast-fed performed better
than formula fed children (Patandin etal 1999b).

At 6years ofage. Cognitive development was assessed in 376 children
(90 %) of the original cohort of 418 children. The preliminary results
showed, after adjustment for confounders, a negative association between
prenatal PCB exposure and general cognitive development at 6 years ofage
among children of young mothers only. Postnatal exposure to PCBs and
dioxins was not related to cognitive development. Moreover, by univariate
analysis, BF children scored significantly higher on the general cognitive
index as well as on the memory score as compared to FF
children.(Vreugendenhil et al/1999).
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Neurological development was evaluated in 374 children (90%) of the
original cohort 0f418 children. The preliminary results revealed in the formula
fed group a significant adverse effect ofprenatal PCB exposure on the NOS.
In contrast, hardly any effect could be detected in the breast-fed group. No
relationship was found between the measured postnatal exposure levels and
the NOS. Similar as documented at 18 and at42 months ofage, a significant
beneficial effect ofbreast-feeding on the fluency ofmovements was shown at
school age

34 Effect of maternal PCBs on human milk output and
fat content

Data on 24 h milk volumes were available for 102 women. Milk
volume was inversely related to the PCB body burden (p=0.001) and it
increased with height of the mother (p=0.016). Maternal smoking had a
borderline negative effect (p=0.052). Milk TG level was also inversely
related to maternal PCB level (p=0.015) (Lanting 1999).

4.COMMENT AND CONCLUSION

Levels of PCBs and dioxins presently encountered in The Netherlands
are among the highest in the Western world. However, levels approximately
twice as high are encountered in some territories belonging to the sphere of
influence ofthe former USSR and in areas with a high consumption of fish
(e.g Faroe Islands). In the present study we followed a cohort of 400
children, considered to be oflow risk for brain dysfunction, from birth up to
the age of 6 years.

Cognitive development at 18 months of age was neither related to
prenatal exposure to PCBs nor to postnatal exposure to PCBs and dioxins.
Howevery,at the age of 3'% years and at 6 years of age, among children of
young mothers, an adverse effect of prenatal PCB exposure on cognitive
development, was found.

Neurological examination at 18 months and at 6 years ofage, but not at
3' years of age, revealed a negative effect of prenatal PCB exposure on
neurological performance. Previous results ofthe same cohort examined 2
weeks after birth demonstrated an adverse effect of a combination of
prenatal and early postnatal exposure to the measured PCBs and dioxins on
neurological performance evaluated by the Prechtl neurologic examination.
Higher levels of the planar PCBs in breast milk were associated with a
greater incidence of hypotonia. (Huismanetal/ 1995b)
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Our results do agree with reported cognitive deficits in the Yu cheng
study and the 2 US studies, one in N.Carolina and the other around Lake
Michican . In the latter cohort adverse effects of prenatal PCB exposure were
found on short term memory on both verbal and numeric tests at 4 years and
ontheverbal IQscoresat 11 yearsof age.

Unfortunately, exposure data are difficult to compare and probably not
justified because the analytic methods are different between the Yu-Cheng,,
the US and the Dutch studies. In the Michican study, exposure was defined
from total PCB levels measured in cord and maternal blood as well as in
breast milk by summing 10 Webb-McCall peaks, using packed column gas
chromatography. In North Carolina two Webb-Mc Call peaks were
quantified. With these analytic methods the correlations between maternal
blood and the corresponding milk values were for the Michican study 0.16-
0.42, and for North Carolina 0.56-077. Because of the limitations in the
Webb-McCallmethod PCBs were not detectable in 70% ofthe cord blood
samples and in 22 % ofmaternal blood samples obtained in Michican (PCB
detection limit 3.0 ng/L). For North Carolina 88% of the cord blood
samples and 13-26% of the maternal blood and milk samples were below the
detection limit.  Although the Webb-McCall method was state of the art
when these US studies were initiated (circa 1980), gas-chromatography with
electron capture detection (GC-ECD), as used in our study to quantify the 4
PCB congeners, did improve the precision and detection limit remarkably.
By this method maternal blood concentrations were closely associated with
the corresponding milk sample (0.70-0.79) as were the maternal plasma
levels with those in cord blood (0.52 - 0.74). Only 2.5% ofthe samples PCB
118 fell below the detection limit 0of 0.01 ng/L and in none ofthe other
three PCB congeners. Whereas in the Dutch studies the 17 most abundant
PCDD and PCDF congeners and three planar PCB congeners (77, 126 and
169) were accurately quantified in breast milk by gas chromatography—
high-resolution mass spectrometry (GC-HRMS), in the US no exposure
levels forthe dioxins were measured.

The mechanisms behind the widely documented risks for fetal
development of prenatal exposure to a mixture of PCB’s remain unclear.
Various alternatives have been proposed from evidence collected in animal
studies, For example, a high binding affinity for the Aryl-hydrocarbon (Ah)
receptor and subsequent consequences for brain metabolism have been
described. In vitro the Ah receptor has shown to be a mediator in the
production of toxic compounds after exposure to TCDD and structurally
identical non-ortho planar PCBs. Second, an effect on the neuro-transmittor
systems in the brain (e.g., dopamine, serotonin, and the noradrenergic
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systems) may play a role. Unfortunately, conversion ofthese findings to the
human species is hampered by toxico-kinetic differences and in differences
ofthe body distribution of these compounds between the human and most
experimental animals. Moreover, from the early stages of gestation and for
many years after birth, large morphological changes take place in the central
nervous system involving outgrowth and retractions of dendrites and axons,
myelination, and synapse reorganization. The effects of these maturational
changes are reflected in the functional development of the child. Thus,
results found at different ages can not be compared, as they are generated by
quite differentbrains.

More recently, the endocrine-disrupting capacity of these compounds and
their metabolites during the most vulnerable transient period of rapid cell
multiplication during fetal organ development has received special
attention. The timing and duration of these periods of rapid fetal cell
multiplication differ between organs, which process is most likely controlled
by a complex balance of various hormones. Maternal PCBs are easily
transferred across the placenta, and they seem to equilibrate among the
apolar parts of fetal and maternal lipids from the early stages of gestation
(Lanting 1998a). This may imply that all fetal organs are equally at risk of
the endocrine-disrupting capacity of some ofthe PCBs and, in particular of
their more polar hydroxylated metabolites. These hydroxylated PCBs
appeared to be potent modulators of both thyroidogenic and the estrogenic
endocrine systems. As aresult, these compounds may permanently alter the
fetal programming of susceptible organs, which may have long-term
consequences on hormone-related pathology in later life.

Lactational exposure to PCBs and dioxins, in contrast to foetal exposure,
had no effect on neurological and cognitive development ofterm infants at
age 18,42 and 72 months, despite 4 times higher PCB exposure levels at 42
months in BF children as compared with FF counterparts. In contrast , a
beneficial effect of breast-feeding on the fluency of movement at 18, 42 as
well at 72 months ofage was found after adjustments for social, obstetric,
perinatal, and neonatal neurologic differences. This effect on the quality of
movements can be regarded as a reflection of the differentiation of cortex
and basal ganglia. In fetuses and preterm infants, fluency of movement has
been found to reflect brain integrity and to be a marker of behavioral and
cognitive ability at a later age (Prechtl ef al 1997). In the same population a
favorable effect ofbreast feeding on cognitive development at 18 months, 42
months and at school age was found. These findings points to a favorable
effect of breast feeding on brain development and moreover, that breast
feeding counteracts the adverse developmental effects of PCBs on
neurological and cognitive development of the brain.
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Various mechanisms might be responsible for the beneficial effect of
breast feeding on early development of the term child. Firstly, the
psychosocial aspects of nursing may play a role. Secondly, the specific
composition of human milk, e.g. the transfer of hormones and biologically
active peptides from the mother to her infant via breast milk, may affect
brain development. Moreover, the fat composition of human milk differs
considerably from that ofmost formula milks for term infants. Human milk
contains, in contrast to most formula for term infants, various long-chain
polyunsaturated fatty acids, which are considered to be essential nutrients for
brain development during fetal life and early infancy.

The inverse relationship between background levels of PCB exposure on
24 hours output and fat content of mature human milk may also point to an
oestrogenic activity of the PCB mixture to which the Dutch women are
exposed, Oestrogens and and oestrogen containing contraceptives are well
known to suppress lactation.(WHO 1988 ). The effect of PCBs on milk fat
content might be explained by a decreased activity of enzyme lipoprotein
lipase, which may reduce the supply of plasma lipid building blocks for
subsequent milk fat synthesis In animals a low dose ofdioxins have shown
to exert an adverse effect on LPL activity Given the importance of this
finding for public health, further studies are needed to confirm or refute the
outcome ofthese studies, Ifconfirmed, we need to elucidate the mechanisms
responsible for such effects.

In summary, Prenatal exposure to the measured PCB’s at current
background levels, are associated with adverse effects on cognitive and
neurological development up to 6 years ofage. This adverse developmental
effect was counteracted by the beneficial effect ofbreast-feeding for at least
six weeks after birth. Our data showed evidence that presently
encountered maternal PCB levels are negatively related to breast milk
volume and fat content.
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Synthetic musks are widely used in various consumer products. The identi-
fication of nitro musks in human milk in the early 1990s in connection with
evidence for cancerogenicity in animal experiments have caused public con-
cern. However, the validity of previously reported quantitative data has been
questioned. Polycylic musks have hardly been investigated so far. The present
study aimed at providing accurate current data on the occurrence of nitro and
polycyclic musks in human milk. Samples from 40 healthy breast feeding
mothers were analysed under carefully controlled conditions avoiding secon-
dary contamination. As in earlier studies, among the nitro compounds musk
xylene and ketone were the most frequently detected substances. However,
much lower concentrations (roughly by a factor of 10) were found (musk
xylene: median 6.1 ng/kg fat). Among the polycylic musks HHCB was found
in most samples (median 64 ng/kg fat). Scientific knowledge on possible
routes of exposure and health risk aspects is summarized and discussed.

1. INTRODUCTION

Musk is one ofthe most important fragrances used in various consumer
products such as cosmetics, soaps and laundery detergents'2. Since con-
sumption cannot be met by natural sources and chemical synthesis of the
natural odorous compounds (macrocyclic ketones and alcohole)® is expen-
sive, easier accessible substitutes were developed. The annual worldwide
production rate ofartificial musks is in the range of several thousand tons*.
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Despite their similar odour, the compounds mainly used are structurally very
different from the natural musk compounds.

Nitro musk are highly substituted benzenes with at least two ofthe sub-
stituents being nitro groups. Musk xylene, the first synthetic musk still in
use, is known already since 1888°.It was followed by several similar nitro-
aromatic compounds (Figurel). Nitro musks are highly lipophilic sub-
stances. The octanol-water partition coefficients are of similar order ofmag-
nitude as those of some well-known environmental pollutants, e.g. lower
chlorinated PCB (poychlorinated biphenyls)s. The identification of nitro
musks in environmental samples indicated that they might be just as persis-
tent and caused first doubts concerning the safety ofthese chemicals. Do-
mestic wastewaters are assumed to be the major route ofenvironmental pol-
lution. Musk xylene and musk ketone were detected in the aquatic environ-
ment at first in Japan in 19817, In the early 1990s, these compounds were
also found in German surface water, fish and other aquatic organisms 10
and for the first time in human fat and milk'*12 . These findings in connec-
tion with evidence for cancerogenic effects of musk xylene in animal ex-
perimentsled to public concern and to a controversial discussion in view
ofregulatory consequences. The production and use ofmusk xylene in Ger-
many has decreased in recent years after the toiletries and detergent indus-
tries voluntarily stopped including it in their products14.

Polycyclic musk, i.e. highly substituted indane and tetraline derivatives
(Figurel), represent another group of industrially important synthetic musk
odorants, which were introduced in the 1950s'. It has been presumed that
the critical discussion about nitro musks is promoting their replacement by
polycyclic musks'® .The share in the annual world production ofpolycyclic
musks is increasing rapidy+’. However, little is known about the environ-
mental and toxicological properties of these compounds so far. HHCB and
AHTN, the most frequently used representatives, have even higher octanol-
water distribution coefficients than musk xylene indicating an even higher
potency for bioconcentration!8. Recently polycylic musks have also been
found in surface water and fish*220, as well as in human adipose tissue and
milk222,

Human milk is widely used to identify and monitor body burden oflipo-
philic, persistent environmental pollutants in man. However, validated pro-
cedures are required to obtain reliable results?.In particular, the methods
used for fat extraction have been a matter of discussion. Sample contami-
nation is another critical point, especially in the case of synthetic musk com-
pounds®.
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Figurel. Chemical structures, names and CAS numbers ofthe investigated musk compounds.

The present study aimed at providing accurate current data on the occur-
rence of nitro musks and polycyclic musks in human milk. The state of sci-
entific knowledge regarding possible routes of exposure and health risk as-
pects is summarized and discussed.
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2. EXPERIMENTAL

Sample collection and all analytical procedures were performed under
controlled conditions to avoid secondary contamination. All persons in-
volved in experimental procedures carefully avoided contact with the sam-
ples. All materials used in contact with milk were washed carefully with de-
tergents free ofmusk compounds. Method blanks were proceeded with each
batch ofsamples analysed.

2.1 Study Population, Sample Collection

Fourty healthy nursing mothers (age 24-38 years; BMI 19-34) were in-
cluded into the study which had been approved by the Ethical Commitee of
the Medical Faculty, University of Munich. Written informed consent was
obtained before enrollment. 18 mothers had one child, 20 had two, one
mother had three children and another mother had four children. Except for 4
subjects supplementing small volumes of formula, all mothers exclusively
breast fed their infants. Samples were taken in 1997/1998 at the pediatric
hospital. To avoid contamination from the skin the breast used was carefully
cleaned with propylene glycol. Milk (ca. 50 ml per sample) was expressed
using a standard electric pump (Medela, Eching, Germany) while feeding the
infant from the other breast. Samples were frozen immediately and stored at
-20°C until analysis.

2.2 Fat Extraction

Prior to investigation ofthe study population various methods for total fat
extraction were compared. In all cases frozen samples were thawed, tem-
pered to 39°C and mixed to ensure homogeneity before extraction. The
method described by Bligh & Dyer (see below) was also tested with lyophi-
lized milk (10 ml per sample using a Lyophilizator WkfL05, Brandau, Ger-
many) which had been reconstituted with aq. dest. (2 ml per sample). Fat
contents were always determined gravimetrically using an analytical balance
R-200 D from Sartorius (Gottingen, Germany).

Modified Roese-Gottlieb/Mojonnier.The AOAC protocol* which is re-
garded as the standard for comparison of methods* was applied according
to IDF-Standard Nr.172.1995% . Using this procedure the extracted lipid
fraction is purified by subsequent washes. In detail, 50 ml milk were mixed
with 40 ml ethanol abs. and 10 ml NH,OH. The mixture was shaken (1 min)
with 50 ml diethyl ether and carefully mixed with 50 ml pentane. After re-
moval ofthe aqueous fraction the lipid fraction was purified twice with 50
ml Na,SO, solution (100 g/1) and then rotary evaporated to dryness.
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Modified Bligh & Dyer*® This method is a further procedure recommen-
ded by the International Dairy Federation (IDF) for extraction of fat from
milk®2, Lipids are extracted in a single step using a non-polar solvent
3031, Briefly, 1 ml milk was mixed with 4 ml methanol:chloroform (2:1).
After incubation for 15 min at 37°C, 1 ml chloroforme and aq. dest. were
carefully added and the mixture was cooled in icewater (15 min). After cen-
trifugation (2500 rpm, 20 min), the eluate (chloroforme phase) was carefully
removed and evaporated to dryness in an exsiccator (>24 h, 37°C, under N2).

Briihl* Similar to the AOAC official method 605.02* established for
extraction of fat from bovine milk for pesticides, K-oxalate is used for glo-
bule disruption by this procedure. Subsequently, the aqueous fraction is ex-
tracted once more. In detail, 50 ml milk were mixed successively with 5 ml
K-oxalate solution (35 g/1), 50 ml ethanol, 50 ml zert-butylmethylether
(TBME) and 50 ml petroleum ether. After removal ofthe organic fraction,
the remaining aqueous fraction was extracted with 50 ml TBME and 50 ml
petroleum ether. The combined organic fractions were rotary evaporated to
dryness.

23 Cleanup

Removal oflipids and cleanup ofthe dried extract was performed by sili-
ca gel adsorption chromatography according to Steinwandter** with modifi-
cations. 0.3 g of the fat extract together with the internal standard (D3-
AHTN) were dissolved in 2 ml of a mixture ofpetroleum ether and dichlo-
romethane (80 + 20; v/v) and transferred to a glas column packed with 15 g
silica gel (60 mesh, activated at 180°C overnight) containing 10 % ofwater.
The column was eluted with 220 ml ofthe solvent mixture. The eluate was
rotary evaporated to dryness. The residue was dissolved in 1 ml cyclohexane
and submittedto gas chromatography/massspectrometry analysis.

24 Gas Chromatography/Mass Spectrometry

Analytical determination was performed using capillary gas chromato-
graphy (Carlo-Erba 8000, Milan, Italy) coupled with high resolution mass
spectrometry (VG AutoSpec Ultima, Micromass, Manchester, UK). GC-
separation was achieved on a 60 m DB5-MS capillary column (0.25 mm i.d.,
film thickness 0.25 pm; retention gap: 5 m, 0.32 mm i.d.) from J+ W Scien-
tific Products. The carrier gas was helium 5.0 from Linde (Munich, Ger-
many) which had been purified using Oxisorb® from Messer-Griesheim
(Krefeld, Germany) and an active coal filter Supelpure HC from Supleco
(Bellefonte, PA, USA). The temperature program was 80°C, 1 min,
30°C/minto 180°C,2°C/minto 220°C, 20°C/minto 280°C, 2 min. The mass
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spectrometer was operated in single ion monitoring (SIM) mode at a mass
resolution of 10.000 using 2 specific mass traces per analyte and D3-AHTN
as internal standard. The fat content ofthe sample was used to express the
final results on a lipid adjusted basis.

2.5 Chemicals

Fat extraction. K-oxalate monohydrate was from Sigma (Deisenhofen,
Germany); chloroforme p.a., diethyl ether p.a., ethanol abs. p.a., methanol
p-a., Na,SOs, petrolemether p.a. (boiling range 40-60°C)were from Merck
(Darmstadt, Germany); NH,OH puriss. p.a., n-pentane puriss. p.a. and fert-
butylmethylether puriss. (H20 < 0.01 %) were from Fluka (Deisenhofen,
Germany); aqua ad injectabilia was from Pharmacia & Upjohn (Erlangen,
Germany).

Cleanup and analysis. Cyclohexane, dichloromethane, methanol, petro-
leum ether (all ofpurity forresidue analysis) were from Promochem (Wesel,
Germany); silica gel 60 (70-230 mesh) was from Merck (Darmstadt, Ger-
many).

Reference substances. External standard solutions were prepared in cy-
clohexane (50 pg/ul for each compound); musk ambrette, musk ketone,
musk xylene, ADBI, AHDI, AHTN, ATII, HHCB were from Ehrenstorfer
(Augsburg, Germany); musk moskene and musk tibetene were from Gevau-
dan-Roure (Geneve, Switzerland). D3-AHTN from Ehrenstorfer (Augsburg,
Germany) in cyclohexane (2 ng/ul) wasused as internal standard.

3. RESULTS
3.1 Fat Extraction

With untreated milk the tested methods provided similar results con-
cerning the amounts of totally extracted fat in a number of comparatively
investigated samples (7able 1). However, because oftechnical problems the
Bligh & Dyer procedure could not be adapted to the relatively large sample
volume (ca. 50 ml milk) required for further analysis to achieve detectable
amounts ofthe musk compounds. This problem could not be solved by lyo-
philization oflarger sample volumina (e.g. 10 ml, reconstituted with 2 ml of
water), because recovery oflipids then markedly decreased.

High yields and high inter-assay reproducibility (data not shown) were
particularly achieved using the method described by Briihl which therefore
was chosen for further analysis. Fat contents 0f3.69+1.72% (mean+sd) were
determined in the 40 samples analysed for musk compounds. No loss in fat
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content was observed during storage times of up to three weeks (data not

shown).

Table 1. Fatcontents obtained by various extraction methods.

method Bligh & Dyer Roese-Gottlich Briihl

Iyophil. milk

sample volume [ml] 1 10 50 50

n 10 6 12 3
median [%e fat] 3.33 1.36 3.40 3.47
mean+sd [% fat] 338+0.16 1.36 £ 0.60 3.40x0.07 3.46+0.02
vk 4.8 % 43.9 % 1.9 % 0.6 %

3.2 Nitro Musks

Limits of detection was 1 ng/g fat for the investigated nitro musk com-
pounds. Procedural blanks revealed concentrations below the detection limit.
Table2 shows the concentrations measured in the study population. Rela-
tively large interindivual differences in the degree of contamination were
found. Musk xylene and musk ketone were the most frequently detected
compounds. Musk moskene and ambrette were detected in only very few
samples in low concentrations; musk tibetene was found in none ofthe sam-

plesanalysed.
Table2. Detection freguency and concentrations ofthe investigated nitromusks.
musk musk musk musk musk
xylene ketone moskene ambretie tibetene
detection frequency 38/40 18/40 3/40 1/40 0/40
range  [ng/g fat] 13-479 2.1-829  23-31 3.6 -
median {ng/g fat] 6.1 4.6 - - -~
mean  [ng/g fat] 8.6 9.6 - —~ —

33 Polycyclic Musks

The limits of detection were 1 ng/g fat for ADBI, AHDI and ATII. For
AHTNand HHCB detection limits determined by procedural blanks (mean +
3 sd) were 15 and 20 ng/g fat, respectively. The concentrations in the inves-
tigated 40 samples ofhuman milk are summarized in Table 3. In analogy to
the nitro musks, the degree of contamination revealed large interindividual
differences. However, the detected levels ofthe polycylic compounds were
significantly higher than those of the analysed nitro musks. Especially
HHCB was found inmost samples in considerable amounts.
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Table 3. Detection frequency and concentrations of the investigated polycylic musks.

HHCB AHTN ADBI AHDI ATII
(galaxolide®) (tonalide®) (celastolide®) (phantolide®) (traesolide® _
detection frequency 35/40 13/40 15/40 10/40 10/40
range  [ng/g fat] 21 - 1316 16 - 148 1.0-14.1 1.0- 19.8 1.1 -51.3
median [ng/g fat] 64 22 1.6 3.2 1.5
mean  [ng/g fat] 115 36 2.9 5.5 6.4
4. DISCUSSION

4.1 Occurrence of Synthetic Musk in Human Milk

Carefully controlled sampling and analytxal procedures are required to
determine musk compounds in biological samples quantitatively?352, Due
to the widespread occurrence of musk compounds many possibilties of
secondary contamination in the course of sample collection and analysis are
given, e.g. from glassware, hands, nipples, soaps, solvents, aerosoles etc..
The method employed for fat extraction must be suitable to handle suffi-
ciently large sample volumina which are required to obtain detectable abso-
lute amounts ofthe analytes of interest and to reduce the influence of'secon-
dary sample contamination. On the other hand, the amount ofmilk available
from a single nursing mother is limited. Therefore, and in order to obtain
valid results on a fat adjusted basis a method ensuring complete extraction of
fat is required. A number of protocols have been proposed using various
mixtures of nonpolar and polar solvents to quantitatively disrupt gobule
membranes and disolve the core fat>. Among the methods tested in the pre-
sent study, the procedure published by Briihl best met the requirements
mentioned above.

The present results confirm the existence of synthetic musks in human
milk. In agreement with earlier studies'-'2, among the nitro musks musk
xylene and musk ketone were the most frequently detected compounds.
However, compared to the first reports in 1993 much lower concentrations
(roughly by a factor of 10) were found (Table4). The former studies must be
reviewed critically because investigators might not have paid enough atten-
tion to the methodological problems mentioned above, particularly to the
possibility ofsample contamination. In some cases the samples analysed had
been collected underpoorly controlled conditions, e.g. by manual expression
performed by the mothers themselves, so that contamination from the skin or
sampling vials certainly cannot be excluded in all cases. On the other hand,
in a series of subsequent investigations in 1993 and 1994 various laborato-
ries in Germany and Switzerland independently found similar contents of
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nitro musks in human milk and adipose tissue. Recently, all available data
about musk xylene were summarized by Kafferlein et al.¢. According to this
comprehensive study the peak ofusage and highest contents of musk xylene
in human tissues obviously occurred in 1993. In the same year the German
toiletries and detergent industries announced to voluntarily stop including
musk xylene in theirproducts', and a decrease in the level of contamination
is evident since then. The considerable drop of contents documented by the
present results can be explained by the comparatively short elimination half-
times ofnitro musks (about 100d for musk xylene in man, see 4.3.1).

In contrast to the nitro musks, higher contents ofpolycyclic musks, espe-
cially of HHCB and AHTN, were detected here than reported previously by
Rimkus & Wolf2( Table4). It can be speculated that this supports the as-
sumption that nitro musks are more and more being replaced by polycyclic
musks in consumer products and that polycylic musks are transferred into
human tissue as well**. However, further investigations with larger numbers
of representative samples are needed to confirm any trend in the level of

contamination.
Table4. Comparison of present data (last row) with earlier studies (means given in [ng/g fat]).

year of study n nitromusks polycyclic musks
sampling musk  musk HHCB AHTN ADBI
xylene ketone
1992/1993 Rimkus & Wolf2 23 80 30 - - -
Liebl & Ehrenstorfer' 391 100 40 - - -
1995 Rimkus & Wolf?? 5 25 5 49 26 7
1997/1998 present data 40 8.6 9.6 115 36 3

4.2 Route of Exposure

The relevance of'various possible sources ofhuman exposure and routes
of absorption of synthetic musk compounds are still not fully clarified. In
contrast to other persistent lipophilic environmental contaminants (e.g.,
PCB, polychlorinated dibenzodioxins and -furans PCDD/F)¥## which ac-
cumulate in food chains and the human body, with musk xylene no correla-
tion was found between body burden in the general population (i.e. levels in
blood plasma) and age, body mass index or nutritional habits (i.e. fish con-
sumption)®. Oral uptake by consumption of fatty food (fish, meat, eggs,
milk), which represents the main source (>90%) of human exposure to or-
ganochlorine compound*“' does not seem to be decisive in the case of
musk compounds. Among foodstuffs relevant contents have only been found
in freshwater fish from polluted rivers and aquacultures but not in any other
fatty foodstuffs including seafood'® which represents the main share ofthe
anyway limited fish consumption in Germany. Residues found in fish and
other aquatic organisms do not seem to be a result of bioaccumulation (up-
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take with food or via food chain), but mainly of bioconcentration (uptake
from polluted water)e.

However, another route of exposure seems to be much more relevant,
namely percutaneous absorption's. Intensive contact to the skin is obvious,
due to the wide spread occurrence ofmusk compounds in cosmetics, soaps,
detergents and washed/softened textiles. Toxicological studies in rats*+4
and in-vitro tests with guinea-pig and human skin*’ demonstrated that rele-
vant amounts may be absorbed following direct contactto the skin. The large
inter-individual differences of contamination in human tissue shown in the
present and in previous investigation* further support this hypothesis
(prevalent exposure by the diet would characteristically lead to only small
variation). However, no studies are available at present proving the causal
relationship between levels in the human body and levels in household and
body care products. Thus further studies are needed to verify the role of
dermal absorption in humans'®.

4.3 Health Risk Aspects
4.3.1 Kinetics,Metabolism

Considering that the octanol-water partition coefficients and bioconcen-
tration factors determined so far are similar to those oforganochlorine com-
pounds like PCB, it might be assumed that musk compounds just as well
tend to accumulate in fatty compartments ofthe human body. This assump-
tion is supported by animal studies on the tissue distribution of musk xy-
lenev#. However, at least nitro musks seem to be eliminated from the hu-
man body much faster than organochlorine compounds. While elimination
half-times of PCB is in the range of several years, much shorter half-times
(about 100 d) were determined in kinetic studies with N-labeledmusk xy-
lene in volunteers*. Comparatively rapid elimination could also explain the
missing relationship between levels of musk xylene in the human body and
age or body mass index®, as well as the observed drop in levels in human
milkdiscussed above.

In addition, at least nitro musks seem to be eliminated mostly unchanged
rather than via metabolism®. In contrast to other aromatic amines (e.g., di-
and trinitrotoluenes) reductive degradation associated with the formation of
hemoglobin- and DNA-reactive intermediates (i.e. nitroso and hydroxyl-
amine derivatives, respectively) is inhibited, probably because contact with
metabolic enzymes is hindered by the sterical relationship of the various
functional groups to each other’.

Presently no data are available on the kinetics and metabolism of poly-
cyclicmusks inmammals.
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4.3.2 Toxicological data

Available data on the toxicology ofartificial musk compounds is limited.
Most studies published so far were performed with nitro musks, especially
with musk xylene, while with polycyclic musks except for a few in vitro
studies no datais available.

Acute toxicity of nitro musks is low. LDy, values in rats, mice and rab-
bits are in the range of several g/kg's0si5253,

Skin tolerance While in the first studies nitro musks showed little or no
effects, clinical experiences soon revealed that musk ambrette is a photo
contact allergen in man*. Further animal and human investigations showed
that this is not true for other nitro musks®. In a study with 1323 persons
using 25 fragrances most widely used in the US., an allergic reaction to a
0.1% solution of musk xylene in vaseline was determined in 2 persons
only*.

Subacute and chronic toxicity In animal studies increasing paralysis of
the hind paws and atrophy ofthe testes was observed in rats orally exposed
to 25-200 mg/kg of musk ambrette over a period of 20-50 weeks"’. Neuro-
toxic effects were not found with other nitro musks*. Feeding experiments
in mice with high doses of musk xylene (>0.15%) over a period of 17
weeks" and dermal exposure of musk ketone to rabbits over a period of 3
weeks® led to slight increases of liver weights.

Carcinogenicity, Genotoxicity In the only long-term animal study on
carcinogenicity reported so far, musk xylene (75 and 150 ppm inthe diet, i.e.
ca. 90 and 170 mg/kg/d) significantly increased the incidence of malignant
and benign liver cell tumors in mice®. In genotoxicity/mutagenicity experi-
ments only musk ambrette was positive in the Salmonella/microsomeassay
(Ames test)s2<, Therefore and because of its photo-allergenic and neuro-
toxic properties (see above), musk ambrette was banned by law in cosmetics
in the European Community in 1995¢'. Neither musk xylene, nor musk ke-
tone, nor any ofthe polycyclic musks revealed evidence for genotoxicity in
various bacterial (e.g. Ames test, SOS-chromotest)® or eucaryontic test
systems (e.g. sister-chromatid exchange test, micronucleus test)3636465.66
7. Hence, it has been suggested that the carcinogenic effects of musk xy-
lene observed in mice were not due to a genotoxic, tumor initiating mecha-
nism¢. On the other hand, epigenetic mechanisms may be invovled. Musk
xylene has been shown to induce (and in some cases simultaneously inhibit)
both toxifying and detoxifying liver enzymes in rats and mice, in particular
cytochrome P450-dependent oxigenases (especially CYP1A2) and several
phase Il enzymes (DT-diaphorase, glutathione-S-transferase, and UDP-glu-
curonyltransferase)ss7071, Moreover, musk xylene and musk ketone have
been identified as cogenotoxicants by induction of toxifying liver enzyms:
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the S9 liver fraction (microsomal enzymes) isolated from pretreatedrats (10,
20 and 40 mg/d musk xylene or musk ketone for a period of 5d) increased
the toxification rate ofwell-known pregenotoxicants such as 2-aminoanthra-
cene, aflatoxine B1, and benzo[a]pyrene (only musk ketone) to DNA-reac-
tive metabolites in the SOS chromotest™.

Other adverse effects. Developmental studies performed with musk xy-
lene in rats indicated significant transplacental passage and exposure of off-
spring via maternal milk#. However, even in maternal toxic doses (> 20
mg/kg/d) no adverse effects on embryo-fetal development were observed6.
In binding studies with 17  -estradiol musk xylene showed no endocrine (i.e.
estrogenic) properties™.

4.3.3 Evaluation

There still is a considerable lack ofknowledge on the toxicology ofmusk
compounds. For instance, long term animal experiments will have to be per-
formed in at least a second species with musk xylene in order to assess its
carcinogenic properties®. So far no data whatever is available on long-term
toxicity of polycyclic musks.

In 1995 the WHO-International Agency for Research on Cancer (IARC)
evaluated musk ambrette and musk xylene as being “not classificable as to
their carcinogenicity to humans’’ (Group 3)™.

Concerning cancer risk caused by exposure to nitro musks the following
aspects shouldbe considered:

a) Musk xylene and musk ketone, which are the predominant contaminants
found in human tissue, do not cause DNA-damage on their own but seem
to have cogenotoxic properties caused by a modulation of liver enzymes.

b) Human exposure to relevant pregenotoxicants (aminoaromtes, mycoto-
xins, polycyclic aromatic hydrocarbons, etc.) is evident due to their ubiqg-
uitous occurrence in air, water and food.

c) Apart from nitro musks other xenobiotics, such as PCB and PCDD/F
were identified as inducers of toxifying enzymes in rodents as well. Thus
synergistic (at least additive) effects must be expected™.

d) On the other hand, it is widely accepted that liver tumors in rodents re-
sulting from nongenotoxic chemicals shown to be mirosomal enzyme in-
ducers are not predective of a similar risk to humans™7. Carcinogenic
and cogenotoxic effects were observed after animal exposure to high
doses of nitro musks. Since tumor promotion (not initiation) seems to be
the mechanism of tumor development, a threshold determined by induc-
tion of toxifying enzymes must be assumed. No-effect levels (NOEL) for
enzyme induction in animals were 220 mg/kg. Contents found in human
milk, however, are several orders of magnitude lower. Based on the pre-
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sent data an average daily uptake of6-21 1 (mean 38) ng ofmusk xylene
per kg body weight may be calculated for the breast fed infant (assump-
tions made: 6.6 kg body weight, 850 g daily uptake ofmilk containing 29
g offat). This is lower by a factor of>10s than the NOEL. From this
point ofview, it is unlikely that human exposure will produce similar ef-
fects ontoxifying enzymes.

5. CONCLUSIONS

Synthetic musk compounds represent a further group of lipophilic per-
sistent environmental pollutants now found in human milk which were not
noticed there until the past few years. The presence ofthese chemicals in hu-
man tissue is on principal undesirable under the aspect of prospective health
protection. There still is a considerable lack of knowledge, especially con-
cerning possible long term effects in mammals. Musk ambrette is the only
compound banned by law so far. It is appreciable that other nitro musks, in
particular musk xylene, have voluntarily neither been produced nor used in
some countries, including Germany, resulting in a marked decrease in the
level of contamination of human milk. On the other hand, replacement by
polycyclic musks in consumer products might lead to an increasing contami-
nation by these. To date, except for some screening tests on genotoxicity
there is a complete lack oftoxicological data on polycyclic musks.
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EXPOSITIONTOANDHEALTHEFFECTS OF
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Abstract: A great variety of drugs, cosmetics, food ingredients as well as environmental
contaminants are secreted with human milk as a result of actual exposure or
the accumulated body burden of the mother. Of great concern and least
amenable to short-term intervention are persistent substances in the
environment with long half-lives in the body due to their lipophilic properties
and minimal degradation. Polyhalogenated aromatic hydrocarbons, namely
organochlorine  pesticides,  polychlorinated  biphenyls (PCB) and
polychlorinated dibenzodioxins (PCDD) and dibenzofurans (PCDF) are
fetotoxic, neurotoxic, immunotoxic, some are promoting carcinogens and/or
interfere with hormonal receptors. They pass the placenta and equilibrate
among the lipid compartments of the body including breast milk lipids.
Transplacental exposure is more relevant with regard to physical development
and cognitive functioning of the child than postnatal exposure via breastmilk.
Restrictions for production, use and release have been successful in decreasing
exposure as shown by a downward trend of their contents both in human milk
and serum lipids for the last 15 to 20 years. It is difficult to evaluate the
potentially late effects ofthe exposure via breastmilk which is 10 to 100 times
higher in industrialised countries than the tolerable daily intake (TDI) of 1 to 4
toxic equivalents (WHO-TEQ) pg/kg/day established in 1998 by WHO for
dioxins and dioxin-like PCBs but which lasts for 0.6% of the expected life
span only. Carefully conducted long-term follow-up of cohorts with defined
exposure levels, with consideration of numerous biological and psychological
parameters, is expected to provide the answer.

Short and Long Term Effects ofBreast Feeding on Child Health
Edited by Berthold Koletzko et al., Kluwer Academic/Plenum Publishers, 2000 307
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1. Introduction

Whereas breastfeeding is considered the optimal nutrition for infants both
for purely nutritional reasons and for reasons affecting health and risks for
diseases in later life, the fact that a multitude of environmental and other
residues have been found in human milk has raised concerns about its
healthiness. The organochlorine pesticide DDT was the firstto be detected in
human milk '. Many other substances have followed because of increasingly
sophisticated analytical techniques or because of being "new". The
advisability of recommending breastfeeding has repeatedly been questioned.

For example the German Research Association 2 recommended in 1982
breastfeeding for four (to six) months and to analyse the levels ofresidues in
a mother's milk after four months of lactation before continuing to
breastfeed. Reference values for organochlorine pesticides and PCBs to be
tolerated in the daily volume were established and cost-free analysis was
offered to all mothers by the food control agencies. The negative result of
that advice was a certain reluctance to start breastfeeding at all, or a
tendency to stop early. The positive result was that many data on human
milk residue levels exist in Germany and have been collected by the Federal
Institute for Health Protection of Consumers and Veterinary Medicine
(BgW, Berlin) which allow trends to be analysedreliably over the years.

Infants' exposure to environmental pollutants viamother's milk, however,
cannot be seen separately from the exposure due to transplacental transfer of
residues in tissues of the mother. Several studies have shown that prenatal
exposure, if at all, is more likely to produce adverse effects, probably
because of greater vulnerability of the developing organs and organ
functions.

Independent of the question which period of exposure is of greater
concern for any short-term or long-term health effects, it must be recognised
that environmental levels ofvarious long known pollutants are continuously
decreasing in industrialised countries in the last decades and consequently
fall in human milk. At the same time substances not recognised before, e.g.
musk compounds have been detected and identified as "new" residues in
tissues of human origin.

This article deals with the different kinds of potential residues in human
milk, their toxicological assessment, provides data on intake and discusses
the effects as apparent from longitudinal studies.
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2.  Residues in human milk

Substances not naturally occurring in human milk are not only
undesirably from the hygienic point of view, but are of particular
importance, because oftheir potential health significance for nursed babies.
Residues of xenobiotics in human milk normally result from the burden or
contamination of the maternal organism. Hence, from the various routes of
exposure the uptake of substances by the mothers may occur via skin,
inhalation and by oral ingestion. Chemicals are transferred from the maternal
organism into the milk according to their partitioning coefficients between
maternal serum and milk and may even accumulate due to possible active
secretion. Table I lists the most important groups ofchemicals, which can be
detected in human milk. The exposure of the mothers to part of these
substances is more or less avoidable. However, the intake of other groups of
chemicals is practically unavoidable, because oftheir ubiquitous occurrence
and/or entrance into the food chain.

Table 1. Possible residues in human milk

medicinal drugs mycotoxins
cosmetics/fragrances heavy metals
stimulants (alcohol, caffeine, nicotine) nitrate, nitrite, nitrosamines

polycyclic aromatic hydrocarbons (PAH)
volatile organochlorine substances (solvents)
persistent organochlorine substances
polybrominated biphenyls (flame retardants)

Of greatest concern are so-called persistent chemicals. Among these are
chlorinated or halogenated aromatic hydrocarbons ( Figure 1), which, due to
their high stability and low biodegradation persist in the environment and
hence can be detected ubiquitously.
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OC-Pesticides Biphenyls(PCB)Dioxins(PCDD) Furans(PCDF)

HCB

209 Congenes 75 Congenes 135 Congenes

HCH

DT/DDE

agricultural technical no specific use,
use use unintended by-products

Figure 1. Persistent organochlorine substances

To these belong organochlorine pesticides (OCP), which had been used
in agriculture, and polychlorinated biphenyls (PCB), which had been widely
used in various industrial applications. They have been regulated in many of
the industrialised countries during the past decades, which means that
commercial production and use has been discontinued or banned. Further,
polychlorinated dibenzodioxins and dibenzofurans (PCDD/PCDF) belong to
this group of chemicals. They have never been intentionally produced, but
are generated predominantly by incineration and other thermic processes and
as by-products during fabrication of special chemical compounds. OCPs and
PCBs - by means of certain indicator-congeners — can be determined by
routine analytical methods, whereas the determination of PCDD/PCDF
requires much more demanding analytical methods, which were not
developed before the mid 80ties, when PCDD/PCDF were detected in
human milk for the first time.

From the various sources ofexposure (soil, water, air) the intake via food
- predominantly from fat ofanimals' origin — contributes more than 95% to
the human exposure and burden of such contaminants. Due to their
persistence, low biodegradability and lipophilicity these substances
accumulate in the food chain (Figure 2). Human milk can be conceived as a
bioindicator, forthe extent and time course ofhuman contamination.
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Figure 2. Pathwaysfor human exposure and burden to PCBs and dioxins

3.  Toxicological assessment

For the evaluation of possible toxicants so-called ADI/TDI values are
frequently used. For residues, e.g. from pesticides, but also for food
additives, FAO/WHO recommended Acceptable Daily Intake values.
Likewise, for contaminants so-called Tolerable Daily Intake values can be
derived. An ADI is defined as the amount of toxicant in mg/kg body
weight/day which is not anticipated to result in any adverse effects after
chronic exposure to the general population of humans, including sensitive
subgroups. Adverse effects are considered as functional impairment or
pathological lesions which may affect the performance of the whole
organism, or which reduce an organism's ability to respond to an additional
challenge?.

NOAEL
ADI/TDI=

Safety factor

The No Observed Adverse Effect Level (NOAEL) is obtained from
animal experiments. Substances under consideration are examined at various
dose levels or diet concentrations in animals to determine the dosage which
induces no harmful effects. To define a tolerable daily intake for humans,
this value is reduced by safety factors to take into consideration the
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uncertainties from extrapolation of animal data to the human situation and
the uncertainties because ofintra-species heterogeneity. Usually a factor of
100isapplied.

4. Applicability of the TDI concept to residues in
human milk

The ADI/TDI approach implies chronic intake for the whole lifespan,
which of course, does not apply to the breastfeeding period. In fact,
breastfeeding for 6 months does account for less than 1% of the mean
lifespan. Therefore, ADI/TDI values cannot be considered an appropriate
instrument to adequately evaluate any health risk for infants' development in
the context of breastfeeding. However, if daily substance intakes via
breastfeeding are calculated to range below or within the ADI/TDI, it can be
anticipated that any health risk is highly improbable.

This is illustrated in Table 2, which presents data on the current level of
contamination with organochlorine pesticides in human milk samples from
the Federal Republic of Germany. The milk analyses have been performed
by the Federal Untersuchungsamter, which kindly provide their data to an
inventory on residues in human milk at the Federal Institute for Health
Protection of Consumers and Veterinary Medicine. Under quantitative
aspects hexachlorobenzene (HCB), beta-hexachlorocyclohexane (3-HCH)
and DDT still are relevant contaminants, whereas the other OCPs range near
or at the level of determination. From the analytical data of OCP residues,
the respective daily intakes can be estimated (assumptions for calculation:
mean milk fat content 3.5%; mean milk fat intake 4.2 g/kg based on daily
milk intake of 120 ml/kg body weight). Considering the estimates for the 95.
percentile (P-95, the intake values for most of the indicated OCPs range at
or below the TDI (exception HCB), some ofthem are even lower than the
level ofthe NOAEL. It may be concluded therefore, that from the current
levels of these OCPs no significant risk for adverse health effects can be
expected and that these contaminants are ofno real concern for the health of
the breastfed infants.
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Table 2. Estimated daily intake ofpesticides and pesticide residues

NOAEL  IDI*¥ | levelsin human milk** | estimated daily intake
mean 95-pP mean 95-P

(mg/kg/d) (pgkg/d) (mg/kg milk fat) (pg/kg body weight)
HCB 0.06 0.16-0.17 0.07 0.18 0.29 0.76
alpha-HCH 0.5 3 0.003 0.01 0.01 0.04
beta-HCH 0.1 3 0.04 0.12 0.17 0.48
gamma-HCH 1.0 3 0.006 0.02 0.03 0.08
HE 0.05 0.5 0.008 0.02 0.03 0.08
Dieldrin 0.01 0.1 0.007 0.03 0.03 0.12
DDT 0.5 20 0.31 0.90 1.32 3.86

*) 4

**) data from 1997 (Germany)

The situation is different however, for PCBs and dioxins. Although
continuously decreasing with time, levels of PCBs are still detectable in
significant amounts in human milk from Germany (7able 3). For PCBs the
estimated daily intakes (mean and P-95 level) amountto 2 and 4 pg/kg body
weight, respectively. This is compared to a provisional TDI of 1 pg/kg body
weight/day. An appropriate TDI for PCBs still remains to be established.
The problem is, that the composition of PCB residues in human tissues
differs in congener pattern and amount from the composition ofthe technical
products, which have been used in animal testing so far. The testing of
relevantmixtures is still an outstanding issue.

Mean levels of dioxins in human milk, given as toxic equivalents (TEq)
based on international toxic equivalency factors (I-TEF), are also decreasing.
However, calculations based on the current residue levels in human milk
samples from Germany clearly demonstrate, that the daily intake ofbabies
by far exceeds the TDI of 1-10 pg I-TEq/kg body weight, which had been
recommended by the former German Federal Health Office 5. At present, it
is difficult to precisely figure out this excess intake during the period of
breastfeeding. WHO, after reevaluation ofthe current data base has set the
TDI at 1-4 pg WHO-TEq/kg body weight ¢. In their new concept dioxinlike
PCBs are considered besides dioxins/furans and contribute to the toxic
equivalents. Hence, if dioxin-like PCBs are additionally taken into
consideration, the current levels ofdioxinlike compounds (PCDD/F + PCB)
in human milk nominally may increase two to three fold.
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Table 3. Estimated daily intake of PCBs and dioxins

levels in human milk**) estimated daily intake

PCBs (mg/kg milk fat) (ng/kg body weight)
(1 pg/kg bw/d) mean P-95 mean P-95

1997 0.50 0.94 2.1 3.9
Dioxins/Furans (ng I-TEq/kg milk fat) (pg I-TEq/kg body weight)
(1-10 pg I-TEq/kg bw/d)
(1-4 pg WHO-TEq*))/kg bw/d) mean mean

1993 16.6 69.7

52.1 (~125pgWHO-TEq*))
1997 12.4

*) ¢, including dioxin-like PCBs
**) data from Germany

WHO well recognises the particular concern evolving from their new
concept of evaluating dioxinlike chemicals with respect to the occurrence of
such contaminants in human milk and therefore payed special attention to
the issue of breastfeeding in their Executive Summary ¢:

"Breast-fed infants are exposed to higher intakes ofthese compounds on
a body weight basis, although for a small proportion of their lifespan.
However, the consultation noted that in studies ofinfants, breast feeding was
associated with beneficial effects, in spite of the contaminants present. The
subtle effects noted in the studies were found to be associated with
transplacental, rather than lactational exposure. The consultation therefore
reiterated conclusions ofprevious WHO meetings on the health significance
ofcontamination ofbreast milk with dioxin-like compounds, namely that the
current evidence does not support an alteration of WHO recommendations
whichpromote and supportbreast feeding."

5.  Adverse effects of polyhalogenated aromatic
hydrocarbons

Our knowledge on adverse effects of polyhalogenated aromatic
hydrocarbons stems from animal experiments and from human data both due
to acute poisoning and to chronic exposure. The effects presumably are the
result of aromatic hydrocarbon receptor (AhR) mediated mechanisms but
also of other mechanisms as interactions with neurotransmitter systems,
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signal transduction pathways, thyroid hormone metabolism and with
hormone receptors both in an agonistic and antagonistic fashion.

Developmental effects in animals can grossly be divided into
neurobehavioural, developmental reproductive, neurochemical and actions
on the immune system (7able 4).

Table 4. Functional developmental effects observed in experimental animals due to perinatal
exposure to polyhalogenated aromatic hydrocarbons

neurobehavioural: cognitive function
neuromotor behaviour
sexual behaviour

developmental reproductive: sperm production
urogenital tract
reproduction

neurochemical: biogenic amines

thyroid hormone levels
markers for glial and neuronal cell
development

immune system

Similar effects have been seen in several studies in relation to in-utero
(and postnatal?) exposure to PCBs and PCDD/Fs inhuman infants:

reduced birth weight and growth 7.8910,11
deficits in cognitive function asinfant 812
deficits in cognitive function as child 13,14,15
altered thyroid hormone levels 16,17,18,19
(8,20,21,22)

reducedpsychomotor function

However, these findings have notbeen consistent in all studies performed
and the studies themselves are of very differentnature and quality.

6. Longitudinal studies on PCB exposed children

The references for observed effects include @416 studies which describe
children born to mothers poisoned with PCB and PCDF contaminated rice
oils 1968 in Japan ("Yusho") and 1978/19801in Taiwan ("Yucheng"). The
cumulative intake of on average 1 g of PCBs and 3.8 mg 2,3,4,7,8-
pentachlorine and 1,2,3,4,7,8-hexachlorine dibenzofurans by pregnant
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women in the Yucheng incident led to the symptoms listed in 7able 5in 118
children born during and up to five years after the poisoning period.

Table 5. Effects observed in children born during and following period of poisoning with
PCB/PCDF contaminated rice oil in Taiwan 1978/79 ("Yucheng”)

* infantile death
®  decreased birth weight, head circumference and length
® decreased growth

pigmentation of skin and mucous membranes

®*  nail deformities, natal teeth

® developmental delay

* lowerlIQs

®  "soft" neurologic signs

more infections upper respiratory tract

®  hyperactive behaviour

Diminished growth was still apparent at 13 years, developmental delay
resulted in lower intelligence quotients at seven and 12 years compared to a
matched non-exposed control group, and in boys at 11 to 14 years shorter
penile lengths were reported &.

The two first studies to systematically and prospectively investigate the
outcomes of background environmental contamination in infants were done
almost 20 years ago. 2 studied 859 children born to 807 women volunteers
between 1978 and 1982 in North Carolina. 712 of these children were
followed until the age of 5 years. Both PCBs and the DDT metabolite DDE
were measured in placenta, maternal and cord serum and in combined milk
samples from the complete lactation period. There was no effect of
contaminant levels on birth weight and head circumference. However, PCB
levels >3.5 ng/g milk fat were associated with neonatal hypoactivity,
hypotonia and lower reflexes. At 18 and 24 months ofage children in the top
fifth percentile ofprenatal PCB exposure scored 4 to 9 points lower on the
Bayley psychomotor scales 2. However, breastfed children scored higher in
both Bayley tests and in the McCarthy Scales of Children's Abilities from
age 2 to 5 years and showed slightly higher English grades on school reports
at age 10 years 22

The other study conducted in Michigan with 313 children born between
1980 and 1981 was originally designed to test for fetotoxic signs in 242
infants born to mothers eating contaminated fish from Lake Michigan in
comparison to 71 infants born to non-fish eating mothers. 212 of these
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children were followed until the age of 11 years 5. Fish consumption
predicted maternal serum PCB levels butnot cord serum PCB levels. Higher
cord serum PCB levels (> 3 ng/mL) were associated with lower birth
weights (minus 160 g), smaller head circumferences (minus 0.7 cm) and
shorter-duration of gestation (minus 8.8 days). However, due to then
restricted analytical methods, two thirds ofcord serum levels were below the
detection limit of 3 ng/mL (the same problems prevailed in the North
Carolina Study: 88% below the detection limit). In the follow up studies the
term "exposed" is applied either to PCB levels in cord serum higher than 3
ng/mL (75 out of 241 samples) or to amount of fish consumed by the
mothers. As aresult an unknown number ofinfants from fish-eating mothers
fall into the "unexposed" group.

The authors apply various calculatory measures to compensate for these
analytical difficulties which tend to confuse the reader as to their real
significance.

The results are listed in Table 6 in comparison to the studies on Yucheng
children and on the North Carolina cohort. Neonatal behavioural assessment
(Brazelton scale) in both American studies was negatively associated with
maternal serum levels and fish ingestion, respectively. There were no effects
ofhigher cord serum PCBs on the PDI score ofthe Bayley test at 5 months
in the Michigan study, but a negative association with the Fagan Test for
Infant Intelligence was found at 7 months. At four years of age a poorer
performance on the McCarthy Scales ofInfant Abilities was associated with
higher PCB levels in milk, especially in verbal performance and numerical
memory. However, duration ofbreastfeeding was positively associated with
performance. At 11 years ofage 212 children, 167 from fish eating and 45
from non-fish eating mothers were tested with the Wechsler Intelligence
Scales for Children. Children breastfed with milk containing at least 1.25 pg
PCBs/glipid, or having had at least 4.7 ng PCBs/mL in cord serum or whose
mothers had had serum levels of at least 7.7 ng/mL scored lower in verbal
comprehension and freedom ofdistractibility. Highestexposed children were
three times more likely to perform poorly for full-scale IQ (mean deficit 6
points) and were two years behind in word comprehension. There was no
association between performance and postnatal PCB exposure (milk content
multiplied by duration of breastfeeding).

The authors compare these results to outcomes in Yucheng children.
However, as Table 7 demonstrates, exposure levels in Taiwan and Michigan
are different, although due to analytical differences a direct comparison is
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impossible. Moreover, effects in Yucheng children were clearly more severe
and persistentin follow-up.

Table 7. Exposure to PCB in "Yucheng" and children ofthe "Michigan" cohort

Yucheng* Michigan**
1978/1979 1980/1981
PCBs [ng/mL] PCBs [ng/mL]
mother's serum mean 493 59+3.6
children's serum 1991 1.5 at4y 5.1 £3.9 (breastfed 6 m)
(at 11y) 1.2+ 1.6 (breastfed <6 m
cord blood serum - 2520
milk - 836 + 388 ng/g fat

* additionally exposed to PCDFs
** additionally exposed to PBB and other polyhalogenated aromatic hydrocarbons

All studies so far indicate that prenatal and not postnatal exposure
correlates with the effects seen.



Table 6. Summary offindings in the three studies on exposure to PCB
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7. ORGANOCHLORINE BODY BURDEN

High levels in milk fat are the result of equally high levels in maternal
body fat. Ifone accepts the toxicokinetic model of life time burden ofthese
lipophilic persistent compounds developed by ¥ with free equilibration of
e.g. dioxins in all lipids ofthe body, breastfeeding contributes for a limited
time span to the body burden. This model results in predictable
concentrations of dioxins in body lipids and, at age seven years
approximately, in comparable serum levels of both breastfed and non-
breastfed children.

The PCB body burden ofa newborn is the result oftransplacental uptake
and can be grossly calculated to amountto 15,4-122 ng PCB/kgbody weight
based on data by 2 for PCB contents in body lipids of stillborn children
usingthe following assumptions:

body weight 3.7 kg; 160 glipid/kg body weight
— total lipid mass 590 g a 97-768 ng PCB/g lipid *
— 57-473 ng PCB/590 g lipid

In comparison, the total PCB intake through breastfeeding for 6 moths at
800 mL/day and assuming 3.5% fat content amounts to the values given in
Table 8 for different PCB contents in milk fat from various sources (note the
different modes for content determination, which make these results not
quantitatively comparable!)

Table 8. PCB-intake through breastfeedingfor 6 months

800 mL/day; 3.5% fat PCBs* (Germany 1997: 0.497 png/g fat = 2505 pg
:P95:0.90 pug/gfat) = 4530pug
PCBs** (NL 1990-1992: 0.54 pg/g fat) = 2700 ug

PCBs*** (Michigan) 1980/81: 1.25 pg/gfat) = 6300 pg

* Y PCB (28, 52, 101, 138, 153, 180)x 1.6
** ¥ PCB 118,138,153,180

k% Webb-McCall

Ifthe cumulative intake over 6 months of breastfeeding of'e.g. 2505 pg
PCB is assumed to be 100% absorbed and distributed in the body fat ofa 6
months old infant (fat 25% ofbody weight; »), assuming no losses, the PCB
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content would amount to 1.4 to 1.6 pg/g fat or a body burden of341 to 394
png PCB/kgbody weight.

These values compare well with PCB contents measured in adipose tissue
of'sudden infant death probands *: levels are higher in infants breastfed until
death than in infants dying at variable periods after weaning and they
correlate with the duration of breastfeeding. Both increment in weight as
well as increment in percentage of body fat result in "dilution" ofthe PCB
content in body fat after weaning.

8. TRENDS OF RESIDUE LEVELS IN HUMAN MILK
OVER TIME

There is a downward trend in residues of polyhalogenated aromatic
hydrocarbons to be observed inindustrialised countries.

Figures 3 and 4 show the German observations for mean concentrations
of PCB and two pesticides since 1980 and for dioxins in human milk
samples since 1985.
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Figure 3. Trends for mean concentrations of PCB, DDT and HCB in human milk in Germany
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Figure 4. Trend for mean dioxin levels in human milk in Germany (n=2188)

Table 9 shows the percentage decreases from 1979/81, from 1987 and
from 1993 until 1997 in human milk samples in Germany. It should be
pointed out that there is a 30% decrease in mean PCB levels since 1992,
when the intake ofinfants into the Dutch PCB/Dioxin Study (see Boersma,
this volume) stopped. Conclusions that have been drawn from that study and
will be drawn from future follow-up, therefore, are no longer applicable to
the present levels ofexposure.

Table 9. Decrease in average residue levels (in %) in human milk in Germany

from to B-HCH HCB total DDT total PCB
1979/81 1997 87.8 93.5 82.8 71.1

1987 1997 62.1 79.1 57.8 513

1993 1997 19.7 48.6 28.5 31.7

(total number of samples analysed: >38 000)

German authors *' have been able to confirm the decrease of
environmental/dietary exposure to PCBs in adipose tissue biopsies from 3
yearold children since 1985: median levels decreased by 86% until 1995.

Apparently strict regulation of these compounds is successful. For the
future these restrictions have to be continued and, hopefully, will be
combined with measures to prevent prospectively the accumulation of "new"
substances with similar properties in the food chain and thereby appearing in
human milk. Accumulation, once a fact is difficult to undo by individual and
especially short-term measures, e.g. selective dietary choices in women
planning to become pregnant. However, lifelong adherence to dietary
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recommendations of nutritional societies to increase the intake of plant
protein to 50% of total protein intake, to prefer low-fat food from animal
origin and to increase the intake of plant oils will automatically decrease the
intake of polyhalogenated aromatic hydrocarbons.

9. CONCLUSION

Lipophilic persistent polyhalogenated compounds accumulate in the food
chain and ultimately in human milk. In-utero exposure to these toxic
compounds, however, is of greater concern than postnatal exposure via
human milk. All studies looking for associated effects are hampered both by
the lack of unexposed controls and by the necessity of long-term follow-up
not to miss late adverse effects, which increases the number of influencing
factors to be considered. Restrictive measures in production, application and
release of persistent substances have to be continued and increasing
awareness to control the release of "new" substances is necessary.

In view of the continuing downward trend observed with regard to
contaminants in human milk in industrialised countries with the highest
exposure levels, the lack of meaningful adverse effects associated with
exposure through breastfeeding and the positive effects ofbreastfeeding on
health and development there is no need to restrict breastfeeding.
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Abstract: This paper summarizes the objectives, design, follow-up, and data validation of
a cluster-randomized trial of a breastfeeding promotion intervention modeled
on the WHO/UNICEF Baby-Friendly Hospital Initiative (BFHI). Thirty-four
hospitals and their affiliated polyclinics in the Republic of Belarus were
randomized to receive BFHI training of medical, midwifery, and nursing staffs
(experimental group) or to continue their routine practices (control group). All
breastfeeding mother-infant dyads were considered eligible for inclusion in the
study ifthe infant was singleton, bom at 237 weeks gestation, weighed >_2500
grams at birth, and had a 5-minute Apgar score >_5, and neither mother nor
infant had a medical condition for which breastfeeding was contraindicated.
One experimental and one control site refused to accept their randomized
allocation and dropped out of the trial. A total of 17,795 mothers were
recruited at the 32 remaining sites, and their infants were followed up at 1, 2,
3, 6,9, and 12 months of age. To our knowledge, this is the largest
randomized trial ever undertaken in area of human milk and lactation.
Monitoring visits of all experimental and control maternity hospitals and
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polyclinics were undertaken prior to recruitment and twice more during
recruitment and follow-up to ensure compliance with the randomized
allocation. Major study outcomes include the occurrence of >_1 episode of
gastrointestinal infection, >_2 respiratory infections, and the duration of
breastfeeding, and are analyzed according to randomized allocation ("'intention
to treat'). One of the 32 remaining study sites was dropped from the trial
because of apparently falsified follow-up data, as suggested by an
unrealistically low incidence of infection and unrealistically long duration of
breastfeeding, and as confirmed by subsequent data audit of polyclinic charts
and interviews with mothers of 64 randomly-selected study infants at the site.

Smaller random audits at each of the remaining sites showed extremely high
concordance between the PROBIT data forms and both the polyclinic charts
and maternal interviews, with no evident difference in under- or over-reporting
in experimental vs control sites. Ofthe 17,046 infants recruited from the 31

participating study sites, 16,491 (96.7%) completed the study and only 555

(3.3%) were lost to follow-up. PROBIT's results should help inform decision-
making for clinicians, hospitals, industry, and governments concerning the
support, protection, and promotion of breastfeeding.

1. INTRODUCTION

The potentially beneficial infant and child health effects ofbreastfeeding
have been studied primarily in relation to two common and important
sources of morbidity: infection and atopic disease. Considerableresearch
over the past few decades has suggested a protective effect ofbreastfeeding
against a variety of infections during infancy and early childhood."
Artificial feedingsmay be contaminated by enteric pathogens, particularly in
developing country settings; moreover, breast milk contains potentially
protective serum IgA, lactoferrin, oligosaccharides, immunocompetent
mononuclear cells, and cytokines. In an extensive overview of infant
feeding studies, Feacham and Koblinsky noted median relative risks of 2 to
3 for diarrheal morbidity in nonbreast-fed infants; relative risks for diarrheal
mortality were even higher.> Although the evidence is weaker, several
reviews also suggest significant protection against respiratory infection."**
The protective effect ofbreastfeeding appears to be more striking, and thus
easier to demonstrate, in settings where poverty, malnutrition, and poor
hygiene are prevalent.'#s Nonetheless, partial breastfeeding for at least 3
months may confer protection even in developed country settings; a Scottish
study found that nonbreastfeeding or weaning before 3 months was
associated with a doubling ofthe incidence of gastrointestinal infection and a
50% increase in the incidence of respiratory infection during infancy.s

The evidence that breastfeeding protects against atopic eczema,
asthma, and other atopic diseases is far less convincing than that concerning
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infection, especially for infants not at elevated risk due to a positive atopic
history in first-degree family members.® The few well-controlled
epidemiologic studies'** of infants at average atopic risk have reported
mixed results; the largest of these (based on the 1970 British Births
Survey) even suggests that breastfeeding may be associated with an
increased risk of atopic eczema.

All ofthe scientific evidence regarding breastfeeding and morbidity in
healthy, full-term infants is based on observational studies, because it is
infeasible to randomly assign such infants to be breast-fed vs formula-fed.
Such studies are plagued by a number of potential sources of analytic bias,
including information bias, selection bias, confounding bias, and reverse
causality bias.'s* The multiple sources ofpotential bias have created doubt
about the importance, and even the existence, of a protective effect of
breastfeeding against infection in developed country settings.'” Several
studies have attempted to overcome these biases,>*2! but the results from
developed countries have been inconsistent.s2!

The best solution for these multiple potential sources of bias is a
randomized clinical trial design in which infectious morbidity is compared in
infants randomly allocated to a breastfeeding promotion intervention.
Because the analysis of a randomized trial is based on the randomly
allocated treatment group (“intention to treat”), information bias stemming
from misclassification of feeding-type will not affect group assignment. Nor
can pre-randomization selection factors influence the treatment received.
Random treatment allocation ensures that potential confounding factors are
also distributed randomly, and reverse causality bias is avoided by ensuring
thatthe intervention precedes the measured outcome.

Increasing breastfeeding initiation is an important public health
objective, but women’s decisions concerning the initial feeding of their
infants are determined prenatally and often prior to becoming pregnant.222
Moreover, although one randomized trial has demonstrated that prenatal
counselling can increase breastfeeding initiation rates,”® prenatal
interventions are logistically difficult and expensive to implement on a
community-wide scale.

Because of'these considerations, it may be preferable to focus public
health interventions on improving the duration and exclusivity of
breastfeeding among women who decide to initiate breastfeeding. Most of
these interventions are uncomplicated and inexpensive to implement, and
WHO and UNICEF have joined together in promoting a Baby-Friendly
Hospital Initiative (BFHI)? that recommends the following 10 steps: (1) all
hospitals should have a written breastfeeding policy; (2) all staffshould be
trained in the skills necessary to implement the policy; (3) all pregnant
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women should be informed about the benefits and management of
breastfeeding; (4) mothers should be helped to begin breastfeeding within
half'an hour after a normal birth; (5) health workers should know how to
assist in starting breastfeeding and how to maintain lactation during
temporary separations; (6) unless medically indicated, newborn babies
should have breast milk only; (7) babies should remain with their mothers 24
hours a day (“rooming-in”); (8) breastfeeding on demand should be
encouraged; (9) pacifiers should not be given; and (10) the establishment of
breastfeeding support groups should be fostered, and mothers should be
referred to them on discharge.

Several of these recommendations have been tested in formal
controlled clinical trials, systematic reviews of which are available in the
Cochrane Database of Systematic Reviews (CDSR). Based on overviews
contained in the CDSR, a restricted feeding schedule (i.e., at most one
feeding every 4 hours) (Step 8) is associated with a summary relative risk
(RR) of 1.53 (95% confidence interval = 1.08-2.15) for weaning by 4-6
weeks and 1.23 (0.08-1.87)by 12 weeks.”” Trials ofpostnatal support (with
or without a prenatal component) (Step 10) include a variety ofin-hospital
and post-discharge intervention ‘“packages” comprising education,
positioning, counselling, and help with problems; the summary RR for the
effect ofthese interventions is 0.74 (0.65-0.86) for weaning by 2 months and
0.92 (0.83-1.01) for weaning by 3 months.? Early initiation ofbreastfeeding
(Step 4) is not as well supported by the evidence from controlled trials,
however, with a single small trial reporting a RR of 0.84 (0.55-1.27) for
weaning by 12 weeks.” Interventions for improving breastfeeding
techniques (Step 5) appear effective [RR for weaning by 3 months = 0.43
(0.21-0.90)] based on a single small trial.*® The only controlled clinical trial
ofwhich we are aware concerning in-hospital formula supplementation (Step
6) is our own, which failed to show any benefit of restricting
supplementation [RR = 1.13 (0.92-1.38) for weaning by 9 weeks].>'32 A
recent trial of post-discharge formula supplementation also reported a null
result.® To our knowledge, rooming-in (Step 7) has not been formally
evaluated in controlled clinical trials.  Considerable evidence from
observational studies supports its efficacy, however**; moreover, demand
feeding is much more difficult to achieve when babies do not room in with
their mothers. Several recent observational studies,*-*but no clinical trials,
suggest that the early use ofpacifiers (Step 9) may increase the risk ofearly
weaning.

PROBIT builds on the scientific evidence concerning the components
ofthe BFHI. Not only does PROBIT provide the first rigorous evaluation of
the BFHI as a “package,” but the large number of infants and mothers
studied provides the first opportunity to assess the direct relationship
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between amy breastfeeding promotion intervention and infant health.
Because it is infeasible to randomize women to different forms of infant
feeding, no previous study has provided an experimental link between infant
feeding and infant morbidity.

2. METHODS

2.1 Research Design

The design is a multicenter randomized clinical trial using cluster
randomization. (Cluster randomization was chosen over individual
randomization in order to minimize the possibility of contamination, which
would inevitably occur if individual women and infants with postpartum
stays at the same maternity hospital and attending the same polyclinic were
exposed to different interventions.)  Maternity hospitals and their
corresponding polyclinics (the outpatient clinics where children are followed
up for routine child care and illnesses by pediatricians) were originally
paired according to geographic region (Minsk city, Minsk region, Brest,
Mogilev, Gomel, Vitebsk, and Grodno), urban vs rural status, number of
deliveries per year (£500 if <2500, or >2500), and breastfeeding initiation
rates at hospital discharge (£5%). One member of each pair was selected at
random to receive the WHO/UNICEF Baby-Friendly Hospital 18-hour
training course, using a double-randomization procedure. First, a random
number table was used to assign a 2-digit random number to each of the
study hospitals. Within each pair, the hospital/polyclinic corresponding to
the higher and lower numbers were assigned to interventions A and B,
respectively. Then, at a public gathering of Canadian and Belarussian
investigators, a coin flip determined that B would correspond to the
experimental (BFHI) intervention, whereas A sites would correspond to the
control intervention. Those sites randomized to the control intervention were
asked to continue their then current hospital and polyclinic practices until
completion ofthe trial.

2.2 Selection and Enrollment of Study Sites, Mothers,
and Infants

Except for a few maternity hospitals that had already begun to implement
changes called for in the BFHI and a few others located near the geographic
areas contaminated by radionuclides from Chernobyl (many mothers from
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the latter areas were advised by pediatricians not to breast-feed their infants
following the disaster), all remaining maternity hospitals and their
corresponding polyclinics were considered eligible for inclusion. Most of
the maternity hospitals located in large cities (Minsk, Vitebsk, Brest, and
Mogilev) are affiliated with several polyclinics. To maximize efficiency, we
limited enrollment to mothers whose infants were to be followed at single
selected polyclinic affiliated with each ofthese large maternity hospitals.

Within the selected hospitals, mothers were considered eligible for
participation ifthey expressed an intention to breastfeed on admission to the
postpartum ward and had no illnesses that would contraindicate
breastfeeding or severely compromise its success, such as HIV positivity,
active hepatitis B, or tuberculosis, coma, respiratory disease requiring
mechanical ventilation, life-threatening infection, psychosis, or treatment
with radionuclides or cancer chemotherapeutic agents. Infants were
considered eligible for participation if they were singletons born at =37
weeks gestation, weighed at least 2500 grams, had Apgar scores > 5 at 5
minutes, and had no conditions or illnesses during their postpartum hospital
stay that were likely to interfere with normal breastfeeding (severe
congenital anomaly, galactosemia, phenylketonuria, need for exchange
transfusion or mechanical ventilation, or neurological condition interfering
with their ability to suck or swallow).

Each eligible breastfeeding mother was given an information sheet
informing her that the hospital was participating in a study ofthe effects of
alternative hospital practices on infant feeding and health and that if she
consented to participate, she would be asked questions on her infant’s
feeding and infectious illness episodes during the infant’s routine health
visits during the first year of life. Signed consent was obtained from all
participating mothers.

2.3 Intervention

Participants from each of the experimental maternity hospitals and
polyclinics (usually the head obstetrician and head pediatrician, respectively)
received the 18-hour BFHI lactation management training course, which was
organized by the FEuropean Regional Office of the World Health
Organization. The objectives of this course were to assist hospitals in
transforming their maternity facilities into baby-friendly institutions that
implement the “Ten Steps to Successful Breastfeeding” and to help equip
them with the knowledge to make lasting policy changes.

The 18 course hours are designed to provide a sufficient period to
cover the key concepts and teach the essential skills. The course consisted
of 14 lessons of 75 minutes each, with an additional 1-hour introductory
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lesson. Six ofthe lessons included a 30-minute clinical practice session.
Textbooks, articles, videos, and teaching aids supplemented the course
material provided. Each lesson had specified learning objectives, a lesson
summary, and a self-test. Alternative learning activities were provided,
including role playing, case studies, discussions, pair practice, form
completion, and the viewing of illustrations and slides.

Step 10, the establishment of breastfeeding support groups to help
mothers and infants following discharge from the maternity hospitals,
depends on local circumstances, such as the existence of woman-to-woman
support groups (e.g., La Leche League), trained community health nurses or
lactation consultants, or specialized lactation clinics. Since none of these
sources ofbreastfeeding support were available in Belarus, Step 10 focused
on the experimental polyclinics, where the chiefpediatricians were trained in
methods of maintaining lactation, promoting exclusive and prolonged
breastfeeding, andresolving commonproblems.

Full implementation ofthe intervention required at least 12 months to
train all midwives, nurses, and physicians caring for study mothers and
infants. After the 18-hour training course, the trial participant (usually the
chief obstetrician) from the maternity hospital organized and implemented
training programs for the midwives, nurses, and physicians working on the
postpartum ward at his or her experimental hospital. The corresponding
polyclinic participant (usually the chief pediatrician) organized and
implemented a similar training program for all pediatricians, felchers (nurse-
practitioners), and nurses working at the polyclinics. Monitoring visits by
members of the Canadian and Belarussian Executive Committees prior to
beginning recruitment at each site ensured that the hospital and polyclinic
procedures and policies were consistent with the BFHI at the experimental
sites, and that the control sites understood their role as controls and did not
institute any changes that would render their maternity hospitals or
polyclinics more baby-friendly. No control maternity hospital or polyclinic,
however, was asked to “retrench,” i.e., to undo changes they had already
implemented priorto randomization. Monitoring visits were also undertaken
once during the recruitment period and again (for the polyclinics only)
during infant follow-up.

2.4 Data Collection

Data collection included information obtained both during the
postpartum stay and following discharge, until each study infantreached 12
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months ofage. Study investigators at each maternity hospital completed an
enrollment form indicating name, sociodemographic information (age,
marital status, number ofchildren <5 years living in the household, maternal
and paternal education and occupation, and maternal cigarette smoking
during pregnancy), general medical and obstetric history, details on feeding
received during hospitalization, and telephone and other contact information.
Then, at scheduled visits at 1, 2, 3, 6, 9, and 12 months, polyclinic
pediatricians completed a data sheet containing information relative to infant
feeding (in particular, whether the infant was still breast-fed; if so, whether
exclusively or partially; and details on receipt of other liquids and solid
foods in the child’s diet); measurement of infant weight, length, and head
circumference; and the occurrence of symptoms of gastrointestinal or
respiratory infection, rash, otherillness, and hospitalization since birth or the
most frequent clinic visit.

Each month, the polyclinic-based study investigators sent copies of the
follow-up data forms to the Data Center in Minsk, where the data were
coded and entered into a dBase program with built-in checks for missing
data and logical inconsistencies, which was designed by the Randomized
Clinical Trial Unit (RCTU) at the Jewish General Hospital in Montreal.
Missing or inconsistent data were promptly signaled by the supervisor ofthe
Data Center in Minsk to the polyclinic-based investigator to ensure that the
correct data were obtained and entered in the database. Updated copies of
the database were sentelectronically to the RCTU every 1-2 months.

2.5 Study Outcomes (End-Points)

The hypothesis tested was whether the BFHI-based intervention is
effective in creating sufficient support for breastfeeding mothers and infants
(relative to those sites not receiving the intervention) to prolong the duration
ofbreastfeeding and, as a consequence, reduce infectious morbidity during
the first 12 months oflife. The primary study outcome was the risk ofone or
more episodes of gastrointestinal infection. Secondary outcomes included
the risk of 2 or more episodes of any respiratory infection, 2 or more upper
respiratory infections, atopic eczema, and recurrent (=2 episodes) of
wheezing; the prevalence of any breastfeeding at 3,6,9, and 12 months of
age; and the prevalence ofexclusive and predominant breastfeeding at 3 and
6 months. Classification ofbreastfeeding as “exclusive” or “predominant”
was based on WHO definitions* applied to the cross-sectional infant feeding
information at 1, 2, 3, and 6 months. The criteria for gastrointestinal and
upper respiratory infection were based on the algorithms of Rubin et al>
modified to ensure a minimum duration of 48 hours. Rashes were
considered to represent atopic eczema if they lasted at least 2 weeks or
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recurred after clearing for at least 1 week, were itchy, and occurred on the
face and/or the extensor surfaces ofthe arms and/or the extensor surfaces of
thelegs.

2.6 Sample Size

Sample size was calculated based on estimates of the proportion of
babies breast-fed (partially or exclusively) at 3 months, the effect of the
intervention on increasing that proportion, and the effect of breastfeeding
duration on reducing infectious morbidity. From a prior Belarussian
Ministry of Health survey, we estimated that 50% of women who initially
breastfed at the control (non-intervention hospitals) would still be
breastfeeding (to any degree) at 3 months. Based on the available evidence
concerning the effectiveness of the individual components ofthe BFHI, we
anticipated that the intervention would reduce breastfeeding discontinuation
by 3 months from 50% to 35%, i.e., that 65% of mothers exposed to the
intervention vs 65% of mothers not exposed to the intervention would still
be breastfeeding their infants (to some degree) at 3 months. Three months of
any breastfeeding was chosen as the primary basis for calculating
breastfeeding prevalence based on the data of Howie et al%; in initially
breast-fed infants who were weaned at 13 weeks vs those breast-fed any
degree and for at least 13 weeks, the relative risk of gastrointestinal infection
(the primary outcome) associated with early weaning was approximately 2.

Based on evidence available at the time we planned the trial, we
estimated that approximately 60% ofBelarussian infants would experience
at least one gastrointestinal infection in the first year oflife. Given arelative
risk of 2 and the (control) 50:50 split ofbreastfeeders to nonbreastfeeders at
3 months, this overall 60% figure translated into proportions of infants
experienceing one or more episodes of gastrointestinal infection of
approximately 40% and 80%,respectively [(.50)(.40)+(.50)(.80)=.60]. If the
experimental intervention was successful in changing the split of
breastfeeders to nonbreastfeeders from 50:50 to 65:35, then the
corresponding overall proportion of infants in the experimental group with
one or more episodes of gastrointestinal infection was expected to be
(.65)(40)+(.35)(80)=.54.

Because the design is based on randomizing clusters rather than
individuals, we anticipated the unit of statistical analysis would be the
hospital/polyclinic study site. We therefore used sample size techniques for
paired cluster randomization,*following an approach similar to that
employed in a large community-based study of smoking cessation.#’” In
addition to the elements involved in usual sample size estimates, factors to
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be considered in this context are the variation in outcome between unpaired
clusters (study sites), the effect of matching in reducing this variation, and
the size ofthe clusters (number of subjects per site), which was expected to
vary considerably by site.

Under the null hypothesis, the average proportion ofinfants with one
or more episodes of gastrointestinal infection was expected to be .60. We
assumed three different degrees ofvariability between (unpaired) study sites
for this proportion: 95% would be expected to have values between .50 and
.70 (high variability), .52 and .68 (moderate variability), or .54 and .66 (low
variability). These 95% ranges correspond to approximate standard
deviations (o) of .05, .04, and .03, respectively, assuming an approximately
normal underlying distribution. In addition, we considered three different
degrees of “success” in pairing, as reflected by the within-pair correlation
coefficient, p: ineffective pairing (p=0), moderately effective pairing (p=.4),
and highly effective pairing (p=.7). Even if matching was ineffective, the
relative efficiency ofa paired analysis to an unpaired analysis would still be
.90.4

Assuming 500 infants enrolled at each maternity hospital, a design
using 15 pairs of study sites would provide a power of greater than 80% to
detect a significant difference between the two groups at a 2-sided o -level of
0.05, even assuming a “worst-case scenario” of high variability (6=.05)
between (unpaired) sites and totally ineffective pairing (p=0), provided that
the risk of one or more episodes of gastrointestinal infection was in fact
reduced to halfby prolonged (=3 months) breastfeeding. The design also
provided power of over 80% to detect a halving of the prevalence of 2 or
more respiratory infections from an assumed level of 60%, for ¢ <04, and
only marginally effective matching (p = 0.25). The design ensured well over
90% power to detect an increase in prevalence ofany breastfeeding from 50
to 65% at 3 months and from 25 to 30% at 6 months, and an increase in
predominant breastfeeding from 35 to 50% at 3 months. Owing to the
infrequency of hospital admission and (especially) death for infectious
illnesses, we anticipated that even this large sample size (500 infants per site
x 30 sites = 15,000) would be insufficient to detect differences in
hospitalizationrates or death from infection.

In order to ensure that 15 hospital pairs would be included in the
final study sample, we randomized 17 pairs to provide a margin of security
against withdrawals or unforeseen logistical problems at a few hospitals. As
it turned out, two of the maternity hospitals (one experimental and one
control) refused to carry out their allocated intervention following
randomization. Moledechno Maternity Hospital (Minsk region) was
allocated to the control intervention and refused to stop its efforts to become
morebaby-friendly. Luninets Maternity Hospital (Brest region) claimed to
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be unable to physically arrange its maternity wards to accommodate
rooming-in and was therefore unwilling to accept its assignment to the
experimentalintervention. We then re-paired the remaining hospitals from
these two original pairs, Soligorsk (experimental, Minsk region) and Stolin
(control, Brestregion).

3. RESULTS

3.1 Cohort Recruitment and Retention

Recruitment began in June 1996, with gradual phase-in over the ensuing
months, so that by October at all 32 remaining randomized sites (including
the two re-paired sites) were recruiting mothers and infants. To ensure an
adequate sample size at each ofthe study sites, recruitment continued until
the end of December 1997. A total of 17,795 mothers were recruited at the
32 sites, making this (to our knowledge) the largest randomized trial ever
undertaken in the area of human milk and lactation.

By early 1998, it became obvious to the Data Center in Minsk that one
ofthe study sites, Novopolotsk,’ was reporting durations ofbreastfeeding that
were far longer, and incidences ofall infectious illnesses that were far lower,
than any ofthe other study sites, be they experimental or control. Because
of the strong suspicion that the Novopolotsk follow-up data had been
falsified, we conducted an audit of 64 randomly-selected polyclinic charts
and maternal interviews (by telephone or in person) in an effort to
substantiate this suspicion. The audit compared the occurrence of one or
more gastrointestinal infections and two or more respiratory infections
according to the audit source (polyclinic chart or maternal interview) and the
PROBIT study data forms. For breastfeeding at 3 months, agreement was
considered present if the date of weaning in the polyclinic chart or by
maternal interview was within £ 15 days of the date recorded on the
PROBIT polyclinic visit forms. The results of the Novopolotsk audit are
shown in Table 1 and confirm that the datarecorded on the PROBIT follow-
up forms substantially underestimated the incidence ofboth gastrointestinal
and respiratory infections and grossly overestimated the duration of
breastfeeding in the audited infants. Novopolotsk was therefore dropped
from the trial.

Of'the 17,046 subjects recruited fiom the 31 remaining study sites,
16,491 (96.7%) completed the study and only 555 (3.3%) were lost to
follow-up. Table 2 lists the 31 sites, along with the number of subjects
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recruited and lost to follow-up at each. As shown in Table 3, the ages at
which study infants actually attended their scheduled polyclinic visits at 1, 2,
3, 6,9, and 12 months were extremely close to the target ages in both the
experimental and control groups.

3.2 Routine Data Validation

Although no suspicion arose with respect to data validity from the
remaining 31 sites, a routine audit of data validity had been planned at each.
The procedure was similar to the audit carried out in Novopolotsk, although
on a more modest scale. At each polyclinic, 20 polyclinic charts were
selected atrandom, and the data contained therein bearing on gastrointestinal
infections, respiratory infections, and breastfeeding at 3 months data were
compared with the data on these outcomes recorded on the PROBIT
polyclinic visit forms. Of the 20 audited polyclinic charts, maternal
interviews were also carried out in 10. As shown in Table 4, chance-
corrected agreement was high for all three outcomes, as shown by the high
levels of kappa, and there was no difference in degree of over- or under-
estimation according to experimental vs control status.

4. DISCUSSION

In order for the BFHI-based training program to have an impact on
reducing infectious morbidity, it must first be successful in altering
maternity and polyclinic hospital practices; those practices must then effect
an increase in the duration and/or degree of breastfeeding; finally, the
increased duration or degree of breastfeeding must then protect the infant
against infection, in general, and gastrointestinal infection, in particular.
Each of these links must operate in order for our intervention to be
successful in reducing infectious morbidity. Only by building in these
multiple links, however, can one use a randomized experimental design to
assess the “real-world” effectiveness of an intervention to promote
breastfeeding inimproving infanthealth.

After all, the potential protective effects of prolonged breastfeeding will
remain largely unrealized unless we are successful in promoting it. PROBIT
therefore provides an essential scientific underpinning not only for the
WHO/UNICEF Baby-Friendly Hospital Initiative, but for all future
breastfeeding promotion interventions in both developed and developing
country settings. PROBIT was carried out in Belarus for several important
reasons. Maternity hospital practices in Belarus, like those in many other
former Soviet republics, resembled those in much of North America and
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Western Europe several decades ago. Although the effectiveness of the
intervention is therefore likely to be more effective in Belarus than it would
be in western industrialized countries, such a setting provides an opportunity
to examine the direct experimental link between the duration of
breastfeeding and infectious morbidity. That experimental link should be
generalizable to western countries, since basic health services, sanitary
conditions, and other features in Belarus that may modify the effect of
breastfeeding are quite similar to those in the West. PROBIT sresults
should therefore help inform decision-making for clinicians, hospitals,
industry, and governments throughout the world concerning the support,
protection, and promotion of breastfeeding.

Table 1 Results of Audit at Novopolotsk

Polyclinic Chart Maternal Interview
2 Gastrointestinal Infection
Kappa (95% CI) .25 (.02 to .48) .21 (.00 to .43)
Under-reporting 23% 27%
Over-reporting 3% 3%
22 Respiratory Infections
Kappa (95% CI) .39 (.19 t0 .58) 42 (.19 10 .65)
Under-reporting 27% 20%
Over-reporting 0% 2%
Breastfeeding at 3 Months
Kappa (95% CI) -.04 (-.11 to +.04) -.04 (-.11 to +.04)
Under-reporting 2% 2%
Qver-reporting 50% 44%
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Table 2. Enrollment and Losses to Follow-Up at 31 Study Sites

Pair Control Enrolled Lost to %
Follow-Up
1 Minsk No. 1 326 40 12.3
2 Stolin 666 18 2.7
3 Kobrin 930 5 0.5
4 Baranovitchi 747 23 3.1
5 Novopolotsk (dropped from study)
6 Lepel 250 8 3.2
7 Glubokoe 340 7 2.1
8 Zhlobin 799 28 3.5
9 Svetlogorsk 940 13 1.4
10 Mosty 373 3 0.8
11 Berestovitsa 232 6 2.6
12 Ostrovets 364 10 2.7
13 Volkovysk 921 2 0.2
14 Minsk regional 522 63 12.1
15 Mstislavl 310 3 1.0
16 Bobruisk 461 29 6.3
Total 8181 258 3.2
Pair Experimental Enrolled Lost to %
Follow-Up
1 Minsk No. 6 263 28 10.6
2 Soligorsk 1180 11 0.9
3 Bereuza 249 7 2.8
4 Brest 1002 74 7.4
5 Vitebsk 268 8 3.0
6 Novolukoml 250 3 1.2
7 Dokshitsy 330 7 2.1
8 Rogatchev 583 14 24
9 Retchitsa 1108 20 1.8
10 Shchuchin 688 19 2.8
11 Svislotch 308 11 3.6
12 Oshmiany 533 25 4.7
13 Slonim 530 13 2.5
14 Borisov 731 20 2.7
15 Klimovitchi 371 13 3.5
16 Mogilev 471 24 5.1
Total 8865 297 34
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Table 3. Age (in Days) at Polyclinic Visits
SCHEDULED VISIT

Experimental Sites Target Median 5%ile 95%ile

1 month 30 32 28 41

2 months 61 62 57 71

3 months 91 93 89 112

6 months 183 185 176 210

9 months 274 275 266 305

12 months 365 367 360 383
Control Sites

1 month 30 31 28 38

2 months 61 62 57 70

3 months 91 93 89 103

6 months 183 184 177 202

9 months 274 275 267 294

12 months 365 367 361 382
Table 4. Audit Results

Polyclinic Chart Maternal Interview

21 Gastrointestinal Experimental Control Experimental Control
Infection
Kappa (95% CI) .91 (.83-.99) | .85(.76-94) | .76(.61-92) [ .74 (.57-.90)
Under-reporting 1% 2% 3% 2%
Over-reporting 1% 1% 1% 4%
22 Respiratory Infections
Kappa (95% CI) .77 (.70-.85) | .86 (.80-.92) | .65(.54-77) | .63 (.51-.75)
Under-reporting 8% 5% 6% 4%
Over-reporting 3% 2% 11% 15%
Breastfeeding at 3 quths
Kappa (95% CI) .93 (.88-.98) | .91(.87-96) | .89(.81-97) [ .94(.89-.99)
Under-reporting 2% 2% 3% 1%
Over-reporting 1% 2% 1% 2%
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Abstract: It has been shown that altering hospital policies in a way to avoid interference
of routine prescriptions with initiation of breast feeding and to provide active
encouragement to mothers and personnel can result in significant benefit for
later breast feeding success. It is less clear, however, which ofthe elements of
a promotional programme such as UNICEF/WHO’s "ten steps to successful
breast feeding" are absolutely essential and which can be adapted to local
cultural habits.
We performed an open randomized multicenter study in Switzerland to
evaluate, whether restriction of supplementary fluids for breast fed infants in
the first week of life and strict avoidance ofartificial teats and pacifiers affects
later breast feeding success. Follow up to 6 months was ensured by mailed
questionnaires.

602 mother infant pairs were enrolled. Of294 infants in the intervention group
39% were excluded from the final analysis because of protocol violations,
mainly maternal request for the use of pacifiers or bottles. Though the number
of dextrin maltose supplements during the first two days (1.7 vs. 2.2 on day 1,
2.2 vs. 2.6 on day 2) and the percentage of infants receiving any supplement
(85% vs. 96.6%) was significantly smaller in the intervention group, the
difference was disappointingly small. The prevalence of breast feeding was
100% vs. 99% at day 5, 88% vs. 88% at 2 months, 75% vs. 71% at 4 months
and 57% vs. 55% at 6 months, none of the differences being significant.
We conclude that rigorous adherence to all of the ten steps may encounter
obstinate resistance from cultural habits even in a population highly favourable
to breast feeding. An improvement in adherence does not necessarily lead to
better breast feeding success. The results ofthe few comparable studies in the
literature show also that cultural practices during the first months of life may
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influence profoundly the long term effects of interventions during the first
days of life

1. INTRODUCTION

The relationship between maternity ward practices and later breast
feeding success has been the subject ofa growing number of observational
and, to a lesser degree, also interventional studies. It has become
increasingly clear that hospital policies avoiding interference of routine
prescriptions with initiation of breast feeding and providing active
encouragement to mothers and personnel, e.g. according to the World Health
Organization (WHO) and United Nations Children's Fund (UNICEF)'s "ten
steps to successful breast feeding"!, can result in significant benefit for later
breast feeding success. However, scientific evidence for the effectiveness of
the different elements ofthis promotional programme varies considerably’.
In the Swiss context the introduction of step 6 "Give newborn infants no
food or drink other than breast milk, unless medically indicated" and step 9
"Give no artificial teats or pacifiers (also called dummies or soothers) to
breast feeding infants" has met considerable resistance. For this reason, a
summary of the available evidence for the effectiveness of these two
interventions and some reflections on the usefulness of their enforcement
will be presented in the following text.

There is ample evidence that the early provision of supplementary fluids
to breast fed infants and the introduction ofpacifiers is associated with lower
rates oflong term breast feeding'. These findings from many observational
studies may easily lead to the assumption that interventions suppressing the
availability of supplements in maternity wards and prohibiting the use of
pacifiers will predictably increase breast feeding success. However, this
conclusion is erroneous, and overzealous attempts in this direction may
remind ofthe German proverb referring to people who are "beating the sack
while meaning the donkey". There are two main reasons why interventions
reducing the availability of supplements may fail. Firstly, early use of
supplements may be a marker rather than a cause of breast feeding
difficulties. Causation can only be demonstrated by controlled, preferably
randomized, interventional trials. Secondly, mothers may be unwilling to
accept an intervention running against the beliefs and practices of their
cultural background. Thus even an intervention with proven efficacy will
probably fail, if it is not adapted to the cultural habits of the target
population.
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2. SWISS MULTICENTER RANDOMIZED TRIAL

Studydesign

1994 a randomized controlled study was started in 10 Swiss maternities
to study the following question’:

Does the restriction of fluid supplementation and the elimination of any
use ofartificial nipples and pacifiers during the first 5 days oflife in healthy
breast fed term infants increase the duration of complete and partial breast
feeding?

The following centers and individuals participated in the study: Bern
(D.Durrer), Fribourg (F.Besson), Luzern Kantonsspital (G. Schubiger),
Luzern St. Anna (F. Auf der Maur), Morges (J.-M.Choffat), Olten
(I. Himmerli), St. Gallen (C.Kind), Winterthur (R.Hiirlimann), Ziirich
Pflegerinnenschule (P.Baeckert), Ziirich Universitdtsspital (D.Mieth).
Participating centers all had established breast feeding promotion
programmes with early initiation, unrestricted rooming-in, restricted use of
formula supplements andattending lactation consultants.

Healthy full term infants (37 weeks gestation or more, birth weight 2750
- 4200g) born to mothers intending to stay a minimum of’5 days postpartum
in the hospital and planning to breast feed for at least 3 months were eligible.
After obtaining maternal informed consent mother-child pairs were
randomized by picking the next sealed envelope to one oftwo groups:

— Experimentalgroup: no supplemental fluids, unlessmedically indicated,
given by cup or spoon, no bottles, artificial teats or pacifiers. Fluid
supplementation with 10% dextrin-maltose solution was consideredto be
medically indicated in the presence ofone ofthe following: baby agitated
or screaming after breast feeding, signs ofdehydration or hypoglycemia.

— Controlgroup: supplemental fluids offered on aregularbasis by bottle,
pacifieruse was unrestricted.

The experimental regimen was kept for 5 days, after which feeding
methods were left to maternal choice. During the hospital stay frequency of
breast feeding and supplementation, sucking behaviour and weight were
recorded daily. Follow-up information was collected at 2,4 and 6 months of
age by mailed questionnaires on breast feeding, introduction of supplements
and use of a pacifier. Missing informations were completed by telefone
interviews.

Assuming an average breast feeding rate of 90% at age 2 months it was
estimated that a sample size of 235 infants in each group would give the
study a power (1-) 0f95% to detect a 10% difference in breast feeding rate
with a two-tailed oe 0f0.05. About the same sample size would give a power
of 90% to detect a 15% difference in breast feeding rate at 6 months
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assuming an average of 50% for this age group. In anticipation of frequent
protocol violations it was planned to enrol a total of600 infants.

Results

A total of 602 mother-child pairs were enrolled into the study.
Randomization resulted in equal distribution of gender, birth weight,
gestational age, maternal age, parity and percentage of cesarean section
(10.1% vs. 10.2%) among the two study groups. However, a much higher
number of mother-child pairs had to be excluded from the analysis for
protocol violations, mainly maternal request for a pacifier or more rarely a
bottle for supplementary feedings (Table 1). Rate of follow up for
assessment of breast feeding status was not significantly different between
the two groups.

Table I. Study population and results from days 1 to 5

Experimental group  Control group

Number randomized 294 308
Lost to follow up 23 13
Protocol violations 114 17
Never received supplements 8.3% 3.4%*
Number of DM supplements:

Day 1 (mean/child) 1.7 2.2%
Day 2 (meadchild) 2.2 2.6*
*p<0.05

While a significant reduction in the amount of dextrin-maltose-
supplementation was achieved, its extent was relatively modest, and only a
minority of children in the experimental group did not receive any
supplements. No differences were observed in perceived sucking behaviour,
neonatal weight loss, and incidence offever or phototherapy.

Results for breast feeding rates during follow up are shown in Fig. 1.
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Figure 1. Breast feeding rates in the two study groups

There was no significant difference between the experimental group and
the study group at any time during follow up neither for any breast feeding
nor for exclusive breast feeding. An analysis extended to all mother-child
pairs originally randomized (intention to treat analysis) yielded essentially
unchanged results. Pacifier use at 2 and 4 months was not significantly
differentbetween groups and ranged between 69% and 76%.

3. OTHER STUDIES ON SUPPLEMENTATION

An extensive medline search for reports on interventional studies
examining the effect ofrestricting supplementary fluids duringthe first week
oflife on duration ofbreast feeding yielded two articles.

Gray-Donald et al performed a controlled prospective study of formula
restriction on 781 infants in two maternity wards in Montreal, Canada®. In
one ward a night bottle of formula was routinely offered, whereas in the
other mothers were awakened for breast feeding. Breast feeding rates at 4
weeks (71% vs. 68%) and 9 weeks (55% vs. 54%) were not significantly
different, but weight loss was slightly but significantly greater in the
formula-restrictedgroup (6.0% vs. 5.1%).

Martin-Calama et al have recently published their randomized controlled
trial of glucose water supplementation conducted in the maternity hospital of
Teruel, Spain’. 180 healthy full term infants were randomized by a
procedure not specified in the article to an unsupplemented group and a
glucose water group, being offered glucose water if hungry after breast
feeding. The actual amount of supplementation in the two groups was not
ascertained by the study, but weight, temperature and blood glucose were



352 C. Kind et al.

assessed atregular intervals. Follow-up was by a single telephone call at age
5 months, when duration ofexclusive and partial breast feeding was asked.
Loss to follow-up was apparently small, 3% in the unsupplemented and 8%
in the supplemented group. Breast feeding duration was significantly longer
in the unsupplemented group, with 57% vs. 41% ofinfants still partially or
exclusively breast fed at age 20 weeks. Weight loss at 48 hours was
significantly higher (5.9% vs. 4.9%) and blood glucose at 12 hours
significantly lower (3.26 mil/l vs. 3.73 mil/l) in the unsupplemented group,
and episodes ofhypoglycaemia (17 vs. 6) and temperature >37.5 (18 vs. 7)
were more frequent.

4. STUDIES ON PACIFIER USE

The medline search found no additional study where prohibition of
pacifier use was part of a controlled intervention. Observational studies on
pacifier use®’ show consistently an association of early introduction of a
pacifier with early discontinuation of breast feeding. Among women still
breast feeding, intervals between feeds are greater, when their infants are
regular pacifier users®, thus suggesting that pacifier use might decrease milk
production by this mechanism. Pacifier use is very widespread however,
with 75% at 2 months in Switzerland®, 68% at 6 weeks in Rochester NY,
USAG6,and 85% at 1 month in Pelota, Brazil’, even in populations with
relatively high breast feeding rates. In a very interesting ethnographic study
Victora et al examined psychological and behavioural variables associated
with pacifier use’. Women who introduced pacifiers to their infants tended to
be less comfortable with breast feeding, to show a more rigid breast feeding
style, an increased maternal-infant distance, to express more concerns about
objective aspects of infant growth, and appeared to be more willing to
compare themselves to other mothers and to experience less self-confidence.
Thus it appeared that mothers not completely satisfied with their breast
feeding experience introduced a pacifier to their infant using it consciously
orunconsciously as a weaning tool.

5. CONCLUSIONS

On the basis ofthree interventional studies the evidence thatrestriction of
supplements for breast fed infants during the first week oflife prolongs the
total duration ofbreast feeding is still equivocal. The only positive studys
apparently achieved the greatest success in elimination of supplementary
feeds. Nevertheless the positive effect was modest, a 16% increase in breast
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feeding rate at 20 weeks ofage, and there were significant side effects with
20% ofinfants showing elevated temperature and a threefold increase in the
frequency of hypoglycemia. The Swiss study, with a modest reduction in
supplementation, showed no difference between groups but a higher overall
rate of prolonged breast feeding than in the Spanish paper. There is no
evidence from interventional studies that the prohibition of the use of a
pacifier or artificial teat is effective in promoting breast feeding success.

In summary, a maternity policy modifying the UNICEF steps 6 and 9 ina
way that mothers are allowed to offer their newborns dextrin-maltose when
thirsty after breast feeding and a pacifier, ifthey believe this to be good for
their baby, is compatible with good breast feeding success, and there is no
scientific evidence that enforcement of these two rules would lead to an
improvement. It could even be speculated that mothers with delayed
lactogenesis who are denied the possibility to soothe their hungry babies
with a supplement or pacifier during the first days might feel unsatisfied and
discouraged by their early breast feeding experience and thus induced to
weanprematurely.

In populations where more than 80% to 90% of newborns leave the
maternity hospital fully breast fed, as in Switzerland, interventions with the
goal to promote prolonged breast feeding should probably target on one hand
maternal psychological factors associated with early weaning, and on the
othersocial circumstances disturbingprolongedbreast feeding.
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1. INTRODUCTION

The full impact of the scientific investment in human milk and
breastfeeding research, as measured by population level reductions in infant
mortality, morbidity, and improved health and development, will never be
realized unless womenbreastfeed. Successfulbreastfeedingresults fromthe
interplay of'a complex series of physiological and behavioral interactions
between a mother and her infant. However, whether or not an infant is put to
the breast and breastfed in a manner considered optimal depends on the
interaction between two factors, a woman’s choice to breastfeed and her
ability to actupon this choice (Figure 1). These proximal determinants must
both be present for breastfeeding to occur, and are in turn, influenced most
immediately by the infant feeding information a woman receives as well as
by the physical and social support provided to her during pregnancy,
childbirth, and post-partum. These factors are in turn, influenced by
familial, medical, and cultural attitudes and norms, demographic and
economic conditions (including maternal employment), commercial
pressures, and national and international policies and norms. Thus, to
promote optimal breastfeeding behaviors, interventions need to be targeted

Short and Long Term Effects ofBreast Feeding on Child Health
Edited by Berthold Koletzko et al., Kluwer Academic/Plenum Publishers, 2000 355



356

L. K. Chessa

not only to individual women but also to changing the context in which
infant feeding choices are made and implemented.

Proximate
determinants

Intermediate
determinants

Underlying
determinants

Figure 1.
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Optimal infant feeding behavior is a continuum and changes as an infant
and young child ages'. Although the term breastfeeding is used to describe
the process by which an infant suckles breastmilk from his or her mother,
breastfeeding actually includes a number of specific recommended
behaviors. These include early initiation, the giving ofcolostrum, exclusive
breastfeeding (defined as breast milk as the sole source of infant food and
liquid), continued breastfeeding with the addition of complementary foods at
about six months ofage, and continued breastfeeding into the second year of
life and beyond. However, because the optimal behavior varies with infant
age, the timing of interventions to promote the desired breastfeeding
behavior is critical as it is likely to affect a mother's decision-making
process, her motivation to overcome problems should they arise, and her
persistence in maintaining a recommended behavior despite negative
pressures. Therefore, interventions need to be delivered as close as possible
to the time ofthe desired behavior.

Over the past 20 years, several international policy initiatives in
support of breastfeeding have been implemented and many governments
have undertaken large breastfeeding campaigns addressing national policy,
medical norms, and maternal behavior. Few of these initiatives have been
evaluated. The best evidence of a causal or a plausibly causal relationship
between breastfeeding promotion and improved behaviors comes from
efficacy and effectiveness studies. However, these studies, almost
exclusively directed at changing medical norms and maternal behavior, have
been implemented in a broader context of national and international
initiatives supporting breastfeeding. Compared to national and international
campaigns, they have also reached very few women and hence, have had
little opportunity to influence global indicators of breastfeeding behavior
and, therefore, infanthealth.

In this paper, evidence from trend data, national evaluations, and
efficacy and effectiveness studies are used to critically analyze the plausible
causal relationship between international and national initiatives to promote
breastfeeding and changes in breastfeeding behavior in Latin America. To
guide future interventions, an analysis is provided ofthe age-specific effect
of breastfeeding on infant health in relation to age-specific maternal
breastfeeding behaviors and response to specific interventions. This analysis
is intended to answer the following questions: 1) at what time will the effects
ofbreastfeeding promotion on infant health be the greatest; 2) what specific
behavior should be the main focus; and, 3) what interventions are likely to
be most effective?
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2. INTERNATIONAL AND NATIONAL
INITIATIVES

In response to concerns about changing breastfeeding behaviors with
negative consequences for infant health, a number of national and
international initiatives were implemented to promote breastfeeding. Three
of these have been particularly important; The International Code of
Marketing of Breast-milk Substitutes, the Innocenti Declaration, and the
Baby Friendly Hospital Initiative. The International Code of Marketing of
Breast-milk Substitutes adopted by the World Health Assembly in 1981 and
subsequent relevant World Health Assembly Resolutions, collectively
known as The Code, provide guidelines for the marketing of breast-milk
substitutes, bottles, and teats’. To ensure infant feeding decisions free from
the influence of marketing pressures, the Code aims to restrict such
practices, including direct promotion to the public. Furthermore, World
Health Assembly Resolutions 39.28, passed in 1986, and 47.5, passed in
1994, urge that there be no donations of free or subsidized supplies ofbreast-
milk substitutes and other products covered by the Code in any part of the
health care system. The Code has been adopted by almost all governments
either on a voluntary basis or through legislation. Despite continued
violations by infant formula manufacturers, it has had a major impact on the
way formula is advertised and marketed’. The Code has been particularly
effective in the virtual elimination of the direct marketing to women who
receive services through the public sector and in the restriction of marketing
tohealthproviders.

The Innocenti Declaration, which focuses on the need to protect,
promote, and support breastfeeding, was signed by over 30 countries in
1989. This Declaration, which includes the Ten Steps to Successful
Breastfeeding, forms the basis for the WHO/UNICEF Baby Friendly
Hospital Initiative and was endorsed by the Forty-fifth World Health
Assembly in 19924. This initiative has influenced the routines and norms of
hospitals throughout the world through the “Baby Friendly” certification
process. To date, over 14,500 hospitals have been certified and numerous
others are in the process oftrying to become certified.

During the 1980s, governments throughout the world initiated national
campaigns to promote breastfeeding. These campaigns generally included
the adoption of the Code either as national legislation or as a norm,
establishment of a national breastfeeding committee, training of health
workers and changes in medical practices and norms, use ofmass media, the
development ofwritten material, posters, etc., and community activities.

International and national initiatives have taken place during a period
of other social and demographic changes, which are also known to affect
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breastfeeding. These include increased urbanization and maternal education
and employment, all of which are negatively associated with breastfeeding
duration, despite their overall importance to women’s lives. Hypothesized to
be positively associated with breastfeeding duration®, though not established
empirically, are longer birth intervals resulting from increased use ofmodem
contraception. In the absence of such contraceptives, breastfeeding could
have been truncated because of a new pregnancy. Also hypothesized to be
positively associated with breastfeeding, is the economic downturn of the
1980s and lower family incomes coupled with the increased cost of
commercial infantformula.

3. TRENDS IN BREASTFEEDING AND
EVALUATIONS OF NATIONAL CAMPAIGNS

The most comprehensive data on breastfeeding trends come from 3
nationally representative sets of surveys. The World Fertility Surveys
(WFS), conducted throughout the 1970s in many developing countries,
measured the duration ofbreastfeeding. More detailed measures of specific
breastfeeding behaviors are available from the Demographic and Health
Surveys (DHS), which replaced the WFS in the 1980s and continue today.
Since the 1980s, the Centers for Disease Control and Prevention (CDC) has
alsoconductedsurveys. All 3 surveys use a 24-hour infant feeding recall to
assess infant feeding behaviors. WFS only collected data on breastfeeding
duration and, therefore, can only be used to compare trends in this specific
behavior. DHS and CDC collect data on other breastfeeding behaviors and
can be used to compare changes in the duration of exclusive breastfeeding as
well as other specific behaviors.

Using only those countries for which trend data are available, median
durations ofbreastfeeding were compared for Latin America (Table 1). The
results show that the median duration of breastfeeding has increased in all
but 1 country and even that country, the Dominican Republic, has shown an
increase during the last 2 surveys. The greatest increases are seen in
Honduras (4.1 months) and Peru (5.8 months).
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Table 1. Trends in breastfeeding duration
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Country Year Median duration (months) | Reference
Bolivia 1989 16.9 18
1993/94 17.5 19
1998 17.5 20
Colombia 1976 9.7 5
1986 11.6
1990 12.7 21
1995 10.3 22
Dom Rep 1975 8.9 5
1986 9.7 5
1991 5.9 23
1996 7.6 24
Ecuador 1979 13.0 5
1987 14.6 5
1994 15.5 25
El Salvador 1993 15.5 26
1998 17.7 27
Guatemala 1987 19.9 28
1995 20.2 29
Honduras 1981 13.2 6
1984 15.8 6
1987 17.3 30
1991/92 17.2 31
1996 17.3 7
Mexico 1976 9.9 5
1987 11.2 5
Peru 1997 144 5
1986 17.9 5
1991/92 17.3 32
1996 20.2 33

Changes in the duration of breastfeeding can

result from changes in

behavior within population subgroups, changes in the proportion of the
population in these subgroups, orboth. For example, women living in urban
areas have a shorter duration of breastfeeding than women living in rural
areas. Ifover time, the population becomes increasingly urban, the duration
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ofbreastfeeding will decline even ifboth urban and rural women continue to
breastfeed for the same length of time. The decline is thus due to the

increasing proportion ofthe population in a subgroup that tends to breastfeed
less rather than changes in behavior within the particular subgroup. The
extent to which the increasing duration of breastfeeding between the 1970s
and 1980s was the result ofchanges in behavior within population subgroups

versus changes in the size ofthese subgroups was studied by Strawne. His
analysis shows that overall there was an increase in the duration of
breastfeeding in all the Latin American countries ranging from 0.8 to 3.5

months, a decrease in Asian and the Pacific countries, and both increases and
decreases in African countries (Table 2).

Table 2. Trends in breastfeeding duration in the World Fertility Survey and Demographic

Health Survey

Duration in Predicted trends

months

WFS DHS Overall Characteristic Behavioral

change change change

Latin América
Colombia 9.7. 11.6 1.9 -1.5 3.5
Dominican 8.9 9.7 0.8 2.3 3.1
Republic
Ecuador 13.0 14.6 1.6 -0.8 2.4
Mexico 9.9 11.2 1.3 -2.0 3.2
Peru 14.4 17.9 3.5 -1.2 4.6
Trinidad & Tobago | 6.4 10.6 4.2 0.6 3.6
Asia and Pacific
Indonesia 26.7 26.7 0.0 -1.5 1.5
Sri Lanka 23.4 23.2 -0.2 -0.5 0.3
Thailand 20.2 17.6 -2.6 -2.4 -0.1
Africa
Egypt 18.2 18.2 0.0 -0.5 0.5
Ghana 19.6 22.5 2.9 -0.0 2.9
Kenya 17.9 10.9 3.0 -1.0 4.0
Morocco 16.2 15.1 -1.1 -0.8 -0.3
Senegal 19.9 20.2 0.3 -0.4 0.7
Tunisia 16.8 15.7 -1.1 -2.0 0.9

Source:Grummer-Strawn,1996°.
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Disentangling the effects of changes in population characteristics versus
changes in behavior, he showed that in the absence of changes in behavior
within subgroups, the duration of breastfeeding would have declined in 13

out ofthe 15 countries studied. Thus, changes in behavior within population
subgroups resulted in longer durations of breastfeeding than actually
observed. When the net effects of changes in population characteristics
associated with declines in breastfeeding duration were included (such as
increased urbanization and women’s education and employment), the overall

effects were attenuated though still positive. Grummer-Strawn suggested
three possible explanations for these positive behavioral trends: 1) increased
birth intervals so that breastfeeding was not truncated by a new pregnancy;

2) the economic crisis ofthe 1980s and increased cost ofinfant formula; and,

3) national and international efforts to promote breastfeeding. Another
explanation is also possible. Since data are not available from the 1960°s, it
is possible that despite concerns to the contrary and numerous reports out of
Africa about deaths due to “bottle-babies” that breastfeeding was already
increasing and this positive trend merely coincided with national and
international promotion efforts.

Evaluations ofnational breastfeeding campaigns lend support to the
interpretation that national and international efforts may be responsible for
these positive trends. In Honduras, a national campaign implemented over a
5-year period between 1982 and 1988 promoted breastfeeding through
changes in hospital norms, training of health providers, pre- and post-natal
maternal counseling, the development of lactation clinics, educational talks
in the community, and print materials. These efforts were complemented by
a mass media communications campaign’. Because of the particularly low
durations of breastfeeding in urban areas, the campaign was primarily
targeted at urban populations. Nationally representative surveys conducted
prior to the campaignin 1981, during the campaign in 1984, and towards the
end of the campaign in 1987 demonstrate a significant increase in the
duration of breastfeeding, with proportionally greater gains among urban
women and early, as opposed to later, in the campaign. Among rural women,
the duration of breastfeeding increased from 16.7 to 18.4 to 18.8 months
while among urban women the increase was from 4.1 to 8.9 t0 9.9 in 1981,
1984,and 1987, respectively.

The most recent national survey shows that these gains have been
maintained among rural women (18.7 months) and significantly increased
among urban women (15.1 months)®. The Brazilian national campaign,
conducted between 1981 and 1986, also focused on educating heath
providers, implementing rooming-in, restricting the distribution of infant
formula, and on the counseling of mothers®. As in Honduras, these efforts
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were also complemented by an extensive mass media campaign. Unlike the
situation in Honduras, however, the availability ofnationally representative
data did not coincide with the campaign. Data from 1974/75 and 1987/85

available for Sao Paulo, show a significant increase in the duration of
breastfeeding among all income groups, with proportionally greater increase

among women of higher socio-economic status. More recent data from
Brazil show a median duration of breastfeeding of 6 months in Sao Paulo,

again illustrating increases in the duration ofbreastfeeding!'.

4. BREASTFEEDING PROMOTION: WHEN,
WHERE, AND HOW?

In the developing world, a culture ofbreastfeeding exists that does not
include the behavior ofexclusive breastfeeding. Although the vast majority
of women initiate breastfeeding and continue breastfeeding, the duration of
exclusive breastfeeding tends to be very short (Table 3).

Table 3. Breastfeeding Patterns in Six Latin American Countries: DHS Surveys 1994 - 1996

Bolivia Colom-bia | Dom Rep | Guate-mala | Parag-uay | Peru
(1994) (1995) (1996) (1995) (1990) (1996)
Initiation % 96.3 94.5 93.2 95.6 92.8 96.8
Exclusive
Breastfeeding
0-1 months (%) 61.4 26.7 39.1 54.8 10.1 71.2
2-3 months (%) 47.8 9.1 17.4 453 57 54.2
4-5 months (%) 27.3 4.8 8.3 40.3 0.9 38.6
Median duration
Exclusive 1.6 0.5 0.6 1.7 0.4 2.7
(months)
Partial (months) 17.5 11.3 7.6 19.8 10.5 19.5

Breastfeeding confers a different health advantage depending on the
specific behavior and age of the infant. Exclusive breastfeeding is more
protective of health than partial breastfeeding. Within the period of
exclusive breastfeeding, benefits are larger the younger the infant, reflecting
the declining risk of death across infancy. In a case-control study on
breastfeeding and mortality, Victora et al., showed that compared to
exclusively breastfed infants, infants who were partially breastfed had a
relative risk of death of4.2 and those who were not breastfed had a relative
risk of death of 14.2'2. When this analysis was limited to deaths within the
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first 2 months oflife, the risk of death ofnot breastfeeding compared to that
ofexclusive breastfeeding increased to 23.3. With respect to morbidity both
Brown et al., and Popkin et al., show that the protective effect of exclusive
breastfeeding is greatest for infants less than 2 months ofage'- .

Unfortunately, the protective effect of exclusive breastfeeding on
infant health is greatest during the period when women are most likely to
abandon this behavior (Table 3). The greatest declines in the proportion of
women exclusively breastfeeding occurs during the first month of life.
Therefore, it is important to promote exclusive breastfeeding during this
critical period.

To test the efficacy of breastfeeding counseling delivered by peer
counselors through home visits, women in a peri-urban community in
Mexico were randomized into 3 group's. One group received 6 visits (2
prenatal, and in weeks 1, 2, 4, and 8), the second group received 3 visits (1
prenatal, and in weeks 1 and 2), and the third group served as a control. Peer
counselors, selected from the community, were between 25 and 30 years of
age, had a high-school education, and received 1 week ofiin-class training,
followed by 2 months oftraining in lactation clinics and in mother-to-mother
supportgroups. Special training materials and visual aids were developed
for the study to assist with counseling efforts. The prenatal visits focused on
the benefits of exclusive breastfeeding, basic lactation anatomy and
physiology, positioning of the infant and “latching-on”, common myths,
typical problems, and birth preparation. Post-partum visits focused on
establishing a healthy breastfeeding pattern, addressing maternal concerns,
providing information, and social support. Key family members were also
included in these visits. The duration of exclusive breastfeeding was
significantly longer in the women in the intervention group; at 2 weeks the
prevalence was 80, 62 and 24 percent in the 6-visit, 3-visit, and control
groups, respectively. At 3 months the prevalence was 62, 50, and 12 percent
in the 6-visit, 3-visit, and control groups, respectively. A significant effect
on diarrheal morbidity was also found in the intervention group. Because
most women gave birth in Baby Friendly hospitals, these figures were
compared to data available from historical controls. Compared to these
historical controls, the current controls were 6 times more likely to
exclusively breastfeed at 2 weeks (24 versus 4 percent); at 3 months there
was no difference in the exclusive breastfeeding (12 percent for both
groups). Thus, it appears that giving birth in a Baby Friendly hospital
influences exclusive breastfeeding early in life, however, in the absence of
any follow-up support there is no impact on this behavior at 3 months.
Although the women with the most visits breastfed the longest, the cost of
the intervention relative to the impact must also be evaluated. From a public
health perspective, in which resources for breastfeeding promotion are
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limited, it may be more cost-effective to cover more women with 3 visits
than a smaller group for 6 visits.

The efficacy ofhome-based counseling has also been demonstrated in
Bangladesh by Haider et al. (this volume). In this study, 40 clusters with a
total of 726 women, were randomized into intervention and control groups.
In contrast to the extensive training in the study in Mexico (more than 2
months), training of counselors in this study lasted 2 weeks and was based
on the WHO/UNICEF course “Breastfeeding Counseling: A Training
Course”s. This course focuses not only on the clinical aspects oflactation
management, but also on the equally important act of listening and
communicating skillfully to achieve good rapport with a breastfeeding
woman. Also in contrast to the study in Mexico, a larger number of visits
(15) were made to each woman starting in the third trimester of pregnancy
and continuing at least twice monthly until the infant was 5 months of age.
It was believed that this large number ofvisits were needed because almost
all women delivered at home and, hence, were not exposed to positive
breastfeeding messages through health services. Also, although almost all
women initiated breastfeeding and breastfed for a long period of time,
initiation was delayed because the feeding of colostrum was not the norm
and exclusive breastfeeding was rarely practiced. Home visits resulted in
dramatic increases in these two behaviors: the feeding of colostrum was 69
percent in the intervention group versus 11 percent in the control group. At
5 months of age, 70 percent of infants in the intervention group were
exclusively breastfed compared to only 6 percent in the control group. There
was also a significant and positive effect of exclusive breastfeeding on
weight gain at 5 months.

The 2 efficacy trials summarized above show that home visits are
highly effective in extending the duration of exclusive breastfeeding.
However, the feasibility of'such visits outside ofa research context have not
been tested in an effectiveness intervention and are likely to be setting-
specific and dependent on available resources. Therefore, the extent to
which exclusive breastfeeding can be promoted through traditional health
services is highly relevant. The largest and most comprehensive study to
date ofbreastfeeding promotion through health services is by Kramer et al.,
(this volume). They report on a randomized trial of the Baby Friendly
Hospital Initiative in Belarus involving 30 hospitals and 18,000 mother-
infant pairs. Hospital and polyclinic staff, which provide all follow-up infant
care, were trained in the 18-hour Baby Friendly course for hospital
administrators. This training and the adoption ofthe Ten Steps in the Baby
Friendly Hospital Initiative resulted in significant improvements in the
duration ofboth exclusive and partial breastfeeding and resulted in a decline
in diarrhea of40 percent.
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In a less well controlled trial” showed a 53 day increase in the
median duration of exclusive breastfeeding at 3 months when mother-infant
pairs who delivered at a hospital with a comprehensive breastfeeding
promotion program were compared to mother-infant pairs that delivered ina
hospital that only had rooming-in and did not give away free formula. The
plausibility that the increase in exclusive breastfeeding may have been due to
the maternity-ward-based breastfeeding promotion program was enhanced
by rejecting alternative explanations. A key finding was the fact that women
who wished to deliver at the program hospital but were unable to do so
because the hospital was full and hence were sent to the control hospital had
exclusive breastfeeding patterns similar to other women delivering at the
control hospital. An important contribution ofthis study was the costing of
the intervention and a cost-effectiveness analysis, which showed that
breastfeeding promotion was highly cost-effective, comparable to
immunization programs ¢

The efficacy and effectiveness studies summarized above provide
scientific evidence that exclusive breastfeeding can be increased through
carefully targeted interventions. In countries where the promotion of
exclusive breastfeeding has been a key component of breastfeeding
campaigns, DHS data show that exclusive breastfeeding rates can also be
improved. In Peru the proportion of infants less than 4 months of age
exclusively breastfed increased from 32 percentto 61 percent between 1986
and 1996. In the Dominican Republic the increase was from 10 percent to
25 percentbetween 1991 and 1996.

5.  CONCLUSIONS

The effectiveness of breastfeeding promotion is supported by scientific
research and is a likely explanation for global changes inbehavior. Because
in the developing world the vast majority of women initiate breastfeeding
and continue to breastfeed, future efforts to promote breastfeeding should
focus on the behavior of exclusive breastfeeding for maximum health
impact. To extend the duration ofexclusive breastfeeding, the timing ofthe
intervention is critical. Women must be reached early during the prenatal
period, supported at birth, and within the first month post-partum when
breastfeeding problems and the shift from exclusive to partial breastfeeding
are most likely to occur.

The challenge ahead is to implement infant feeding counseling and
support in health services and community-based programs. Research is
needed to answer questions such as what is the most cost-effective
methods of training and the number and timing of visits? What are the
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most important messages for a mother to have and how are they best
delivered to her? It is also necessary to start thinking and acting on the
concept of infant feeding promotion and include complementary
feeding as well as breastfeeding in promotion activities. Research must
emphasize not only the efficacy and effectiveness of the promotion of
optimal infant feeding behaviors on infant health, but also its cost-
effectiveness. It is necessary to involve health economists in future
research.

Lastly, to ensure that the numerous benefits of human milk and
breastfeeding on infant survival, health, and development are achieved,
the potential synergies between research and the implementation and
evaluation of interventions based on this research must be realized. To
do this not only requires sound scientific research, but also the linking
of this research to the science of public health intervention and the
development of creative methodologies to evaluate multi-faceted
interventions. This requires that the same level of scientific rigor,
creativity, and investment that has been brought to the science of human
milk and breastfeeding also be brought to the science and art of
promoting optimal infant feeding behaviors.
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1. INTRODUCTION

In previous studies, we have found that niric oxide (NO) plays a role in
the secretion of human breast milk'2. NO is recognized as a pluripotential
molecule, with a wide spectrum of effects on diverse organs. It acts as a
growth inhibitor and a trigger of apoptosis for diverse cellular types.
Although apoptosis during lactation is considered a normal function of the
mammary tissue, the mechanism and roles are still unknown. Our objective
was to evaluate apoptotic cells in immature mammary tissues during lactation
for showing the mechanism and roles of apoptosis in lactation.

2. MATERIALS AND METHODS

Samples of breast tissue were obtained from female Wistar rats during
lactation (12 rats) or after weaning (3 rats): The animals were killed with
ether and the breasts removed immediately, fixed in 10% buffered
formaldehyde and embeded in paraffin. The TUNEL staining was
administered according to the method reported previously 4.
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3. RESULTS

1.Morphologicstudies
1) Classification ofepithelial cells in breast tissues
The epithelial cells in lactating rats consisted of several different types.
These were divided into 3 cell types according to maturation: Type I (most
immature), Type II (immature)9, Type III (mature). In the maturing process,
solid epithelial buds in immature mammary tissues were transformed into
tubes ofsequamous epithelium ofthe alveoli.
2) Morphological features ofthe TUNEL-positive cells
The TUNEL-positive cells exhibited the characteristics of the apoptosic
cell.
2. Apoptotic cells in each cell types of maturation
The incidences ofapoptotic cells in total epithelial cells were 0,26+0,20
(M=£SD) %intype I, 0,71£0,29 % intype [l and 0,37+0,31 % intype III. The
incidence ofapoptotic cells in type Il was statistically higher than that in type
Iand 111.

4. DISCUSSION

There have been a number of studies on apoptosis in involuting mammary
tissue but there have only been a few in lactating tissue. Apoptosis in
involuting tissue has been recognized as a mechanism by which shrinkage of
a tissue is carried out without disruption of its basic form . In the present
study, the TUNEL-positive cells were morphologically compatible with the
apoptotic cells. Many more apoptotic cells were identified in.the cuboidal
secretory epithelium (cell type 1) ofimmature alveoli than in the sequamous
actively secretory cell (I11) of mature alveoli and in the columnar pre-
secretory cell (I) in the most immature alveoli. Accordingly, apoptosis in
lactating tissue may play a role at the beginning of secretion. We postulate
that apoptosis plays arole in preparation for lactation.

REFERENCES

1. lizuka T, Sasaki M, Oishi K, et al. Nitric oxide may trigger lactation in humans. J
Pediatr 1997; 131: 839-843

2. lizuka T, Sasaki M, Oishi K, et al. The presence of nitric oxide synthase in the
mammary glands of lactating rats. Pediatr Res 1998; 44: 197-200



32

ENERGY INTAKE AND GROWTH OF BREAST-
FED INFANTS IN TWO REGIONS OF MEXICO

sBolafios AV, *CaireG,*Valencia ME, *CasanuevaE, :Roman Pérez R and
aCalderon de la Barca AM.
«CIAD, P.O. Box 1735. Hermosillo 83000, Sonora, Mexico. bINPer, Mexico. D.F.

1. INTRODUCTION

The Baby-Friendly Hospital Initiative (BFHI) was introduced in North-
west Mexico in 1995, increasing breastfeeding from 9 to 49% . In spite of
this, mothers lacked confidence in their ability to breastfeed their infants,
and they bought baby formulas as soon as they had some cash availability.
Therefore it is necessary to reinforce the BFHI with reliable data to
encourage mothers to breastfeed. Low breastfeeding is not a problem in
Central Mexico, where breastfeeding is still a traditional practice. Our
objective was to evaluate the quality and quantity of milk of breast-fed
infants for the first 3 mo oflife in Northwest and Central regions ofMexico.

2. METHODS

After dosing the mother, D,O concentration was determined in saliva by
infrared spectroscopy and mother's body composition and infants milk
intake were determined @ . Milk protein, fat and lactose were analysed to
calculate energy intake. The infants' weight and length were compared with
reference data ® and Z scores were calculated. Energy intake, growth and
body composition were compared between matched cohorts (Northwest and
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Central Mexico, N and C) at 1 (n=147) and 3 (n=22) mo ofage. Data were
analysed by Spearman coefficient, regression analysis and student's # test.

3. RESULTS AND DISCUSSION

Milk's nutrients and energy intakes at 1 and 3 mo were not significantly
different (p>0.05) respect to area and age (Table 1). Fat breast-milk from
mothers in N region was higher (p<0.05) than in C region with 46 and 50
mg/mL vs 29 and 31 mg/mL, at 1 and 3 mo, respectively. At 3 mo, energy
intake from fat and body fat were higher (p<0.05) in the infants of the N
region and the higher fat content of milk was correlated to a higher mother's
body fat (r=0.48, p<0.001). There were no differences in Z score values for
weight/length (p>0.05) for infants in the two regions at 3 mo. Weight/length
Z score for infants in N region, at 2 and 3 mo were above +1 compared to
ranging between 0 and +0.5 for infant in C region. Mothers in N region are
able to breastfeed their infants longer than mothers in C region due to their
higherbody fat content (3 1% vs 25%, respectively) at 3 mo postpartum.

Table 1. Human milk and nutrient intakes ofpredominantly breast-fed infants during first
3 months oflife*

Northwest Mexico Central Mexico
1 mo (n=27) 3mo (n=11) 1mo (n=20) 3 mo (n=11)

Milk

g/d 573 £220 865 £ 250 680 +239 857 £ 298

g/kg/d 133 +44a 130+ 36a 178+ 63b 13747
Protein

g/kg/d 1.7+0.7a 1.6 £0.5a 2.2+0.8b 1.3 +£0.4¢
Lactose

Odd 7.5+£2.7 74 +23a 10.1 £ 3.4b 84 +£2.9
Lipid

g/kg/d 5.7 +209: 6.3 £2.8 52+ 3.1« 42+ 2.1
Energy

kcal/kg/d 89 + 320 92 + 32a 96 +41» 77 £ 30¢

* Mean+SD; different superscripts across columns are significantly different p<0.05
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1. OBJECTIVE

The objective ofthis study was to determine the trophic and interactive
effect ofthese growth factors compared with human milk on in vitro FHs-74
cell proliferation. In the first set of experiments, the individual effects of
recombinant EGF, TGFq IGF-1, or human milk on FHs-74 cell
proliferation were measured. H,: EGF, TGF o, IGF-1, or human milk would
have a dose-dependent, trophic effect on cultured human small intestinal
cells. The second set ofexperiments was designed to ascertain whether these
growth factors in combination could additively stimulate in vitro cell growth.
H,: The growth factors in combination would have an additive effect on
cell proliferation.

2. METHODS

Cell Preparation and Experimental Conditions

Human fetal small intestinal cells (FHs-74) in flasks were grown in
Hybri-Care medium (10% FBS) to confluence, treated with trypsin-EDTA to
achieve detachment, then reattached to 96-well plates. The cells were
suspended in Hybri-Care with 10% FBS then incubated. At48 hrs, medium
without serum or other factors was added to 96-well plates at a concentration

Short and Long Term Effects of Breast Feeding on Child Health
Edited by Berthold Koletzko et al., Kluwer Academic/Plenum Publishers, 2000 373



374 C. WagnerandD. Forsythe

of 5 X103 cells/well. At 72 hrs, the aqueous fraction of human milk (AHM;
1:20 v/v) or recombinant EGF, TGF ot or IGF-1 was added to separate wells
in the range from 0.001-1000 ng/mL medium in logarithmic increments. In
addition, the growth factors in combination (0.5 or 500 ng/mL medium) also
were added to the cells. After 24 hr of growth factor exposure, cell
proliferation (expressed as percentage above control) was measured
(CellTiterAQ, Promega,Madison, WI).

3. RESULTS

The aqueous fraction of human milk resulted in the greatest increase in
FHs-74 cell proliferation: 191 £48% (mean + S.D.) above basal conditions.
Cell proliferation steadily increased for the 3 growth factors in the 0.001-0.5
ng/mL medium range (F=10.22;p<0.001). Whereas EGF’s maximal effect
(152 = 17 % control) on cell proliferation was at the 0.5-ng/mL
concentration, TGFa (150 + 28% control) and IGF-1’s (148 + 37% control)
maximal effect did not occur until 100 ng/mL (F=4.08; p<0.003). Cell
proliferation following stimulation with TGF o plateaued upon reaching
maximal effect at 100 ng/mL. In contrast, cell proliferation appeared to
decline at concentrations above 5-ng/mL for EGF and above 100-ng/mL for
IGF-1. When EGF and TGFa, IGF-1 and TGFa,or all 3 growth
factors were added concomitantly, the cell proliferation profiles resembled
that of TGFo.. However, when EGF and IGF-1 were added in combination,
cell proliferation increased above each growth factor alone.

4. CONCLUSIONS

While FHs-74 cell proliferation was greatest in the presence of AHM,
individual growth factors did increase cell proliferation above control. Cell
proliferation varied as a function of growth factor type and combination.
Such variation in growth factor effect supports the premise of a narrow
physiologic range and combination at which each growth factor in human
milk may maximally stimulate gut epithelial cells.
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1. INTRODUCTION

Women in developing countries generally have lower dietary vitamin A
intakes and produce breast milk with less vitamin A as compared to women
in developed countries!. Women with low dietary vitamin A intakes are
probably also more likely to have low liver vitamin A stores. However, few
studies have assessed liver vitamin A stores and breast milk vitamin A

concentrations in the same women.

2. OBJECTIVE

Weused data from an individually randomized, placebo-controlled trial
ofvitamin A and B—carotene supplementation in lactating women in Matlab,
Bangladesh® to 1) Describe the relationship between liver vitamin A stores
(assessed using the modified relative dose response [MRDR] test) and breast
milk vitamin A concentrations, and 2) Determine iflow breast milk vitamin
A could be used as a proxy indicator ofrisk oflow liver vitamin A stores.
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3. METHODS

At 2 wk postpartum women were randomized to receive either vitamin A
(200,000 TU) [n=74], daily B-carotene (7.8 mg) [n=73], or daily placebo
capsules [n=73] until 9 mo postpartum. At each visit (2 wk, 3, 6 and 9 mo),
50% of the women completed an MRDR test and provided a full milk
sample (the entire contents of one breast that had not been used to feed an
infant for >2 h). The following cutoffs were applied to the resulting data:
Low liver vitamin A stores = MRDR ratio 20.06; low milk vitamin A =
<1.05 pmoVL or <8 ng/gmilk fat; low serumretinol =<I.05 pmoVL.

4. RESULTS

At each time point, mean milk vitamin A and serum retinol
concentrations were significantly lower (P<0.01) among women with low as
compared to adequate liver vitamin A stores. The prevalence of low milk
vitamin A ranged from —40%at 2 wk to nearly 80% at 9 mo. Low milk
vitamin A was almost twice as prevalent as low liver stores. Nearly all
women with low liver vitamin A stores also had low milk vitamin A, but not
all women with low milk vitamin A had low liver stores. Therelationship
between these two indicators was strongest prior to six months postpartum
and stronger when milk vitamin A was measured per gram of fat.

5. CONCLUSIONS

Breast milk vitamin A concentrations are highly influenced by liver
vitamin A stores and milk vitamin A levels decline before liver stores
become severely depleted. Although not highly predictive at the individual
level, an assessment of milk vitamin A content can be used to identify
communities atrisk ofmaternal vitamin A deficiency.
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VITAMIN A IN MILK CAN POTENTIALLY
REDUCE THE REPLICATION OF ENVELOPED
VIRUSES IN INFANTS
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Vitamin A (retinol and its derivatives) and provitamin A carotenoids are
fat soluble compounds which play a role in maintenance and restoration of
epithelial barriers, stimulation of immune function and provide increased
resistance to gastrointestinal and respiratory infections'. Diarrhea, measles
and in some studies respiratory infections are common in vitamin A deficient
children’. Although most studies indicate that vitamin A status does not
reduce the incidence of infectious disease, the severity of some infections,
especially those related to diarrhea can be reduced with vitamin A
supplementation. Vitamin A present in human milk may help to reduce the
severity of viral infections since these infections appear to alter the normal
transport and metabolism of retinol. The results presented in this and
previous studies’ show that vitamin A can reduce the production of
infectious enveloped virus particles in cultured cells and suggest a direct
antiviral effect of vitamin A in vivo which is not mediated by immune
function.

In the present study the application of retinoic acid, the acid form of
vitaminA, inhibited the production of a number of different enveloped
viruses regardless of whether they were DNA (herpes simplex virus-1 (HSV-
1)) or RNA (measles and vesicular stomatitis virus (VSV)) viruses (Table).
Decreases in viral titers ranged from 1,000-foldto as much as 100,000-fold.
HSV-1 titers were reduced by similar amounts in both monkey kidney cells
and in a differentiated human neuroblastoma cell line (SYSY) which is
similar to the neuronal cells that HSV-1 infects in vivo. Retinoic acid
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treatment did not interfere with the replication of nonenveloped viruses as
evidenced by the results with poliol and polio 3 viruses in both monkey
kidney and an epithelial cell line.

Treatment of HSV-1 infected Vero cells with retinoic acid did not
reduce the production of viral glycoproteins, even when the production of
infectious virus particles was inhibited by 1,000-fold. = Envelope
glycoproteins are a constituent of all enveloped viruses and inhibition of
their synthesis would have been one possible mechanism for vitamin A
dependent reduction in viral infectivity. Studies done using labeled
carbohydrates however, suggest that retinoic acid treatment interferes with
the processing of carbohydrates attached to enveloped virus proteins. These
studies indicate that the maintenance of adequate vitamin A levels in breast
milk could help to reduce the severity of enveloped virus infections in
infants when a vaccine is not available.

Table 1. Susceptibility of Enveloped and Nonenveloped Viruses to Inhibition by Retinoic
Acid

Virus! Envelope Cell Type? Control Retinoic Acid
Measles Y Vero 105-00 10123

HSV-1 Y Vero 106. 9 10140

HSV-1 Y SYSY 10550 100-63

VSV Y Vero 108 50 10275

Polio 1 N ME 180 10390 10325,

Polio 3 N LLC 10350 10

'Herpes simplex virus-1 (HSV-1); VSV (vesicular stomatitis virus).

*Vero (monkey kidney); SYS5Y (human neuroblastoma); ME 180 (human
cervical epithelial carcinoma); LLC (monkey kidney).

*Viral titer numbers are tissue culture infectious doses (log,,).
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1. INTRODUCTION

Nucleotides are part of the non-protein nitrogen fraction of human milk. It is
suggested that nucleotides are semi-essential nutrients for newborn infants
and therefore are added to infant formulas by some manufacturers.
Nucleosides (nucleotides without phosphate group) are the preferred form
for absorption and they occur both in the free and bound form. In this study
we quantified the nucleosides most abundantly present in human milk at 4
stages of lactation, after degradation of the different forms into nucleosides
and determined the partition of these different nucleoside sources.

2. METHODS

Human milk samples were collected from 8 healthy lactating women who
had given birth to term infants. The samples were stored at -75 °C until
analysis. After thawing, samples were pooled by stage of lactation and
analysed using enzymatic degradation followed by HPLC separation and
quantification of the liberated nucleosides'.
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3. RESULTS AND DISCUSSION

Tablel. Nucleosides in pooled human milk by stage of lactation (umoVL)

Uridine Cytidine Guanosine Adenosine Total
0-2 dayspp 12 22 14 16 64
3-10 dayspp 15 26 13 14 68
1 month pp* 24 38 11 18 92
3 months pp# 34 57 13 20 123
Mean (SD) 21 (10) 36 (16) 13 17(3) 87 (27)

Pp: postpartum; *: n=6; #: n=7

The total amount of liberated nucleosides increased over lactation from 64
pmol/L to 123 pmol/L. Comparing colostrum (0-2 days postpartum) with
late mature milk values (3 months postpartum), the two pyrimidine
nucleosides, uridine and cytidine, seem to be responsible for this rise. The
two purine nucleosides, guanosine (11-14 pmoVL)and adenosine (14-20
pmol/L) were remained at a rather constant level. The mean value of total
liberated nucleosides over 3 months of lactation was 87 umol/L.

Table 2. Percentage of total liberated nucleosides in pooled human milk as polymeric
nucleotides, monomeric nucleotides, nucleosides and adducts (Mean £SD)

Uridine Cytidine Guanosine  Adenosine Total
Polymeric nucleotides 27 +8 48+2 66+4 57+6 50+2
Monomeric nucleotides 39425 43+6 34+4 37+4 40+7
Nucleosides 15 £18 4+5
Adducts 19+ 15 9+6 6+9 6+5

It is shown that the total liberated nucleosides were mainly present in the
polymeric (50 £ 2%) and monomeric (40 £ 7%) nucleotide form. The latter
being the form normally used to supplement infant formulas. The
nucleosides derived from adducts contributed for only 6% to the total and
the free form of nucleosides for even less (4 = 5%). Uridine was the only
nucleoside found in the free form (15 £ 18%). Guanosine was only found in
the polymeric and monomeric nucleoside form and not linked to adducts, as
the others were. Inosine was not found in any of the samples analysed in the
entire study (<4umol/L).
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Human milk oligosaccharides may have important biological activities.'
We developed a sensitive, convenient, quantitative method for the routine
study of sialylated (acidic, negatively charged) oligosaccharides in large
numbers of milk samples. Capillary electrophoresis (CE) with detection at
205 nm was sensitive to the femtomole level and could resolve and quantify
nine acidic oligosaccharides in milk, ranging from tri- to nonasaccharides.

Milk samples from Massachusetts, South Carolina, and Mexico were
analysed with a Hewlett Packard 3D capillary electrophoresis apparatus
(buffer: 376 mM Trizma H [pH 791 and 150 mM SDS, plus 6% [v/v]
methanol as an organic modifier; approximately one nanoliter loaded onto
the column for each analysis). Peaks were identified by coelution with
reference oligosaccharides: 3'-sialyllactose (3'-SL), 6'-sialyllactose (6'-SL),
disialyltetraose (DST), 3'-sialyl-3-fucosyllactose (3'-S-3-FL), sialyllacto-N-
tetraose-a (SLNT-a), sialyllacto-N-tetraose-b (SLNT-b), sialyllacto-N-
neotetraose-c ~ (SLNT-c), disialyllacto-N-tetraose ~ (DSLNT), and
disialomonofucosyllacto-N-neohexaose (DSFLNH). The lower limit of
detection was approximately 20 to 70 femtomoles. Typical
electropherograms of oligosaccharides from pooled samples contained 16
well-defined peaks eluting between 15 and 30 min. Seven major peaks
coeluted with reference SLNT-b, SLNT-c, SLNT-a, 3'-S-3-FL, 6'-SL, 3'-SL,
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and DSLNT, consistent with previous reports.>* Several other peaks, absent
from our panel of reference compounds, were eliminated by hydrolysis of
sialic acid residues.

Peak areas were directly proportional to oligosaccharide concentrations
between 30 and 2,000 mg/L (correlation coefficient [r], 0.998 to 1.000). Ten
identical analyses of authentic samples of the seven major oligosaccharides
yielded coefficients of variation from 4% to 9%. Quantitation of each
compound was unaffected by the presence of others. Oligosaccharide
standards were recovered from pooled milk quantitatively (93% to 102%),).

Milks of individual donors at various stages of lactation were compared.
SLNT pentasaccharides showed the greatest variation: Sometimes SLNT-c
was a major peak, with a smaller peak for SLNT-b and a very small peak or
shoulder for SLNT-a; sometimes SLNT-c was a very small peak or
shoulder, with larger peaks for SLNT-b and SLNT-a. Relative proportions
of 6'-SL and 3'-SL also varied, but usually 6'-SL was larger.

CE of underivatised acidic oligosaccharides compares favourably with
high-performance anion-exchange chromatography (HPAEC),” which
requires prior desialylation and longer running times than does CE. CE also
offers higher sensitivity and predictable elution position: large molecules
and those with a single charge elute early, and small or doubly charged
molecules elute late.  Kunz and Rudloff’, using combinations of
chromatography and mass-spectrometry, found, as we did, that SLNT
isomers of individual milks vary considerably. Both studies also detected
sialylated lactoses and DSLNT, but ours found additional variation in the
proportions of 6'-SL and 3'-SL. The CE method will facilitate study of the
types, preponderances, and possible anti-pathogenic properties of the acidic
oligosaccharides.
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1. INTRODUCTION, STUDY DESIGN

Optimal supply of the trace element Zn is of special importance for the
growing infant. Its concentration in human milk declines during the first
months of lactation and a retention superior to Zn from infant formulas has
been described [13. However, data on Zn intake from supplementary foods
are scarce and the question arises whether nutritional differences in early
infancy affect subsequent Zn intake or plasma Zn concentration.

The Zn intake of 20 breast-fed and 15 formula-fed healthy term infants
was investigated by 72 hour weight-based diet protocols at the ages of 4, 8§,
16,24,32, 42 and 52 weeks. Electronic scales were used for test-weighing of
breast-fed infants, the assessment of the body weight and the intakes of
formula or supplementary foods. The Zn intake was calculated using the pro-
gramme Didt 2 000, Soft & Hard Co., Rimbach. A concentration of 5.0 mg
Zn/1 was given by the manufacturing firm of the infant formula fed (Pre
Aptamil®Milupa Co.). Nutritional counselling was performed according to
present recommendations [3] including exclusive breast- or formula-feeding
during the first 4 months of life. The families were subsequently supplied
with supplementary foods: Vegetables, meat, fruits as ready-to-feed menus
(Hipp KG), as well as cereals, follow-up formula (Aptamil II®, Milupa Co.)
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and mineral water. Zn plasma concentrations were analysed at the ages of
4,16 and 52 weeks by High- resolution ICP-MS at the Dept. of Geology.

2. RESULTS,CONCLUSIONS

Intake 1600’

Zn 1260 M
Hg/kg*d-1
1000

+
760 § Q
+ -
+
600 %
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Fig.1: The course of calculated Zn intake; I range, 25%-75%, breast-fed: ® median, ®
outlier, n=20 (15-16). Formula-fed: 4 median,+ outlier, * extreme value,n = 16(11-15).
Tab. L. Plasma. Zn, concentration. in term breast-fed and formula-fed infants.
| Age, = 2 weeks 4 l 16 | 52
Group Plasma Zn concentration (mg/l, median and range)
Breast-fed | 0.65(0.55-0.84); n=10 | 0.61(0.43-0.71); n=13 | 0.69(0.55-0.92); n=11
Formula-fed | 0.57(0.47-0.69); n=7 0.69(0.55-0.82);, n=12 [ 0.68(0.45-0.89); n=8
Zn intake calculations require knowledge of the individual concentration’
in supplemented formulas. The results suggest that supplementation to the
level of 5 mg/l is unnecessary. Zn intake calculation of breast-fed infants
should be improved by the use of concentration adjustment according to the
stage of lactation. Based on the supply of a choice of infants foods and
standardised nutritional counselling, initial nutrition affected neither later Zn
intake nor Zn in plasma at the end of the study.
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1. INTRODUCTION

Balanced supply of minerals during early childhood allows a good
growth of the body tissues and the maturation of several enzymatic systems.
The assessment of the total content of the micronutrients in human milk is no
longer sufficient to define its nutritional profile. In fact, bioavailability
strongly depends on the chemical species of the element when ingested.
Speciation analysis provides a suitable tool for achieving data on the element
bioavailibility. In this study the concentration ranges and binding patterns of
Ca, Cu, Fe, Mg, Mn and Zn in milk of 60 lactating Italian mothers (19-40
years aged) were investigated. Size exclusion liquid chromatography with
inductively coupled plasma atomic emission spectrometry was used. This
approach allows to minimize interactions between the metal protein
complexes and the stationary phase as well as to achieve good sensitivity
during the multielement quantification.
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2. RESULTS AND DISCUSSION

Table 1 reports the statistics ofthe total concentration ofthe elements in
human milk. The mean concentrations obtained in this study resulted to fall
inside the ranges observed in the literature.

Table 1. Elements total content in 60 human milk samples (in pg ml-1)

Element  Mean SD® Median 25-75 % Literature range®
Ca 306.6 11.76 224.20 134.1 1 - 324.44 220.0 -300.0
cu 0.37 0.03 0.26 0.09 - 044 0.18 - 0.75
Fe 0.65 0.04 0.33 0.18 - 0.59 0.20 - 1.71
Mg 23.0 0.51 4.11 226 - 37.26 9.50 - 62.5
Mn 0.03 0.002 0.01 0.007-  0.03 0.003- 0.04
Zn 2.72 0.07 0.65 0.28 - 2.42 0.70 - 4.00

(a): Standard Deviation; (b): from WHO/IAEA 1989 and Caroli et a/ 1994.

Only the Ca mean content exceeds the literature value, i.e., 306.6 = 1 1.76
vs. 220.0- 300.0 ug ml1+. A typical milk chromatogram shows five resulting
fractions. The first of these was due to the species with molecular weights
(MW) > 2000 kDa and presumably accounted for caseins (o, B and k )
aggregates. The second peak (MW, 500 - 2000 kDa) could be ascribed to
immunoglobulins (Igs). The third one (MW, 100 - 500 kDa) could be traced
back to human serum albumin (HSA) and lactoferrin (LF). The fourth
fraction (MW, 2 - 100 kDa) included the o -lactalbumin (o -La). Finally, the
fifth peak represented substances with MW < 2 kDa (non-proteic fractions).
Elements such as Cu and Fe were homogeneously spread over all the
fractions, from high to low MWs. Calcium and Mg bound preferably to low
MW components (48 % and 56 %, respectively). Manganese, in turn, was
found in the third (28 %) and fifth (30 %) peaks (i.e., HSA, LF and low MW
compounds). Finally, Zn was bound for ca. 44 % to the fraction ofthe o -La,
but also citrates, caseins, HSA and LF presented substantial binding
percentages. The speciation analysis, thus, highlighted peculiar binding
behaviour of the elements investigated. This confirms the important role of
some chemical ligands in affecting the bioavailablity of these elements and,
consequently, the nutritional potential of human milk.
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1. INTRODUCTION

Lead and mercury are potentially toxic. The infant is especially
susceptible. Austrian data are sparse 2 . Pb concentrations decreased in the
last years, Hg concentration in human milk was below the limit of detection”.

2. GOALS OFTHE STUDY

(1) Measurement of Pb and Hg in human milk (2) Comparison to infant
formula and international data 5.

3. MATERIALS AND METHODS

5-10 ml individual samples of human milk, voluntarily provided, cow's
milk and infant formula samples. Questionnaire: maternal living circumstances
andnutrition. Samples were lyophilized, wet ashed and analysed with AAS.
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Statistics: Single-criterion ANOVA. The study was approved by the ethical
committee. Written informed consent was obtained fromthe mothers.

4. RESULTS

Mean maternal age 31 yr, 45 % multipara, mean 27 days p.p. 34.5% LBW.

Table 1. Mercury and lead contents (ng/l) othuman milk, cow’s milk, formulas

The results of Hg and Pb contents of human milk, cow’s milk and infant

N mean £+ S.D. min. max.
Hg  humanmilk 23 4.1+4.0 0 .63 16.8
infant formula* 2 0.23 £0.06 0.18 0.29
cow’s milk 2 not detectable
Pb human milk 22 1.5+£25 0.02 11.17
infant formula* 2 1.8+ 1.04 0.88 4.1
cow’s milk 1 0.45

*: infant formula was prepared with tap water

Hg concentrations of Austrian human milk were within the European range.
Austrian Pb values declined sharply during the last 20 years and are now
extremely low. Nutritional habits seem to influence Hg levels in milk.

S. DISCUSSION

For Hg we found significantly higher levels in human milk than in infant
formulas, depending on maternal nutrition. For Pb, the human milk and
infant formula concentrations are in the same range. Austrian levels
decreased since 1981. Thus, there is no risk for the baby ofa healthy mother.

Acknowledgements: Study is supported by the Austrian National Bank.
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1. INTRODUCTION

Atopic disease may manifest itselfeven during exclusive breastfeeding'.
This early sensitisation has been explained by the presence in breastmilk of
maternal dietary antigens in low amounts?3. However, the concentrations of
dietary antigens in breastmilk do not differ between the mothers feeding
atopic and normal infants’ which apparently explains why the effects of
maternal elimination diets during lactation on the development of atopic
sensitisation have been controversial®. Moreover, these diets may entail
nutritional risks for both the mother and the infant* Consequently, maternal
dietary restrictions during lactation for primary allergy prevention are not
recommended. The data imply that atopic sensitisation during exclusive
breastfeeding may depend more on immunological factors than the presence
ofdietary antigens in breastmilk.

2. MECHANISMS OF ORAL TOLERANCE

Oral tolerance is a systemic unresponsiveness to orally administered non-
pathogenic antigen. Immunological mechanism of oral tolerance is
dependent on the dose of antigen®. High doses of antigen result the clonal
anergy and/or deletion whereas low-dose antigen feeding is characterised by
the induction of regulatory T cells producing suppressor cytokines such as
transforming growth factor beta (TGF —[). A recent study clues that the latter
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mechanism may occur in breastfed infants receiving dietary peptides present
in breastmilk’.

3. TGF-3 IN BREASTMILK

Human milk contains TGF-31 and TGF-32¢. Inadditionto oral tolerance,
TGF- 3 has been shown to have an important impact on the other essential
part of the mucosal immune system, namely IgA production®. Both the
number of [gA-containing cells and the production of TGF-J in intestinal
mucosa increase with age'*! Therefore, the impact of TGF- 3 in breastmilk
may culminate at an early age, when new antigens are first encountered by
the enteral route and the production ofendogenous TGF- 3 and IgA inthe gut
are minimal. In a recent study we showed that the concentrations of both
TGF-B1 and TGF-B2 were higher in colostrum of mothers whose infants
developed atopic disease after weaning compared with those with a
preweaning onset atopic disease>. Moreover, high TGF-B in maternal
colostrum was associated with the infant's ability to produce specific IgA in
response to betalactoglobulin, casein, ovalbumin and gliadin, the dietary
antigens most frequently responsible for sensitising the infant.

4. CONCLUSION

The results suggest that TGF-P in colostrum may prevent the
development of atopic disease during exclusive breastfeeding and promote
specific IgA production in man.
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1. INTRODUCTION

Breast milk not only contains factors that provide passive protection, but
also bioactive agents that may influence the immunologic development of
the recipient infant. Among the many components with immunomodulatory
potential that have been identified in human milk are cytokines (1,2) and
leukocytes (3). The aim of this study was to investigate the capacity of
breast milk leukocytes to produce cytokines in vitro.

2. MATERIALS AND METHODS

At 2 weeks postpartum breast milk samples (20-30mL) were collected by
manual expression from 10 mothers of healthy term infants. Cells were
isolated from the whole milk samples by centrifugation at 680xg for 20min.
After removing the fat and aqueous fractions the cells were washed and
resuspended inRPMI/5%FCS. Cells were cultured (5x10¢cells/mL) at 37°C
with or without lipopolysaccharide (LPS) (500ng/mL). After 24h, cells were
subjected to two freeze-thaw cycles and the supernatants collected for
determination oftotal (secreted + intracellular) cytokine production (IL- 1j3,
IL-6 and TNF-o) by ELISA. ELISAs were established using matched
antibody pairs as described previously (1). The minimum detectable level
foreachELISA was 15pg/mL.
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3. RESULTS

Unstimulated breast milk cells from all donors produced IL-1f3, IL-6 and
TNF- a. Stimulation with LPS significantly increased cytokine production.
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Figurel. Cytokine production by breast milk cells cultured in vitro with (+LPS) or without (-
LPS) LPS. Vertical bars represent the mean+SEM of 10 samples. *p<0.01, t test
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4. DISCUSSION

Our data support existing evidence that human milk leukocytes have the
capacity to produce cytokines in significant amounts following stimulation
with LPS. This type of stimulus may be responsible for activation of milk
cells in the gastrointestinal tract of breastfed infants. The presence of
immunomodulatory agents such as cytokines in the aqueous phase of breast
milk and the capability of breast milk cells to produce these cytokines after
stimulation may contribute to the mucosal defence mechanisms of breastfed
infants.
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1. INTRODUCTION

Asthma is the leading cause ofhospitalisation in Australian children and
its prevalence is increasing.! Susceptibility to asthma may be heightened by
early cessation of exclusive breastfeeding?perhaps because breastfeeding
may be an important determinant of the immune response.> However,
whether breastfeeding protects against asthma and/or atopy is controversial.*

2. METHODS

The Western Australian Pregnancy Cohort Study is a prospective birth
cohortestablished from 1989 to 1992 in Perth, Western Australia. Atage six,
2,602 (91%) children were available for follow-up.

Outcomes and Exposures

Childhood asthma was defined as doctor diagnosed asthma, wheeze in
the last year, sleep disturbance due to wheeze in the last year and objective
atopy defined by skin prick test. Breast-feeding was measured as the
duration of breastfeeding, and the duration of exclusive breastfeeding.
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3. RESULTS

Having adjusted for the potential confounders, the introduction of milk
other than breastmilk before four months of age was positively associated
with all primary end-points ofasthma at six years (table 1).

Table 1. Multivariate logistic regression model between asthma and atopy in children at six
years and the risk of other milk at less than four months of age (n=2023)*

Doctor Current wheeze Sleep Positive skin
diagnosed in the last year disturbance due prick test
asthma to wheeze
OR 95% CI 1.25(1.02-1.51)  1.32(1.06-1.64)  1.43 (1.08-1.90)  1.30 (1.05-1.61)
p-value .028 .014 .013 .016

*Each estimated odds ratio (OR) is adjusted for gender, gestational age & parental smoking.

4. CONCLUSION

This study provides evidence consistent with others, ofa protective effect
of exclusive breastfeeding against a range of end-points reflecting asthma
and atopy. Delaying the introduction of other milk until at least four months
ofage may reduce the risk ofasthma and atopy later in childhood.
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1. INTRODUCTION

The importance of the postnatal docosahexaenoic acid (DHA; 22:603)
status forneurological and cognitive development is well established. In the
North of Pakistan the general diet contains a low content of essential fatty
acids (EFA) ofthe ®3 series. Consequently, we hypothesised that the low
erythrocyte (RBC) DHA content ofmalnourished, breastfed, children living
in the North of Pakistan is to a great extent caused by marginal ®3 FA intake
from their mothers milk.

2. SUBJECTS AND METHODS

The study population consisted of eight mothers feeding a malnourished
child. EDTA anti-coagulated blood (2 ml) was taken from the children.
Breastmilk samples (5 ml) were collected by manual expression. Fatty acids
were determined as their methyl esters by capillary gas chromatography with
flame ionisation detection. The milk fatty acid composition of Pakistani
mothers was compared with that of mature milk of 25 Dutch mothers.
Between-group differences were analysed with Mann Whitney-U test at
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p<0.05. Correlations of the different polyunsaturated fatty acids (PUFA)
between breastmilk and infant RBC were tested with the Spearman test at
p<0.05.

3. RESULTS

Median (range) duration of lactation of Pakistani and Dutch mothers was
12.5 (4.5-21) and 3 (2.5-3.5)months, respectively. The milk ofthe Pakistani
mothers contained significantly lower amounts ofall FA ofthe 03 series and
the main w6-fatty acids LA, and AA (Table 1). Breastmilk DHA and
eicosapentaenoic acid (20:5 w3; EPA)were correlated withinfant RBC DHA
(r=0.8571,p=0.007;r=0.7186, p=0.045).

Table 1. Fatty acids in mature human milk of Pakistani mothers breast-feeding malnourished
children as compared with Dutch controls

Pakistani (n=8) Dutch (n=25)
18:3w3 0.34 (0.28-0.51) 1.12 (0.64-2.19)
20:5w3 0.02 (0.01-0.09)¢ 0.05 (0.00-0.29)
22:6w3 0.06 (0.04-0. 14)® 0.14 (0.10-0.65)
18:2w6 8.73 (7.45-10.61)° 13.84 (6.44-27.69)
20:4w6 0.26 (0.20-0.44)° 0.33 (0.24-0.43)

Data represent median (range), and are expressed in mol% (mol/100 mol).
p<0.0001, ®p<0.005, °p<0.05

4. DISCUSSION

Under the prevailing conditions in North Pakistan breast-fed
malnourished children and their mothers have a poor EFA status. Their ®»3
status is more severely affected, than their @ 6 status. The low maternal milk
LCPUFA @3 content is presumably caused by low fish consumption in the
North of Pakistan. The low LCPUFA @3 status of malnourished breastfed
children in North Pakistan is most probably caused by the low LCPUFA w3
content of their mother's milk. Improvement of the EFA status of both
mother and child may be accomplished by EFA supplementation of the
mother.
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1. INTRODUCTION

Human milk contains not only the essential fatty acids linoleic (C18:2 ®-

6) and o-linolenic (C18:3®-3) acids but also their long-chain
polyunsaturated fatty acid derivatives arachidonic (C20:4m-6) and
docosahexaenoic (C22:6w-3) acids.! In contrast, infant formulae with
traditional fat blends contain only the essential fatty acids but are devoid of
long-chain polyunsaturates.> Here we report data obtained at investigating
the fatty acid composition of plasma phospholipids in 6- to 12-month old,
healthy, full-term infants fed either human milk or formula.

2. SUBJECTS AND METHODS

The infants were enrolled into the study if interview with the parents
allowed unequivocal characterisation of feeding history to exclusive breast
feeding (no breast milk substitute formula) or exclusive formula feeding (no
human milk feeding after the age of 1 month). Fatty acid composition of
plasma phosphoplipids was analysed by high-resolution capillary gas liquid
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chromatography. The analytical procedure has been recently described in
detail elsewhere”.

3. RESULTS

In the breast-fed group, the mean duration of breast feeding was 26+8
weeks, one infant was still exclusively breast-fed, three infants were weaned,
and eight infants received partial breast feeding. In the formula fed group,
seven infants still received breast milk substitute formula, four infants were
given follow-on formula, and one infant was fed diluted cow’s milk.
Contribution ofthe essential fatty acids C18:2®-6 and C18:3®-3 to the fatty
acid composition of plasma phospholipids did not differ between the two
groups (Table 1). In contrast, plasma phospholipid C20:4 w6 and C22:6 ®-3
values were significantly higher in breast-fed than in formula fed infants
(Tablel).

Table 1. Major polyunsaturated fatty acids in plasma phospholipids of 6 to 12-month-old,
healthy, full-term infants fed human milk or formula. Data are % weight/weight expressed as
mean+SD. * =P <0.001, ** =P <0.0001.

Fatty acid Breast-fed (n=12) Formula fed (n=12)
Linoleic 18.32+4.11 20.91+2.69
Arachidonic 9.79+1.97* 6.74+1.45
o-Linolenic 0.06+0.03 0.12+0.13
Docosahexaenoic 1.96+0.36** 1.00+0.25

4. DISCUSSION

In the present study feeding formula without long-chain polyunsaturated
fatty acids was found to be associated with significantly lower plasma
phospholipid C20:4 -6 and C22:6 -3 values in formula fed than in breast-
fed infants. The data obtained in the present study support the concept that
the type ofinfant feeding exerts relatively long term effect on the fatty acid
composition of infantile lipids.
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1. INTRODUCTION

Human milk (HM) fatty acids (FAs) are derived from both dietary
sources and from mammary gland synthesis. Dietary sources of essential
FAs, linoleic acid (LA) and a-linolenic acid (ALA)', as well as some long
chain polyunsaturated FAs, such as docosahexaenoic acid (DHA), are a
reflection of maternal diet. Mammary gland synthesis of saturated FAs,
particularly up to a chain length of 14 carbons, is the predominant source of
these FAs.2 However, dietary considerations also enter into the HM levels of
saturated FAs, since low fat, high carbohydrate diets lead to elevated HM
levels oflauric acid. The present study evaluates HM FA profiles from four
countries, with approximately 50 samples evaluated per site.

2. MATERIALS AND METHODS

HM samples were full breast expressions stored in polypropylene bottles
at -70°C until analyzed. Samples were extracted using a modified Roese
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Gottlieb mixed ethers method and analyzed by GC with an OmegawaxTM
capillary column and FID.

3. RESULTS AND DISCUSSION

Table 1. FATTY ACID COMPOSITION OF HUMAN MILK (wt % + SEM)

FA Australia (A) Canada (C) Philippines (P) Japan (J)
12:0 5.49+0.22+ 5.25+0.23 13.82+0.47° 5.89+0.242
16:0 22.26+0.3 1¢ 18.67+0.32¢ 23.02+0.28¢ 20.21+0.26°
18:2n-6 10.66+0.35v 11.48+0.430 7.904+0.242 12.63+0.25¢
18:3n-3 0.90+0.04> 1.22+0.05¢ 0.43+0.02¢ 1.32+0.05¢
20:4n-6 0.38+0.01 0.37+0.01 0.39+0.01 0.39+0.01
22:6n-3 0.23+0.03¢ 0.1740.0 1a 0.74+0.05° 0.98+0.09¢

*Means sharing a common superscript are not significantly different (P<0.05)

Saturated FAs Although the lauric acid content was similar among A,
C, and J (between five and six weight percent), the level in P is exceptionally
high, 13.8%.

Polyunsaturated FAs. LA was lowest in P, suggesting a diet low in FAs,
and particularly polyunsaturated FAs. Arachidonic acid (AA) levels were
similar among all countries demonstrating the highly protected nature ofthis
FA. DHA varied greatly, ranging from 0.17% in C (samples collected in
Edmonton, Alberta) to almost 1% in J. Due to relatively constant AA levels
and large differences in DHA levels, the AA/DHA ratio varied seven-fold.

4. CONCLUSION

The results of this study demonstrate the substantial variability of HM
FA profiles. Consideration of optimal neonatal intake of specific FAs and
suggestions for supplementation ofmaternal diets and infant formula should
take this variability into consideration.
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1. INTRODUCTION

Many studies have manipulated maternal diet to increase the proportion
ofspecific fatty acids (FA) in human milk. However, few have investigated
short- and long-term variations ofmilk fat content and FA composition and
the implications these have on infant intake. We determined milk fat content
(spectrophotometrically') and FA composition (using gas chromatography?)
in fore- and hind-milk samples from each feed, from each breast over 24 h
periods at 1, 2, 4, 6, 9 and 12 months of lactation in 5 women.

2. SHORT-TERM VARIATION

Fat content varied over the day with a mean (+£SD) daily coefficient of
variation (CV) of44.7 £ 2.1 % Fatty acid composition also varied over the
day with amean (£SD) daily CV of 14.3 £7.7 % forall FA. However, there
was no consistent circadian rhythm for either fat content or the proportion of
individual FA between women or with stage of lactation.
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3. LONG-TERM VARIATION

Mean (£SD) milk production (376154 mL/breast) differed between
breasts, between women and with stage of lactation (p<0.05). Milk fat
content (35.5+£7.86 g/L) and the percentage composition of 18:1n9
(32.2443.3), 18:2n6(9.18+2.66), 18:3n3 (0.76+0.21), 20:4n6 (0.37+0.07),
22:5n3 (0.1740.04) and 22:6n3 (0.2+0.07) differed only between women and
with stage of lactation (p<0.05). In contrast, the amount delivered to the
infant differed (p<0.05) between women only for 18:3n3,22:5n3 and 22:6n3
and no differences in amounts delivered were observed for any of the FA
from 1 to 12 months oflactation. Each child received a mean (£SD) of
8.27+£2.84 g 18:1n9; 2.38+0.98 g 18:2n6; 19473 mg 18:3n3;92+31 mg
20:4n6;43+14 mg 22:5n3 and 49421 mg 22:6n3 every 24 h from breastmilk
over the first year oflife.

4. CONCLUSIONS

Short-term patterns of variation for milk fat content are largely
determined by infant feeding pattern and are therefore different between
women. These results, when combined with the short-term variability in FA
composition, emphasise the importance of appropriate sampling protocols.
In addition, they suggest that the average fat content and FA composition of
human milk quoted in the literature are oflittle value when assessing energy
and FA intakes ofindividual breastfed infants. Furthermore, changes in milk
production, fat content and composition over the long-term have highlighted
that variation in the percentage composition of individual FA may not
always translate to variation in the amount delivered to the infant and that
milk production and fat content have to be taken into account.

REFERENCES

1. Atwood, C.S. and Hartmann, P.E. 1992. Changes in the composition of fore- and hind—
milk from the sow. J. Dairy Res., 59:287:298.

2. Makrides, M., Neumann, M.A., Byards, R.W., Simmer, K. and Gibson, R.A. 1994. Fatty
acid composition of brain, retina, and erythrocytes in breast and formula-fed infants. Am.
J. Clin. Nutr., 60:189-194.

T This study was supported by the Grains Research and Development Corporation of
Australia, Meadow Lea Foods Ltd. and the Lotteries Commission of Western Australia



48

DIETARY FISH AND THE DOCOSAHEXAENOIC
ACID (DHA) CONTENT OF HUMAN MILK

Lotte Lauritzen; Marianne H. Jorgensen; Kim F. Michaelsen
Research Department of Human Nutrition and LMC Centrefor Advanced Food Studies, The
Royal Veterinary and Agricultural University, Rolighedsvej 30, 1958 Frederiksberg C, Denmark

Key words:  DHA, fatty acids, human milk, fish

1. INTRODUCTION

DHA is ubiquitous in human milk, although in varying concentrations
from 0.1% in some western societies to 1.4% in Inuit populations. It is
possible that the neurologic development of breast fed infants could be
affected by the level ofmaternal milk DHA. In order to investigate whether
DHA is essential for term infants, and ifit is, what the optimal level is, we
need to understand the variations in milk DHA and influencing factors. The
richest dietary source of DHA is marine organisms. Thus, in the studies
described here our aim has been to describe the fluctuations in milk DHA
and the effect offish and fish oil intake on milk DHA levels.

2. RESULTS AND DISCUSSION

The mean DHA-content in milk from Danish mothers is 0.41+£0.36%
range (0.12% to 1.98%)'. This variation probably reflect the variation in fish
intake. 25% ofDanish fertile women never eat fish, whereas the intake in the
upper decile is >39 g/day?. 1 one ofour studies 55% ofthe variation in milk
DHA could be explained by differences in maternal fish intake'?. In another
study women, who reported never to eat fish, had a milk DHA content of
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0.26+0.11%'. In a group of women, who did eat fish, those who had fish
2.1+1.2 times a week had a mean DHA content of 0.47+0.39% (n=10) and
those who ate fish4.2+1.6 times/week 0.57+0.28 %*.

Mothers who ate fish on the day before they delivered a morning milk
sample had a 50% higher DHA concentration than those who did not'. Those
who had fat fish had milk DHA levels 82+17% higher, whereas lean fish
only gave rise to an insignificant increase of32+35%:. Fish oil test meals (2-
8 g) resulted in an acute increase in milk DHA, which started after a few
hours, peaked after 8-10 hours at 150-300% ofmorning level, and lasted for
approximately 24 hours*.

In a cross sectional study of 4 mo old infants we found a positive
association between visual acuity (SWEEP-VEP), and the DHA content of
their mother's milk controlled for fish intake the day before milk sampling’.
However, this association between milk DHA and visual acuity were not
confirmed neither in a cross-sectional study of American/Canadian infants
nor in an Australian intervention study’. Therefore, we cannot from this
limited data make any conclusions about functional effects ofdifferent levels
of DHA in breast milk.

In conclusion, consumption of fish and marine oils have a pronounced
and immediate effect on the concentration of DHA in human milk. The
increase in milk DHA peaks after approximately 10 h. In mothers with a
high BMI the increase was less (unpublished data). Because of this
pronounced effect of fish meals and consequently large fluctuations in milk
DHA it is difficult to asses the exact DHA intake ofbreast fed infant ifthe
mother eats fish. The assessment would be better ifit is based on an average
of several milk samples taken at different times of the day and not on a
single morning milk sample. Another approach would be to indirectly assess
the DHA intake of'the infant through an assessment of the DHA status of
the mother. This is normally done by measuring the fatty acid composition
of her erythrocytes or adipose tissue. We found that the fatty acid
composition of erythrocytes in the mother is a better bio-marker for milk
DHA than the composition ofadipose tissues (unpublished data).
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1. INTRODUCTION

Breast milk fats (98% TQG) reflect not only the mothers nutritional
condition but also their diet. We studied wether a diet containing small
amounts of fish during whole gestation increases the content of DHA and
eicosapentaenoic acid (EPA, 20:5n-3) inbreastmilk.

2. METHODS

102 healthy mothers were interviewed twice filling a questionnaire
assessing the usual habits over the past year (Black G et al. ] Am Epidemiol
1986; 124:453-69). That enabled us to identify a group of 86 mothers having
at least a portion of fish (200 g) per week (= 28 g/day, fish group) and
another group of 16 mothers eating fish never or less than once per week

A sample of mature (> 15 days) breast milk was obtained for
measuring total fat, FA pattern (mass spectrometry) vitamin D and 25 D
(HPLC andbindingprotein).
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Maternal and newborn nutritional status was normal in all cases. In the
table are the values for fatty acids and total fatin both groups.

BREAST MILK COMPOSITION ACCORDING FISH INTAKE;
<200 g/week (n=16); 2200 g/week (n=86)

FA wt/wt <200 g/wk >200 g/wk | FA %wt/wt <200 g/wk >200 g/wk
10:0 1.67(1.32) 1.28(1.03) 20:3n-6 .55(..28) 52(.25)
12:0 5.18(3.23) 4.493.12) 20:4n-6 .63( .27) .60( .25)
14:0 7.03(3.22) 6.31(2.58) 20:5n-3 .09( .10) .07( .07)
14:1n-5 A5(.14) .30(1.87) 22:00 37( .52) 27( 4D
16:0 21.6(4.66) 22.3(5.06) 22:1n-9 18(.22) .19( .14)
16:1n-7 1.43( .79) 1.34( .58) 22:2n-6 14(..17) .12(..10)
18:0 7.44(2.79) 7.57(2.57) 22:3n-3 .16( .19) 18(.22)
18:1n-7* 1.99( .10) 2.21( .29) 22:4n-6 A3(.17) Jd1(.17)
18:1n-9 27.8(9.48) 32.9(6.96) 22:5n-3** .20( .12) .29(.12)
18:2n-6 17.9(8.80) 16.1(4.08) 22:5n-6 21( .34) A7(..17)
18:3n-3 .63( 42) .54( .25) 22:6n-3 .36( .19) 46( .23)
20:0 .19 .07) .21( .06) 24:0 J1( .13) J18( .13)
20:1n-9 A48( .21) 55( .24) 24:1n-9** 14( .14) .20 .14)
20:2n-6 .68( .37) .70( .40) Total fat g/dl | 3.04(1.38) 2.69(1.449)

Mean (sd) ; * p<.05; ** p<.01

Vitamin D content showed no differences ( .57+ .32 ng/ml, vs .51 + .26 ng/ml) conversely 25
hydroxyvitamin D was significantly (P< .05) higher in the group taking fish ( .62 + .43 ng/ml
vs .98 + .60 ng/ml).

4. SUMMARY

Mothers taking 200 g of fish per week, showed a greater content in
mature breast milk of n-3 fatty acids, particularly DHA. AA was not
decreased.

Vitamin D content was low despite mothers were living in a sunny and
template area. The content of 25 hydroxyvitamin D is increased in the group
on fish intake, probably pointing out its marine source.
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1. INTRODUCTION

Long chain polyunsaturated fatty acids in breast milk are derived from
dietary intake, from endogenous conversion and from maternal body stores.
The diet of rural Mexico is low in fat (17% of energy) and although the
arachidonic acid (AA) intake in women from these regions is low, the
amount of AA in the milk is similar to values reported for women from
developed countries.'2 The aim ofthis study was to estimate the contribution
ofdietary and endogenously synthesised AA to milk in this women .

2. METHODS

An oral bolus of U-3C-linoleic acid (LA, 2.5 mg/kg) was given to 10
lactating women.. Milk and breath samples were collected before and until
72h after tracer administration. The C enrichment in CO, and milk fatty
acids was measured by isotope-ratio mass spectrometry, while milk fatty
acids were quantified by gas chromatography. Breast milk intake was
measured for 48 h by test weighing of the infant.” The total amounts of LA
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and AA transferred directly from diet into milk fat were calculated by
multiplying the 24 h intakes of LA and AA times the % of *C-LA recovered
inmilk . We assumed a similar transfer rate into milk for dietary AA and LA
based on the observations by Sauerwald who showed a similar transference
for palmitic, oleic and docosahexaenoic acid.’

3. RESULTS

Within 72 h after administering the dose, about 16% ofthe labelled LA
wasrecovered inmilk as LA, 0.01% as AA and 16% as breath CO, (Table I).
The calculated transfer of LA and AA from the diet into milk contributed
with about 33 and 12% of the total LA and AA secreted into milk,
respectively. The detectable endogenous conversion of BC-LA to milk AA
was low and contributed 1.1% of the total AA secreted into milk.

Table I Calculated contribution of LA and AA from diet and AA from endogenous synthesis to the LA
and AA secretion in milk.

Transfer into milk Linoleic acid Arachidonic acid
from diet (g/d) 1.8+0.8 0.011 £ 0.007
(% oftotal) 32.8+18.0 11.8£6.6
from endogenous synthesis  (g/d) 0.0008 + 0.0004
(% total) 1.14+0.80

4. CONCLUSIONS

About 70% of the LA and 80% of the AA secreted into milk were not
derived directly from the diet. Only a minor fraction ofmilk AA stems from
direct conversion of dietary LA. Maternal body stores, with low turnover,
are the major source formilk LA and AA in woman on low fat diets.
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1. INTRODUCTION

The diet of the rural community of San Mateo Capulhuac Mexico, is
marginal in energy (45 kcal/kg body weight/day) and protein (0.8 g/kgbody
weight/day) and low in fat (17% of total energy). The milk lipid
concentration in women from this community was positively correlated with
maternal weight, body mass index (BMI) and body fat.! The aim of this
study was to investigate differences in the metabolic distribution of dietary
lipids between women with a low or a high BMI by following the
metabolism ofan oral dose of *C-linoleic acid (LA).

2. METHODS

Ten lactating women from San Mateo Capulhuac, Mexico with a BMI<22.5
(n=5) or BMI>23.5 were recruited. The first day ofthe study they received
orally 2.5 mg/kg body weight of U-*C-linoleic acid. Milk samples were
collected at 0, 6, 9, 12, 15, 24, 36, 48 and 72h after the tracer dose. Breath
samples were taken at 0, 1-12h, 24, 48 and 72h after the dose. The "“C
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enrichment in CO, was measured by isotope-ratio mass spectrometry
(IRMS). Breast milk intake was measured for 48 h by test weighing of the
infant. The fatty acid composition of milk samples was measured by gas
chromatography and 13C enrichment by IRMS.

3. RESULTS

Women in the high BMI (HBMI) group had a body weight 10 kg higher than
those ofthe low BMI (LBMI) group (45.7 £3.8 Vs 54.3 £5.1, p=0.019).
The energy and fat intakes were not different between groups (2216.6 +
395.1 vs 2328.2 + 356.0 Kcal/d and 43.05 £ 6.15 vs 50.99 + 14.26 g/d).
Milk volume was higher and milk lipid concentration was lower in the
LBMI than in the HBMI group (763 + 93 vs 676 = 149 g/d and 2.66 + 0.61
vs 3.58 £ 1.24 g/dL, p= 0.03). HBMI women had a higher 72h cumulated

‘Co: production, cumulated “C-LA recovered in milk LA at 72h was not
differentbetween groups (Table1).

Table I Cumulative recovery of orally applied *C-linoleic acid in lactating women

% dose
BMI<22.5 BMI>23.5 P
BreathCO, 8.6+3.5 22.8+94 0.01
Milk 18:2n-6 17.70+6.68 14.82+6.49 n.s.
Totalrecovered 26.3+10.7 37.6+14.4 n.s.

4. CONCLUSIONS

Our results showed that lactating women with BMI <22.5 had a lower
oxidation of dietary fat in comparison to women with BMI >23.5 from the
same community, eating a similar low fat diet. The percentage ofa dose of

C-LA transferred to milk was similar between groups. An important
portion ofthe dose may be taken up by a maternal compartment with a low
turnoverrate, such as the adipose tissue.
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1. INTRODUCTION

In infants fed with supplemented formulas plasma and erythrocyte
membrane phospholipid composition in AA and DHA is comparable to that
ofbreast fed infants. In addition to their role in development, LCPUFA may
also play arole in atopic disease * Reports describe disorders of essential
fatty acids metabolism, specifically of impaired conversion of 18 carbon
precursors to their LCPUFA products, that lead to modified fatty acids
profiles in atopic children’. Therefore, the supplementation of HA formulas
with LCPUFA should be useful.

2. AIM

To examine composition in AA and DHA of plasma phospholipids and
erythrocyte membrane phospholipids in infants fed a HA formula
supplemented with LCPUFA (HA) and in breast fed (BM) infants.
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3. METHODS

Forty six term, AGA infants with a family history for atopic disease fed
from birth with a HA formula supplemented with LCPUFA (Aptamil HA 1,
Milupa) and twenty five exclusively breast fed infants, constituted the case
series. At three months of age the composition in AA and DHA of plasma
and erythrocyte membrane phospholipids was determined on venous blood
samples, after 3 hours fasting, by means ofgaschromatography. Differences
between means for the two groups were analyzed. Statistical analysis was
performed using Student’s t-test. A value ofp <0.05 was used for statistical
significance.

4. RESULTS

No significant differences between breast fed infants and infants fed

Aptamil HA 1 milk formulawere observed.
The table below reports the mean values and (standard deviation Jof AA and DHA in plasma
( Table 1) and erythrocite membrane phospholipids ( Table 2) in %wt/wt .

Table 1 BREAST MILK HA+LCPUFA Statistical Analysis
AA (C20:4n6) 11.68 (2.31) 9.96 (2.23) NS
DHA (C22:6n3) 4.28 (0.90) 3.75 (1.07) NS
Table 2 BREAST MILK HA+LCPUFA Statistical Analysis
AA (C20:4n6) 12.42 (2.61) 12.05 (2.21) NS
DHA (C22:6n3) 4.95 (1.43) 4.39 (2.19) NS

5. CONCLUSIONS

AA and DHA  content of plasma and erythrocyte membrane
phospholipids in infants fed the examined HA formula supplemented with
long chain polyunsaturated fatty acids and breast fed infants is similar
suggesting that the supplementation is useful.
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1. INTRODUCTION

Contribution of the long-chain polyunsaturated fatty acids to the fatty
acid composition of human milk exhibits considerable variability among
populations.! More than a decade ago, an obstetrical study comparing the
influence of steroidal contraceptives on milk lipids and fatty acids in
Hungary and Thailand showed unexpectedly low docosahexaenoic acid
(C22:6w-3)values in the Hungarian milk samples.2

2. SUBJECTS AND METHODS

Human milk samples of 10 ml volume from 24-hour collections were
obtained from 15 lactating women twice with 2 weeks of intervals. The
mean duration oflactation was 4 months (ranges: 1 to 14 months) at the first
sample collection. Technical details offatty acid analysis have been recently
described.?
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3. RESULTS

Values of the w-6 essential fatty acid, linoleic acid (C18:20-6) were
considerably higher, whereas those of the ®-3 essential fatty acid, o-
linolenic acid (C18:3 m-3) were considerably lower in mature human milk in
Hungary in 1998 than in 1986 (Table 1). In spite of the very similar
contribution of C18:3w-3 to the fatty acid composition of mature human
milk in Hungary in 1998 to that reported from other five European
countries*® in the 1990ies, the C22:6®-3 values in the Hungarian milk
samples were considerably lower than the values reported for other
European populations (Table 1).

Table 1, Major polyunsaturated fatty acids in mature human milk in Hungary in 1986%and in
1998. The Hungarian data are compared to the mean of values recently reported in five
studies*® Data are % weight/weight, mean (SD).

Fatty acid Hungary 1986 Hungary 1998 Europe 1993-1998
Linoleic 11.0 15.72 (4.39) 11.6

Arachidonic 0.5 0.52 (0.10) 0.5

a-Linolenic 1.2 0.71 (0.25) 0.7
Docosahexaenoic 0.1 0.17 (0.05) 0.3

4. DISCUSSION

The low contribution of C22:6®-3 to the fatty acid composition of milk
lipids in Hungary may be the consequence of low dietary intake of
preformed C22:6®-3 in the form of fish and fish products. It is to be
emphasised, however, that neither the present study nor the aforementioned
previous report® found any indication oflow dietary intake ofthe C22:6 -3
precursoressential fatty acid, C18:3 »-3.
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1. INTRODUCTION

We have shown that moderately malnourished Pakistani and
Guatemalan women lose weight over a reproductive cycle without
compromising the birthweight oftheir second compared to their prior infant.
Surprisingly, malnourished women did not lose weight over the reproductive
cycle, but their second was smaller than their prior infant. These findings
were consistent with results among Indonesian women and with our work in
animals.

2. OBJECTIVE

Here we again use data from a supplementation trial of pregnant and
lactating women by Institute of Nutrition in Central America and Panama in
Guatemala 1969-1977, to estimate the thresholds in maternal body weight at
which the trade-offs between maternal and fetal health occur. Impact of
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maternal experiences of periods of non-pregnancy/non-lactation (NPNL) or
overlap oflactation with the next pregnancy also are evaluated.

3. METHODS

Information on two consecutive deliveries were available for 176
women. Change in maternal weight (3 mo postpartum) over the reproductive
cycle (AW) and difference between the two birthweights (within 24 h of
delivery; ABW) were calculated. Women with supplement intake in the top
two tertiles were contrasted with the others. The relationships of AW and
ABW to initial maternal weight were investigated for both supplement
groups, usingpiece-wise regressionanalyses.

4. RESULTS

The threshold below which lower initial maternal weight in Low
Supplement predicted lower ABW was 48.4 kg (£2.7). High levels of
maternal supplement eliminated this association. Above this threshold, ABW
was independent ofinitial maternal weight in both supplement groups. On
the maternal side, the threshold below which AW was higher the lower the
initial maternal weight, was 49.6 kg (£1.6). High levels of maternal
supplement eliminated this association. The threshold above which AW was
unrelated to initial maternal weight for Low Supplementwas 55.3 kg (+ 1.3).
Between 49.6 kg and 55.3 kg, lower initial maternal weight was associated
with lower AW for women in Low Supplement. High levels of supplement
eliminated this association. Separate analyses for women with NPNL vs.
overlap yielded similarresults.

5. CONCLUSIONS

We identified a threshold in initial maternal weight below which the
nutritional flow during reproduction benefits the infant more than the
mother, and an even lower threshold where the nutritional flow benefits the
mother at the expense of the infant. The benefits of a maternal nutritional
supplement are partitioned to counteract these dynamics. Whether the
mother had experienced periods of non-pregnancy/non-lactation or overlap
of lactation with the next pregnancy, had no impact on these results.
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1. INTRODUCTION

Leptin, a hormone originally thought to play a role only in control of
food intake, energy expenditure and regulation ofbody weight, may have a
role in energy utilisation during lactation. The objectives ofthe present study
were to determine the effect of exercise and energy restriction on leptin and
examine the relationship between leptin, prolactin and insulin during
lactation.

2. METHODS

Four to five week exclusively breast feeding women with BMI >25<30
were recruited for the study. The subjects were assigned to a treatment group
(n=8) and a control group (n=6). The treatment group was put on an energy
restriction and aerobic exercise program. Data collection was done at 4-5
weeks postpartum and 10 weeks after intervention. Fasting plasma was
analysed for leptin, prolactin and insulin. BMI, fatmass and % body fat were
determined. Three-day diet records were kept prior to each visit. ANOVA
was used to determine differences between groups. Correlation and
regression were done to determine the relationship between leptin, prolactin
andinsulin.
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3. RESULTS

Pre-pregnancy BMI was not significantly different between the treatment
(24.9£2.27) and control (26.4 &= 3.19) group. There was no significant effect
of intervention on leptin, prolactin or insulin concentrations. A significant
decrease (p<0.05) in body weight (4.3 = 1.08 kg) and fat mass (3.8 = 1.15
kg) was observed only in the treatment group after intervention. Further
there was no treatment effect on leptin even when analyses were done with
% body fat as a covariate. Hence the groups were combined for further
analyses. There was a significant correlation between leptin and BMI (r =
0.5, p<0.05), leptin and fat mass (r = 0.6, p<0.05) and leptin and % body fat
(r=0.7, p<0.05). There was a significant correlation only between change in
leptin and change in energy intake (r = 0.6, p<0.05). BMI, % body fat, and
prolactin (p <0.05) independently predicted leptin. Leptin concentrations
were also predicted by BMI and insulin (R>= 0.6, p<0.05), prolactin and
insulin (R2 = 0.53, p<0.05) and by % body fat, insulin and the interaction
between % body fat and insulin (R2=10.77, p<0.05).

4. DISCUSSION

Fat mass is correlated with BMR and 74% ofthe change in BMR during
pregnancy can be explained by leptin'. Another study observed a 66%
increase in leptin early in pregnancy prior to significant changes in body fat2.
We have previously shown that leptin is elevated in lactating women when
compared to never pregnant controls. In the present study although change in
leptin did not correlate with changes in body composition, there was a
significant correlation between change in leptin and change in energy intake.
A relationship between leptin, prolactin and insulin was also demonstrated.
Thus, in addition to adiposity, change in energy intake and hormones such as
prolactin and insulin affect leptin concentrations during lactation.
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1. ABSTRACT INTRODUCTION

The relation between mother’s diet and breast milk composition is still an
open question. An important issue is whether mothers who are breast feeding
modify, respect to before lactation,food intake to satisfy the increased
requirements.

2. AIM

To compare food intakes in a group of breast-feeding and not breast-
feeding mothers with the respective LARN values .

3. MATERIALS AND METHODS

In the period February - May 1998 the healthy mothers 0f48, singleton,
term infants, aged 25-35 days and seen at the Infants’ Department of our
institution for aroutine medical visit were enrolled. Twenty five infants were
breast fed and the rest were exclusively fed on formula milk. Mothers filled
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in a detailed questionnaire concerning dietary habits over two days. Italian
recommended daily assumption levels of nutrients (LARN) values for
breast-feeding (LA) and not breast-feeding (LB) mothers were used for the
purpose of comparisons. The data collected were processed by Dietosystem
software to obtain the daily nutrient intakes.

4. RESULTS

Breast-feeding mothers’ diet is hyperproteic and hypocaloric and intake
is inadequate for vitamins B1, B2, PP, B6, B12, E and folic acid, and for Fe,
Ca, Mgand Zn.

Notbreast-feeding mothers diet is hyperproteic, isocaloric, inadequate for
vitamins B6 and E and for Fe and Mg.

Intake of nutrients in not breast-feeding and breast-feeding mothers is
closer to the respective LARN values in the former.

Table 1. Breast-feeding (A) and not breast-feeding (B) mothers’ intakes (mean of 2 days)
compared with Recommended Daily Assumption Levels of Nutrients (LA) (LB) respectively.
Cal Prot Bl B2 B6 fol B12C A D3 E Fe Ca P Mg Zn
Kcal G mg mg mg pg pg Mg pg pg pg mg mg mg mg mg
A 1765 116 0.81 1.27 1.16 158 2.3 119 1407136 43 11.6 689 1134221 10.1
SD 495 25 0.29 0.3 042 51.2 0.88 90.5 982 4.3 19 34 260 303 755 44
B 2164 96 1.03 14 09 229 24 130 120715 5.2 13 889 1121270 10.9 .
SD 600 30 0.33 0.5 0.39 49.2 0.81 99.1 973 52 2 2.8 199 289 74.8 3.8
LA 2650 70 1.1 1.7 1.3 350 2.6 90 950 10 8 18 12001200475 12
LB 2150 53 09 13 1.1 200 2 60 600 10 8 18 800 800 325 7

5. DISCUSSION

It is necessary to improve nutrients intake in breast-feeding mothers and
not breast-feeding mothers, but more so in the former.

It is important that pediatricians inform breast-feeding mothers on the
advantages ofimproving quality ofintake ofnutrients.
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1. BACKGROUND

Infants are reported to eat less than normal amounts during infections '2.
Some have reported that breast-fed infants are less prone to anorexia during
infectious illnesses '2. In animals, illness-induced anorexia (ITA) is
associated with the release ofinterleukin-1 and tumor necrosis factor whose
main mediators are the prostaglandins . Prostaglandins, cytokines, anti-
inflammatory factors and the PUFAs docosahexaenoic (DHA) and
arachidonic (AA) are among the substances present in human milk that
likely modulate an infant’s immune system and may account for the putative
dampening of anorectic responses during illnesses of breastfed infants. It
also is noteworthy that DHA and AA are prostaglandin precursors. AA
derived prostaglandins are more potent than those derived from DHA. This
study’s aims were to assess energy intakes ofbreast- and formula-fed infants
during and after an infectious episode and to assess possible relationships
between circulating concentrations of IL-1 and TNF, and DHA and AA
tissue levels to anorectic responses in both groups. This study was approved
by the Research Committee ofthe Mexican Institute of Social Security and
by the Human Use Committee of Cornell University.
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2. SUBJECTS AND METHODS

Twenty-eight infants hospitalized with pneumonia in 2 hospitals of
Mexico City were enrolled. Daily energy intake (test-weighing procedure)
was estimated and peripheral venous blood was collected at hospitalization
for the determination of IL-1B and TNF- o (ELISA), and erythrocytes fatty
acid profiles (gas chromatography). To compare energy intakes during
illness (the day ofhospitalization), convalescence (the day ofdischarge), and
post convalescence (three weeks after discharge), infants were readmitted for
three days three weeks after discharge. Paired t-Test, Wilcoxon, Student t-
Testand regression analyses were performed as appropriate.

3. RESULTS

Of the 28 selected infants, 13 returned for reevaluation. Formula-fed
infants (FFI) were older (5.9 = 0.9 Vs 4.2 + 0.9 mo) and had higher body
temperature (37.6 0.2 Vs 36.8 £ 0.3 °C) and cardiac rate (150 4.6 Vs 140
+ 3.7) than breast-fed infants (BFI). Energy intakes were reduced in both
groups during illness period (64.25 =+ 43 and 62.59 + 6.6 kcal/kg/day)
compared to intakes observed in the convalescent (82.98 £9.2 and 86.36 +
7.2 kcal/kg/day)andpost-convalescentperiods (84.02+7.7and 111.1546.7
kcal/kg/day). However, the relative reduction in intake was significantly
lower in BF than in FFI (23.5 Vs 43.7%). BFI also recovered the appetites
sooner. The mean proportion of DHA in the erythrocyte membranes was
higher in BFI as compared to FFI (3.9 0.2 Vs 2.4 4= 0.3). The increase of
IL-1 3 was similar in both groups (36 and 37%), but the increase of TNF-o
was significantly higher in FFI (164%) than in BFI (89%). Reduction in
energy intake was related positively to IL-13 and TNF- o levels, and
negatively to the proportion of DHA in the tissues (p<0.05, R=0.64).
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1. INTRODUCTION

The measurement of milk transfer (MT) by test weighing is the ,,gold
standard* for documenting the onset oflactogenesis stage II (OL)'; however,
test weighing is impractical for routine use. From a public health
perspective, maternal perception (MP) ofthe timing of OL may be a useful
proxy for OL, as it describes when women actually feel their milk ,,came in.*
This study compares the determinants and consequences of delayed OL, as
measured by both MT and MP.

2. METHODS

Study data were obtained from a previously described randomized
clinical trial 2. Following Cesarean delivery in a USA hospital, 57 subjects
were randomly assigned to study group (breast pumping or control) and were
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interviewed 3 times daily regarding MP.  Test weights were obtained 3
times daily between 24 and 72 hours pp to generate individual MT/feeding
curves. MP and OL were categorized as early or late, using cutoffs of 72
hours pp for MP and 9.2 g/feeding for MT at 60 hr pp. Multivariate logistic
regression analyses were used to identify the determinants of delayed OL.
Multivariate survival analyses examined the association between OL and
breastfeeding (BF) duration.

3. RESULTS

The determinants common to both low MT and delayed MP
included: delayed BF initiation (MT: OR=7.5;MP: OR=9.5),milk transfer at
30 hr pp (MT: OR=0.81; MP: OR=0.83); breast pumping*parity (MT:
p<0.05; MP: p<0.01); and maternal obesity*BF frequency (MT:p=0.03;
MP:p=0.06). Intended BF duration interacted with both MT (p<0.001) and
MP (p<0.001) to determine the duration ofany BF.

4. DISCUSSION AND CONCLUSIONS

Our findings strongly suggest that MP is a useful, non-invasive, public
health marker of OL. This conclusion is based on the striking consistency
observed between the determinants and consequences of low MT and
delayed MP in our population. Our data replicate our previous finding that
among women planning to breastfeed for at least six months, those with
delayed perception of the onset of lactation are more likely to discontinue
BF sooner than their counterparts with early perception of OL 3. Future
studies are needed in different cultures and settings to conclusively validate
MP as a marker of OL.
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1. INTRODUCTION

A delay in the onset of lactation (OL), defined herein as the maternal
perception of the initiation of copious amounts of breast milk production,
may lead to an early introduction ofinfant formula and an early termination
of breast-feeding .(BF) even after controlling for maternal original BF
intentions'. Women perceive OL between 12 hours and 5 days after
delivery'+. The objective ofthis study is to examine the implications of OL
forinfant feeding decisions.

2. RESULTS

Mutivariate analyses performed on samples from different countries
consistently indicate that a ‘delayed” OL is a risk factor for poor BF
outcomes. A longitudinal study conducted in urban Mexico' found that OL,
expressed as a continuous variable in days post-partum (pp), was inversely
associated with the likelihood of BF at 2 months pp (Odds Ratio (OR)=0.60,
N=124, p=0.02). A cross-sectional survey conducted in Honduras> among
women with children < 2 y old indicated that OL > 72 h pp was positively
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associated with the use of milk-based prelacteal feeds (OR=1.89, N=2116,
p<0.05) which in turn was associated with a lower likelihood of BF
(OR=0.21, P<0.05). A longitudinal study conducted in Hartford,
Connecticut, USA*found, among women planning to breastfeed for at least
six months, that the median BF duration among women with OL < 72 h pp

was longer than among women with OL > 72 h pp (11.7 mo vs. 3.4 mo,
N=56, p<0.001).

3. DISCUSSION

Empirical data suggest that the longer it takes for women to perceive
OL the more likely it is that they will become stressed and begin using
breast milk substitutes. This may further delay OL leading to an early
termination of BF. The sharp drop in progesterone subsequent to the
removal of the placenta is considered a major trigger of OL. Delayed BF
initiation, lack ofrooming-in, stress during labor and delivery, emergency
Cesarean deliveries, maternal obesity, and IDDM are risk factors for a
delayed OL*. Further understanding ofthe determinants of OL should be a
priority for BF promotion programs.

4. CONCLUSIONS

International studies are needed to describe the epidemiology of OL. Itis
important to provide sound lactation management and psycho-social support
to women who experience a ‘delayed’ OL. Future studies should emphasize
the relationship between biological and psychosocial stress with OL and
subsequent infant feeding outcomes.
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1. INTRODUCTION

Lactogenesis II (initiation of copious milk secretion) occurs 30-40 hours
after birth in breastfeeding women' and is associated with changes in milk
composition that stabilise by day 5 post-partum. Milk components which
change from day 1 to day 5 include citrate (1.0 to 5.0 mM), lactose (90 to
160 mM)', sodium (60 to 10 mM) and total protein (40 to 10 g/L), making
them ideal lactogenesis I markers. We have demonstrated that pre-term
expressing women produce lower volumes of milk at day 10 post-partum
than both breastfeeding and full-term expressing women’. Thus the aim of
this study is to determine the success oflactogenesis Il in women expressing
milk for their pre-term (3 1-35 weeks gestation) infants (expressing women),
by measuring milk citrate, lactose, sodium, and total protein on day 5 post-
partum, and comparing them to women breastfeeding full-tern infants.

2. INITTATION IN PRE-TERM EXPRESSING
WOMEN

No significant differences were seen between the means (= SD) of the
lactogenesis I markers (citrate, lactose, sodium, and total protein) for
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expressing (3.4 = 1.4 mM; 126 = 17 mM; 30 = 13mM; 153 £2.5 g/L,
respectively) and breastfeeding (4.3 £0.7 mM; 147 = 10 mM; 12 £ 6 mM;
14.0+ 1.5 g/Lrespectively) women. There was however a greater variation
about the mean in expressing women (coefficient of variation in expressing
women 0f40% for citrate, lactose 14%, sodium 42%, and total protein 17%)
when compared to breastfeeding women (17%, 7%, 33%, and 10%
respectively). Thus implying there is Variation in the success ofinitiation of
lactation in these expressing women. Further statistical analysis' showed that
80% of expressing women had at least one lactogenesis II marker at pre-
initiation concentrations, butnone had all four (datanot shown).

Whilst participating in our study the lactogenesis II markers of one
expressing women changed from those indicating a failed initiation to a
successful initiation over the course of day 5 (data not shown). Thus
suggesting that a delay in lactogenesis Il may, in part, be responsible for the
compromised initiation observed in pre-term expressing women. In addition,
the prolactin concentration (mean + SD) of the milk did not differ
significantly between expressing (54 + 14 mM) and breastfeeding (60 + 17
mM) women, nor was there a greater variation about the mean (coefficient of
variation 0f27% and 28% respectively). This finding suggests that prolactin
deficiency was not responsible for the compromised initiation observed in
pre-term expressing women.

3. CONCLUSIONS

It was concluded that many pre-term expressing women undergo a
compromised lactogenesis II, such that at day 5 of lactation some, but not
all, lactogenesis 11 markers indicate a failure to initiate. Although the cause
for a compromised initiation oflactation in pre-term expressing women has
yet to be elucidated, it may be related to drug treatment for high risk
pregnancy, complications arising from pre-term delivery and/or incomplete
milk removal due to the failure ofthe milk ejection reflex.
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1. INTRODUCTION

Breastfeeding rates for VLBW- infants are by far lower than for term babies,
however, nutritional and psychological advantages of mother's milk or
breastfeeding for VLBW - infants are well documented.!

2. OBJECTIVE

Is to document the difference between breastfeeding outcomes before
(1994/95)and after (1997/8)introduction ofprofessional support (IBCLC*)
and staff training in helping mothers to initiate and maintain lactation.

3. SUBJECTS AND METHODS

266 patients < 1500g,admitted to the NICU 1994/95and 1997/98.
Retrospective data from records. Statistics: Chi-squared test and analysis of
variance. Before 1995, no specific lactation management measures were
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taken. Since 1995, individual mothers were counselled, during 1997 we

offered intensive stafftraining by an IBCLC and improved the infrastructure
for the mother.234.

4. RESULTS

Number Multiplet | <29week | Cesarian Died Transfer
1994/95 134 28 26 75 37 13
1997/98 137 34 13 5 8 1
P n.s. n.s. n.sn 0.001 0.001 0.001

Dismissed Breastfed Totally bf Part.bf Formula

1994/95 84 17 9 8 67
Ind.95 14 13 5 8 1
1997/98 127 81 44 37 46
94/95vs97/98 0.001 0.001 0.001 0.001
+ ind95

Ind.95 Individual mothers counselled 1995 by IBCLC.

S. DISCUSSION

Our study proves the influence of good lactation counselling on the
breastfeeding rates of VLBW- infants. Retrospective maternal interviews
reveal better bonding and contentedness, if the mother breastfeeds.

6. CONCLUSION

Professional may supportsignificantly increases breastfeeding in VLBW-
infants. (* IBCLC-International Board Certified Lactation Consultant)s
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1. INTRODUCTION

Little is known about infant feeding practices in Flanders, Belgium,
beyond the neonatal period. This study describes breastfeeding rate and
duration in Gent.

2. METHOD

All 538 healthy term infants born between may 20 and august 19 in 1997,
living in Gent and followed at well-baby clinics (Kind en Gezin) were
eligible for the study. Privacy law prohibits direct contact with the parents,
nurses of “Kind en Gezin” asked 324 (60%) parents permission for an
interview regarding infant feeding habits. Ofthese, 27 (8% ) refused.. Thus
297 (125 boys, 172 girls) infants were included. The study population was
comparable to the population of Flanders regarding age, ,parity and degree
ofemployment ofthe parents. 39% ofthe mothers had a full-timejob, 16,5%
worked part-time. Compared to the general population however, parents in
the study population were more highly educated. 5 1% ofthe mothers and
45% ofthe fathers had attended high school or university, compared to 28%
of women and 20,8% of men in Flanders. At the age of 5 months, a
structured interview was performed athome.
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3. RESULTS

206 (67%) infants received breastfeeding at birth. Parents had made the
decision to breastfeed before pregnancy (93%). Breastfeeding rate was
positively correlated with the educational level ofthe parents. Breastfeeding
rate declines steadily during the first 5 months oflife. It is stopped before the
age of2 weeks in 18/206(9%) infants, between 2 and 6 weeks in 33 (16%),
between 6 and 12 weeks in 62 (30%) and between 12 and 20 weeks in 47
(23%). Weaning foods were started before the age of 12 weeks in 25 (12%),
between 14 and 16 weeks in 94 (45%), between 16 and 20 weeks in 50
(24%) infants. At the age of 5 months 98% ofthe infants received weaning
foods, 17 (8%) received breastfeeding as the only milk source, 29 (14%)
were partially breastfed and partially bottle-fed. Return to the workplace was
the most frequent reason to stop breastfeeding (31%), followed by
insufficient milk supply (20%), fatigue ofthe mother (1 7%), regurgitations
and crying of the baby (11%), breast-problems (9%).and other reasons
(12%). Parents said they took the decision to stop breastfeeding themselves
(86%).. Introduction of weaning foods was advised by nurses of “Kind en
Gezin” (49%) or by a paediatrician (10%). In 35% introduction of weaning
foods was the parent’s own decision.

4. DISCUSSION AND CONCLUSION

In Belgium, reality differs greatly from the ideal situation where every
infant receives exclusive breastfeeding during the first 4 to 6 months oflife.
In this study, 67% ofthe infants receive breastfeeding at birth. According to
the parents, the decision to breastfeed is made before pregnancy. So,
strategies to enhance breastfeeding rate should be targeted at adolescents.
Breastfeeding rate declines rapidly and continuously during the first 5
months oflife. Strategies aimed at increasing breastfeeding duration include
better lactational support and lobbying for increasing maternity leave for
working mothers and/or creating more opportunities to combine work and
lactation successfully. Weaning foods were introduced before 4 months in
57% of the infants, whereas current guidelines advice to introduce them
between 4 and 6 months of life. As parents introduced weaning foods most
frequently as advised by health-care workers, these health-care workers
obviously need better up to date information and education on infant
nutrition.



63

BREAST-FEEDING PATTERN AND
INFLUENCING FACTORS IN LITHUANIA

J. Vingraite' A. Raugale'; K. Kadziauskine?, K.F. Michaelsen’

!Clinic of Children Diseases, Vilnius University, Lithuania, 2National Nutrition Centre Vilnius,
Lithuania and Research Department of Human Nutrition and LMC Centre for Advanced Food
Studies, *The Royal Veterinary and Agricultural University, Rolighedsvej 30, 1958
Frederibberg C, Denmark

Key words:  infant feeding, breast-feeding, influencing factors

1. INTRODUCTION

Breast-feeding rates in Lithuania during the Soviet times were low, and
exclusive breast-feeding was very rare. However, there are no well-collected
and systemised data on infant feeding from that time. It was recommended to
introduce juices and complementary feeding during the first months, as it
was believed that the breast-fed infant needed extra water, vitamins,
minerals and protein.

The aim of the present publication is to present preliminary data on
duration of breast-feeding and influencing factors from an ongoing
prospective study ofinfant nutrition in Lithuania, and to compare the results
with data from a cross-sectional study performedin 1991/1992.

2. METHODS, RESULTS AND DISCUSSION

In the first study a nation wide random sample of 702 mothers with a
child between 6 and 36 years of age were interviewed about duration of
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breast-feeding, current feeding practices, and factors which potentially could
influence breast-feeding duration.

The ongoing study is carried out in the capital Vilnius. Infants are
followed from birth to 12 months with home visits at 3, 6, 9 and 12 months.
At each visit the mother is asked about breast-feeding and when
complementary foods were introduced. We present data for the first 165
infants who turned 6 months old before September 1999.

Breast-feeding rates in 1991/92and 1998/99 are compared in the figure.
The rates are not very different except for some longer duration of almost
exclusive breast-feeding (i.e. infants drinlung water/tea/juice in addition to
breast-milk) during the first 3 months in 1991/92.No data are available on
exclusivebreast-feedingin 1991/92.
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Figure 1. Breast-feeding rates in 1991192 and 1998199. (The three solid lines (the 1998/99 study)
divide the infants into exclusively, almost exclusively, partially and not breast-fed. The two dashed lines

(the 1991192 study) divide the infants into almost exclusively, partially or not breast-fed.)

In the 199 1/1992-year-study duration of breast-feeding was strongly
associated with mother’s age (< 20y, mean 2.3 months; > 31 y, 4.8 months;
p=0.009), and duration of mother’s education (p<0.00001) and negatively
with smoking (p=0.05). There was no association with parity, time span
since the last delivery and mother’s employment status.

Breast-feeding rates are still low and there is no sign of an increasing
trend. Exclusive breast-feeding is rare. The results suggest that support of
breast-feeding is not sufficient, and that it is especially the youngest mothers
and those having the lowest education who need more information and
support.
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1. INTRODUCTION

Mothers choose to breastfeed for a variety ofreasons; however, little is
known to what extent environmental and intrapsychic factors may influence
that decision, if at all. We conducted a survey of mothers delivering at a
university hospital to test whether infant-feeding choice was associated with
personality traits.

2. METHODS

Any mother delivering at an inner city, University hospital on postpartum
days 1-4 during 2 periods (June-August 1996 & June-August 1997) was
eligible for enrollment into the study. Based on observed/self-reported
behavior, women were classified either as (1) initiators of breastfeeding only
or as (2) initiators of formula feeding only. Combination breast/formula
feeders were excluded from the study (n = 16).

A structured interview and a 264-question Revised NEO Personality
Inventory were used to objectively determine attitudinal, cultural and
personality traits. A Hollingshead score was calculated for each subject
based on occupation and educational level. Following the interview, the
subjects were asked to complete the personality inventory.
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3. RESULTS

There were significant socio-economic differences between initiators of
breastfeeding and formula feeding. Mothers who had chosen breastfeeding
were older, ofhigher socio-economic status as defined by the Hollingshead
score, and were married. The independent association between socio-
economic status and personality on breastfeeding was determined by logistic
regression. Compared to unskilled workers, professional mothers were 5.1
times as likely to initiate breastfeeding (95% CI: 1.1-23.4; p=0.04).

Maternal life experiences were associated with a mother’s decision to
initiate breastfeeding in the first four days after delivery. Of those women
who were themselves breastfed, 74% chose to breastfeed compared with
40% who chose to breastfeed when they themselves were not breastfed
(p<0.03). A similarrelationship was found if father had been breastfed.

In the final group of 209 subjects, 73 returned the NEO (43 BF and 30
FF). While compliance was a major factor in completed NEO inventories,
the respondents were similar to the non-respondents in terms of
sociodemographiccharacteristics. Significant group differences were found
on 3 major Personality Factor Domain group mean T-scores. After
controlling for socio-economic status in a logistic regression analysis, the
personality factortraits Extraversion and Openness remained the dimensions
significantly associated with breastfeeding.

4. SUMMARY OF STUDY FINDINGS

(1) Socioeconomic factors were strongly associated with feeding type
decision. Breastfeeding women in this cohort were older, more educated, of
higher socioeconomic status, andmarried.

(2) Priormaternal and paternal experiences with breastfeeding influenced
amother’s decision to initiate breastfeeding.

(3) Ofthe 73 responders, certain personality characteristics of mothers
were associated with amother’s infant feeding decision.

(a) When socioeconomic status was controlled, breastfeeding mothers’
personality traits contrasted with formula-feeders as being more affectionate,
friendly, active, optimistic, receptive to emotional experience, and willing to
try new activities.

(b) Formula feeding mothers contrasted with breastfeeders as being more
reserved, less likely to try new activities, less exuberant, less likely to
acknowledge feeling states as important, and more skeptical.
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1. INTRODUCTION

AAP, WHO/UNICEEF and the Austrian Pediatric Society recommend
exclusive breastfeeding or the first 4-6 months. Sore nipples are responsible
for early weaning'2. The main reasons are wrong positioning, candida
albicans and bacterial infection 3.

Low level laser irradiation ("softlaser") improves the microcirculation
and proliferation ofkeratinocytes.*67 however, the therapy of sore nipples
with softlaser has never been published.

2. GOAL OF THE STUDY

The main aim was to report the causes and therapies of a group of
mothers with sore and cracked nipples.
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3. PATIENTS / METHODS / STUDYDESIGN

3 1 mothers with sore nipples (1998),who came for an "ultimateratio".

All mothers were counselled for proper lactation management, medicated
as necessary and used pure lanolin. Softlaser was started at the first visit. We
used a SmW / 780nm laser for 2 minutes at a distance of 5 cm every other
day. All mothers reported pain - intensity on a 0-10 scale.

4. RESULTS

The mean number of treatment sessions was 6.92 (SD 3.72). The mean
painvalue was 9.17 (SD 0.89) in the beginning and 1.95 (SD0.76) at the last
visit. Antimycotics wereused in 16 motherstopically, 3 systemic, antibiotics
in 6 and 4 mothers, resp. No nipples shields were used. 28 mothers went on
breastfeeding, 2 were not sure, 1 mother quit.

S. DISCUSSION

Sore represent a severe problem. Low level laser therapy may be a
valuable adjuvanttherapy, together with counselling and medication.
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1. INTRODUCTION

The Breast-feeding Promotional Program in Poland (begun in 1992)
establishes that by the year 1997, 50,0% ofall newborns shall be exclusively
breast-feed to the end of their fourth month of life. For this reason a
retrospective study was performed to answer the following question : by
which method were pre-mature infants feed during the years 1993-1996 at
the Regional Hospital in Nowy Sacz .

2. MATERIALS AND METHODS

Research questionnaires polled 99 mothers and 110 pre-mature infants
during the years 1993-1996.The number and percentage of pre-mature
infants depending on pregnancy duration is presented in table 1.
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Table 1 .Number and percentage of pre-mature infants born depending on pregnancy duration.

Pregnancy Children born in Children born in Total

Duration 1993-1994 y.( Gr.1) 1993-1994 y.( Gr.II)

( weeks ) N % N % N %

To end 33 9 17,0 12 21,2 21 19,1
34 -36 44 83,0 45 78,8 89 80,9
Total 53 100,0 57 100,0 110 100,0

3. RESULTS

According to the literature, newborns delivered at the end of the 33rd
week of gestation do not have a fully mature sucking reflex, whereas
newborns delivered after the 33rd week of gestation have a mature sucking
reflex. Among the studied groups, almost 84,0% ofpre-mature infants had a
developed sucking reflex, while 86,0% ofpre-mature babies in both group
possessed a developed swallowing reflex. Worth noting is that 67,9% of
infants from group I and 82,5% from group II were born in good state
according to the Apgar Scale, which may explain their ability to be breast-
fed. Neverthless none of the pre-mature infants, possessing developed
sucking and swallowing reflexes, were breast-feed in the delivery room.
During hospitalization, 68,0% ofinfants from group I and 72,0% ofinfants
from group II undertook breast-feeding. In both groups 82,0% ofthe pre-
mature infants born after the 33rd week of pregnancy were breast-feed in
obstetric department. Almost all children born before the 33 week of
pregnancy were artificially fed.

4. CONCLUSION

The Polish Program Promoting Breastfeeding set the goal that by the year
1997, 50,0% of all infants would be exclusively breastfed during the first
four months oflife. In group I 43,4% infants were breastfed at home, where
among these infants 35,8% were exclusively breastfed until the end ofthe 4
month of life. In group II 50,9% infants were breastfed at home, where
among these baby 33,3% were naturally fed until the 4 month oflife.

WHO recommends feeding exclusively with breast milk until 4® — 6
month of infant life. In group I 17,0% of premature infants and 29,8% in
group II (almost 13,0% more) were fed with breast milk for at least 4 to 6
months.
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1. HISTORY

Germany has a longstanding tradition of donor human milk banking. The
first human milk bank was founded in 1919. While human milk banking was
widespread during the 1950s, by 1972 it reached its lowest level (52.000
1/year). By the end of'the 80's it had climbed to its highest level before
reunification of the two parts of Germany: About 200.000 l/year were
collected in the 60 milk banks ofthe eastern part of Germany. The need for
donor milk throughout this region was more than adequately met. After the
reunification of Germany, a lot ofmilk banks were closed.

Position Statement of the Nutrition Commission of the German Pediatric
Society,(July 1991):

Donor milk is needed as an important option for the care and treatment of
premature and sick newborns and babies. Its use in pediatrics has a primarily
preventive and therapeutic character particularly in immature newborns and
in cases of serious intestinal illness in infancy such as Necrotizing
Enterocolitis (NEC), Morbus Hirschsprung, intractable diarrhea and cow's
milkproteinintolerance.
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2. HUMAN MILK BANKS IN GERMANY

In 1998, the 15 remaining milk banks were able to supply about 8000
liters of donor milk from more than 500 nursing mothers. The collection
capacity varies widely from 50 up to 3000 1/year. Nine ofthe 15 milk banks
meet the demand of donor milk in their region.

3. GUIDELINES

Strict collection and storage procedures are necessary to provide safe,
high quality donor milk to those infants who need it. The guidelines for
German milk banks are comparable with the ones in the United States and
the United Kingdom. It is important that the milk is uncontaminated and
that the donors are selected and screened carefully like blood donors.
Samples of each bottle of milk are collected and screened for bactaria.
None of the donor milk is pooled to further reduce the risk of
contamination.

The donor milk is offered as:

l.— frozen human milk (-18°C/6 months)

2.— pasteurized human milk (+4°C/48 hours or —18°C/6 months)

3.— untreated human milk (+4°C/72 hours)

4. — freeze-dried human milk (room temperature/1 year)

If a preterm mother is able to provide a surplus ofbreast milk above the
needs of her own infant this milk is preferred for the early feedings of an
other preterm baby because ofthe special needs ofthe premiees. Halfofthe
human milk banks carry out the collection on a daily basis. This make it
possible to provide fresh milk with its clear advantages, especially
immunological and infectological ones. Necrotising enterocolitis, for
example, is extremely rare in the neonatal unit ofour hospital. The interest in
feeding of very low birth weight newborns with human milk is steadily
increasing in other countries. Along with this interest there is the need to
learn more about management of human milk banks in the modem world.
Therefore we want to get in contact with the staff of milk banks in Europe
and worldwide.
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