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Series Foreword

“Above all, do no harm.” This frequently quoted admonition to health-
care providers is highly regarded, but despite that, there are few books,
if any, that focus primarily on how to avoid harming patients by learning
from the mistakes of others.

Would it not be of great benefit to patients if all healthcare provid-
ers were aware of the thrombotic consequences from heparin induced
thrombocytopenia before a patient's leg is amputated? The clinically
significant, often lethal, thrombotic events that occur in patients who
develop heparin induced thrombocytopenia would be greatly dimin-
ished if all healthcare providers appropriately monitored platelet counts
in patients being treated with intravenous unfractionated heparin.

It was a desire to learn from the mistakes of others that led to
the concept for this series of books on diagnostic standards of care.
As the test menu in the clinical laboratory has enlarged in size and
complexity, errors in selection of tests and errors in the interpretation
of test results have become commonplace, and these mistakes can
result in poor patient outcomes. This series of books on diagnostic
standards of care in coagulation, microbiology, transfusion medicine,
hematology, clinical chemistry, immunology, and laboratory man-
agement are all organized in a similar fashion. Clinical errors, and
accompanying cases to illustrate each error, are presented within all
of the chapters in several discrete categories: errors in test selection,
errors in result interpretation, other errors, and diagnostic controver-
sies. Each chapter concludes with a summary list of the standards
of care. The most common errors made by thousands of healthcare
providers daily are the ones that have been selected for presentation
in this series of books.

Practicing physicians ordering tests with which they are less
familiar would benefit significantly by learning of the potential errors
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associated with ordering such tests and errors associated with inter-
preting an infrequently encountered test result. Medical trainees who
are gaining clinical experience would benefit significantly by first
understanding what not to do when it comes to ordering laboratory
tests and interpreting test results from the clinical laboratory. Individ-
uals working in the clinical laboratory would also benefit by learning
of the common mistakes made by healthcare providers so that they are
better able to provide helpful advice that would avert the damaging
consequences of an error. Finally, laboratory managers and hospital
administrators would benefit by having knowledge of test ordering
mistakes to improve the efficiency of the clinical laboratory and avoid
the cost of performing unnecessary tests.

If the errors described in this series of books could be greatly
reduced, the savings to the healthcare system and the improvement in
patient outcomes would be dramatic.

Michael Laposata, MD, PhD
Series Editor



Preface

It is the purpose of this book to address common medical errors
seen in the clinical microbiology laboratory, to allow these errors to
be appreciated by both clinicians and laboratorians. The errors will
be addressed using the following phases of testing; preanalytic test-
ing phase, analytic testing phase, and postanalytic testing phase. In
particular, those medical errors in the preanalytic and postanalytic
testing phases will be stressed, as errors in the analytic phase of test-
ing have been addressed for a much longer period of time by qual-
ity assurance (QA) programs [1,2] that ensure that the information
generated by the clinical microbiology laboratory is accurate, reli-
able, and reproducible. Finally, the medical errors will be described
and discussed in a clinical case-based learning format to effectively
illustrate the conditions that contribute to these errors. Clinical cases
will include those published in the medical literature as well as those
observed by the author. Those medical errors that are more common
and/or more important will be illustrated with a larger number of cases
than those that are less common.

Medical errors in the clinical microbiology laboratory can be
divided into three phases: preanalytic, analytic, and postanalytic. In
clinical microbiology, the preanalytic phase involves selecting and
ordering the test, collecting the specimen, and transporting the speci-
men to the laboratory. This preanalytic phase is extremely important,
as a mistake here may result in failure to identify the microorganism
that is causing the infection. For example, meningococci in CSF per-
ish if not rapidly cultured; a false-negative result of a CSF culture
that was delayed in terms of being cultured by the clinical microbi-
ology laboratory could be life threatening [3]. The analytic phase is
the actual testing that occurs in the clinical microbiology laboratory.
An example of a medical error that might occur in the analytic phase
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would be a medical technologist misreading a Gram stain. Such internal
problems and errors are well recognized within the clinical microbiol-
ogy laboratory [1,2,4]; this recognition has led to both internal [1] and
external [2] quality assessment programs. Moreover, laboratorians,
government agencies, and suppliers have worked together to create
voluntary consensus standards [5,6]. This work, in part, has resulted
in the formation of the National Committee for Clinical Laboratory
Standards (NCCLS), which has been renamed Clinical Laboratory
Standards Institute (CLSI). The published standards/guidelines from
NCCLS/CLSI have provided the basis for uniform testing procedures
in the clinical microbiology laboratory [6]. As a result, medical er-
rors occurring within the clinical microbiology laboratory have been
greatly reduced. The postanalytic phase includes both reporting the
laboratory result to the clinician and the clinician's interpretation of
that result. For example, the clinical microbiology laboratory may re-
port isolation of Streptococcus anginosus from a blood culture, but it
is the clinician's interpretation of this result as likely pointing toward
a deep-seated source of underlying infection that required a thorough
diagnostic evaluation that is the critical factor for this particular in-
fected patient [7]. Each of the steps in these three phases can have an
adverse impact on the diagnosis and treatment of an infectious disease
if a medical error occurs.

Charles W. Stratton, MD
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OVERVIEW

Clinical microbiologists are well aware of the adage first coined
by computer programmers, “garbage in, garbage out,” but for
their profession have renamed it “quality in, quality out.” Their
adage refers to the fact that the quality of the clinical specimen
received by the clinical microbiology laboratory is a key factor
in the optimal use of clinical microbiology. For serological test-
ing, the timing of the serum collection may be an equally critical
factor for optimal use. Unfortunately, the clinicians often do not
have the tools, interest, training, access to data, or time to deter-
mine optimal use of the clinical microbiology laboratory for their
patients.

The clinical case reports in this chapter are selected from
the medical literature and the personal experiences of the author.
They illustrate common preanalytic medical errors in the clinical
microbiology laboratory.
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FAILURE TO CONSIDER INFECTION

Q) Failure to consider infection is actually a more common

problem than one might think. It seems to center around
surgical procedures where a malignancy is suspected. Thus,
oncologists and surgeons must be alert and always consider
the possibility of infection even when malignancy is their first
concern.

Case with Averted Error

A previously healthy 5-month-old girl was seen at a hospital located
in the southeastern United States; this infant presented with a 1-week
history of fever and irritability. The infant’s physical examination was
notable for a distended abdomen with a liver edge palpable 5 cm below
the right costal margin and a spleen tip palpable 3 to 4 cm below the left
costal margin. Initial laboratory findings included a complete blood
count with a white blood cell count of 6,180/uL, a hemoglobin level of
8.6 g/dL, and a platelet count of 96,000/uL. No blasts were seen on the
peripheral blood smears. Bacterial cultures of blood, urine, and cere-
brospinal fluid were obtained. The infant was admitted to the hospital
and received empirical antimicrobial therapy. Following admission,
a pediatric hematology/oncology consultant evaluated the infant due
to the fever, hepatosplenomegaly, and pancytopenia. The hematology/
oncology consultant noted that all of the bacterial cultures were nega-
tive. In the presence of fever and hepatosplenomegaly with leucope-
nia, thrombocytopenia, and anemia, regardless of whether blasts are
noted on the peripheral blood smears, the hematology/oncology con-
sultant was particularly concerned with malignancy. In this age group,
the most common malignant disorders with these presenting symp-
toms and signs include acute and chronic lymphoblastic leukemia and
lymphomas. Fever may be a symptom in the initial presentation of
such patients. Therefore, the pediatric hematology/oncology consul-
tant recommended bone marrow aspiration and biopsy, which was
done. The bone marrow aspiration and biopsy showed no evidence of
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a hematologic malignancy. At this point, the possibility of infection
was raised. Specifically, disseminated histoplasmosis was considered
as this patient lived in the southeastern United States. Unfortunately,
fungal cultures (or any cultures at all) had not been ordered on the
bone marrow aspirate and biopsy, as infection had not been considered
when this test was ordered. Hematoxylin and eosin (H&E) and special
stains on the bone marrow biopsy were done and revealed noncaseat-
ing granulomas without fungal organisms. Based on these histological
findings, serum and urine Histoplasma antigen tests [8] were ordered.
Both the serum and the urine Histoplasma antigen tests were positive,
and a diagnosis of disseminated histoplasmosis was made. Dissemi-
nated histoplasmosis of infancy often presents with a characteristic
triad of fever, hepatosplenomegaly, and hematologic abnormalities
[9]. Infants with disseminated histoplasmosis are frequently referred to
hematologists or oncologists to rule out leukemia or lymphoma as the
underlying cause of their symptoms/signs. Often the diagnosis is only
suspected after the peripheral blood smear and bone marrow biopsy
specimen has failed to demonstrate a malignancy. If fungal cultures
are not ordered on the bone marrow biopsy, an opportunity to diagnose
disseminated histoplasmosis may be lost. Fortunately, the availability
of serum and urine Histoplasma antigen tests allowed this infant to be
successfully diagnosed and treated for disseminated histoplasmosis.

Explanation and Consequences

Failure to consider an infection is an obvious situation where not
sending material from a clinical specimen to the clinical microbiol-
ogy laboratory for culture or other microbiological testing may result
in a preanalytic medical error. This is a very subtle type of medical
error and is considered an individual type of error that is not easily
rectified by a systems approach. As illustrated by this case, the situ-
ation may occur when the initial clinical impression suggests malig-
nancy. Bone marrow aspirations and biopsies are often done to rule
out malignancy; cultures may not be requested on the aspirate/biopsy
as the clinicians are focused on malignancy and not thinking about
infection. In this case, the error was averted by the availability of the
Histoplasma antigen test, which allowed the diagnosis to be made.
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Case with Error

This case [10] involves a 30-year-old man who presented with a
chief complaint of severe pain in the lumbar spine followed by pain
in the cervical spine with restriction in the range of movement of
his head. Of note is that 18 years earlier this patient had been suc-
cessfully treated for acute lymphatic T-cell leukemia (T-ALL) with
polychemotherapy and irradiation of the skull. Because of this his-
tory of T-ALL, a recurrence was suspected. Therefore, the patient was
referred to hematology/oncology consultants who directed the initial
evaluation of this lumbar and cervical pain. A tine test for tubercu-
losis at this time was noted to be positive. A computed tomography
scan revealed osteolytic lesions in the spine, pelvis, and ribs; a bone
marrow biopsy of the right iliac crest was done to rule out recurrence
of T-cell lymphoma. Although this biopsy did not reveal bone mar-
row malignancy, a diagnosis of acute lymphatic leukemia with bone
involvement was made and induction chemotherapy was initiated. The
patient’s bone pain increased and the osteolytic lesions progressed and
eventually involved the perivertebral tissues. In addition, an abscess
had developed at the puncture site of the right iliac crest. Material
from this abscess was cultured and was sterile; an acid-fast stain of
this material was negative. At this time, laboratory values included
a white blood cell count of 12,000/uL and an elevated C-reactive
protein. A diagnosis of tuberculosis was considered, and the patient
empirically received a short course of antituberculosis therapy with
rifampin, isoniazid, and pyrazinamide. Doubt was cast on the correct-
ness of the diagnosis of tuberculosis due to the absence of positive
cultures for Mycobacterium tuberculosis as well as the absence of
acid-fast bacilli. Instead, a diagnosis of chronic recurrent multifocal
osteomyelitis was made, and antituberculosis therapy was stopped.
Treatment with high-dose prednisone and indomethacin was initi-
ated with marked improvement of the patient’s symptoms. Attempts
to reduce the steroid dose were unsuccessful as symptoms recurred.
Ultimately, the patient complained of right-sided abdominal pain;
a computed tomography scan revealed an extensive abscess involving
the liver and lesser pelvis. Surgical treatment of the abscess resulted in
material that was acid-fast positive and grew M. avium-intracellulare.
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A quadruple combination of rifampin, isoniazid, clarithromycin, and
ethambutol was initiated and led to complete resolution of the osteo-
lytic lesions after 2 years of treatment.

Explanation and Consequences

This is another case in which the failure to consider infection was
a medical error and may have delayed the diagnosis and treatment
of a M. avium-intracellulare infection of the bone. Cultures of the
initial bone marrow biopsy from the iliac crest were not done and
would have been more likely to be positive than were the cultures
of the abscess material that were done at a later time. M. avium-
intracellulare is known to disseminate [11] and can involve the bone
[12]. In this patient, the previous history of acute lymphatic leukemia
led to the incorrect conclusion that these osteolytic lesions were due
to recurrent ALL despite the fact that the medical literature reports no
case of ALL that exclusively involved the bones [10]. The diagnosis
of chronic recurrent multifocal osteomyelitis [12] seemed plausible
in a scenario of seemingly sterile osteomyelitis. However, the bone
marrow biopsy of the right ileac crest was not cultured although the
abscess material was cultured. Therefore, this did not truly represent
sterile osteomyelitis. Moreover, extension of osteolytic lesions into
adjacent tissue with formation of abscesses is not typically seen in
chronic recurrent multifocal osteomyelitis [13]. Had the clinicians
considered infection as a possible cause of multiple osteolytic lesions
and done appropriate cultures (i.e., routine, fungal, and mycobacterial
cultures) on the initial bone marrow biopsy, the diagnosis of nontuber-
culous osteomyelitis might have been made earlier.

Case with Error

This case [14] involves a 54-year-old woman who presented with a
chief complaint of a gradually enlarging right submandibular mass
of several months’ duration. Her past medical history was remark-
able only for well-controlled hypothyroidism. She had been treated
with two courses of oral cephalexin with no improvement. She was
otherwise asymptomatic. When an adult patient presents with a neck
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mass, malignancy is the greatest concern with fine-needle aspiration
and biopsy being one of the best techniques for evaluating such a neck
mass [15]. Indeed, it has been recommended that an excisional biopsy
be obtained when a neck mass persists beyond 4 to 6 weeks after a sin-
gle course of a broad-spectrum antibiotic [15]. Therefore, this patient
received a fine-needle aspiration that was nondiagnostic. Cultures of
the aspiration were not done. The patient subsequently developed a
draining fistula tract. At this point, excision of the mass was appro-
priately done for diagnostic purposes, and a necrotic mass was found
next to the right submandibular gland. Further excision of the fistu-
lous tract, right submandibular gland, and surrounding lymph nodes
was done. On histopathological examination, two of the five excised
lymph nodes and the fistula tract exhibited necrotizing granuloma-
tous inflammation. Gram stains, Gomori-methenamine silver stains,
and acid-fast stains were all negative for microorganisms. Fortunately,
material from these lymph nodes had been sent for appropriate cul-
tures including those for mycobacteria; at 2 weeks the mycobacterial
culture became positive with an acid-fast bacterium. This bacterium
was identified as M. avium complex. As the patient’s incision from
the biopsy had healed well and a follow-up computed tomography
scan noted no additional masses, no antituberculosis therapy was done
[16]. The patient did well and had no recurrence of this neck mass at
6 months.

Explanation and Consequences

In this case, a malignancy was a valid concern, which led to a fine-needle
aspiration and biopsy. This concern and diagnostic approach is appro-
priate. However, had this aspiration/biopsy been cultured, a diagnosis
might have been made sooner although the subsequent draining fistula
would still have required excision of the neck mass and fistula tract.
Had the excised lymph nodes and sinus tract not been cultured, this
diagnosis might have been missed. Failure to consider infection can be
seen in a patient with neck mass and/or cervical lymphadenopathy [17]
in which lymphoma [18] or metastatic carcinoma [19] is the working
diagnosis. Because lymph node biopsy is often reserved for situations
in which a malignant process is suspected, the clinician may not think
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to order cultures [20-22]. For example, a biopsy for asymptomatic cer-
vical lymphadenopathy of greater than 3 weeks’ duration is a common
situation in which metastatic carcinoma is suspected, particularly in
patients over 40 years of age [23,24]—exactly the clinical situation
seen in this illustrative case. These enlarged cervical lymph nodes thus
are usually excised or biopsied, and the lymphatic tissue is sent to the
surgical pathology laboratory. If cultures are desired, the surgeon must
send part of the lymphatic tissue to the clinical microbiology labora-
tory. Lymphatic tissue sent to the surgical pathology laboratory is fixed
in formalin, which precludes additional tests such as tissue cultures
when the H&E examination reveals lymphadenitis [20-23]. Failure to
send part of the lymphatic tissue to the clinical microbiology labora-
tory for culture is a particular problem in children where nontuber-
culous cervical lymphadenopathy is more commonly seen [21,22,25].
Infections that may present with cervical lymphadenopathy include
cervical mycobacterial infections [21,22,25,26] (M. tuberculosis and
M. avian complex), cat scratch disease (Bartonella henselae) [27,28],
histoplasmosis [29,30], and toxoplasmosis [31,32].

Case with Error

This case [33] is that of a 7-month-old infant who was referred to a
pediatric hospital because of a 4-month history of breathlessness not
associated with fever, cachexia, or night sweats. The patient’s symp-
toms had not been responsive to a course of antimicrobial therapy
for possible pneumonia. There was no history suggestive of foreign-
body ingestion. On physical examination, the infant was noted to have
decreased breath sounds at the base of the right chest; no lymphade-
nopathy was noted. A plain chest radiograph demonstrated a perihilar
mass on the right side; this mass had caused a mediastinal shift and
collapse of the right lower lobe. This perihilar mass was suspicious
of a mediastinal tumor. Indeed, the most common causes of medi-
astinal masses in children are tumors [34]. A computed tomography
scan demonstrated a large superior mediastinal mass extending inferi-
orly into the right hemithorax; irregular areas of calcification and the
absence of cavities gave this mass the appearance of a neuroblastoma.
Blood and urinary catecholamines, and serum beta-HCG were normal;
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alpha-fetoprotein and LDH were noted to be mildly elevated. A tho-
racoscopy was done and confirmed the mass and also demonstrated
multiple pleural seedlings; the mass and pleural seedlings were biop-
sied. No tissue was sent to the clinical microbiology laboratory for
microbial cultures, as tumor was the suspected diagnosis. However,
histopathologic evaluation of this tissue and pleural seedlings revealed
a diagnosis of tuberculosis. The infant was treated for tuberculosis
and recovered. An epidemiologic evaluation identified a tuberculosis
contact in the family’s shared accommodation.

Explanation and Consequences

Biopsy of indeterminate mediastinal masses is often done in order
to evaluate the mediastinal mass/lymph nodes for malignancy
[34-38]. As illustrated by this case, tissue may not be sent to the
clinical microbiology laboratory for cultures, as malignancy is the
considered the most likely cause of the mediastinal mass. When his-
topathologic examination reveals no malignancy, the opportunity for
culture has passed. The demonstration of microorganisms by special
stains may provide the diagnosis, as it did in this case. Tuberculosis is
an unusual cause of mediastinal mass in an infant, and such cases have
rarely been reported [33,39]. In contrast, histoplasmosis as a cause
of mediastinal mass in an infant or in a child has been reported on
many occasions [40-42]. Of importance is that often these cases of
mediastinal histoplasmosis in children were mistakenly diagnosed as
lymphoma [40,41]. In one series of 37 children with mediastinal mass,
16 had biopsy-proved lymphoma while 21 had histoplasmosis [41].
Clearly there is a significant risk for medical errors in cases involving
a mediastinal mass in a child if infection is not considered.

Case with Error

This case [43] involves a 35-year-old woman, gravida 1, para 1, who
was referred to a tertiary care medical center from another hospital for
evaluation of a suspected ovarian cancer for which she had received
operative treatment 3 weeks previously. The patient had complained
of abdominal pain, increasing abdominal girth, adnexal masses, diarrhea,
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fever, and weight loss over the preceding 4 months. Moreover, a diag-
nosis of hydronephrosis of the right kidney had been made at the out-
side hospital. An intrauterine device (IUD) had been placed 9 years
previously, but had been removed 2 months before admission to the
outside hospital. The patient’s past medical history was otherwise
unremarkable. At the outside hospital, an exploratory laparotomy had
been performed; biopsies of the peritoneum showed no evidence of
malignancy. Despite the negative biopsies, diffuse peritoneal carci-
nomatosis was suspected. The patient received a right nephrostomy
and was referred for further treatment of the presumed ovarian car-
cinoma. The physical examination at the referral hospital revealed a
fixed pelvic mass extending to both pelvic walls and to the posterior
sacral region. Assessment of the lower abdomen by transvaginal and
transabdominal sonography revealed solid hypoechogenic-appearing
adnexal masses with cystic components and without blood flow. Nor-
mal ovaries were not detected. Ascites was not detected. Laboratory
values included a white blood cell count of 11,900/uL, a hemoglobin
of 9.8 g/dL, an elevated C-reactive protein, and a slightly elevated
C-125 tumor marker. A diagnostic laparotomy was performed and
revealed intestinal adhesions and bilateral tubo-ovarian abscesses;
all pelvic structures were covered with marked fibrosis. A bilateral
salpingo-oophorectomy was performed and drainage of the pelvic
region was established. The histopathologic examination of the ova-
ries and fallopian tubes revealed no evidence of malignancy, but sul-
fur granules were noted. These sulfur granules led to the diagnosis of
extensive actinomycosis of both ovaries and fallopian tubes. Antimi-
crobial therapy was initiated with ampicillin/sulbactam; this resulted
in compete resolution of the induration and masses in the pelvis after
2 weeks of therapy. The patient has remained well without any symp-
toms for 2 years following her surgery.

Explanation and Consequences

This case illustrates another situation in which failure to consider
infection can lead to a medical error. The incidence of IUD-associated
cervicovaginal actinomycosis has been shown to be between 8% and
16% in several studies [44,45]. Actinomycotic pelvic inflammatory
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disease resulting from IUD-associated cervicovaginal actinomycosis
is a well-described mimic of ovarian cancer [43,46—49]. For example,
Fiorino reviewed the medical literature in 1996 and found 92 cases
in 63 reports describing actinomycotic pelvic inflammatory disease
mimicking ovarian cancer [47]. A number of cases of ovarian actino-
mycosis mimicking malignancy in which there was no IUD involved
also have been described [48]. Clearly, actinomycosis should be
included in the differential diagnosis of pelvic masses, especially in
patients with a history of IUD use. Surgical exploration of a pelvic
mass should include appropriate biopsy specimens sent to the clini-
cal microbiology laboratory for Gram stain and anaerobic cultures as
well as biopsy specimens sent to the surgical pathology laboratory
for histopathologic evaluation. It should be noted that actinomycosis
mimics malignancy in other tissues as well, including tonsillar tissue
[50], pancreas [51], intestine [52—54], liver [55,56], and kidney [57].

Case with Averted Error

This case [58] involves a 70-year-old male from Arizona who was
referred to a medical center in Tennessee as a potential candidate for
robotically assisted radical prostatectomy. His past medical history was
significant for prostate cancer as well as a 2-year history of cough that
had been previously diagnosed in Arizona as new onset asthma. The
patient was afebrile and had an unremarkable physical examination
except for previously noted enlargement of his prostate. A macrocytic
anemia and an eosinophila of 16.5% were noted on his complete blood
count; laboratory values were otherwise unremarkable. A computed
tomography scan was done as part of his initial evaluation in order to
exclude the metastatic spread of prostate cancer; this scan revealed
multiple, bilateral pulmonary nodules. The pulmonary nodules ranged
in size from 1-2 mm to 9 mm and were accompanied by bulky medi-
astinal and hilar lymphadenopathy. These pulmonary nodules and
mediastinal/hilar lymphadenopathy were thought to represent meta-
static spread of the prostate cancer. A bronchoscopy with fine-needle
aspiration of the pulmonary nodules plus a paratracheal lymph node
was done to confirm the presumed diagnosis of malignancy. However,
in this case, a potential medical error was avoided as the presence of
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the peripheral eosinophilia in a patient from Arizona alerted a patholo-
gist to the possibility of coccidioidomycosis [59]. Therefore, cultures
were done on material obtained by fine-needle aspiration. Histopatho-
logic examination of material obtained by fine-needle aspiration was
unremarkable; cultures grew Coccidioides immitis. Without these
cultures, an additional surgical procedure might have been needed to
make this diagnosis. The patient was treated with fluconazole and had
marked symptomatic improvement; an uncomplicated prostatectomy
was also successfully done.

Explanation and Consequences

Lung infections mimicking malignancy are well described in the med-
ical literature [60—65]. An important reason for this is that both pul-
monary infections and pulmonary malignancies are initially detected
by a radiologic diagnostic procedure such as a chest radiograph x-ray
or a chest computed tomography scan. Radiologic features suggestive
of a pulmonary malignancy include a parenchymal mass with specu-
lated margins, microlobulations, thick-walled cavity, cavity showing
nodular margins, and chest wall invasion [64]. These findings, how-
ever, are not specific and can be seen with pulmonary infections. If
the possibility of an infection is not considered, the diagnostic pro-
cedures done may not include those measures such as culture that are
necessary to detect infection. In this illustrative case, histopathologic
examination of the fine-needle aspiration specimen were unrevealing
while the culture of this material provided the diagnosis of coccidioi-
domycosis. This case is similar to other cases reported in the medical
literature. For example, in one large series of over 2,000 patients who
underwent a lung biopsy with a presumed diagnosis of malignancy,
37 (1.3%) of these cases were found to have infection rather than
malignancy [60]. Fungal infections accounted for 46% of the infec-
tions diagnosed in this series. Clearly the possibility of infection must
be kept in mind when initiating diagnostic procedures to confirm a
presumed pulmonary malignancy.
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STANDARDS OF CARE

Failure to consider infection can result in a medical error when
material from biopsy specimens is not sent to the clinical microbi-
ology laboratory because malignancy is considered the most likely
diagnosis; when the tissue turns out to not be malignant, the lack of
a culture result may result in harm to the patient.

Conversely, sending material for culture from a tissue biopsy speci-
men that ultimately turns out to be malignant is not considered a
medical error; the culture will not grow and no harm to the patient
will result.

Oncologists and surgeons, in particular, must remember that infec-
tions are able to mimic malignancy; therefore, obtaining cultures
of biopsy tissues should be carefully considered when biopsies are
being done to rule out or confirm suspected cancer.
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FAILURE TO CONSIDER
UNCOMMON INFECTIONS

Q) Failure to consider uncommon infections is another com-
mon medical error seen in infectious diseases and clinical
microbiology. This type of error is best avoided by obtaining
consultation (informal or formal) from infectious disease clini-
cians and/or the clinical microbiology laboratory director.

Case with Error

This case [66] involves a 73-year-old man who was admitted to the
hospital in early summer with a chief complaint of fever, weakness,
and pain in the muscles of his legs. The patient had been well until
1 week before admission, when he had the onset of a dry cough and
rhinorrhea lasting 2 days. Three weeks prior to admission, the patient
had traveled to Cape Cod, Massachusetts. Six days prior to admis-
sion, the patient had traveled from Boston to coastal South Carolina
to attend a conference. There was no history of tick bites during either
of these trips. Three months prior to admission, the patient had been
started on atorvastatin for the treatment of an elevated cholesterol level.
The past medical history was otherwise noncontributory. Three days
prior to admission, the patient had experienced severe myalgias in
both thighs as well as a temperature as high as 39.4°C. He elected to
treat himself with bed rest because he thought he had the “flu.” The
patient next experienced generalized weakness and extension of his
myalgias to include both calf and thigh muscles. The patient at this
time also noted increased urinary frequency and one episode of uri-
nary incontinence. The patient continued to think he had the “flu” and
therefore remained in bed. However, the patient’s wife brought him
to the emergency room as his fever was continuing and he was feel-
ing worse. On physical examination, the patient appeared acutely
ill and was unsteady on his feet; vital signs included a temperature
of 39°C, a pulse of 84 bpm, and a B/P of 145/80 mm Hg. A grade 2
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systolic ejection murmur was heard at the left sternal border; the patient
had no previous history of cardiac murmurs. The prostate was found
to be slightly enlarged and nontender. The remainder of the physical
examination was noncontributory. Initial laboratory values included a
white blood cell count of 5,800/uL. with a left shift, a platelet count
of 79,000/uL, and mildly elevated liver function studies. A creatine
kinase was noted to be 3,468 IU/L. The urine analysis revealed 3 to
5 RBCs per high-power field and 5 to 10 WBCs per high-power field;
many bacteria were noted. The patient was admitted with an initial
concern of urosepsis and/or prostatitis even though the prostate was
not tender. Blood and urine cultures were obtained, and treatment with
trimethoprim-sulfamethoxazole and gentamicin was initiated. On the
second day of hospitalization, the patient’s temperature again rose to
39°C. His white blood cell count had decreased to 4,000/uL. with leu-
copenia noted, while the platelet count had dropped to 41,000/uL; the
blood and urine cultures were no growth at this time. The creatine kinase
had increased to 4,833 IU/L. The lack of response to antimicrobial ther-
apy combined with negative blood and urine cultures after 24 hours
made the initial concerns of urosepsis appear less likely. Moreover, the
white blood cell count did not support the diagnosis of urosepsis. The
empirical antimicrobial therapy was changed to ampicillin, levofloxa-
cin, and metronidazole, and an infectious diseases consultation was
obtained. Other possible infectious etiologies were considered. In par-
ticular, the clinical picture of a severe influenza-like illness occurring
in the summertime (so-called “summer flu” [67]) combined with the
leucopenia and thrombocytopenia suggested a diagnosis of ehrlichiosis
[66—69]; a course of doxycycline was initiated and resulted in clinical
resolution of this infection. A PCR assay [70] confirmed this diagnosis,
and the patient recovered from this illness. A serologic test done several
weeks later also was positive for ehrlichiosis at >1:64 IgG.

Explanation and Consequences

The failure of a clinician to consider an uncommon infection such
as ehrlichiosis/anaplasmosis in the differential diagnosis of a febrile
patient with “summer flu” [67] may, at best, delay the diagnosis of this



Failure to Consider Uncommon Infections 15

infection. At worse, a delay in the diagnosis of ehrlichiosis may result
in death [69,71]. A failure to consider the diagnosis of ehrlichiosis in a
timely manner may represent an individual failure (failure to consider
this infection) or a systems failure (failure of the clinical microbiology
laboratory to have a PCR test available for the diagnosis of ehrlichiosis/
anaplasmosis). In this case, the clinicians initially taking care of this
patient were concerned with urosepsis, but realized the need to con-
sider other possibilities by the second day of hospitalization and thus
consulted an infectious diseases clinician. At this time, the diagnosis
of ehrlichiosis was considered, given the clinical picture of fever,
leucopenia, and thrombocytopenia as well as the history of travel to
South Carolina. Accordingly, empirical therapy with doxycycline was
started, and the appropriate PCR assay was obtained. Ehrlichiosis can
cause significant morbidity and mortality if not suspected and treated
promptly [69,71]. Recognition of ehrlichiosis/anaplasmosis as a possi-
ble diagnosis in this type of clinical situation clearly requires the treating
clinician to have knowledge about such tickborne illnesses, which are an
emerging infectious threat [72,73]. Alternatively, consultation with an
infectious diseases clinician may avoid such a medical error. Serologic
testing does not usually help in the diagnosis of acute ehrlichiosis, as
seroconversion may not occur until 3 weeks into the illness [66—68].
Treatment thus should be initiated based on the clinical presentation and
not based on the results of laboratory testing. A PCR assay for ehrlichio-
sis is an alternative method for diagnosing this illness, and is more likely
to be positive [66—70]. The PCR assay was, in fact, available in the case
presented, but the availability of a PCR assay for ehrlichiosis depends
on the capabilities of an individual clinical microbiology. Even if avail-
able, treatment for ehrlichiosis should be initiated before the PCR result
is available. Finally, making a PCR assay for ehrlichiosis available for
a more rapid diagnosis may require costly upgrading of the molecular
diagnostic capabilities of the clinical microbiology laboratory.

Case with Error

This case [74] involves a 43-year-old woman who was transferred from
an outside hospital to a referral medical center in early June because of
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possible adult respiratory distress syndrome. The patient had been in
excellent health until 9 days prior to admission, when she began to have
low-grade fever, chills, and headache. One week prior to admission to the
referral medical center, the patient had vomited and lost consciousness.
She was seen at this time at an outside hospital emergency room where
she was noted to have tender postoccipital lymph nodes and a white blood
count of 7,600/uL. A nurse seeing this patient at the time observed a very
fine papular rash that was generalized except for the palms. Her husband
remembered that he had removed a tick from her neck about 9 days ear-
lier. The clinicians seeing this patient thought that her headache was
related to her tender postoccipital lymph nodes. Therefore, the patient
was sent home on oral amoxicillin for a presumed infected tick bite. The
patient returned to the outside hospital because of a persistent headache
as well as severe dyspnea and was admitted; this admission occurred
5 days prior to the transfer to the referral medical center. At the time
of admission to the outside hospital, the patient had a fever of 40.3°C.
Crackles were heard on auscultation. No rash or lymphadenopathy
was noted at this time. Laboratory values included a white blood count
of 6,200/uL with a left shift and a platelet count of 72,000/uL. A radio-
graph of the chest revealed a diffuse bilateral air-space opacification
with air bronchograms, and arterial blood gases showed hypoxemia. The
patient was intubated and placed on ventilatory assistance; a broncho-
scopic examination was done and was normal. Cultures of the washings
were negative as were blood cultures. The patient remained febrile and
after 6 days of hospitalization was transferred to the referral medical
center on a respirator. One dose of doxycycline was administered on
the day of transfer. Despite continuation of doxycycline as well as other
therapy, the patient rapidly developed cerebral edema and died within
2 days after the transfer. A serologic test on blood obtained before death,
performed at the Centers for Disease Control and Prevention (CDC),
revealed an elevated IgM titer of 1:2048 for Rickettsia rickettsii. The
CDC also performed immunohistochemical staining for R. rickettsii on
paraffin-embedded sections of brain obtained at autopsy; there was high
reactivity in and around endothelial cells in the brain. A postmortem
diagnosis of Rocky Mountain spotted fever (RMSF) with meningoen-
cephalitis caused by R. rickettsii was made.
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Explanation and Consequences

Failure to consider an uncommon infection in this case resulted in
an unfortunate outcome. This case of RMSF is similar to the previ-
ously described case involving ehrlichiosis/anaplasmosis in a number
of ways. In both cases, the initial failure to consider a tickborne ill-
ness in summer months [69,72,73] resulted in a delay in the diagnosis
and treatment of an infection. In both cases, a tickborne illness was
eventually considered; unfortunately in this case, a rickettsial menin-
goencephalitis resulted in death. RMSF is still the most lethal tick-
borne illness in the United States [74-76]. Howard T. Ricketts first
described this spotted fever illness approximately 100 years ago; this
illness was transmitted by Montana ticks and killed up to 75% of the
patients infected [76]. Today, RMSF is more likely to be found in
the southeastern United States than in the Rocky Mountains. There
are a number of pitfalls related to the evaluation of the patient with
possible RMSF. These include (1) waiting for the rash to develop;
(2) misdiagnosing the febrile illness as another infection such as gas-
troenteritis; (3) discounting the diagnosis in the absence of history of
tick bite; (4) using an inappropriate geographic exclusion; (5) using an
inappropriate seasonal exclusion; (6) failing to treat on clinical suspi-
cion; (7) failing to elicit an appropriate history; and (8) failing to treat
with doxycycline [75]. The first opportunity for the diagnostic consid-
eration of RMSF with initiation of empirical doxycycline therapy was
at the point when the patient initially visited an emergency room. At
this time, she was complaining of fever and headache and was noted
to have a rash; the husband also recalled having removed a tick from
her neck. This is sufficient clinical information to suspect RMSF and
initiate empirical therapy with doxycycline. The diagnosis of RMSF
has been, and continues to be, problematic [75,76]. The most widely
used diagnostic tool is serologic testing, which is not useful during
active infection. As noted with ehrlichiosis, seroconversion of RMSF
infection may not occur until 3 weeks into the illness. PCR assays
for diagnosing RMSF have been developed [77]; to date, these assays
have not been fully evaluated in the clinical setting. A critical issue in
their usefulness would be the length of time that R. rickettsii would
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remain in the blood. Of interest is a recent report of a combined PCR
and electrospray ionization mass spectrometry method that was able
to detect both Ehrlichia species and R. rickettsii [78]. The diagnosis
and empirical doxycycline therapy of RMSF is particularly difficult in
children as pediatricians, family physicians, and/or emergency room
physicians may not appreciate that RMSF is seen in children [79] or
be aware that the appropriate treatment strategy requires doxycycline
treatment before the rash is seen [80]. For example, one study [80]
found that only 21% of family practice clinicians and 25% of emer-
gency room physicians correctly identified doxycycline as the anti-
biotic of choice for treating children with RMSF. Finally, it should
be noted that a newly recognized tickborne spotted fever group rick-
ettsiosis has been described [81]. The cause of this tickborne escar-
associated spotted fever group rickettsiosis is R. parkeri, which
originally was thought to be nonpathogenic in humans. Clinically,
this rickettsiosis presents in a manner that is very similar to RMSF
with symptoms of fever, fatigue, myalgia, headache, and a general-
ized rash; in addition, patients describe a “sore” or “pimple” at the
site of a tick bite. This escar typically precedes the onset of fever by
several days. This illness, like RMSF, is mostly seen in the southeast-
ern Unites States. As with RMSF, empirical therapy with doxycycline
should be initiated in patients with this constellation of symptoms.

Case with Error

This case [82] involves a 29-year-old man who was admitted to a
medical center in the Midwest because of a 4-day history of fever,
chills, headache, and neck stiffness. This was the third episode of a
similar nature in the past 4 months. The patient had been treated with
amoxicillin-clavulanate for the first two episodes. Additional symptoms
during these previous two episodes had included arthralgias, diarrhea,
and cough. Between these acute episodes of fever, chills, and headache,
the patient noted fatigue, night sweats, and loss of appetite. There was
no history of any insect bites. The patient’s past medical history included
a splenectomy 15 years earlier for a posttraumatic rupture of the spleen.
A hemoglobin concentration obtained during the earlier episodes was
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9.2 g/dL with a slightly elevated total bilirubin as well as slightly elevated
liver enzyme levels. The physical examination of the patient revealed no
hepatomegaly. At the time of admission, microscopic examination of
a Giemsa-stained blood smear revealed a low number of intraerythro-
cytic trophozoites of Babesia. A classic “Maltese cross” (tetrads) was
also identified. Therapy with clindamycin and quinine was initiated; the
patient improved and was discharged from the hospital.

Explanation and Consequences

This case illustrates once more the failure to consider an uncommon infec-
tion leading to a medical error. Babesiosis [83,84] is another tickborne
infection seen during summer months that can be particularly difficult to
identify unless it is considered in the differential diagnosis [85]. Clini-
cally, babesiosis resembles malaria and is endogenous to the United
States. Observing intraerythrocytic ring-forms in a blood smear can
quickly make the diagnosis if the clinician requests such smears. In
this case, multiple episodes of a febrile illness went undiagnosed until
a routine blood smear and an alert medical technologist allowed the
diagnosis of babesiosis to be made. Other similar cases with a delayed
diagnosis of babesiosis have been reported [86]. This case, like those
of ehrlichiosis and RMSF, emphasizes the need to consider tickborne
infections in summer months in anyone who presents with prolonged
and undulating fevers, chills, headache, myalgias, and arthralgias.
Moreover, this case emphasizes the need to consider intraerythrocytic
parasitic infections such as babesiosis [83,84] and malaria [87,88] in
patients with recurrent fevers; such patients may require the review of
multiple thin and thick blood smears to make a diagnosis. The diagno-
sis in the previous case was a serendipitous finding on a routine blood
smear. However, autoanalyzers [89] or a less observant medical tech-
nologist [90] might miss this diagnosis; multiple blood smears and/or
thick smears may be required. Actually, a careful review by a medical
technologist or pathologist of abnormal red blood cell images stored
in current blood autoanalyzers is the best way to make a diagnosis of
babesiosis, as there are far more red blood cells screened and abnor-
mal red blood cells stored as an image than is possible with a blood
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smear. Finally, PCR methods have been described [91], but are not
widely available. Moreover, the diagnosis must be considered before
a PCR assay can be ordered.

Case with Error

This case [92] is involves a 59-year-old man who was referred to a
northeastern U.S. medical center hospital in late summer because
of neck pain, weakness in the right arm, and cranial-nerve palsies.
The patient had been in his usual state of health until 5 weeks prior
to admission when he experienced a febrile illness accompanied
by neck stiffness. The patient worked as a land surveyor, lived in a
wooded area, played golf, and owned dogs; he had noted tick bites
in the past, but none recently. He had not noted any rashes follow-
ing these tick bites. His primary care physician saw him at this time
and noted thrombocytopenia on a complete blood count. The patient
was treated with antibiotics with resolution of the thrombocytopenia
within 2 weeks. However, the neck pain worsened and numbness and
weakness of the right hand developed. An orthopedic surgeon evalu-
ated him 4 days prior to admission; a magnetic resonance imaging
(MRI) of the neck 2 days prior to admission revealed degenerative
changes of the spine at multiple levels from C3 to T2 and a central
herniation at the C3-C4 level. On the day before admission, the patient
developed ptosis and diplopia. On the day of admission, the patient
was evaluated at another hospital. He did not have fever at this time.
A computed tomography scan of the head showed no abnormalities.
The patient was transferred to the referral hospital at this time for a
more extensive neurologic evaluation. On admission, the patient’s
physical examination was unremarkable except for the neurologic
examination, which revealed left ptosis, asymmetric smile, weakness
of both arms with 3/5 in the right wrist, absent right biceps and tri-
ceps reflexes, and a left Babinski reflex. MRI scanning of the brain
showed enhancement of the bilateral fifth and bilateral third cranial
nerves and evidence of microangiopathic disease. A lumbar puncture
was done and revealed an elevated cell count (453 WBCs/uL with
77% lymphocytes and 19% monocytes), an elevated protein, and a
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normal glucose. The patient’s muscle strength decreased over the first
day of hospitalization; on the second day MRI scanning of the spine
after administration of gadolinium revealed leptomeningeal enhance-
ment that extended from the lower thoracic portion of the spinal cord
to the roots of the cauda equina. On the third day of hospitalization,
a repeat lumbar puncture revealed an elevated lymphocyte count with
atypical cells of an uncertain origin; flow-cytometric analysis revealed
large CD19+ and CD20- cells that lacked demonstrable surface light-
chain expression, CD4+ and CD8+ cells, and polyclonal CD20+
B cells with cytoplasmic kappa and lambda light-chain expression.
The patient continued to do poorly with dyspnea and dysarthria on the
fourth day followed by respiratory failure on the sixth day of hospital-
ization. Empirical therapy with intravenous ceftriaxone was initiated
on the fifth hospital day; doxycycline and acyclovir were added on the
sixth day. A third lumbar puncture was done on the seventh day of hos-
pitalization; this revealed atypical lymphocytes that were suspicious
for a lymphoproliferative disorder. A PCR assay on the first sample
of cerebrospinal fluid from the first day of hospitalization revealed
a single, discrete rearrangement of the immunoglobulin heavy-chain
gene, suspicious for the presence of a clonal B-cell population. A lym-
phoma was considered. The patient continued to be afebrile over the
next 3 days; the neurologic deficits continued unchanged. On the 11th
hospital day, the results of cerebrospinal fluid tests for Borrelia burg-
dorferi were reported as positive; these included a PCR assay as well
as IgM, IgG, and IgA antibody production in the cerebrospinal fluid.
In addition, a positive IgM antibody and an indeterminate IgG antibody
were seen in serum and confirmed by Western blotting per the CDC-
recommended 2-tiered antibody testing approach using ELISA testing
followed by Western blotting [93]. This patient responded to 4 weeks of
intravenous ceftriaxone and was discharged to a rehabilitation hospital
for an addition 3 weeks; he is now living independently at home.

Explanation and Consequences

Failure to consider another uncommon tickborne infection led to diag-
nostic confusion at a number of different points in this complicated
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case. The first point occurred when the patient was first seen in early
summer. This patient’s primary care physician should have considered
tickborne infections in the differential diagnosis for a febrile illness in
a patient with thrombocytopenia. The second point occurred after the
patient experienced continued neck pain despite the response to anti-
microbial therapy. This was followed by numbness and weakness of
the right arm; this plus the ptosis and diplopia should have prompted
serologic testing for Lyme disease [94,95]. As the laboratory diagno-
sis of early Lyme disease has been and continues to be problematic
[96-98], empirical continuation of the initial antimicrobial therapy
[99] could have been done while serologic testing for Lyme was being
done (and repeated if negative). As the diagnosis of Lyme disease is
generally based on serologic testing, a delay in the patient’s antibody
response to the infection can result in a delay in the diagnosis. Early
Lyme disease is particularly difficult to diagnose and empirical anti-
microbial therapy should be considered with the appropriate clinical
situation [99]. The patient in this case was eventually hospitalized
for a neurologic evaluation that included a lumbar puncture. At this
point, the diagnostic confusion in this case was due to the presence
of large B cells in the cerebrospinal fluid, which raised the possibil-
ity of a B-cell lymphoma [100]. However, antigenic stimulus due to
B. burgdorferi infection is known to cause a blastoid transformation
of B and T lymphocytes that can result in cerebrospinal fluid cytology
mimicking central nervous system malignancy [101,102]. In this case,
broad-spectrum empirical antimicrobial therapy, which included intra-
venous ceftriaxone, eventually resulted in resolution of this patient’s
neuroborreliosis.

Case with Error

This case [103] involves a 65-year-old man of Indian origin who was
transferred to a neurologic unit in a medical center for the evalua-
tion of neck stiffness, fever, and drowsiness. This patient had been
admitted to the referring hospital 10 days previously because of a
4-week history of abdominal pain and diarrhea. An extensive evalua-
tion including sigmoidoscopy and evaluation of stool samples for ova
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and parasites had not revealed a cause for the abdominal pain and
diarrhea. This patient’s past medical history was significant for giant
cell arteritis diagnosed 2 months previously; the patient had responded
nicely to prednisolone therapy. The patient had lived in England for
many years, but had returned to India for a brief visit several years
previously. On admission, the patient was unconscious, but responded
to painful stimuli. His vital signs included a temperature of 38.5°C,
pulse of 100 bpm, and respiratory rate at 32/minute. The patient was
noted to have marked neck stiffness and a positive Kernig’s sign. The
patient’s abdomen was diffusely tender; the remainder of the physical
examination was unremarkable. Laboratory values included a white
blood cell count of 8,900/uL. with 90% neutrophils, 7% lymphocytes,
2% monocytes, and 1% eosinophils. A chest radiograph that had been
normal 1 week previously revealed patchy infiltrates in both lung
fields. A lumbar puncture demonstrated cloudy cerebrospinal fluid
with a Gram stain revealing many gram-negative bacilli. The cerebro-
spinal fluid white blood cell count was 900/uL with 80% neutrophils;
the protein concentration was elevated while the glucose concentration
was low. The patient was quickly treated with antimicrobial agents for
presumed bacterial meningitis based upon this clinical presentation;
the diagnosis was confirmed by positive cerebrospinal fluid cultures
for Escherichia coli. Blood and urine cultures revealed no growth.
The patient did not respond to this antimicrobial therapy; 24 hours
later a sputum examination revealed Strongyloides stercoralis larvae.
A diagnosis of systemic strongyloidosis was made, and intravenous
thiabendazole was started. S. stercoralis larvae were subsequently
noted in the stool and urine. Despite the addition of thiabendazole to
this patient’s therapy, the patient continued to deteriorate further over
the following week and finally died.

Explanation and Consequences

Failure to consider an uncommon parasitic infection such as dis-
seminated strongyloidosis that may present with concomitant gram-
negative meningitis might seem to be a rare event. However, the
failure to consider such disseminated strongyloidosis infections is not
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an isolated occurrence and has been reported for E. coli meningitis
[103,104] as well as gram-negative sepsis with acute respiratory fail-
ure [105,106]. The capacity of strongyloides to replicate, hyperinfect,
and disseminate in the human host is limited and rarely happens. The
use of corticosteroids, as reported in this case [103], is the most com-
monly reported risk factor for disseminated strongyloidosis [107,108].
Steroid-induced immunosuppression has been reported to cause acti-
vation of strongyloides, resulting in increased egg production. It also
has been suggested that corticosteroids may increase ecdysteroid-like
substances in the intestinal wall; these naturally occurring sterols
then act as molting signals leading to increased numbers of autoinfec-
tive filariform larvae [109]. In addition, corticosteroids are known to
reduce the eosinophil count and to inhibit the mast cell response [110].
Complete blood counts during hyperinfection often show a suppres-
sion of eosinophilic count, which eliminates a potential clue. Patients
who present with a peripheral eosinophilia appear to have a better
prognosis, which may be related to more rapid diagnosis. Dissemi-
nated strongyloidosis is often complicated by infections caused by
gut flora that cross the intestinal barrier with the invading filariform
larvae. Up to 45% of systemic strongyloidosis cases are complicated
by gram-negative septicemia and systemic bacterial infections have
been reported in approximately 60% of cases. Clearly the manifesta-
tions and diagnosis of strongyloidosis must be considered in patients
from endemic areas who are taking corticosteroids or are in other
ways immunosuppressed. Strongyloidosis is a diagnostically elusive
disease even in the 21st century, with delayed diagnosis still being
reported [111].

Case with Averted Error

This case [112] involves a 60-year-old woman who was referred to
a tertiary medical center in the northeastern United States because of
fever. She had been well until 6 years previously, when she had the
onset of arthralgias in multiple joints. She had been treated for these
arthralgias with aspirin and indomethacin. Six months prior to admis-
sion, she had the onset of fever and chills that occurred twice monthly
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and then increased in frequency. During the 2 months before admis-
sion, she had fever and chills at night as often as three times per week;
she also noted fatigue and malaise during this time. Her past medical
history was remarkable for her husband being treated for pulmonary
tuberculosis 34 years earlier. The patient denied any rash, chest pain,
cough, anorexia, abdominal pain, or weight loss. On physical exami-
nation, a firm, mobile lymph node was felt in the right axilla. The tip
of the spleen was felt, and the liver edge was palpated 2 cm below the
right costal margin. The remainder of the physical examination was
unremarkable. Initial laboratory values were normal. The patient was
afebrile on admission, but on the fourth hospital day became febrile to
39°C; then 2 days later the temperature rose to 39.4°C and was accom-
panied by a shaking chill. A biopsy of the right axillary lymph node was
performed and revealed noncaseating granulomatous lymphadenitis
with Schaumann bodies. Acid-fast and silver-methenamine stains for
mycobacteria and fungi were negative; cultures of the lymph node also
yielded no growth. The lymph node biopsy suggested a diagnosis of
sarcoidosis although the patient had no pulmonary findings consistent
with this disease. She was discharged at this time only to be readmit-
ted 3.5 months later with continued fever, chills, and night sweats. She
also noted weight loss over this time period. Physical examination at
this time revealed lymphadenopathy in both axillae as well as in the
right supraclavicular area, but was otherwise unremarkable. The tem-
perature ranged as high as 38.3°C daily. Laboratory values and chest
and abdominal x-rays were unchanged from the first admission. The
working diagnosis at this time was fever of unknown origin. An upper
gastrointestinal series and small bowel study were negative as was a
barium-enema examination. Mild hepatosplenomegaly was noted, and
lymphoma was considered as a possible diagnosis. On the 14th hospital
day, an exploratory laparotomy was done; this revealed extensive
lymphadenopathy at the base of the small-bowel mesentery. A biopsy
of one of the lymph nodes revealed granulomas with large macro-
phages with clear cytoplasm in which there was an enormous amount
of periodic acid-Schiff (PAS)—positive material. These findings were
consistent with Whipple’s disease. A subsequently obtained peroral
jejunal biopsy specimen was examined under electron microscopy and
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demonstrated bacillary bodies in the lamina propria outside the cells
as well as intact bacillary bodies within macrophages. These electron-
microscopic findings confirmed the diagnosis of Whipple’s disease.

Explanation and Consequences

The delay in the diagnosis of this case of Whipple’s disease was, in part,
due to its somewhat atypical presentation of fever and arthralgias in a
woman and, in part, due to its being a rare systemic disorder. Whipple’s
disease is caused by Tropheryma whippelii, which is an actinomycete
that is difficult to culture [113]; cultures are not readily available in
most clinical microbiology laboratories. These rare chronic infections
classically involve the gastrointestinal tract [114], and patients typi-
cally present with diarrhea and malabsorption [115-117]. Moreover,
Whipple’s disease is predominantly seen in middle-aged white males,
with only 12% of reported cases being seen in women. A variety of
other clinical manifestations can be seen and include involvement of
heart, lungs, or central nervous system. In particular, Whipple’s dis-
ease can mimic sarcoidosis [118,119], as it did in this case. Indeed,
the diagnosis of Whipple’s disease has always been difficult [112,
115-119]. The cultivation of 7. whippelii [113] has greatly increased
the knowledge of this disorder as well as the allowing of diagnostic
PCR testing [120-122]. For example, the classic form of Whipple’s
disease, which is characterized by PAS-positive-stained bacilli in
infected small-bowel macrophages [114], represents only one form of
this rare disease. This bacterium also is capable of causing localized
infections such as endocarditis and meningoencephalitis [117]. Addi-
tionally, 1% to 26% of all individuals are asymptomatic carriers of this
microorganism [121, 123]. Diagnostic tests for Whipple’s disease cur-
rently include histopathologic staining with PAS [114,115], PCR and
quantitative PCR testing [120,122], and Western blot; the diagnostic
strategy can be complex and often requires interpretation [122].
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STANDARDS OF CARE

Failure to consider uncommon infections clearly can result in harm
to a patient; it may be less clear that a medical error has occurred
although the patient and/or a lawyer would likely consider such a
failure to be a medical error.

Failure to consider uncommon infections as a source of medical
errors can be avoided by a number of mechanisms; these include use
of the medical literature [124], use of the Internet (eg, PubMed [125]
or UpToDate [126]), consultation with the clinical microbiology lab-
oratory director [127], and consultation with an infectious diseases
clinician [128,129].

Tickborne infections are an emerging infectious threat [73] and
cause uncommon infections that must be considered in the differ-
ential diagnosis of febrile patients seen during summer months in
order to avoid medical errors.

Broad-spectrum empirical antimicrobial therapy may be needed
while the differential diagnosis is being developed and the results
of diagnostic testing are pending; this is particularly true for tick-
borne infections where only babesiosis can be quickly diagnosed.
Uncommon infections that are difficult to diagnose such as para-
sitic diseases and Whipple’s disease are often diagnostic problems
that require infectious diseases consultation [108,122,128,129].
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FAILURE TO APPRECIATE THE PROPER TIMING
FOR SEROLOGY TESTS

Q) Failure to appreciate the proper timing for serology is
another common medical error and leads to confusion

when the “obvious” diagnosis is “ruled out” by the serologic test.

Consultation with the laboratory can assist with this problem.

Case with Error

This case [130] involves a 70-year-old African American woman with
end-stage renal disease secondary to hypertension who had received
a deceased-donor kidney transplant 6 years prior to being transferred
from another hospital for the present tertiary care center admission. Her
graft function had been stable with a serum creatinine of 2 mg/dL; her
maintenance immunosuppressive therapy consisted of 5 mg predni-
sone per day, 750 mg mycophenolate mofetil twice a day, and 50 mg
cyclosporine A twice a day. She had been in her usual state of health
until 3 days prior to the transfer when she presented to another hos-
pital with new onset fever as well as nausea, vomiting, and abdomi-
nal pain of 2 weeks’ duration. A white blood cell count was slightly
elevated. She was initially treated with broad-spectrum antimicrobial
therapy; she developed confusion and tonic-clonic seizures over the
next 2 days despite the antimicrobial therapy. A computed tomogra-
phy scan of the head was normal. A lumbar puncture revealed a leuko-
cyte count of 21 cells/uL with 83% lymphocytes and normal protein
and glucose levels. Parenteral acyclovir was started, and she was
transferred to the tertiary care medical center. Upon arrival, the patient
was stuporous and had a temperature of 102.8°F. Myoclonic move-
ments of the upper extremities were noted on physical examination.
The patient was treated with only intravenous acyclovir for possible
herpes simplex meningoencephalitis. A repeat computed tomography
scan and a magnetic resonance imaging scan of the head were done
and reported as normal. A second lumbar puncture done 3 days after
the first revealed a continued lymphocytosis (99%) and an increase in
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the protein level to 130 mg/dL. Acyclovir was continued, and broad-
spectrum antimicrobial agents were added. Bacterial and viral cultures
of the cerebrospinal fluid were negative as were blood cultures. PCR
for HSV, VZV, and CMYV in the cerebrospinal fluid were negative. CSF
serology was done for California encephalitis , eastern equine enceph-
alitis, St. Louis encephalitis, and West Nile encephalitis; all were
negative. The patient’s fever resolved after 14 days, and all antimicro-
bial agents were discontinued. The etiology of this acute encephalitis
was undiagnosed. The patient continued to have seizure activity and
required tracheostomy for respiratory support. She was transferred
to a subacute care facility where convalescent serology was done.
The results for West Nile virus are summarized. On days 2 and 5,
West Nile virus-specific IgM by capture EIA from cerebrospinal fluid
were done and were negative. However, convalescent serum samples
from days 25 and 42 were positive for West Nile virus IgM and IgG.
A diagnosis of West Nile virus encephalitis was made.

Explanation and Consequences

This case illustrates the need for proper timing of serologic testing.
Acute West Nile encephalitis is a serious public health issue in the
United States with over 700 cases reported to the Centers for Disease
Control and Prevention (CDC) in 2009 [131]. The CDC recommends
that West Nile virus IgM detection by an IgM capture ELISA assay in
serum or cerebrospinal fluid should be the major laboratory tool used
to identify symptomatic patients with acute West Nile virus infections.
This test has a sensitivity approaching 100% in appropriately timed
samples. In early symptomatic infections, the West Nile virus can be
detected by PCR in serum or cerebrospinal fluid [132]. However, levels
of West Nile virus RNA typically peak before symptoms appear and
then rapidly decline as IgM antibody production begins [133]. Thus,
there is a limited window for RNA detection. Once IgM antibodies
for West Nile virus appear, they remain detectable for several months
after the acute illness [134]. Although most patients with West Nile
virus encephalitis present late in their illness, some patients seeking
medical assistance within a week of symptom onset may still be in the
RNA-positive/antibody-negative window and be missed if only IgM
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testing is done. To avoid missing cases of acute West Nile infection,
both West Nile virus RNA testing and West Nile virus IgM testing
may be required [135]. As there is no current antiviral therapy for
West Nile virus encephalitis [136], a delay in the diagnosis as seen in
this case is not a therapeutic problem.

Case with Averted Error

This case [137] involves a 10-year-old boy who was admitted to a chil-
dren’s hospital after 2 days of fever (38.5°C), disorientation, vomit-
ing, and diarrhea. Examination of motor, sensory, cerebellar function,
and gait on admission were all normal. A lumbar puncture obtained
on admission revealed 135 leukocytes/uL. with 97% lymphocytes.
The cerebrospinal protein level was elevated, and the glucose level
was normal. Cerebrospinal fluid Gram stain, bacterial and viral cul-
tures, and herpes simplex PCR were all negative. A brain magnetic
resonance imaging (MRI) study done on admission and repeated on
day 3 were both normal. The electroencephalogram (EEG) done on
day 2 demonstrated intermittent focal slowing over the left temporo-
occipital region. The child received a 10-day intravenous course of
acyclovir and improved over this time. He was discharged following
this course of acyclovir. Two days later, he had seizure activity and
was readmitted. On physical examination, the child was postictal and
aphasic. Seizures were controlled with phenytoin. A head computed
tomography scan with contrast revealed generalized enhancement of
the meninges. A lumbar puncture revealed 128 leukocytes/uL with
89% lymphocytes; the protein and glucose levels were elevated. All
cerebrospinal fluid cultures were again negative; PCR for herpes sim-
plex was also negative. A brain MRI at this time demonstrated abnor-
mal signal intensity bilaterally in cortical and subcortical regions
in the frontal-temporal lobe. The EEG showed periodic lateraliz-
ing epileptic discharges over the left frontocentral-temporal region.
Parenteral acyclovir was reinitiated and continued for an additional
14 days. Serologic studies were negative for eastern equine encepha-
litis, western equine encephalitis, St. Louis encephalitis, California
encephalitis, and herpes simplex virus. However, serologic testing for
La Crosse virus is summarized. The serum hemagglutination titer for
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La Crosse virus was 1:10 on the day of admission and 1:160 on day
16 after readmission. A diagnosis of La Crosse viral encephalitis was
made. The child was discharged and has been well with no long-term
sequelae from this encephalitis.

Explanation and Consequences

This case illustrates the delayed diagnosis of viral encephalitis due to
the normal delay in the host antibody response to infection by the La
Crosse virus. La Crosse virus is a mosquito-borne arbovirus that is the
primary cause of pediatric encephalitis in the United States [138]. Usu-
ally this encephalitis is mild with minimal neurologic sequelae although
more severe infections have been reported [137,139]. La Crosse virus
encephalitis can be difficult to distinguish clinically from other viral
infections of the CNS, and specific laboratory testing is required. In
general, a viral-specific IgM antibody capture enzyme immunoas-
say done on cerebrospinal fluid is the preferred diagnostic test for La
Crosse encephalitis [140]. Serum IgM antibody levels of La Crosse
virus may remain elevated for almost 1 year in over half of patients;
serologic diagnosis, therefore, requires demonstration of a fourfold or
greater change in serum antibody titer [141]. This criterion was met
in this case. As no treatment is available for this infection, delay in
diagnosis is not clinically important. The authors, however, point out
that prolonged therapy with acyclovir for a presumed diagnosis of her-
pes simplex viral encephalitis could have been avoided if a PCR test
for La Crosse virus were readily available. Such PCR tests have been
developed [142], but have not been clinically validated and thus are not
readily available in most clinical microbiology laboratories.

Case with Averted Error

This case [143] involves a 2-year-old girl who presented to a tertiary
referral center in the Northeast with a 6-week history of multiple, per-
sistent, erythematous, ringlike lesions and recurrent fever. There was
no history of a tick bite. Three weeks into the illness, the child’s pedia-
trician had seen her and ordered a serologic test for Borrelia burgdor-
feri (ELISA IgM and IgG); this serology was negative. At this point of
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the illness, the pediatrician considered Lyme disease to be excluded
because of the negative serology for B. burgdorferi, and the child was
not treated. However, the child returned because of these persistent
skin lesions, which were consistent with multiple erythema migrans.
Therefore, the serologic test for Lyme disease was repeated. At this
time, which was 6 weeks into the illness, the serology was ELISA IgG
positive for B. burgdorferi at a titer of 1:2560 and ELISA IgM negative.
A Western blot for B. burgdorferi was also positive and thus confirmed
this diagnosis. The child was successfully treated with amoxicillin.

Explanation and Consequences

This case nicely illustrates the failure to appreciate the proper tim-
ing for the serologic diagnosis of Lyme disease. The child’s pedia-
trician recognized that this child had erythematous skin lesions that
might represent erythema migrans [144,145] and thus considered
Lyme disease as a diagnosis. Moreover, multifocal lesions as seen in
this case are recognized as representing an early stage of systemic
infection [146]. The initial error made by the pediatrician was in fail-
ing to appreciate that serology might not allow the diagnosis of early
Lyme disease [97-99]. Fortunately, the child returned because of the
persistent multiple erythema migrans and was successfully treated.
Suspicion of Lyme disease based on erythema migrans is sufficient
reason to begin empiric antimicrobial therapy [99,144].

Case with Averted Error

This case [147] involves a 41-year-old man who was hospitalized
for the evaluation of acute jaundice. This patient had no significant
past medical history and had been well until 5 days before admis-
sion, when he suddenly had fever, chill, nausea, and vomiting. Two
days before admission, he noticed that his urine had become darker
in color and that his stools were lighter in color. On the day of admis-
sion, he noticed that his sclerae were yellow. He contacted his fam-
ily physician and subsequently was admitted to the hospital for the
evaluation of acute jaundice. His only risk factor for jaundice elicited
in his history of present illness was that he owned six hound dogs
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that frequently urinated inside his home. The patient admitted that
he would often clean up this urine and then fail to wash his hands
before eating. On physical examination, the patient was jaundiced and
had a fever of 101.1°F. His sclerae were icteric, but without conjuncti-
val injection. Laboratory values included an elevated white blood cell
count of 15,800/uL with a left shift and an elevated serum creatinine of
4.6 mg/dL. Liver function studies revealed the following values: total
bilirubin 24.9 mg/dL, direct bilirubin 21.6 mg/dL, alkaline phospha-
tase 132U/L, AST 125U/L, and ALT 76U/L. Results of serologic tests
for hepatitis A and B were negative; a biliary sonogram was normal.
An infectious diseases consultation was obtained; a presumptive diag-
nosis of icteric leptospirosis (Weil’s syndrome) was made based upon
the clinical picture and the exposure to canine urine [148]. Empiric
antimicrobial therapy with intravenous penicillin G was initiated. The
patient did not require dialysis; after several days, the serum creatinine
began to decline. On the eighth day of illness, conjunctival suffusion
developed. On the 10th day, the intravenous penicillin was stopped
and oral tetracycline was started. Blood and urine cultures revealed no
growth. On the 12th day, the patient complained of a severe headache
and became acutely disoriented. A lumbar puncture was done and
revealed unremarkable cerebrospinal fluid. This episode was thought
to represent aseptic meningitis, which is a known complication during
the second (immunogenic) stage of leptospirosis [149]. The patient
recovered from this episode and was discharged. Serologic testing for
the microscopic agglutination titers for leptospirosis is summarized.
The patient’s serum microscopic agglutination titers on admission
were 1:12 and on day 18 were 1:500.

Explanation and Consequences

Leptospirosis is a zoonotic disease caused by the spirochetes of the
genus Leptospira and is considered to be one of the most common
zoonoses in the world [147-150]. In the past decade, leptospirosis has
been recognized as an emerging public health problem that occurs in
urban and rural areas of developing and developed countries [150,151].
Humans are accidental hosts and become infected through exposure
to environmental sources contaminated by the urine of chronically
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infected mammals. In the United States, the most common sources
of exposure are dogs, livestock, and wild animals, especially rodents.
Outbreaks of leptospirosis have been reported and are often due to
natural disasters such as floods [152]. Leptospirosis is also recognized
as an infection seen in returned travelers from the tropics [153,154].
Hospitalized cases of leptospirosis may have mortality rates as high
as 25%; this is, in part, related to a delay in diagnosis. The majority
of leptospirosis cases are diagnosed by serology. The current standard
is the microscopic agglutination test, which involves the reaction of
antigens in the form of live Leptospira organisms with the antibodies
found in the patient’s sera. A positive reaction results in agglutination
of the Leptospira that can be seen microscopically. The IgG antibody
response to leptospirosis to this test takes about 2 weeks and can be
delayed by antimicrobial therapy. In this case, the clinical suspicion
was high, and empiric antimicrobial therapy was started. The serologic
diagnosis was made on day 18, which is typical for the diagnosis of
leptospirosis. There are new serologic methods that are commercially
available [155]; some of these tests measure an [gM response and may
thus allow more rapid results. PCR testing is also being developed
[156] and should allow the most rapid means of diagnosis.

Case with Averted Error

This case [157] involves a 2-year-old previously healthy boy who was
admitted with a history of high fever and a “lump” on his right hip area
for 2 days. The child had been limping and favored his right leg. Physi-
cal examination revealed an elevated temperature of 39.5°C. A tenta-
tive diagnosis of septic arthritis or acute osteomyelitis of the right hip
was made. Tenderness was elicited on moving the right hip, but no
“lump” was noted. Otherwise, the physical examination was unre-
markable. Laboratory studies were also unremarkable and included a
normal hematologic profile as well as a normal erythrocyte sedimenta-
tion rate of 22 mm/hour. A radiograph of the right hip and a gallium
citrate-67 bone scan were done; both were normal. A Brucella aggluti-
nation titer was done and reported as negative. Blood cultures obtained
on admission revealed no growth. Aspiration of the right hip on admis-
sion was cultured; the routine bacterial cultures were negative. The



Failure to Appreciate the Proper Timing for Serology Tests 35

child was discharged with a diagnosis of transient viral synovitis. Two
weeks later, the child was still febrile and limping. Although a Brucella
culture of the right-hip aspirate had not been ordered, the microbiolo-
gist had noted the clinical data on the requisition form and thus had
included a Brucella culture; this culture was now positive. A diagnosis
of brucellosis was made, and the child was successfully treated.

Explanation and Consequences

Brucellosis is another zoonotic disease [158] for which the clinical
diagnosis remains a considerable challenge to clinicians and laborato-
ries alike [159,160]. In particular, the frequent presentation of brucel-
losis as a nonspecific febrile illness in adults and children (so-called
periodic or undulant fever) and its ability to infect virtually any organ
or tissue has resulted in this infection being described as a “disease of
mistakes” [160]. Culture of Brucella species is the definitive diagnosis
and is considered the gold standard in the laboratory diagnosis of bru-
cellosis; unfortunately, culture is both laborious [161] and hazardous
[162]. For example, optimal cultivation of Brucella species requires
biphasic Ruiz-Castaneda bottles and 6 weeks of incubation time; the
yield is 40% to 90% in acute cases and 5% to 20% in chronic cases
[160,161]. Commercial automated blood culture systems are capable
of isolating Brucella species [163], but bacteremia in brucellosis is
also known to be unpredictable [164]. Therefore, serological assays
are the most commonly relied upon diagnostic test for brucellosis
[160,165]. In the previous case, the serologic assay was negative. Had
the microbiologist not specifically done cultures for Brucella species,
the diagnosis would have been missed during this admission and thus
delayed. As this case seemed to represent an acute case of brucello-
sis, the serologic assay would likely have become positive in time.
An 11-month delay in the diagnosis of Brucella septic arthritis of the
knee has been reported; reconstruction with bone grafts was required
in this case [166]. Although brucellosis is not a common problem in
the United States, Brucella suis infections associated with feral swine
hunting have been reported [167]. Clinicians treating patients with
undiagnosed febrile illness should consider brucellosis; the limitations
of serologic testing must be appreciated.
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STANDARDS OF CARE

Certain infectious diseases such as many viral infections, as
well as infections involving Mycoplasma, Leptospira, Borrelia,
Treponema, Brucella, Coxiella, and Chlamydia, often require a
serologic diagnosis; appreciation of the time required for an anti-
body response to the acute infection is important when obtaining
such serologic tests.

Failure to appreciate the proper timing for serology tests can result
in harm to a patient even though the correct diagnosis was con-
sidered, and an appropriate serology test was ordered; failure to
appreciate the proper timing for serology tests is a subtle but real
form of medical error.

Unlike failure to consider infection or failure to consider uncom-
mon infections, in this situation the correct infection was consid-
ered; using empirical antimicrobial therapy when applicable can
avoid this type of medical error.

Appreciating the appropriate timing of serology tests may result in
repeating a serology test that is initially negative; empirical antimi-
crobial therapy as mentioned earlier prevents harm to the patient.
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FAILURE TO APPRECIATE THE SENSITIVITY
OR SPECIFICITY OF MICROBIOLOGY TESTS

(") Failure to appreciate the sensitivity or specificity of micro-

biology tests is another common problem and can lead to
medical errors. This problem often can be avoided by consulta-
tion with the laboratory.

Case with Error

This case [168] involves a 29-year-old man who in July 2009 was
transferred to the critical care unit of a tertiary medical center in the
Northeast because of fever and respiratory failure. The patient had
been well until 9 days earlier, when he developed a nonproductive
cough and myalgias in his legs. One week earlier, he had a fever
of 39.4°C; sore throat and nasal congestion then developed. The
patient noted mild chest pain during expiration; his cough became
productive of clear sputum. He was seen at the emergency room of
another hospital 4 days before admission and was found to be in mild
distress; his temperature was 38.2°C and his pulse was 106 bpm.
Influenza was considered; a raid test of a buccal swab specimen was
negative for influenza A and B antigens. The patient was given intra-
venous ceftriaxone and discharged home on oral doxycycline. He
returned to the same emergency room on the next afternoon because
of persistent fever, cough, and myalgias. The temperature was 39°C;
rhonchi were noted in the left lower lung field. A chest radiograph
revealed incomplete segmental consolidation of the apical posterior
segment of the right upper lobe suggesting pneumonia. Levofloxacin
was prescribed, and he was sent home. Two days later, the patient
again returned to the same emergency room. This time, he was still
febrile; his respiratory rate was 34 breaths/minute and his oxygen
saturation 88% while he was breathing 4 L oxygen by nasal can-
nula. A chest radiograph showed progression of the right upper lobe
process as well as patchy air-space disease in the right lower lobe
and the middle and lower lobes on the left side. He was admitted to
the hospital where his respiratory distress worsened over the next
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14 hours despite broad-spectrum antimicrobial therapy. He was then
transferred to the critical care unit of a nearby tertiary care medi-
cal center. There he was continued on broad-spectrum antimicrobial
agents and was also treated with oseltamivir for the novel 2009 HIN1
influenza virus that was known to be in circulation. PCR testing
performed at the state laboratory confirmed the diagnosis of the 2009
HINT influenza A virus. Despite therapy with oseltamivir and supportive
critical care management, the patient expired on the ninth hospital day.

Explanation and Consequences

In this case, the negative testing for influenza virus on the buccal
swab done during the first visit to an emergency room did not rule
out 2009 HIN1 influenza virus infection in this patient because such
rapid diagnostic tests for influenza have low sensitivity [169,170].
This case occurred in the summer of 2009. During the spring of
20009, this novel influenza A (HIN1) virus of swine origin emerged in
humans in North America and thus was considered a possibility dur-
ing the first visit of this patient to an emergency room. Indeed, a rapid
influenza test was done at this first visit. However, the sensitivity
of rapid diagnostic tests for influenza during the peak influenza sea-
son is approximately 60%; a lower prevalence of influenza at other
times of the year will result in a lower sensitivity for rapid influenza
testing. It is thus not surprising that the rapid test was negative in
this case. Moreover, buccal swabs are not ideal for influenza testing;
nasopharyngeal swabs are preferred. Finally, empiric antiviral treat-
ment should be based on the clinical picture rather than the results of
rapid influenza testing. The Infectious Diseases Society of America
Clinical Practice Guidelines currently recommends early treatment
(ideally within 48 hours) with oseltamivir or zanamivir for persons
highly suspected of influenza virus infection [171]. Such empiric
antiviral treatment might have made a difference in this case, but was
not recommended by the CDC in early summer of 2009 [172].

Case with Averted Error

This case [173] involves a 46-year-old male with a cystopleural shunt
in situ for 14 months as palliative treatment of a spinal arachnoid
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cyst who was admitted to the hospital because of progressive wors-
ening of lower limb weakness. This patient had initially been seen
for a similar complaint of progressive weakness in the lower limbs
and had been diagnosed with an intradural extramedullary cystic
lesion anterior to the spinal cord for which a cystopleural shunt had
been inserted. This shunt had resulted in substantial improvement,
and the patient had been able to walk unaided. However, 14 months
after insertion of this shunt, there was a recurrence of bilateral lower
limb weakness. On admission to the hospital, the patient was afe-
brile and had normal vital signs. Physical examination on admission
demonstrated decreased lower limb power and upper motor neuron
signs. A magnetic resonance imaging study revealed nodular thick-
ened leptomeningeal enhancement in the thoracic spine as well as a
right pleural effusion. Laboratory values included a complete blood
count, liver function studies, and renal function studies; all were
within normal limits. The cystopleural shunt was taped; the cere-
brospinal fluid was clear and colorless. The initial analysis of the
cerebrospinal fluid demonstrated a total cell count of 93/uL. (36%
neutrophils, 30% lymphocytes, and 34% mononuclear cells), an
elevated protein level, and a normal glucose level. These findings
suggested chronic meningitis. However, Gram stain, Ziehl Neelsen
acid-fast staining, Indian ink examination, and PCR for Mycobac-
terium tuberculosis were all negative. A cryptococcal antigen test
(CALAS®, Meridian Bioscience Inc., Cincinnati, Ohio) was done on
both the patient’s serum and cerebrospinal fluid; both were nega-
tive. Culture of the cerebrospinal fluid was negative for bacteria and
fungi. Because of the cerebrospinal fluid changes suggesting chronic
meningitis, cerebrospinal fluid was inoculated into the BACTEC™
Myco/F Lytic bottle (Becton Dickinson, Sparks, Maryland). Growth
was detected after 6 days of incubation; subcultures revealed a small
colony variant of Cryptococcus neoformans. A diagnosis of crypto-
coccal meningitis was made. Fenestration of the spinal arachnoid
cyst and removal of the shunt was performed along with a 6-week
course of intravenous amphotericin B and intravenous flucytosine.
This intravenous therapy was followed by oral fluconazole. Cere-
brospinal fluid cultures were negative for Cryptococcus neoformans
after 8 weeks of therapy.
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Explanation and Consequences

In this case, both the cryptococcal antigen test and the cerebrospinal
cultures initially were negative in this nonimmunosuppressed patient.
Clearly there was an opportunity for a medical error to occur had the
patient been discharged without determining the cause of his chronic
meningitis. The cerebrospinal fluid findings of chronic meningitis
prompted additional cultures using a more sensitive culture method
(BACTEC™ Myco/F Lytic bottle) because both clinicians and micro-
biologists recognized the limitations of the cryptococcal antigen test-
ing as well as the limitations of crytococcal cerebrospinal fluid cultures
[174-176]. In particular, capsule-deficient isolates of Cryptococcus
neoformans as seen in this case are known to cause difficulty in diag-
nosing chronic cryptococcal meningitis using the cerebrospinal fluid
cryptococcal latex agglutination test [177]. In nonimmunosuppressed
patients, the delayed diagnosis of cryptococcal meningitis is a recog-
nized problem that has increased the morbidity and mortality of this
condition [178]. Finally, false-positive cryptococcal antigen testing has
been reported [179] and must be considered in such antigen testing.

Case with Error

This case [180] involves a 67-year-old woman who was admitted to the
hospital for suspected pneumonia. This patient suffered from biopsy-
proven sarcoidosis as well as systemic lupis erythematosus with pro-
gressive renal failure. A computer tomography scan of the chest had
been done because of a weight loss of 30 Ib within the last 6 months;
this revealed small cystic lesions in the left lower lobe. On admission,
a chest radiograph also demonstrated bilateral infiltrates of the lung as
well as pleural effusions. She was admitted to the hospital and treated
with ceftriaxone and clarithromycin for suspected pneumonia and ini-
tially improved on this therapy. However, microbiological evaluation
including sputum culture, blood cultures, and pleural fluid cultures
were negative as was a urinary antigen test for Legionella pneumophila
(NOW® Legionella Urinary Antigen Test, Binax, Inc, Scarborough,
Maine). The clarithromycin therapy was discontinued based upon the
negative result for the urinary antigen test for L. pneumophila although
the ceftriaxone therapy was continued. Two days later, the pulmonary
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function worsened and corticosteroids were added for suspected reac-
tivation of sarcoidosis. Ceftriaxone was replaced after 12 days by
piperacillin/tazobactram for suspected superinfection. Despite this
broad-spectrum antimicrobial therapy along with corticosteroid ther-
apy, the patient’s clinical signs and symptoms deteriorated with the
C-reactive protein and white blood count rising; the patient required
emergency intubation because of acute respiratory distress syndrome.
A computed tomography scan of the chest demonstrated progressing
infiltrates of both lungs. The piperacillin/tazobactram was switched to
meropenem; a lung biopsy was done and revealed interstitial fibrosing
pneumonia with accumulation of intra-alveolar foamy macrophages. A
few colonies of Aspergillus fumigatus initially grew from this biopsy;
amphotericin B was added to the antimicrobial therapy. Despite this
therapy, respiratory failure developed. A repeat chest radiograph and
computed tomography of the chest demonstrated new cavitary lesions
in the right upper lobe. A serologic test for L. pneumophila (Legionella
pneumophila TFA, Meridian Bioscience, Cincinnati, Ohio) was done
and the urinary antigen for L. pneumophila was repeated; both were
negative. However, L. bozemanii grew from cultures of the lung biopsy
and the Dieterle stain demonstrated intra- and extracellular rods.
Clarithromycin therapy was restarted, but the patient died 2 days later.

Explanation and Consequences

Legionella species are important causes of pneumonia in humans;
however, the diagnosis of Legionella infection is limited by the non-
specific nature of clinical features and the shortcomings of diagnostic
tests [181]. Currently there are more than 50 species of Legionella
with at least 24 of these associated with human disease. Although
L. pneumophila appears to be more pathogenic to humans and causes
the majority of human disease [182], other species clearly can infect
humans [183]. Importantly, cavitary pulmonary infection as seen in
this case has been associated with L. bozemanii [184]. L. micdadei
and L. longbeachae are other common etiologic agents causing human
infection. Unfortunately, no single microbiology test is able to diag-
nose Legionella infection in a timely fashion with a high degree of
sensitivity and specificity [181]. Although Legionella culture remains
the most useful single test, culture diagnosis requires special media,
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adequate processing of specimens, and technical expertise. The stan-
dard medium used to culture Legionella species is buffered charcoal
yeast extract (BYCE) agar. Supplementation of BYCE agar with
bovine serum albumin will enhance the growth of some Legionella
species such as L. bozemanii and L. micdadei; in contrast, addition of
cefamandole to this agar as is often done will inhibit growth of these
two species. Despite the appropriate use of BYCE agar for sputum
cultures, the sensitivity of expectorated sputum cultures ranges from
10% to 80% as fewer than one-half of patients with Legionella pneu-
monia produce sputum. Bronchoscopy or pulmonary biopsy speci-
mens (as in this case) are more likely to yield positive cultures than
are expectorated sputum samples. The detection of soluble Legionella
antigen in urine specimens has become a rapid and reliable tool for
the diagnosis of L. pneumophila infections [185]. These urinary anti-
gen tests have sensitivities in the range of 70% to 100%, but are only
able to detect L. pneumophila serogroup 1. As seen in this case, other
species of Legionella are not reliably detected. False-positive results
for the Legionella urinary antigen have been reported as well [186].
Serologic testing for Legionella infection is hampered by the delay
in seroconversion, which may take several weeks, as well as by the
inability of serologic testing to accurately detect all Legionella spe-
cies and subgroups [181]. Clearly, there remains a role for Legionella
cultures obtained by bronchoscopy or pulmonary biopsy.

Case with Averted Error

This case [187] involves a 55-year-old immunocompromised woman
who was admitted to the hospital for the evaluation of pneumonia. This
patient was being treated with immunosuppressive drugs for hypoplastic
myelodysplastic syndrome. Her initial pulmonary evaluation included a
fine-needle lung biopsy with cultures done under computed tomography
guidance as well as blood cultures; these were negative. Twice-weekly
screening for circulating Aspergillus galactomannan (Platelia Aspergillus
Test, Bio-Rad, Marnes-La-Coquette, France) was ordered; the result of
the first screening test was negative. Empirical therapy with ceftazidime
and amikacin was initiated and later switched to imipenem. However,
this patient then developed a painful skin nodule of the left leg; a biopsy
of this nodule revealed only necrotic tissue. Because of this skin nodule,



Failure to Appreciate the Sensitivity or Specificity of Microbiology Tests 43

her antimicrobial therapy was again switched to intravenous amoxicillin-
clavulanic acid. Shortly after the initiation of the amoxicillin-clavulanic
acid, the circulating Aspergillus galactomannan test became positive and
remained so until 10 days following discontinuation of the amoxicillin-
clavulanic acid. Although the patient had clinical findings (lung infiltrate
and skin lesion) consistent with invasive Aspergillus infection, antifungal
therapy was not done due to a previous report of false-positive galac-
tomannan tests with piperacillin-tazobactam [188]. Instead, this group
directly tested amoxicillin-clavulanic acid using vials taken directly from
the hospital pharmacy. These were also positive for galactomannan. The
patient was followed carefully and did well without antifungal therapy; a
repeat chest computed tomography scan did not reveal any new pulmo-
nary lesions that would be consistent with fungal infection.

Explanation and Consequences

Invasive aspergillosis occurs in a number of different clinical set-
tings and continues to be associated with a high mortality rate [189].
Early diagnosis is critical to a favorable outcome, but is difficult to
achieve with current diagnostic methods [190]. Deep tissue diagnos-
tic specimens for histopathologic examination and fungal culture are
ideal for diagnosing invasive aspergillosis and remain the gold stan-
dard; these specimens are often difficult to obtain from critically ill
patients. Therefore, techniques in recent years have focused on the
detection of circulating surrogate markers including genomic fungal
DNA and fungal cell-wall components [191]. In particular, detection
of circulating (1—3) B-glucan (galactomannan) has been a major
advance in the diagnosis and management of invasive aspergillosis
infections [192,193]. An important characteristic of the circulating
galactomannan is that in approximately two-thirds of patients, this
circulating antigen could be detected at a mean of 8 days before diag-
nosis by other means [192]. This characteristic has resulted in the
circulating galactomannan test being used for prospective monitoring
of patients during a period of high risk as was done in the previous
case. However, reports of false-positive circulating galactomannan
results caused by amoxicillin-clavulanic acid [187,194] and piperacillin-
tazobactam [188,195] must be appreciated as they were in this case to
avoid unnecessary use of antifungal therapy.
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STANDARDS OF CARE

Failure to appreciate the sensitivity or specificity of microbiology
tests can result in harm to a patient even though the correct diag-
nosis was considered, and an appropriate microbiology test was
ordered; failure to appreciate the sensitivity or specificity of micro-
biology tests is a subtle but real form of medical error.

The sensitivity and specificity of antigen testing in clinical micro-
biology is particularly important; both false-negative and false-
positive test results are factors in such antigen testing and must be
appreciated.

Consultations with the clinical microbiology laboratory [127] and/
or the infectious diseases unit [128,129] are excellent ways to avoid
this potential error.
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FAILURE TO SUBMIT SUITABLE
MICROBIOLOGY SPECIMEN

( Q) Failure to submit suitable microbiology specimens is

unfortunately a common problem that can lead to medical
errors in infectious diseases and clinical microbiology. Consul-
tation with the clinical microbiology laboratory regarding suit-
able specimens is the best way to avoid this error.

Case with Error

A healthy 29-year-old woman was seen in the emergency department
with a chief complaint of a pustular and draining lesion on the lateral
side of her right foot for 5 days. A nurse practitioner in another city
had seen this patient 3 days earlier and had thought this abscess was
caused by community-acquired methicillin-resistant Staphylococcus
aureus (CA-MRSA). The nurse practitioner had performed an inci-
sion and drainage of the abscess and had also prescribed oral clinda-
mycin; no cultures were done at this time. The abscess and cellulitis
had worsened following the incision and drainage despite 3 days of
oral clindamycin therapy, so the patient again sought medical assis-
tance. Additional history obtained revealed that the patient had been
on vacation in Mexico for several weeks prior to the onset of this pus-
tular lesion; during this vacation, she had been water-cave exploring
while barefoot. The physician seeing this patient in the emergency
department was concerned that this infection might indeed be caused
by CA-MRSA that was also resistant to clindamycin. Other water-
borne microorganisms were considered as well. Therefore, the abscess
was again incised and drained with purulent material sent for Gram
stain and culture. The Gram stain revealed polymorphonuclear cells,
but no organisms. There was initially no growth after several days
of incubation, but the cultures were held because the clinician had
alerted the microbiology laboratory that an unusual microorganism
might be involved. On day 7, the cultures were positive for Nocardia
brasiliensis. Because the patient was allergic to sulfa drugs, she
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was treated with oral minocycline for 6 months. The foot infection
resolved on this therapy.

Explanation and Consequences

There are a number of areas of debate regarding management of skin
and soft tissue abscesses [196]. These include the usefulness of cul-
tures and empiric treatment with antimicrobial agents. In particular,
the increasing incidence of CA-MRSA has intensified this debate. This
case illustrates why there is a debate about cultures. The nurse practi-
tioner that first saw this patient could justify not culturing this abscess
based on the medical literature [196]. In fact, had a culture been done,
it would have been negative at 48 hours and normally would not have
been held longer than 48 hours. Nocardia species often take 5 days
or longer to grow on sheep blood agar [197]. A “no growth” culture
result would not have assisted in the care of this patient. However, the
failure of the initial therapy prompted the elicitation of additional his-
tory as well as a culture to be held longer than 2 days; this allowed the
diagnosis and appropriate therapy. Had this infection not been diag-
nosed, the Nocardia infection would have eventually involved deeper
tissues and bone in the foot; this type of infection known as “Madura
foot” is very difficult to treat and often leads to amputation of the
infected foot [198].

Case with Error

This case [199] involves an 18-month-old boy who was admitted to
a local hospital with a 4-day history of fever, cough, and increased
respiratory rate. Physical examination revealed an alert child with
a respiratory rate of 36 breaths per minute, a temperature of 105°F,
and decreased breath sounds in the right lung. A chest radiograph
showed infiltrates in the left lower lobe as well as in the right middle
and right lower lobes; no pleural effusion was noted. Blood cultures
and sputum cultures were not obtained. A presumptive diagnosis of
community-acquired bacterial pneumonia was made, and the child
was treated with intravenous cefuroxime for 3 days followed by oral
cefuroxime for 2 days. The child remained febrile and thus received
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an additional day of intravenous cefuroxime as well as a single dose
of intravenous ceftriaxone prior to discharge. The child was dis-
charged home to complete a course of oral ceftibuten. However, the
child’s fever persisted over the next 4 days, and the child was noted
to have an increased respiratory rate with grunting. The child therefore
was readmitted to the hospital. At this time, the respiratory rate was
76 with grunting, and the temperature was 102°F. A chest radiograph
revealed persistent infiltrates, but no pleural effusions. A lumbar punc-
ture was done; this showed clear fluid with only 1 leukocyte/uL. The
cerebrospinal fluid was cultured. Blood cultures also were obtained.
The child was initially treated with intravenous vancomycin and
cefotaxime. A repeated chest radiograph showed a moderate pleural
effusion; a chest tube was inserted and 200 mL serosanguineous fluid
was drained. This fluid was not analyzed or cultured. The cerebro-
spinal fluid cultures were negative. However, the blood cultures were
positive for Streptococcus pneumoniae, which was resistant to beta-
lactam agents as well as to erythromycin. The child’s fever resolved
on the fourth day of intravenous vancomycin and cefotaxime therapy;
the chest tube was removed at that time. Vancomycin and cefotax-
ime were continued for an additional 13 days. The child had a com-
plete recovery.

Explanation and Consequences

The value of sputum Gram stain and culture in the diagnosis of
community-acquired pneumonia is another area in which there has
been considerable debate [200-205]. Moreover, obtaining a good-
quality sputum specimen is difficult in young, nonexpectorating
children with pneumonia [206]. Routine sputum collection and
analysis has not been recommended in children with community-
acquired pneumonia [207,208] for a number of reasons. Among
these cogent reasons are that viral pneumonia is the most common
cause of community-acquired pneumonia during the first 2 years and
that young children cannot easily expectorate sputum. Moreover,
empiric therapy with newer cephalosporins as done in this case gen-
erally has proven effective in situations in which clinicians suspect
a bacterial cause of community-acquired pneumonia in a child. As
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illustrated in this case, resistance to newer cephalosporins can result
in treatment failure leading to readmission to the hospital. A blood
culture resulted in the etiologic agent in this case, and vancomycin
therapy was responsible for the clinical success of the antimicro-
bial therapy used during the second admission. In this case, spu-
tum cultures were not obtained on the second admission, although
they could have been obtained using either induced sputum [209] or
bronchoscopy [210]. Collection of sputum in children or in adults is
likely to be very important in the near future when traditional diag-
nostic methods are supplemented with PCR-based methods in order
to increase the microbiological yield for the etiology of community-
acquired pneumonia [211].

Case with Error

This case [212] involves a 22-year-old man with chills and fever after
a stay in South America. This young man was in excellent health and
approximately 5 months earlier had enjoyed a 6-week trip to South
America. This trip started in northern Ecuador with a prolonged
stay in the jungle and included swimming in “dark waters” of lakes
and rivers. The patient received many insect bites, consumed local
food and fresh fruit, and remembers drinking water treated with an
iodine filter. He experienced one episode of diarrhea for which he
took three doses of ciprofloxacin. During the final 2 weeks of this
trip, the patient traveled through the beaches and high mountains of
Peru, hiked the Inca Trail, and visited Lima. The patient took dox-
ycycline daily as prophylaxis and continued this for 2 weeks after
returning. He was in his usual state of excellent health for almost
3 months following his trip to South America when he began to have a
temperature as high as 40°C accompanied by chills, sweats, stiffness
of his neck, and back pain. After several days of this fever, he went
to the emergency room where his temperature was 40.1°C. Physical
examination was essentially normal except for slight nuchal rigidity.
A lumbar puncture was done and revealed clear, colorless cerebro-
spinal fluid that contained 2 RBCs and 0 WBCs/uL. A Gram stain
revealed no microorganisms. The cerebrospinal fluid glucose and
protein levels were normal. Blood cultures and cerebrospinal fluid
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cultures were done; these ultimately showed no growth. Other labo-
ratory values included a normal complete blood count, normal elec-
trolytes, and a normal creatinine. The patient was rehydrated with
intravenous fluids and sent home from the emergency room with a
diagnosis of “viral syndrome.” Two days later, his fever returned; he
again went to the emergency room where his temperature was 40.3°C.
His physical examination at this time was unchanged. Repeat labora-
tory testing was unchanged except his platelet count had dropped from
128,000/uL to 92,000/uL. The results of the cultures done on the first
emergency room visit were noted to be no growth; additional blood
cultures were done. A chest radiograph was unremarkable. A mono-
nucleosis test was negative. A throat culture was done; this ultimately
was negative. The patient was rehydrated and sent home with a diag-
nosis of “viral syndrome.” The patient continued to take acetamino-
phen and ibuprofen daily at home as this reduced the fever and chills.
He was told to return for a follow-up visit in 1 week because of the
thrombocytopenia. He did so, and on this follow-up visit 1 week later,
his temperature was 36.8°C. He appeared slightly pale; his hematocrit
was now 38% whereas it had been 43.2% only 1 week earlier. His bil-
irubin was noted to be slightly elevated at 1.3 mg/dL. The history of
thrombocytopenia along with the decreased hematocrit and elevated
bilirubin suggested the possibility of malaria; a blood sample was
sent to the clinical microbiology laboratory for malaria evaluation.
This allowed a diagnosis of Plasmodium vivax malaria infection to be
made. The patient was successfully treated with both chloroquine and
primaquine and has been well since.

Explanation and Consequences

This case nicely illustrates the failure to submit a suitable microbi-
ology specimen, which in this instance would have been thin and
thick smears for malaria evaluation. Although a complete blood count
was done at each of the two emergency room visits, the peripheral
blood examinations were performed using automated equipment. The
number of fields scanned by a technologist on these smears using
automated equipment is quite low and thus failure to pick up a light
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malarial parasitemia is not unusual [213]. More extensive scanning of
the blood fields stored in automated blood equipment by a pathologist
is, however, an excellent way to make a diagnosis of malaria. The first
opportunity to diagnose malaria in this patient was the initial emer-
gency room visit where the travel history to South America should
have raised the possibility of malaria in the differential diagnosis.
The key to the diagnosis of malaria is travel history as the incuba-
tion period can be variable for all strains of malaria. Indeed, fever
in the returned traveler must always raise the possibility of malaria
in the differential diagnosis [88,214-217]. In addition, imported
malaria in visitors to the United States must also be considered in
febrile patients with vague and nonspecific clinical presentations of
malaria who may be seen in emergency rooms [89,218,219]. Thin and
thick smears for malaria should be ordered as the parasitemia may be
missed with routine complete blood counts done on automated instru-
ments. The second opportunity to diagnose malaria in this patient
was the secondary emergency room visit where the combination of
travel to South America and thrombocytopenia should have prompted
a blood smear evaluation for malaria. Thrombocytopenia is the most
common laboratory abnormality encountered with malaria and is
seen in approximately 60% of cases regardless of the type of malaria
[220]. The diagnosis of malaria in this case was made on the third
visit when the combination of travel to South America, thrombocy-
topenia, hyperbilirubinemia, and anemia were noted. Hyperbilirubi-
nemia is seen in approximately 40% of malaria cases, and anemia is
seen in approximately 30% [220]. The presence of thrombocytopenia
and hyperbilirubinemia alone has a positive predictive value of 95% in
the presumptive diagnosis of malaria in the febrile traveler return-
ing from a part of the world where malaria is endemic [221]. It
is important to understand that babesiosis can also present with
fever, thrombocytopenia, hyperbilirubinemia, and anemia [82-84]
and also may require thin and thick blood smears for diagnosis;
routine complete blood counts on automated instruments may
miss this diagnosis for the same reason as malaria can be missed
[85,86,213]. Clearly, not sending blood for parasite analysis (i.e.,
malaria and babesiosis) can represent a failure to submit a suitable
specimen in a febrile patient.
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Case with Error

This case involves a 12-year-old previously healthy girl who jumped off
a swing at school and landed on some wood chips. One of these wood
chips penetrated her shoe and lodged deeply in her left heel. The child’s
grandmother, who was a nurse, removed the wood chip and cleaned the
heel wound; this heel wound eventually closed. However, the child con-
tinued to have pain in her left heel when walking. After several months
of this heel pain, a magnetic resonance imaging study of the left heel was
done and revealed a calcaneal osteomyelitis. As Staphylococcus aureus
is a common cause of calcaneal osteomyelitis in children [222], her local
physician treated her with intravenous vancomycin via a PICC line for
2 months. No biopsy or culture was obtained. This empiric antimicrobial
therapy did not resolve the left heel pain, and a bone biopsy was done
6 months after the original injury. A routine bacterial culture of this biopsy
grew Pantoea agglomerans, which has been reported to cause infection
after plant thorn and wood sliver injuries [223]. The child was treated for
6 weeks with oral sulfamethoxazole/trimethoprim base on susceptibil-
ity testing of the P. agglomerans; this therapy did not resolve the bone
pain. Moreover, the biopsy site developed a violaceous lesion and would
occasionally drain cloudy fluid. A repeat magnetic resonance imaging of
the heel showed evidence of chronic osteomyelitis. Therefore, the child
was referred to a pediatric orthopedic surgeon at a tertiary care center
for a further evaluation. On admission, the child was afebrile. There was
a 2 cm violaceous lesion located on the left heel at the site of a healed
incision. The lesion was nontender; there was no erythema or induration
surrounding this lesion. Laboratory values were normal and included a
normal C-reactive protein and a normal erythrocyte sedimentation rate.
The child was taken to the operating room for excision and debridement
of the left heel osteomyelitis. In the process of scraping the inside of the
bone cavity, two small wood fragments were retrieved; one measured
1 cmin length by 2 mm in width and the second was slightly smaller. Cul-
tures for bacteria, fungi, and mycobacteria were ordered. After 2 weeks of
incubation, the fungal cultures grew Phialophora richardsiae. The other
cultures were negative. Susceptibility testing was done on this isolate of
P. richardsiae, and it was susceptible to voriconazole. The child was suc-
cessfully treated with oral voriconazole and has remained well.
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Explanation and Consequences

This child was eventually diagnosed with chromoblastomycosis caused
by P. richardsiae. Chromoblastomycosis is a chronic mycotic infection
caused by pigmented saprophytic moulds of the Dermatiaceae family
ubiquitous in the environment [224]. The members of the Dermatia-
ceae family are dimorphic filamentous fungi with melanic-type pig-
ment in the cell wall. Clinically, the infection usually follows traumatic
inoculation through penetrating thorn or splinter wounds and is charac-
terized by the development of chronic verrucose lesions at the inocula-
tion site. P. richardsiae is a recognized cause of chromoblastomycosis
in humans [225,226] and can cause osteomyelitis [227]. There are a
number of important points illustrated by this case. The first is that
puncture wounds of the foot can result in serious complications such
as osteomyelitis [228-230]. For this reason, puncture wounds may
require wound enlargement and a search for a retained foreign body.
Imbedded rubber foreign bodies [231] and thorn or wood splinters
[226] are recognized risk factors for infection. A retained splinter of
wood contributed to this child’s prolonged infection. Another impor-
tant point is that a biopsy with appropriate cultures should have been
done initially rather than relying on empiric antimicrobial therapy with
vancomycin. When cultures were done on this child, only routine bac-
terial cultures were ordered. It is possible that the P. agglomerans was
a pathogen as gram-negative bacteria such as Pseudomonas aerugi-
nosa can cause osteomyelitis following puncture wounds of the foot
[230,232]. However, other microorganisms including fungi (as illus-
trated by this case) or mycobacteria [233] can also cause osteomyelitis
of the calcaneus secondary to a puncture wound. It thus is important to
realize that when cultures are ordered in calcaneal osteomyelitis fol-
lowing a puncture wound, bacterial, fungal, and mycobacterial cul-
tures should be specified on the requisition.

Case with Error

This case (234) involves a 69-year-old woman who was admitted
to an outlying hospital with fever and wrist pain. This woman had
no other significant medical problems. On physical examination,
the right wrist was tender with a decreased range of motion and an
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effusion. Laboratory values included a white blood cell count of
12,000/uL. and an erythrocyte sedimentation rate of 34 mm/hour.
A roentgenogram of the right wrist was unremarkable. Aspiration of
the wrist yielded pus, which subsequently grew methicillin-susceptible
Staphylococcus aureus. Therapy with intravenous oxacillin was initi-
ated, and the patient seemed to respond. There were no stigmata of
endocarditis noted. However, the patient developed pain in the tho-
racic area 1 week into the antimicrobial therapy, and over the next
24 hours also developed lower-extremity weakness. A chest radio-
graph was unremarkable. A computed tomography scan demonstrated
a paravertebral abscess along T-8. This abscess was surgically drained
and routine bacterial cultures were obtained; these cultures also grew
S. aureus. Despite continued therapy with intravenous oxacillin, the
patient worsened with continued fever, persistent leukocytosis, and
the development of lower-extremity paralysis. Two months after
admission, the patient was transferred to a tertiary care referral center
for further evaluation. On admission to this referral center, the patient
had a temperature of 39°C and appeared chronically ill with paraple-
gia. A careful evaluation for endocarditis was repeated and found no
murmurs or peripheral stigmata of emboli. A repeat computed tomog-
raphy scan of the spine revealed collapse of T-8 and a recurrent para-
spinal abscess. This recurrent abscess was again surgically drained;
this time, however, bone cultures were obtained for bacterial, fungal,
and mycobacterial cultures. At 5 weeks, the mycobacterial cultures
yielded Mycobacterium tuberculosis. Isoniazid and rifampin therapy
was initiated for therapy of tuberculous osteomyelitis; the patient
improved dramatically and eventually was discharged home albeit
with residual paraplegia.

Explanation and Consequences

This case is another example of a mixed infection causing osteomy-
elitis. In this situation, S. aureus and M. tuberculosis were the micro-
organisms causing the osteomyelitis; similar cases can be found in
the medical literature [235,236]. Had bone cultures for mycobacte-
rium been done on the first hospital admission, this diagnosis might
have been made earlier although it is unlikely that this paraplegia
could have been avoided due to the length of time required for the
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growth of M. tuberculosis. If bone cultures for Mycobacterium are
not done, and granulomatous inflammation without demonstrable
acid-fast bacilli are seen, there are two potential solutions. The first
solution is to recut the formalin-fixed, paraffin-embedded tissue for
additional acid-fast staining. Additional sections cut for acid-fast
staining will sometimes identify acid-fast bacilli not seen in the first
cuts. The second solution is to use molecular detection methods such
as PCR testing for M. tuberculosis; these are done on the formalin-
fixed, paraffin-embedded tissue and have proven successful in such
situations [237,238]. Such testing is best done in consultation with the
clinical microbiology laboratory [127]. In general, bone specimens
from patients with vertebral osteomyelitis should include bacterial,
fungal, and mycobacterial cultures in order to avoid this type of medi-
cal error. Molecular testing is a reasonable adjunct test when myco-
bacterial cultures have not been done or are negative.

Case with Error

This case [238] involves an 18-year-old male of Somali origin who had
been living in a Scandinavian country since the age of 7. The patient
was referred to a hospital for recurrent bloody diarrhea, abdominal
pain, fever, and weight loss. Physical examination was unremarkable
except for abdominal distension and diffuse abdominal tenderness. A
computed tomography scan of the chest and abdomen was unreveal-
ing. A PPD skin test for tuberculosis was nonreactive. Colonoscopy
revealed a segmental colitis with fissures; nodular and ulcerous lesions
were also described along with a 10-cm stricture. Biopsies taken from
these areas demonstrated discontinuous fissural submucosal inflam-
mation; no granulomas were noted. Acid-fast staining of these tissue
biopsies was negative for acid-fast bacilli; however, a gastric aspi-
rate was positive by preliminary PCR testing for M. tuberculosis,
thus therapy for tuberculosis was started. Conformational PCR test-
ing of the gastric aspirate was negative and other cultures and PCR
testing for M. tuberculosis from sputum, bronchial washings, gastric
aspirates, stool, and blood were negative. After 1 week of therapy for
tuberculosis without clinical improvement, this therapy was stopped.
As the histology and endoscopic findings also were consistent with
Crohn’s disease, oral prednisone and intravenous nutrition were
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started. The patient seemed to respond to this approach, and the diar-
rhea ceased. Follow-up colonoscopy revealed decreased colitis, but
three new fistulas were seen in the ascending colon. These fistulas
were biopsied. Again, histopathologic stains revealed no acid-fast
bacilli, and cultures for M. tuberculosis were negative; several non-
caseating granuloma were seen in these biopsy specimens. Therapy
for tuberculosis was restarted, and the steroid therapy was tapered.
The patient was doing well and had gained weight when 2 months
after admission he developed signs of an acute abdomen. An explor-
atory laparotomy was done and revealed small nodules throughout the
peritoneal surfaces that suggested peritoneal tuberculosis. An ileoce-
cal and ascending colon were done. Histology of the nodules, lymph
nodes, and resected bowel segments demonstrated multiple caseating
granulomas. Acid-fast stains were negative, but PCR assays of the
granuloma were positive. The therapy for tuberculosis was continued,
and the patient has done well.

Explanation and Consequences

The case illustrates the difficulty in diagnosing abdominal tuberculo-
sis even when it is suspected [240-242]. Despite the multiple superfi-
cial biopsy specimens obtained by repeated colonoscopies as well as
multiple other cultures and PCR assays obtained, none of these were
diagnostic for gastrointestinal tuberculosis. Instead, a diagnosis of
Crohn’s disease was considered based on the noncaseating granuloma
seen in biopsy specimens, and prednisone therapy was initiated. Endo-
scopic biopsy with histologic examination remains the best test for the
initial diagnosis of Crohn’s disease [243]. When tuberculosis is sus-
pected, PCR for M. tuberculosis on biopsied tissue has been used to
differentiate gastrointestinal tuberculosis from Crohn’s disease [244]
as was done in this case. The authors comment that the diagnosis of
tuberculosis in this case might have occurred sooner if gastrointestinal
lymph nodes had been biopsied [239]. The availability of laparoscopy
for biopsy of gastrointestinal lymph nodes would suggest that when
gastrointestinal tuberculosis is a possibility, laparoscopic biopsy of
gastrointestinal lymph nodes should be considered due to the diffi-
culty in making the diagnosis with more superficial biopsies done by
endoscopy [245,246].
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STANDARDS OF CARE

Failure to submit a suitable microbiology specimen or any micro-
biology specimen at all even though infection is suspected may
happen for a number of reasons and can be another subtle form of
medical error.

If unusual microorganisms are suspected, the clinical microbiology
laboratory should be consulted as special media and/or incubat-
ing the cultures for a prolonged period of time might be neces-
sary; such consultation [127] may also result in assistance in terms
of what type of cultures should be ordered on specimens from a
febrile patient.

Consultation with infectious diseases [128,129] is also useful in
determining what type of cultures should be obtained in a febrile
patient.

Fever in returning travelers or foreign travelers visiting the United
States should raise the diagnostic possibility of malaria; thick and
thin blood smears for malaria are indicated in this situation.
Mixed infections with dissimilar microorganisms such as bacteria
and fungi or bacteria and mycobacteria do occur; specimens sent to
the clinical microbiology laboratory must specifically request bac-
terial, fungal, and mycobacterial cultures in order to ensure that all
are done.

Molecular diagnostic techniques now may offer a “second chance”
to make the correct diagnosis if appropriate cultures are not
requested on the specimen initially sent to the clinical microbiol-
ogy laboratory.

The pathophysiology of a suspected infection may provide insight
on additional tissue that can be biopsied for culture and/or PCR
testing when initial testing is nonrevealing.
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FAILURE TO PROPERLY IDENTIFY PATIENT,
SPECIMEN, OR TEST ORDER

(") Failure to properly identify patient, specimen, or test order
is a common issue in all laboratories. Attention to detail
and electronic bar code labeling can assist with this problem.

Case with Averted Error

The clinical microbiology laboratory receives a set of blood culture
bottles from the emergency room. These blood culture bottles have
been inoculated with blood and are accompanied by a requisition for a
blood culture. However, the blood culture bottles are not labeled with
any patient information. The medical technologist then calls the emer-
gency room and asks to speak to the nurse who obtained the blood
culture and is taking care of this patient. This nurse is asked to come
to the microbiology laboratory to properly label the blood culture bot-
tles. The nurse complains that she is very busy and couldn’t the medi-
cal technologist just label the blood culture bottles. After being told
that this is against laboratory policy, the nurse reluctantly comes to
the microbiology laboratory and labels the blood culture bottles. The
nurse apologizes for not properly labeling the blood culture bottles
initially, but states, “It is very busy in the emergency room, things are
hectic, and I simply forgot to label the blood culture bottles.”

Explanation and Consequences

This is an example of a patient misidentification error that was averted
when detection of the unlabeled set of blood culture bottles by the
microbiology technologist prompted a call to the emergency room so
that the person who actually obtained the blood culture could come to
the microbiology laboratory and properly label these bottles. Although
rejection and recollection of a specimen once mislabeling is detected
is the most suitable approach to managing this issue [247], this may
not be possible for blood cultures if antimicrobial agents have been
initiated. The unlabeled blood culture bottle might appear to be
a minor issue that was easily resolved, but this type of preanalytic
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phase medical error is extremely common and has great potential for
becoming a major issue. Assume that there could have been more than
one unlabeled set of blood culture bottles, each set from two separate
patients. Assume also that these were received in the microbiology
laboratory at the same time. Properly labeling these two sets of blood
culture bottles would become a major problem.

The preanalytic phase of laboratory testing is manually intense and
thus prone to having the highest error rate [248]. Blood collection is a
particularly error-prone portion of the total laboratory testing process.
Among the common preanalytic phase errors are mistakes in tube fill-
ing, inappropriate containers, inappropriate requesting procedures, and
identification errors (ie, misidentification). Indeed, misidentification has
been identified as a major problem in the preanalytic phase of labora-
tory testing [249] with the following causes being the most problematic:
(1) physician ordering a laboratory test on the wrong patient; (2) incorrect
or incomplete computer entry of patient’s data; (3) collection of a speci-
men from the wrong patient; (4) inappropriate labeling of the specimen;
(5) lost identification (label or requisition) for the specimen; and
(6) incorrect entry of the patient’s results in the computer database.

Clearly the preanalytic phase of laboratory testing is vulnerable
to errors; most of these errors result from system flaws and insufficient
audit and control of the operators involved in specimen collection [248].
There are a number of factors that must be considered in order to deal
with these types of preanalytic errors [250,251]. The first factor to con-
sider is prediction of accidental events, which is accomplished by the
following processes: (1) exhaustive process analysis; (2) reassessment
and rearrangement of quality requirements; (3) dissemination of oper-
ating guidelines and best-practice recommendations; (4) reduction of
complexity and error-prone activities; (5) introduction of error-tracking
systems; (6) continuous monitoring of performance; and (7) root cause
analysis of any errors identified to ensure that any systems flaws can be
addressed. The next factor to consider is an increase in and diversifica-
tion of defenses, which is accomplished by the application of multiple
and heterogeneous systems to identify nonconformities. The final fac-
tor to consider is a decrease in vulnerability, which is accomplished by
implementation of reliable and objective detection systems, causal rela-
tion charts, and education/training. These factors taken together consti-
tute a systems approach for solving the problem of preanalytic errors.
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STANDARDS OF CARE

The preanalytic phase of laboratory testing is manually intensive
and prone to system flaws and operator error; a systems approach
is required to avoid these kinds of errors.

Failure to properly identify a patient, specimen, or test order can
be considered a “misidentification” error and is actually a com-
mon preanalytic error in laboratory testing that can result in minor
inconvenience (eg, redrawing or relabeling) or in serious conse-
quences (eg, wrong patient or delay in diagnosis); the “paperwork”
must be considered an integral and important part of patient care.
Quality programs developed around the preanalytic phase of labo-
ratory testing are required to avoid preanalytic errors; when errors
occur, a root cause analysis must be done to identify any systems
flaws that may contribute to such errors.
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OVERVIEW

In contrast to preanalytic errors in laboratory testing, analytic
errors have been carefully addressed in both the clinical micro-
biology laboratory [1,2,4] and in the laboratory as a whole [5,6].
Bartlett et al. [1] have comprehensively reviewed the process of
managing quality in the clinical microbiology laboratory, and this
review continues to serve as an ongoing template for a systems
approach to quality. This does not mean that the analytic phase
of testing in the clinical microbiology laboratory is error-free.
Indeed, the detection and prevention of clinical microbiology
laboratory-associated errors have been recognized and addressed by
the American Society for Clinical Microbiology in their Cumitech
series [252]. The Cumitech series is designed to provide consensus
recommendations regarding the judicious use of clinical micro-
biology and immunology laboratories; each series is written by a
team of clinicians, laboratorians, and other knowledgeable stake-
holders to provide a broad overview of various important aspects
of infectious diseases testing. The examples of analytic error that
follow are selected from the medical literature as well as from the
personal experience of the author and illustrate common medical
errors within the clinical microbiology laboratory.
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MISREADING OR MISINTERPRETATION
OF GRAM STAIN OR OTHER STAINS

(@) Misreading or misinterpretation of Gram stain or other
stains is not a common problem in most clinical micro-
biology laboratories, but does occasionally happen. There are
technical issues that usually contribute to this problem when it
happens. These technical issues should be understood.

Case with Error

This case [253] involves a 42-year-old man who was being evalu-
ated for fever and a stiff neck. His first lumbar puncture demonstrated
80 lymphocytes/mL in the cerebrospinal fluid; the Gram stain and culture
of this fluid were unrevealing. The patient spontaneously improved,
but 2 weeks later had a recurrence of his fever and stiff neck. The
lumbar puncture was repeated; cerebrospinal fluid analysis revealed a
leukocyte count of 940 cells/uL. with 50% polymorphonuclear cells.
The cerebrospinal fluid glucose level was low, and the protein level
was elevated. The Gram stain was read as many small gram-negative
cocci, and the patient was treated for Neisseria meningitis. Despite
this antimicrobial therapy for meningococcal meningitis, the patient’s
condition worsened. All bacterial cultures had no growth. The lumbar
puncture was repeated a third time; the Gram stain was unrevealing.
However, an India ink preparation done for the first time revealed
encapsulated budding yeast. Culture of the cerebrospinal fluid grew
Cryptococcus neoformans. The patient expired; autopsy findings
showed disseminated cryptococcosis with no evidence of bacterial
infection.

Explanation and Consequences

This case illustrates the well-recognized difficulty of diagnosing cryp-
tococcal meningitis [178,254]. In this particular case, a misread Gram
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stain of the cerebrospinal fluid contributed to the initial diagnostic
confusion. In general, the microscopic examination of cerebrospinal
fluid in the diagnosis of meningitis is quite sensitive ranging from
67% to 92% [255,256]. It is rare for cerebrospinal fluid examinations
to incorrectly suggest the presence of microorganisms. C. neoformans
is known to be confusing on Gram stain with both gram-positive and
gram-negative misidentification being reported [257]. A high index of
suspicion for cryptococcal meningitis along with the use of the cryp-
tococcal antigen test [177] is a key factor in the diagnosis of such
meningitis and will help avoid delays in treatment.

Clearly the rapid and accurate detection and characterization
of microorganisms encountered in purulent cerebrospinal fluid from
patients with meningitis is important [255,256,258]. Misreading a
Gram stain from a cerebrospinal fluid specimen is unusual, but can
happen [253]. There are a number of ways to avoid such misread-
ing errors. Quality assessment programs in the clinical microbiology
laboratory [1,2] include both internal and external proficiency test-
ing as well as the testing of microbiology technologists for color-
blindness. Such competency assessment in the clinical microbiology
laboratory [259] is an important, ongoing function that prevents such
errors [252]. In addition, most clinical microbiology laboratories rou-
tinely have a senior microbiologist review any positive Gram stains
from cerebrospinal fluid. Finally, other causes of false-positive Gram
stains from cerebrospinal fluid not infrequently have been described
[260-265] and are not due to misreading the Gram stain. Instead,
contamination with nonviable bacteria from various products used in
the process is the cause of such false-positive Gram stains of cere-
brospinal fluid. This issue will be discussed in greater detail in the
next case.

Case with Error

This series of cases [264] begins with a febrile patient with neuro-
logic symptoms whose cerebrospinal fluid obtained by lumbar punc-
ture demonstrated gram-negative bacilli on smears. This patient was
treated with cefotaxime for 3 days before a diagnosis of carcinomatous



64 2. Analytic Errors in the Clinical Microbiology Laboratory

meningitis was made. All cultures were negative for any growth. The
antimicrobial therapy was discontinued without adverse consequences.
Over the next week, three more cerebrospinal fluid specimens from
three additional patients revealed gram-negative bacilli that failed to
grow in any cultures. This cluster of nonviable gram-negative bacilli
that were seen on cerebrospinal fluid Gram stains lead to an inves-
tigation of the lumbar puncture trays. The results of this investiga-
tion revealed that specimen tubes in these lumbar puncture trays were
contaminated with nonviable gram-negative bacilli. A further investi-
gation by the FDA revealed that almost one-quarter of the specimen
tubes from commercial lumbar puncture trays contained nonviable
gram-negative bacilli with numbers of bacilli per tube ranging from
44 to 332.

Explanation and Consequences

The Gram stain of cerebrospinal fluid is recognized as critical in
the diagnostic evaluation of a patient with suspected meningitis, and
positive Gram stains revealing microorganisms are used to direct
initial therapy [3]. Clinicians and laboratory personnel usually do
not consider a false-positive Gram stain from cerebrospinal fluid to
be a potential problem. However, it must be appreciated that such
false-positive Gram stains can occur. Factitious meningitis due to
nonviable bacteria in commercial lumbar puncture trays was first
reported in the mid-1970s and has continued to be seen [260-265].
The medical products industry has effectively ensured the sterility
of commercial medical devices, but the procedures used to sterilize
these products do not prevent the presence of nonviable microorgan-
isms. Therefore, physicians and laboratory personnel must be aware
that such false-positive Gram stains may occur. Although specimen
tubes in lumbar puncture trays are the most common cause of facti-
tious meningitis, other sources of nonviable microorganisms such
as cytocentrifuge funnels and Gram-stain reagents may be a source
[262,265]. The laboratory must review any specimen showing micro-
organisms on direct smears that fail to grow. If factitious organisms
are suspected, the physician should be notified. If possible, a repeat
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cerebrospinal fluid specimen should be obtained using new, clean
sterile glass tubes. Any cluster of such cases should be reported to
the FDA.

Case with Error

This case [266] involves a previously healthy 14-month-old boy who
was initially seen for fever, irritability, and vomiting. The child had
been febrile for 2 days before being brought to a pediatric outpatient
clinic. The child’s mother said her son had also been vomiting and
was irritable. On physical examination, the boy was noted to have
a stiff neck and therefore was admitted to the hospital. Initial labo-
ratory values included a white blood cell count of 13,800/uL with
71% neutrophils. A lumbar puncture done on admission revealed a
cerebrospinal fluid cell count of 101 cells/uL, a cerebrospinal fluid
protein level of 215 mg/dL, and a cerebrospinal fluid glucose level
of 9 mg/dL. The cerebrospinal fluid Gram stain demonstrated gram-
positive diplococcus-like microorganisms that were thought to be
Streptococcus pneumoniae. A diagnosis of bacterial meningitis was
made, and the child was treated with a combination of ceftriaxone
and panipenem. The cerebrospinal fluid culture grew Acinetobacter
baumannii. The patient’s antimicrobial therapy was changed to
meropenem based on susceptibility testing results. The child recov-
ered with no central nervous system sequelae.

Explanation and Consequences

This child presented with community-acquired meningitis, and
S. pneumoniae is a common cause of community-acquired meningi-
tis in pediatric patients. Thus, the interpretation of the cerebrospinal
fluid Gram stain was reasonable. The cerebrospinal fluid culture grew
A. baumannii, which is a short, plump, gram-negative rod that is dif-
ficult to destain and may therefore be misidentified as a gram-positive
diplococcus [267]. Fortunately, the broad-spectrum antimicrobial ther-
apy used in this case provided coverage against this patient’s isolate.
A. baumannii rarely causes community-acquired meningitis, although
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it has been reported as a cause of community-acquired pneumonia
[268]. This child had no evidence of pneumonia. When A. baumannii
is seen as a cause of meningitis in a child, it usually follows a neuro-
surgical procedure and is multidrug-resistant [269]. Fortunately, this
child’s isolate was not multidrug-resistant.

Case with Error

A healthy 36-year-old man involved in a motor vehicle accident
was admitted to the trauma unit with a high-energy, open fracture
of the lower third of his right tibia. There was no evidence of crush
injury to the limb, and the patient was hemodynamically stable. No
other injuries were detected. The patient was taken to surgery for
debridement, open reduction, and internal fixation. The patient did
well following this surgery until postoperative day 3 when the surgi-
cal wound site became inflamed, swollen, and extremely tender, with
an associated elevation in his white blood cell count and an elevated
C-reactive protein. Infection was suspected, and empiric antimicro-
bial therapy with intravenous imipenem was initiated. The patient
was taken to the operating room for exploration of the operative site
as well as debridement, drainage, and cultures if indicated. The oper-
ative site was found to have a small amount of tissue necrosis as well
as purulent material; there was no widespread tissue necrosis noted.
Debridement was done, and necrotic tissue and purulent material
were sent for cultures. The Gram-stain smear for this purulent mate-
rial was read as gram-negative bacilli. However, the culture result
on the following day was Bacillus cereus, which was susceptible to
imipenem. The patient was continued on the imipenem and recovered
without further problems.

Explanation and Consequences

This case illustrates an issue with the Gram stain that is well known
to microbiologists but not to physicians, which is Gram-stain vari-
ability in select bacteria including Bacillus species [270]. B. cereus
was isolated from the trauma-related orthopedic wound infection in
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this patient; such Bacillus infections have been reported in orthope-
dic trauma cases [271]. Bacillus species including B. cereus is known
to be gram-variable and can stain as gram-negative bacilli as well
as gram-positive filamentous forms that show beading and be con-
fused with Nocardia species [270-273]. In this case, the isolate was
susceptible to imipenem. This was fortunate as B. cereus produces
multiple beta-lactamases, which include a metallo-beta-lactamase.
These beta-lactamases are very potent against beta-lactam agents,
including the third-generation cephalosporins. Imipenem and other
carbapenem agents seem to be active against B. cereus despite the
presence of this metallo-beta-lactamase [272,273]. However,
carbapenem-resistant strains of B. cereus have been reported [274].
Vancomycin or clindamycin are preferred choices for therapy of
B. cereus infections.

Case with Averted Error

This case [275] involves a 9-year-old boy who was acutely hospital-
ized because of a 43% full thickness, 53% total body surface burn.
The patient was treated with fluid resuscitation and had multiple
escharotomies and graft placements during the first 2 weeks of hospi-
talization. The child did well until hospital day 17 when he developed
fever, leukocytosis with a left shift, and an elevated C-reactive pro-
tein. After cultures were obtained, the boy was treated with empirical
antimicrobial therapy consisting of piperacillin/tazobactam and van-
comycin. Blood, peritoneal fluid, tracheal aspirate, and graft cultures
subsequently grew Serratia marcescens, which was susceptible to the
piperacillin/tazobactam. The child’s clinical condition initially wors-
ened due to the sepsis, and he developed metabolic acidosis and acute
renal failure. However, he stabilized and then gradually improved with
the antimicrobial therapy. On day 4 of antimicrobial therapy, repeat
blood cultures were done. The Gram stain from these blood cultures
revealed long, filamentous gram-negative rods with hyphal-like char-
acteristics. Subcultures of these blood cultures revealed gram-negative
bacilli. The microbiology technologist noted the morphologic differences
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between the Gram-stain smears from the blood culture bottles and the
microorganisms growing from subcultures. A second fungal patho-
gen was considered. Because the child was improving when the blood
cultures were done, fungal therapy was not initiated. The final blood
culture revealed only S. marcescens. The patient was continue on the
same antimicrobial therapy and improved without additional compli-
cations. On postburn day 66, the child was transferred to the rehabili-
tation unit for physical therapy.

Explanation and Consequences

This case illustrates morphologic changes that can be seen in gram-
negative bacilli that are exposed to certain beta-lactam agents. In
this case, the piperacillin interacting with penicillin-binding proteins
results in cell elongation without division [276]. These filamentous
forms may appear by Gram stain to be a fungal pathogen. Because the
child was improving, antifungal therapy was not initiated. However, it
can easily be appreciated that such antifungal therapy might have been
added if the child had not been improving.

This case also illustrates misinterpretation of a Gram stain from a
positive blood culture. Prompt Gram staining of positive blood cultures
is recognized as an important factor in directing antimicrobial therapy
and has been shown to decrease mortality [277]. As mentioned ear-
lier, physicians rarely question the accuracy of such Gram stains. Yet,
the exigencies of the staining properties of certain species of bacteria
[270] as well as human interpretive error can result in misinterpreta-
tion of a Gram stain from a positive blood culture. Indeed, misinterpre-
tation of Gram stains from positive blood cultures has been reported
for certain species of bacteria as well as for instances of underdecol-
orization or overdecolorazation of the Gram stain [278,279]. In this
report, two systematic errors were noted. In 11 cases, Bacillus spe-
cies were read as gram-negative bacilli; this is known to be a problem
with this species [270]. In 5 cases, Acinetobacter species were read as
gram-positive cocci or gram-positive bacilli; this is also known to be a
problem with this species [267].

Underdecolorization and overdecolorization of the Gram stain is
related to the use of acetone and isopropanol in the decolorization step.
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Acetone is too strong a decolorizer for gram-positive microorganisms
while isopropanol is too weak a decolorizer for gram-negative micro-
organisms. Therefore, most Gram-stain kits use a mixture of one part
acetone to three parts of isopropanol. The decolorization step should
be done until the solvent running from the slide is colorless. Safranin
or fuchsin are used as a counterstain and should be applied for 30 to
60 seconds. Prolonged application may cause gram-positive microor-
ganisms to appear gram negative, while short application may cause
gram-negative microorganisms to appear gram positive. The timing
and the acetone/isopropanol ratio as well as the species of microorgan-
ism all are important factors in the Gram stain. For Gram stains of clini-
cal specimens that include polymorphonuclear cells in the background,
a good quality control indicator is that occasionally the nucleus of a
polymorphonuclear cell should stain purple. If most of the nuclei are
staining purple, the stain is underdecolorized. If no purple nuclei can
be seen after reviewing multiple fields, the stain is overdecolorized. If
a Gram stain is considered underdecolorized or overdecolorized, the
slide can be washed with xylene and the stain repeated.

Clearly, the answer to the question, “Can we always trust the
Gram stain?” [279] is “No.” Misread Gram stains from positive blood
cultures are generally recognized within 1 to 2 days when the micro-
organism grown on plates is recognized as being inconsistent with the
Gram-stain report; an amended report should be done. In addition, the
physician should be notified by telephone.

Case with Averted Error

A 35-year-old woman developed an enlarging, tender nodule on the
dorsal aspect of her right ankle. This nodule was located in a newly
healed burn scar; the burn had occurred 4 months earlier when she
had burned her ankle on a hot motorcycle exhaust. The nodule had
grown rapidly over the past month and thus was completely excised.
The histopathologic examination of the hematoxylin and eosin (H&E)
slides revealed a dermal lesion with invagination of the epidermis and
a central crater that was filled with eosinophilic keratinous material.
These findings were consistent with the diagnosis of keratoacanthoma,
which has been reported as arising in burn scars [280]. However, the
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H&E stain also revealed brown septate hypal structures that raised
the question of chromoblastomycosis [281] although no similar fun-
gal forms were seen in the Gomori-methenamine silver (GMS) stain.
A clinical microbiologist was asked to review the H&E and GMS
slides and noted that there was minimal inflammation associated
with this lesion; fungal contamination during slide preparation was
therefore suspected as the source of the hypal structures seen on the
H&E stain. The H&E stain reagents were replaced, and the H&E stain
repeated; no fungal elements were seen on the repeated H&E slide.

Explanation and Consequences

This case illustrates one of the problems that artifacts and organism
mimickers can pose in the diagnosis of infection [282]. Of these prob-
lem, fungal elements from contamination during slide preparation is
the most difficult to deal with because these will stain with GMS and
PAS stains. Pathologists and microbiologist need to assess the tissue
inflammatory response when fungal elements are seen; if the cellular
response is inconsistent, fungal contamination during slide prepara-
tion must be considered.

An additional mimicker of fungal yeast elements can be seen in
H&E stains from dermal lesions in which there is inflammation and
plasma cells. This mimic is Russell bodies, which are intracytoplas-
mic immunoglobulin bodies in plasma cells [283]. Russell bodies
have been reported to cause confusion with blastomycosis [284] as
well as other pathogenic fungi such as Histoplasma, Cryptococcus,
and Candida species that have yeast forms [285]. Russell bodies are of
variable size and lack the budding characteristics of these pathogenic
fungi. Although Russell bodies are positive with PAS stains, they stain
brown-gray with GMS, not black as would be expected.

Case with Error

A 17-year-old boy was admitted to a children’s hospital because of a
several-week history of pain and swelling in his right elbow following
an injury to this elbow. An initial radiograph of the elbow taken soon
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after the elbow injury had been unremarkable, but a second radiograph
done 2 weeks later revealed evidence of osteomyelitis. Examination of
the elbow revealed a decreased range of motion, point tenderness over
the proximal ulna, and signs of an effusion over the humeroulnar joint.
Laboratory studies included a white blood cell count of 11,000 cells/uL,
a C-reactive protein of 47.4 mg/L, and an ESR of 88 mm/hour.
A magnetic resonance imaging (MRI) study showed chronic osteo-
myelitis of the proximal ulna as well as an exuberant mass surround-
ing the lesion that was thought to be granulation tissue, but a sarcoma
could not be ruled out. Given the severity of the MRI report, an open
biopsy was done and an intraoperative frozen section of the proximal
ulna bone was sent to surgical pathology because the surgeon was
concerned about the possibility of a sarcoma [286,287]. The slides
evaluated from the frozen section did not show sarcoma, but instead
revealed a fungal osteomyelitis with only a few fungal microorgan-
isms being seen. These fungal microorganisms were large yeastlike
structures with no budding suggesting a young spherule; a refractile
cell wall was not seen. Unfortunately, at the time of the frozen section
evaluation, a travel history was not provided to the pathologist. The
morphological findings were reported as fungal osteomyelitis with
Coccidioides being favored. The subsequent Gomori-methenamine
silver (GMS) and periodic acid-Schiff (PAS) stains from permanent
sections revealed yeast forms with broad-based budding and a thick
refractive cell wall. These microscopic finding suggested Blastomyces
dermatitidis; cultures obtained as surgery confirmed this diagnosis.
The patient was treated with oral itraconazole and has done well.

Explanation and Consequences

This case illustrates the difficulty of evaluating frozen sections [288].
Although the frozen section evaluation in this case was able to cor-
rectly identify a fungal osteomyelitis, it was not able to identify the
specific fungal pathogen causing the osteomyelitis. The differential
for fungal osteomyelitis in this case included blastomycosis [289],
cryptococcosis [290], and coccidioidomycosis [291]. Even with spe-
cial GMS or PAS stains, identifying a specific fungal microorganism
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from tissue may be difficult even for experienced pathologists and
microbiologists [292,293]. A 10-year retrospective study at Stanford
University Medical Center found that 79% of fungal organisms
with concurrent positive cultures were correctly identified based on
morphologic characteristics by surgical pathology evaluation [293].
Common errors found in this study included morphologic mimics,
poor sampling of tissue, use of inappropriate terminology, and lack
of knowledge with regard to mycology. Morphologic identification
can be a useful tool for the preliminary diagnosis of fungal infection,
but culture remains the gold standard for speciation. All should be
used concurrently to ensure that an accurate diagnosis is made. In this
case, lack of budding in the frozen section stain made B. dermatitidis
difficult to distinguish from Coccidioides. Moreover, empty, overlap-
ping spherules in Coccidioides can mimic budding yeast and be mis-
taken for B. dermatitidis broad-based yeast in the process of budding
[293]. The Alcian blue or an acid-fast stain can be used to distinguish
between Coccidioides and Blastomyces; Coccidioides is negative and
Blastomyces is weakly positive. Some recommend the presence of at
least one intact spherule containing endospores before making a diag-
nosis of Coccidioides in tissue [293]. Other special stains can be used
to distinguish Blastomyces from Cryptococcus. Cryptococcus usually
will stain strongly with mucicarmine; the occasional capsule-deficient
forms of cryptococci stain with melanin [295]. In contrast, the cell
wall of Blastomyces is only weakly positive when stained with muci-
carmine and negative with melanin. In this case, the GMS stains read-
ily allowed the diagnosis of blastomycosis to be made.
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STANDARDS OF CARE

Gram stains or other stains can be misread and/or misinterpreted
due to a number of technical reasons; these reasons are understood
by clinical microbiologists and pathologists, but may not be under-
stood by physicians taking care of the patient.

When misreading and/or misinterpreting as stain occurs and is
recognized, a corrected report must be entered into the health
record; moreover, the clinicians involved should be called and told
of this error.

A root cause analysis should be done for misreading and/or mis-
interpreting a stain in order to determine if there are any recurring
systems issues that can be corrected.

Because many errors caused by misreading and/or misinterpreting
a stain cannot be completely avoided due to technical reasons, it
is important that microbiologists/pathologists maintain clear com-
munication channels with clinicians in order to quickly resolve and
correct such errors when they occur.
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MISIDENTIFICATION OF MICROORGANISM

(@) Misidentification of a microorganism does not occur fre-

quently, but can happen. Often there are technical issues
that must be appreciated. Correction of the misidentification in
the medical record and timely communication of the misidenti-
fication is important.

Case with Error

This case [296] is that of a previously healthy 35-year-old man who
was admitted to a hospital in Switzerland because of an extradural
cranial abscess of the right parietal area with a defect in the adja-
cent bone. This man had recently traveled to Singapore, Malaysia, and
Thailand, but did not remember receiving a head injury during his
trip. Approximately 2 weeks after returning from this trip, the patient
noticed a swelling in the right parietal area that was gradually increas-
ing in size; attempted aspiration of this bulge produced no aspirate.
Over the next 2 months, the parietal bulge became painful, and secre-
tion of pus was noted at the time of admission. On admission, the
patient was in no distress and had no signs of systemic inflamma-
tion. Physical examination revealed no neurologic deficits; the only
abnormal finding was the parietal bulge. Laboratory tests included a
complete blood cell count and a C-reactive protein; test results were
normal. A computed tomography scan and magnetic resonance imag-
ing of the head showed an abscess and a small defect of bone in the
right parietal area. The abscess and part of the parietal bone were sur-
gically removed. Cultures of the abscess and bone biopsy specimens
grew smooth creamy colonies on sheep blood agar; these colonies
yielded gram-negative, oxidase-positive bacilli. For identification, the
isolate was tested using the UNMIC/ID-62 panel of the BD Phoenix
Automated Microbiology System [297]. This system identified the
isolate as Burkholderia cepacia (99% confidence). The patient was
discharged from the hospital with a tentative diagnosis of B. cepacia
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infection of soft tissue; the bone lesion was attributed to trauma. The
patient was treated for 16 days with sulfamethoxazole/trimethoprim
to which the isolate was susceptible. However, subsequent molecu-
lar verification of this isolate revealed that it was Burkholderia
pseudomallei. The patient was readmitted to the hospital 44 days after
surgery, and new biopsy specimens were collected and cultured for
B. pseudomallei; these cultures were negative. Despite these nega-
tive cultures, 2 weeks of oral sulfamethoxizole/trimethoprim that the
patient had received was considered inadequate. To ensure complete
eradication of B. pseudomallei, the patient was treated with intra-
venous imipenem and sulfamethoxazole/trimethoprim for 2 weeks
followed by oral therapy with sulfamethoxazole/trimethoprim for
6 months. After completing this therapy, there was only a small inden-
tation in the parietal bone and no signs of inflammation.

Explanation and Consequences

The initial diagnosis of B. cepacia infection in this case was sus-
pect to the microbiologist involved for a number of reasons, which
included an unexpected, earthy odor of the bacterial colonies, unex-
pected susceptibility to amoxicillin/clavulanate, and an unexpected
location and type of infection for a presumed B. cepacia abscess. In
addition, automated identification systems are known for misiden-
tification of isolates of the Burkholderia cepacia complex (BCC),
and molecular methods for confirmatory identification of BCC are
highly recommended [298]. Accordingly, the isolate from this case
was verified by amplification and sequencing a 500-bp fragment
of the 16S rRNA gene; these results suggested that the isolate was
B. pseudomallei.

B. pseudomallei is the cause of melioidosis, a serious infection
common in Southwest Asia [299,300]. This result thus raised two areas
of concern. The first was the therapy of the patient. The patient had
been treated with 2 weeks of sulfamethoxazole/trimethoprim, which
would not be considered adequate therapy for an abscess/osteomyelitis
caused by B. pseudomallei. In fact, treatment of any infection caused
by B. pseudomallei is difficult, and there is a high rate of relapse if
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prolonged therapy is not completed. Generally 2 weeks of intravenous
therapy with ceftazidime or a carbapenem is given followed by at least
4 months of oral sulfamethoxizole/trimethoprim. The second issue
raised was the safety of laboratory personnel exposed to this pathogen
[301]. Fortunately, the exposure to laboratory personnel in this case
was classified as a low risk; no personnel became ill or showed signs
of melioidosis.

Automated systems for identification and antimicrobial sus-
ceptibility testing of bacterial isolates, such as the Phoenix System,
have become standard in most clinical laboratories. Identification
of bacterial isolates is dependent on the database of the automated
system; B. pseudomallei was not in the database of the Phoenix Sys-
tem. Currently, the most rapid and accurate identification method for
B. pseudomallei is a manual method that uses the API 20NE system
combined with a noncommercial latex agglutination test [302]. Molec-
ular methods are accurate, but take more time. However, the clinical
presentation in this case argued against this isolate being a B. cepacia,
and verification was done. This resulted in the correct diagnosis. The
limitations of automated systems must be understood by clinical
microbiologists in order to avoid this type of identification error.

Case with Averted Error

A 25-year-old male graduate student is seen in July at a university
student health clinic with a chief complaint of sore throat accompa-
nied by fever, chills, and night sweats. The young man had been sick
for 3 days with malaise, fatigue, sore throat, fever, chills, and night
sweats. His past medical history was unremarkable. Physical exami-
nation revealed tonsilar enlargement with exudate and enlarged, ten-
der posterior cervical lymph nodes. During his visit, a rapid antigen
test for group A streptococci was done and was negative. A mono-
nucleosis spot test also was done and was positive. A diagnosis of
mononucleosis was made. The patient was treated with 6 days of
methylprednisolone given in a decreasing dose along with an anal-
gesic mouthwash for symptomatic relief. A week later, the student
returned to the student health clinic because he was not getting bet-
ter. Laboratory tests at this time revealed elevated liver enzymes,
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thrombocytopenia, and an elevated white blood cell count. A diag-
nosis of mild hepatitis related to his mononucleosis was made, and
the patient was again sent home. He returns within a day because
of fever, weakness, and feeling lightheaded when he stood. At this
time, he was noted to have tachycardia and was hypotensive; there-
fore, he was referred to the emergency room. In the emergency room,
his temperature is 101°F, his pulse is 134 bpm, and his blood pressure
is 88/64 mm Hg while standing. Laboratory tests included a white
blood cell count of 19,100/uL with 91% neutrophils, a platelet count
of 45,000/uL, and mildly elevated liver function studies. The patient
was admitted for possible ehrlichiosis and doxycycline was started.
Blood cultures drawn in the emergency room were positive within
24 hours for a beta-hemolytic streptococcus that was identified by the
Phoenix Automated Microbiology System as a group C streptococcus
[303]. The clinical microbiologist considered this identification to be
unlikely; group C streptococcus can cause severe acute pharyngitis in
young adults [304] but is rarely isolated from blood cultures [305].
The clinical microbiologist also noted a caramel odor [306,307] on
the isolation plate and thus considered Streptococcus constellatus
subspecies pharyngitis to be a more likely cause of the bacteremia
in this patient as this microorganism is known to be beta-hemolytic,
can produce diacetyl (caramel odor) and can cross-react with Lance-
field group C antigens [306-309]. Meanwhile, a chest roentgenogram
revealed multiple cavitary lesions; septic emboli from endocarditis
were considered based on the positive blood culture and the cavi-
tary pulmonary lesions. Intravenous cefepime and levofloxacin were
started. A transthoracic echocardiogram was done and did not reveal
any vegetations. A review of the electronic health record by the clini-
cal microbiologist in which the cavitary pulmonary lesions were noted
led to consideration of Lemierre’s syndrome. Physicians taking care
of the patient agreed with this possibility, and a bilateral internal jugu-
lar venous ultrasound was done. The ultrasound revealed a throm-
bus in his right internal jugular vein, and a diagnosis of Lemierre’s
syndrome was made. The patient was treated with intraveneous cef-
triaxone and heparin. Although prolonged hospitalization for this
treatment was required, the patient eventually recovered completely
and was discharged.
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Explanation and Consequences

This case illustrates three important points. The first is a medical error
caused by misidentification of a microorganism. Although in this case,
the Phoenix Automated Microbiology System was responsible for this
error, other identification methods are known to have difficulty distin-
guishing S. constellatus and other members of the S. anginosus (aka
S. milleri) group from group C streptococci (S. equisimilis) [309].
Many clinical microbiology laboratories presumptively identify beta-
hemolytic streptococci on the basis of Lancefield grouping. Some of
the group C streptococcal bacteremia cases reported in the medical
literature [305] may actually represent bacteremia by members of
the S. anginosus group [309]. Differentiation of group C streptococci
from members of the S. anginosus group is best accomplished by
the Voges-Proskauer (VP) test [310]; members of the S. anginosus
group produce acetoin whereas S. equisimilis does not. In this case,
the Phoenix Automated Microbiology System cannot be expected to
detect diacetyl (caramel odor); moreover, the Phoenix Streptococcal
Panel does not include the VP test.

The second point illustrated by this case is that isolation of a
member of the S. anginosus group from a blood culture is a “sentinel
result” [7], because these pathogens can be associated with abscesses
and/or suppurative thrombophlebitis [311,312]. It is important that
clinical microbiologists appreciate the potential pathogenicity of
S. anginosus isolates and alert clinicians to this potential pathoge-
nicity. This type of sentinel result has been termed a “vital value”
[313]; alerting clinicians of such a result can promote patient safety
by preventing a medical error [314] and is an example of “enhanced
clinical consulting” [315]. In this case, the availability of an electronic
health record [316] allowed a review of the clinical information on this
patient and facilitated the diagnosis of Lemierre’s syndrome [317].

The third point illustrated by this case is the difficulty that can
be seen with the diagnosis of Lemierre’s syndrome. This suppurative
thrombophlebitis of the internal jugular vein often involves septic
emboli and metastatic infection [317-319]. Severe complications and
death may occur when the diagnosis of Lemierre’s syndrome is unsus-
pected or delayed. The clinical presentation of Lemierre’s syndrome
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typically involves a young, previously healthy person who initially has
a sore throat and subsequently develops persistent high fever. One half
of the patients will present with ipsilateral neck pain and swelling;
tenderness, trismus, or a thrombosied jugular vein may be found on
physical examination of the neck. Metastatic abscesses are often seen;
these abscesses may involve the lung and result in cavitary pulmonary
lesions that can be seen on a chest radiograph. The main pathogen
is Fusobacterium necrophorum, which is a common but unappreci-
ated cause of pharyngitis in adolescents and young adults [320]. In
addition, members of the S. anginosus group can cause Lemierre’s
syndrome [321]. Often the diagnosis of Lemierre’s syndrome is
first suggested when F. necrophorum or a member of the S. anginosus
group is isolated from a blood culture. Clinical microbiologists
have a key role in alerting clinicians to the possibility of Lemierre’s
syndrome when these microorganisms are isolated from blood cul-
tures. Contrast-enhanced computed tomography scan of the neck can
confirm the diagnosis of suppurative thrombophlebitis of the internal
jugular vein.

Case with Error

This case [322] involves a 29-year-old woman with end-stage renal dis-
ease requiring dialysis who was admitted to the hospital with a 3-week
history of fatigue and weakness. She was status post two failed kidney
transplants and had a previous infection of her dialysis catheter that was
left in place and treated with antibiotics. Physical examination revealed
an elevated temperature of 37.9°C as well as a grade 2 systolic ejection
murmur heard best in the right upper sternal border. A transesophageal
echocardiogram demonstrated large vegetations on the anterior mitral
valve leaflet. Blood cultures were positive for an aerobic non-spore-
forming gram-positive bacillus that was reported as Corynebacterium
spp. Further identification was done using the Crystal Gram Positive
Rods System (BBL), the microorganism was identified as Corynebac-
terium pseudogenitalium, but only with 68% confidence. Susceptibility
testing was done using the E-test; the microorganism was susceptible
to vancomycin, penicillin, gentamicin, clindamycin, and ceftriaxone.
Antimicrobial therapy was initiated with intermittent vancomycin
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dosed with hemodialysis sessions. Despite this antimicrobial therapy,
blood cultures continued to grow Corynebacterium. On day 10 of
vancomycin therapy the patient became septic. Blood cultures again
grew Corynebacterium; a repeat echocardiogram revealed persistence
of vegetations. Her antimicrobial therapy was broadened empirically
with the addition of gentamicin and piperacillin-tazobactam. Her sep-
sis began to resolve, and her blood cultures became sterile. However,
10 days later her condition again deteriorated, and blood cultures
were again positive for Corynebacterium. An acid-fast stain was done
at this time and was positive; this allowed the microorganism to be
identified as Mycobacterium abscessus Imipenem, clarithromycin, and
moxifloxacin were initiated empirically; susceptibility testing at a ref-
erence laboratory revealed a very resistant strain. While on therapy,
the patient unfortunately developed complications of her hospitaliza-
tion, including candidemia and hospital-acquired pneumonia. These
complications resulted in the patient’s demise 24 days after initiation
of therapy.

Explanation and Consequences

In this case, misidentification of M. abscessus resulted in a substantial
delay in the administration of optimal antimicrobial therapy against
this pathogen. M. abscessus is a member of the rapidly growing myco-
bacteria [323]; these rapidly growing mycobacteria are unusual causes
of endocarditis [324,325]. Rapidly growing mycobacteria can easily be
misidentified as Nocardia spp. or Corynebacterium spp. This potential
for misidentification is illustrated by a European quality control report
[326] in M. fortuitum specimens labeled as “pus from an abscess” were
sent to 50 clinical microbiology laboratories for proficiency testing.
Only 13 of the 50 laboratories correctly identified M. fortuitum. These
specimens were misidentified as Nocardia spp. (23 laboratories) or
Corynebacterium spp. (14 laboratories). Indeed, misidentification of
rapidly growing mycobacteria previously has been reported [327,328].
Acid-fast staining of gram-positive bacilli should be routinely included
in the identification procedure; if acid-fast staining results are positive,
isolates should be sent to a reference laboratory for definitive identifi-
cation as well as for susceptibility testing.
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Case with Error

This case [329] involves a 27-year-old man from India who presented
with a 4-month history of fever, anorexia, malaise, weight loss, and
erythema nodosum-like lesions on his legs and forearms. A biopsy of
an enlarged inguinal lymph node demonstrated caseating granulomata
and numerous acid-fast bacilli on Ziehl-Neelsen staining; a portion of
this node was sent for mycobacterial culture and molecular analysis.
In addition, a skin biopsy of a forearm nodule was done; this revealed
acid-fast bacilli that were morphologically typical of Mycobacterium
leprae. A diagnosis of leprosy was made based on the clinical pre-
sentation and the skin biopsy results. However, the lymph node sent
for mycobacterial culture and molecular analysis was positive by the
Gen-Probe Amplified Mycobacterium Tuberculosis Direct (MTD) test
(BBL). Although leprosy was still considered to be a correct diagnosis
due to the clinical presentation and the skin biopsy findings, the pos-
sibility of this patient also having tuberculosis could not be ruled out
until the culture results were known. Therefore, the patient was treated
for both leprosy and tuberculosis until cultures at 7 weeks as well as
additional PCR testing of lymph node material for M. tuberculosis
were reported to be negative. The patient’s response to leprosy therapy
was excellent.

Explanation and Consequences

This case illustrates misidentification of a microorganisim due to a
false-positive result from a molecular amplification test for tubercu-
losis. The Gen-Probe MTD test is a rapid molecular test that uses
isothermal transcription-mediated amplification and a hybridization
protection assay to detect nucleic acid from M. tuberculosis complex
in clinical specimens including lymph nodes [330]. This false-positive
result led to a misdiagnosis of tuberculosis and 7 weeks of unnec-
essary antituberculous therapy. Fortunately, there were no adverse
effects from this therapy.

A root cause analysis was done to investigate this misidentifi-
cation. M. leprae culture material was obtained from the National
Hansen’s Disease Programs at Louisiana State University; these were
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tested with the Gen-Probe MTD test and were positive at a concentra-
tion of 5 X 10° organisms/mL, but were indeterminate at a concen-
tration of 5 X 10* organisms/mL. The investigators concluded that a
high concentration of M. leprae in a clinical specimen could lead to a
false-positive result with the Gen-Probe MTD test [329].

Conventional diagnosis of mycobacterial infection uses acid-fast
staining, culture, and phenotypic characterization of culture isolates;
cultures may require weeks or months before results are available.
Accordingly, nucleic acid probe- and amplification-based molecular
methods have been developed for identification of mycobacterial cul-
ture isolates as well as for direct detection of mycobacteria in clinical
specimens. These molecular methods have greatly reduced the time
to diagnosis of tuberculosis [331]. However, molecular methods have
their own set of problems as illustrated by the misidentification of
M. leprae as M. tuberculosis in this case.

Case with Averted Error

This case [332] involves a 60-year-old Turkish man with long-standing
leprosy with stable cutaneous lesions on his back and left thigh; this
patient presented with progression and alteration of old lesions as well
as new lesions on his left arm. Biopsy specimens revealed noncaseat-
ing granulomas containing acid-fast bacilli. Although exacerbation of
his leprosy was suspected, these biopsy specimens were also tested for
M. tuberculosis, M. avium, and M. intracellulare using the COBAS
AMPLICOR system [333] for detection of mycobacteria. Test results
for M. intracellulare were repeatedly positive for four different biopsy
specimens. Because the clinical presentation of this patient was con-
sistent with leprosy, the patient was treated for only leprosy. Cultures
were negative for M. intracellulare after 2 months.

Explanation and Consequences

This case, like the preceding one, illustrates misidentification of a
microorganism due to a false-positive result from a different molecu-
lar test for tuberculosis. The Roche COBAS AMPLICOR system
is a fully automated RNA and DNA amplification and detection
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system for routine diagnostic PCR [334]. The menu of this system
includes selected members of the Mycobacterium family, including
M. tuberculosis, M. avium, and M. intracellulare. The clinical micro-
biology laboratory was unaware of the clinical presentation and not
surprisingly utilized this PCR assay as a rapid method to rule out
M. tuberculosis and other types of mycobacterium. There were no
consequences from this misidentification because the clinicians did
not act on the result of this test. Instead, the clinicians relied and acted
on their clinical diagnoisis of exacerbation of leprosy.

A root cause analysis was done in order to investigate this mis-
identification. The laboratory utilized 16S rRNA gene primers in close
proximity to the COBAS primers (KY 18 and KY 75) and generated
amplicons of approximately 600 base-pairs containing the region
amplified by the COBAS AMPLICOR M. intracellulare test. These
amplicons were then identified by comparative sequence analysis
using EMBL and RIDOM databases. The highest scores (greater than
or equal to 99.7% identity over a minimum of 450 base-pairs) were
for M. leprae.

In this case and the preceding one, it is clear that the presence of
M. lepraein clinical specimens tested by two different molecular assays
can result in misidentification for other species of Mycobacterium.
Clinical microbiologists should be aware of this potential for this type
of misidentification of M. leprae using commercially available MTB
molecular assays.

Case with Error

A 1-month-old previously healthy male infant was admitted to a
children’s hospital with 1 day of fever. On physical examination, the
infant had a temperature of 99.9°F, pulse of 142 bpm, and respira-
tory rate at 32/minute; the remainder of the physical examination was
unremarkable. Laboratory values included a white blood cell count
of 11,000/uL with a normal differential. A lumbar puncture demon-
strated clear cerebrospinal fluid with a Gram stain revealing mono-
nuclear cells and no microorganisms. The cerebrospinal fluid white
blood cell count was 74/uL. with 6% neutrophils, 40% lymphocytes,
and 50% monocytes; the protein concentration was 44 mg/dL while
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the glucose concentration was 49 mg/dL. The infant was empirically
treated with intravenous ampicillin and gentamicin for possible bacte-
rial meningitis as well as with intravenous acyclovir for possible her-
pes simplex virus (HSV-1) meningitis pending results of cultures and
PCR testing from the cerebrospinal fluid. The following day, cerebro-
spinal fluid cultures were negative, and the ampicillin and gentamicin
were discontinued. The cerebrospinal fluid PCR results were positive
for HSV-1. In addition, the cerebrospinal fluid and plasma PCR results
were positive for enterovirus. The clinicians felt that enteroviral men-
ingitis was a more likely diagnosis and repeated the lumbar puncture
for repeat PCR testing for HSV-1; this PCR test was negative. A repeat
PCR assay on the first cerebrospinal fluid was also negative for HSV-1.
The positive result for HSV-1 was thus considered to be a false-
positive result due to PCR amplification carryover contamination. The
acyclovir, which had been continued pending the results of the second
lumbar puncture, was discontinued. The child had done well in the
hospital and was discharged.

Explanation and Consequences

This case illustrates a well-known problem with PCR testing in the
clinical microbiology laboratory, which is PCR amplification carry-
over contamination and subsequent false-positive results [335,336].
In this case, the false-positive HSV-1 result led to a repeated lumbar
puncture as well as an extra day of empiric therapy with intravenous
acyclovir. Fortunately, there were no adverse effects from this therapy.

A root cause analysis was done, and no specific, preventable
source of the PCR amplification carryover contamination was found.
However, the procedure for the PCR assay for HSV-1 was modified
to include a repeat assay for any positive results. This will not prevent
PCR amplification carryover contamination, but will reduce the likeli-
hood of a false-positive result being reported.

Over the past two decades PCR assays and other DNA/RNA
amplification techniques have been utilized in clinical microbiology
laboratories. Unfortunately, the exquisite sensitivity of these assays
makes them vulnerable to contamination [335,336]. Potential sources of
contamination include large numbers of target microorganisms/virions
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in clinical specimens as well as repeated amplification of the same
target sequence leading to accumulation of amplification product in
the laboratory environment. The accumulation of amplification prod-
uct is a critical issue and, if uncontrolled, will lead to contamination
of laboratory reagents, equipment, and even the ventilation system
[337]. Accordingly, clinical microbiology laboratories utilizing PCR
for diagnostic purposes have established protocols to minimize this
problem [335-337]. Nevertheless, false-positive results from PCR
amplification carryover contamination in molecular assays continues
to occasionally occur despite the best efforts of a laboratory. When
a false-positive result occurs and is recognized as in this case, a cor-
rected report should be issued. In addition, a root cause analysis should
be to done to be sure that there is no recurring systems issue that can
be corrected. Finally, communication with clinicians about amplifica-
tion carryover contamination in a PCR assay is very important; many
clinicians do not fully understand this issue and may attribute such
false positives to technologist error.
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STANDARDS OF CARE

Misidentification of microorganisms can occur for a number of
technical reasons; microbiologists are familiar with these techni-
cal reasons for misidentification, but clinicians may not understand
these issues.

When misidentification occurs and is recognized, a corrected report
must be entered into the health record; moreover, the clinicians
involved should be called and told of this error and why such errors
occur despite best efforts to prevent them.

A root cause analysis should be done for misidentification in order
to determine if there are any recurring systems issues that can be
corrected.

Molecular methods such as PCR can assist in the correct identifica-
tion of microorganisms, but may require additional time; moreover,
PCR methods have their own set of problems with false-positive
results due to PCR amplification carryover contamination being the
most critical problem [335-337].

Because some errors caused by misidentification cannot be avoided
due to technical reasons, it is important that microbiologists/pathol-
ogist maintain clear communication channels with clinicians in
order to quickly explain and resolve such errors when they occur.
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SUSCEPTIBILITY TESTING ERROR

f Susceptibility testing error does not frequently occur in the

clinical microbiology laboratory, but such errors can hap-
pen. Often there is a technical reason for such errors; automated
susceptibility testing systems have been involved in such errors.

Case with Error

A 4-year-old boy was admitted to a children’s hospital because of the
onset of fever several days after placement of a ventriculostomy catheter
for management of medulloblastoma. Cerebrospinal fluid obtained from
the ventriculostomy catheter demonstrated 400 white blood cells/uL;
a Gram stain of this cerebrospinal fluid revealed gram-negative cocco-
bacilli. Emperic therapy with meropenem and tobramycin was initiated
based on the results of this Gram stain. In addition, the ventriculostomy
catheter was replaced. The source of the fever was confirmed as sepsis
and meningitis when both blood and cerebrospinal fluid cultures grew
Acinetobacter baumannii. The results of susceptibility testing done
by the BD Phoenix Automated Microbiology System [297] showed
that the A. baumannii isolate was susceptible to both meropenem and
tobramycin. The child continued to be febrile despite the fact that the
ventriculostomy catheter had been replaced and appropriate antimi-
crobial therapy was being administered. A repeat cerebrospinal fluid
culture obtained from the ventriculostomy catheter was positive for
A. baumannii; susceptibility testing now showed the isolate to be resis-
tant to meropenem although the isolate continued to be susceptible to
tobramycin. However, minimal inhibitory concentrations done by broth
microdilution demonstrated tobramycin resistance. The antimicrobial
therapy therefore was changed to intravenous colistin; this therapy was
selected based on reports of successful treatment of children with post-
neurosurgical multidrug-resistant A. baumannii meningitis using this
antimicrobial agent [269]. The cerebrospinal fluid subsequently was
sterilized with this therapy. Colistin was given for 4 weeks; the child is
now doing well and receiving scheduled chemotherapy.
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Explanation and Consequences

This case provides an example of an error caused by susceptibil-
ity testing. In this instance, the error was related to an automated
system for susceptibility testing. Most clinical microbiology labo-
ratories today rely on automated systems such as the Phoenix Auto-
mated Microbiology System for identification and susceptibility
testing. Such systems can give inaccurate results for selected anti-
microbial agents and microorganism combinations; aminoglycoside
resistance and susceptibility testing errors for A. baumannii is one
of these combinations [338]. It is recommended that confirmation
by a manual method be done for this combination. Indeed, such
confirmation showed that this A. baumannii isolate was resistant to
tobramycin.

The in vivo development of resistance of this A. baumannii iso-
late to meropenem may be related to an intrinsic class D oxacillinase
belonging to the OXA-51-like group of beta-lactamase enzymes [339]
or, more likely, to alterations in porin proteins [340]. The oxacillinase
intrinsically found in A. baumannii is able to hydrolyze carbapenems
such as imipenem and meropenem, but only very weakly.

The performance of susceptibility testing in a clinical microbi-
ology laboratory depends on robust methodology, good laboratory
practices, and clearly delineated antimicrobial breakpoints. More-
over, routine susceptibility testing must be checked with both inter-
nal and external quality control programs. At one time, the results of
susceptibility testing were so disconnected from actual clinical out-
comes that one microbiologist was compelled to ask “In vitro veri-
tas?” [341]. Fortunately, this message was heard and improvements
began to occur [342]. Today, susceptibility testing has been greatly
improved [343] thanks to organizations like the National Commit-
tee for Clinical Laboratory Standards (NCCLS) [6], which has been
renamed Clinical Laboratory Standards Institute (CLSI). The pub-
lished standards/guidelines from NCCLS/CLSI have provided the
basis for uniform susceptibility testing procedures in the clinical
microbiology laboratory [344]. Although there are still occasional
errors as illustrated by this case, these errors should be recognized
and quickly corrected.
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Case with Averted Error

This case [345] involves a 34-month-old boy who was admitted to a
children’s hospital with fever, diarrhea, dehydration, and a seizure.
The child’s past medical history was significant for premature birth at
24 weeks; a ventriculoperitoneal shunt had been placed at 4 months of
age for hydrocephalus. The child subsequently had been followed by
neurology for recurrent seizures. The child’s past surgical history was
also significant for Nissen fundoplication and gastrostomy tube place-
ment at 32 months of age. On admission, the child’s physical examina-
tion was significant for a fever of 102°F and tachycardia. Laboratory
studies revealed a white blood cell count of 17,500/uL with 81%
polymorphonuclear cells; a lumbar puncture was without pleocytosis.
Cerebrospinal fluid and blood were cultured, and the child was treated
with empiric meropenem. No growth was observed from the cerebro-
spinal fluid, but the blood culture grew a gram-negative bacillus that
was identified as Enterobacter cloacae. Antimicrobial susceptibility
testing using a disk diffusion method showed resistance to imipe-
nem and ertapenem, which was an unexpected resistance pattern for
E. cloacae. The pediatricians caring for this child were not convinced
that the susceptibility testing result showing imipenem resistance was
correct as such resistance was very unusual in an Enterbacter isolate.
However, this unexpected carbapenem resistance was quickly con-
firmed by a modified Hodge test [346]. The isolate was susceptible
to levofloxacin and tobramycin; therefore, the child’s antimicrobial
therapy was changed to levofloxacin and amikacin. The child made an
uneventful recovery.

Explanation and Consequences

This case illustrates the uncertainty that clinicians and the clinical
microbiology laboratory face when the results of a susceptibility
test are not consistent with the established susceptibility patterns for
a particular species. The availability and reflex use of the modified
Hodge test for confirmation of this isolate’s unexpected carbapenem
resistance was critical for directing proper antimicrobial therapy for
this child. Absence of this confirmatory test might have resulted in a
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medical error if the screening result that showed imipenem resistance
was not considered correct based on the established susceptibility pat-
tern of Enterbacter species.

In addition to the modified Hodge test, this Enterbacter isolate
was evaluated for presence of a KPC-carbapenemase. The isolate was
submitted for amplification and detection of KPC using real-time
PCR; the bla,., gene was detected using specific primers designed
to amplify a 185 base-pair region of this gene. Finally, this 185 base-
pair region was sequenced in order to determine the KPC-2 type, and
the results of this investigation were published to alert other clinical
microbiology laboratories of this potential problem [345].

Gram-negative bacilli producing the KPC carbapenemases may
only show reduced susceptibility to carbapenems on laboratory test-
ing. The Centers for Disease Control (CDC) recommends that clini-
cal microbiology laboratories perform a modified Hodge test [346] or
use PCR testing to confirm the presence of KPC carbapenemases in
isolates with reduced susceptibility to carbapenems. Clinical micro-
biology laboratories must take an aggressive approach to detecting
carbapenemases in order to provide clinicians with clinically relevant
susceptibility results.

One of the critical functions of the director of a clinical micro-
biology laboratory [347] is to select and monitor the susceptibility
testing procedures and results so that these provide clinicians with
relevant information. As resistance is constantly changing, the director
must be aware of newly emerging resistance mechanisms and utilize
new molecular technologies to detect such mechanisms.
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STANDARDS OF CARE

Susceptibility testing errors can occur for a number of technical
reasons; microbiologists are familiar with these technical reasons
for susceptibility testing errors, but clinicians may not understand
these issues.

When a susceptibility testing error occurs and is recognized, a cor-
rected report must be entered into the health record; moreover, the
clinicians involved should be called and told of this error.

A root cause analysis should be done for susceptibility testing errors
in order to determine if there are any recurring systems issues that
can be corrected.

Molecular methods such as PCR are being evaluated in place of
phenotypic susceptibility testing methods, but are not yet widely
used; it should be anticipated that PCR methods also would have
their own set of problems.

Because some errors caused by susceptibility testing cannot be
avoided due to technical reasons, itis important that microbiologists/
pathologists maintain clear communication channels with clini-
cians in order to quickly resolve such errors when they occur.
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OVERVIEW

The postanalytic phase in laboratory testing includes the reporting
of the laboratory result to the clinician as well as the clinician’s
interpretation of that result. Both facets will be addressed briefly
in this overview.

Reporting laboratory results has received a great deal of
attention since the early 1970s when the concept of critical val-
ues in laboratory medicine was first introduced [348-350]. This
concept has been expanded to include a vital value [313]. A vital
value is defined as a laboratory result that is just as important as
a critical value, but one for which timing is not as crucial. Many
of the test results from the clinical microbiology laboratory logi-
cally can be defined as a vital value. Microbiology test results that
are of vital value require timely notification of the healthcare pro-
vider; most microbiology laboratories call nurses or physicians
for such results.

Notification of the healthcare provider for critical values has
become an established laboratory policy in all medical centers
[349,350]. Indeed, physician communication has become a focal
point in efforts to promote patient safety by preventing medi-
cal errors [314]. Timely communication of important laboratory
data has long been recognized as essential for providing optimal
healthcare.
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The responsibility for interpretation of laboratory has not
been as clear as the reporting of this data. The role of the sur-
gical pathology in the interpretation of histopathologic results
has long been recognized [351]. However, similar interpretation
of laboratory data by the clinical pathologist has been less clear
[352,353], and this concept is only recently coming to the fore-
front [315,354]. The responsibilities of clinical pathologists, like
the surgical pathologist, should extend into the postanalytic phase
of the laboratory testing to assist clinicians in reviewing and
understanding the results, and often providing an interpretation
and/or recommending a future course of action [354,355]. Failure
to provide such information may result in a postanalytic error.
The examples of postanalytic error that follow are selected from
the medical literature as well as from the personal experience
of the author and illustrate common postanalytic medical errors
from the perspective of the clinical microbiology laboratory.
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FAILURE OF CLINICIANS TO CONSIDER
AND/OR CORRECTLY INTERPRET
MICROBIOLOGY RESULTS

() Failure of clinicians to consider and/or to correctly inter-

pret microbiology results is not a frequent cause of medi-
cal errors, but does occur. Consultation with infectious diseases
clinicians and/or the clinical microbiology laboratory director
can help avoid such errors.

Case with Error

This case [356] involves a 30-year-old woman who had lived
for many years in New York State and had complaints of chronic
abdominal and whole body pain, occasional headaches, and periods
of “mental fogginess.” She also described a periodic rash that was
thought to be a possible “Lyme rash.” An infectious diseases physi-
cian in New York State who specialized in chronic Lyme disease had
evaluated this patient and made a diagnosis of chronic Lyme disease.
This diagnosis was based on one PCR assay of blood for the ospA
gene of Borrelia burgdorferi. However, evidence against the diag-
nosis of Lyme disease included six screening enzyme immunoassay
antibody tests for B. burgdorferi that were negative, seven Western
blot assays that were negative or indeterminate for B. burgdorferi,
four negative B. burgdorferi PCR assays of blood, five negative
B. burgdorferi PCR assays of urine, and one negative B. burgdorferi
PCR assay of cerebrospinal fluid. Moreover, a magnetic resonance
imaging study of the brain and a lumbar puncture with examination
of cerebrospinal fluid had been unremarkable. Despite the predomi-
nance of evidence against Lyme disease, this patient received anti-
microbial therapy including prolonged intravenous antimicrobial
therapy that required placement of an indwelling Groshong central
venous catheter. This therapy was discontinued when thrombocyto-
penia and abnormal liver function studies were noted. Consultation
with a second infectious diseases physician was done; this physician
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thought that this patient did not have Lyme disease. The patient then
suffered a grand mal seizure and was admitted to a referral medi-
cal center for further evaluation. One day following admission, the
patient became confused, fell, and severed her Groshong catheter.
She rapidly became unresponsive; electromechanical dissociation
was diagnosed, and she died despite aggressive attempts at resuscita-
tion. Following her death, blood cultures drawn at admission were
positive for Candida parapsilosis. Postmortem examination demon-
strated a large Candida-infected thrombus located at the tip of her
Groshong catheter; this thrombus had caused acute fatal obstruction
of the tricuspid valve orifice. At autopsy, there were no findings sug-
gestive of chronic Lyme disease.

Explanation and Consequences

This patient died from a complication of her chronic indwelling cen-
tral venous catheter, which had been placed for prolonged intrave-
nous antimicrobial therapy for chronic Lyme disease. The diagnosis of
chronic Lyme disease, however, was not fully documented [356]. The
chronic symptoms of this patient were nonspecific, and the results of
her diagnostic evaluation for Lyme disease did not support this diag-
nosis [356-358]. In this case, the diagnosis of Lyme disease was based
on the result of one positive PCR assay out of a total of 11 PCR assays
done on this patient; this finding may have been the result of PCR
amplification carryover contamination [335-337]. Another similar
case with false-positive results for PCR testing for Lyme disease has
been reported in the medical literature [359].

The diagnosis of Lyme disease can be difficult [93,96-99,
358,360]; overdiagnosis and overtreatment of Lyme disease is a rec-
ognized problem [357,361]. Sequential testing with enzyme immuno-
assay antibody assay for B. burgdorferi and confirmation by Western
blot is the most accurate method for ruling in or out the possibility of
Lyme disease. This was actually done in the case above, but the results
apparently were misinterpreted or ignored by the infectious diseases
physician treating this patient.
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Case with Error

This case [362] involves a 66-year-old man who was admitted to
the hospital because of recurrent fever, arthralgias, and exanthema.
The patient had been well until 7 years earlier when a diagnosis of
polymyalgia rheumatica was made; treatment with prednisone and
methotrexate followed. Two years prior to admission, intermittent
episodes of fever with leukocytosis and elevated C-reactive protein
had been documented. On admission, the patient complained of
weight loss, irregular bowel movements with constipation alternat-
ing with diarrhea, polyarthralgias, stiffness of the proximal limbs,
episodes of pleuritic pain, and a patchy rash. Laboratory studies
included hemoglobin of 11.8 g/dL, a white blood cell count of
22,800/uL. with 97% polymorphonuclear cells, an erythrocyte sedi-
mentation rate of 82 mm/hour, and a C-reactive protein of 76 mg/dL.
The patient’s symptoms of weight loss, arthropathies, and diarrhea
prompted an evaluation for Whipple’s disease [116,117]. PCR test-
ing from a knee joint fluid specimen and from a duodenal biopsy
were positive for Tropheryma whipplei. However, a confirma-
tion PCR test using a different technique as well as a 16S rRNA
PCR test on the same specimens were negative for 7. whipplei,
moreover, histological examination of the duodenal biopsies did
not reveal PAS-positive macrophages. Accordingly, Whipple’s
disease was excluded, and the patient was assumed to have a sys-
temic inflammatory disorder of unknown origin. During the fol-
lowing 3 months, the patient was treated with indomethacin and
prednisone; his clinical status worsened and he eventually died of
multiorgan failure. Postmortem examination revealed foamy mac-
rophages in the lamina propria of the small and large intestines as
well as in the myocardium, skeletal muscles, bone marrow, and
retroperitoneal soft tissue; these macrophages were filled with
diastase-resistant PAS-positive particles. Reevaluation of the ante-
mortem duodenal biopsies showed a small number of PAS-positive
macrophages. These autopsy findings established a diagnosis of
Whipple’s disease.
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Explanation and Consequences

This case illustrates the difficulty that can be experienced when
attempting to make a diagnosis of Whipple’s disease [121-123]. In
this case, there were contradictory results between PAS staining of
the duodenal biopsies and the PCR techniques. The well-known prob-
lem of false-positive PCR results for Whipple’s disease [121] was also
a factor. The authors of this case report conclude that contradictory
results warrant antimicrobial therapy with oral sulfamethoxazole/
trimethoprim or oral tetracycline as this therapy can result in rapid
improvement of the clinical status [362]. In addition, the authors sug-
gest critically reviewing the diagnostic results including meticulous
reevaluation of all specimens as well as repeated sampling.

Case with Error

This case [363] involves a 28-year-old male prison inmate with AIDS
who initially was admitted to the hospital with headache, fever, chills,
and a nonproductive cough. His CD4 lymphocyte count at that time
was 24 cells/uL. Physical examination revealed a pustular, indurated
nodular skin rash on the torso and extremities [363,364]. A lumbar
puncture done on admission revealed a cerebrospinal fluid cell count
of 25 cells/uL, a slightly elevated cerebrospinal fluid protein level,
and a slightly low cerebrospinal fluid glucose level. Cultures of the
cerebrospinal fluid for bacteria, mycobacteria, and fungi were ster-
ile. A biopsy of the nodular rash revealed dermal and subcutaneous
microabscesses; a Gram stain of this material demonstrated gram-
positive filamentous bacilli. Fluorochrome and Ziehl-Neelsen stains
of the nodular biopsy were negative. Based on this information, the
patient was treated empirically with sulfamethoxazole/trimethoprim
and tetracycline for possible disseminated nocardiosis or nontu-
berculous mycobacterial infection. The patient’s clinical condition
improved, and he was discharged back to prison with continuation
of his oral sulfamethoxazole/trimethoprim therapy. Shortly thereafter,
cultures of the skin biopsy as well as a bone marrow aspirate were
positive for Mycobacterium fortuitum. Susceptibility testing demon-
strated that this isolate was susceptible to amikacin and doxycycline,
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but resistant to sulfamethoxazole/trimethoprim. The patient was read-
mitted to the hospital 2 months later; at this time the patient com-
plained of headache, nausea, vomiting, and a stiff neck. The lumbar
puncture now revealed a cerebrospinal fluid cell count of 240 cells/uL
with 88% polymorphonuclear cells. Antimicrobial therapy with intra-
venous penicillin and ceftriaxone resulted in no clinical improvement.
A third lumbar puncture done 10 days after this second admission
because of lack of clinical improvement on intravenous penicillin and
ceftriaxone revealed a cerebrospinal fluid cell count of 2,400 cells/uL
with 97% polymorphonuclear cells. The antimicrobial therapy was
changed to isoniazid, rifampin, ethambutol, and pyrazinamide for
possible tuberculous meningitis; his clinical condition improved and
he was discharged back to prison. All cerebrospinal stains, antigen
tests, and cultures from this second admission were negative. Unfor-
tunately, the fact that skin biopsy and bone marrow aspirate cultures
from the first admission had grown M. fortuitum was missed. Two
weeks later, he was readmitted for the third time with obtundation
and nucal rigidity; a lumbar puncture now revealed a cerebrospinal
fluid cell count of 1,260 cells/uL with 100% polymorphonuclear cells.
It was now recognized that previous cultures of the skin biopsy and
bone marrow aspirate had grown M. fortuitum. Amikacin and doxy-
cycline were administered, but the patient died 3 days later. Autopsy
findings included basilar meningitis; a tissue AFB stain of the menin-
ges revealed branching acid-fast bacilli. Cultures grew M. fortuitum.
A review of the AFB stains from the skin biopsies done on the first
admission also revealed branching acid-fast bacilli [364].

Explanation and Consequences

This case illustrates a number of important points concerning the post-
analytic phase of laboratory testing. The first and most obvious point
is a careful review of previous culture results; the culture results in this
case documented disseminated infection by M. fortuitum and also pro-
vided the susceptibility pattern for this particular isolate. Clearly, this
review of previous culture results was not done, and the opportunity
for appropriate antimicrobial therapy was missed. It can be argued that
the growth of M. fortuitum from the bone marrow aspirate represented
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a vital value [313] or a sentinel result [7], and telephone notification of
this result to the clinicians caring for this patient is indicated.

M. fortuitum infection in immunocompromised patients such
as those with AIDS often involves dissemination with multiple skin
lesions [364-366]. In contrast, M. fortuitum infection rarely involves
the central nervous system (CNS) although a similar CNS infection
in an AIDS patient has been previously reported [367]. The diagnosis
of M. fortuitum infection can be difficult as this microorganism stains
poorly with fluorochrome stains; therefore, it may not be recognized
in smears. Moreover, M. fortuitum stains as a gram-positive bacillus
on Gram stains and may be confused with diphtheroids or Nocardia
species. In this case, the initial Gram stain of the subcutaneous micro-
abscesses showed gram-positive filamentous bacilli and was reported
as probable Nocardia species; this resulted in treatment with sulfa-
methoxazole/trimethoprim. Follow-up of the skin biopsy cultures was
not done.

Case with Error

This case [368] involves a 40-year-old woman who was transferred to
the neurosurgical department of a referral medical center with the chief
complaint of a 4-month history of headache as well as a computed
tomography scan of the head that was suggestive of a brain tumor.
Her past medical history was significant in that she had been engaged
in prostitution in the past. Her physical examination on admission to
the referral medical center was unremarkable; there were no neuro-
logic deficits. Laboratory values were remarkable only for a serum
Venereal Disease Research Laboratory (VDRL) titer of 1:32, with a
positive fluorescent treponemal antibody-absorption (FTA-ABS) IgG
test. A brain magnetic resonance imaging (MRI) scan showed a mass
measuring 1.6 cm with an ill-defined margin. A diffusion-weighted
image revealed a high intensity in the central portion of the mass;
this strongly suggested that the lesion could be either a tumor or a
brain abscess containing a fluid with high-protein concentration.
A proton magnetic resonance (MR) spectroscopy was consistent with
a tumor with necrosis rather than a brain abscess. Based on this infor-
mation, the patient was diagnosed with a brain tumor, and the mass
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was surgically resected. Temporal craniotomy revealed the mass to
be gray, soft, and attached to the dura of the basal temporal lobe. The
mass was completely excised; histopathologic examination noted the
central portion of the mass to be necrotic with infiltration by eosino-
phils. The peripheral portion of this mass had become fibrotic and
contained numerous lymphocytic and plasma cells. Occlusion of the
small arterioles was noted at higher power views of the mass, and a
Warthin-Starry stain of this region demonstrated spirochetes. Postop-
eratively, a cerebrospinal fluid specimen was found to be VDRL and
FTA-ABS IgG test positive. The patient was now diagnosed as hav-
ing a brain gumma; intravenous penicillin G was given. The patient’s
headache resolved, and the patient was discharged. Six months later,
a follow-up lumbar puncture was done, and the cerebrospinal fluid
was noted to be VDRL negative.

Explanation and Consequences

In this case, the patient was preoperatively suspected of having a brain
tumor base on imaging findings, but was eventually diagnosed with a
brain gumma based on brain histopathology and cerebrospinal fluid
analysis. However, this patient’s past medical history revealed that she
had been engaged in prostitution in the past; a serum Venereal Disease
Research Laboratory (VDRL) was positive as was a fluorescent trepo-
nemal antibody-absorption (FTA-ABS) IgG test. Based on this sero-
logic information and the imaging studies of the brain, neurosyphilis
and a brain gumma should have been considered [369-371]. If neuro-
syphilis had been suspected in this case, the diagnosis could have been
made by analysis of the cerebrospinal fluid; this analysis includes a
CSF VDRL and FTA-ABS IgG test.

One might ask if a brain gumma in this case could have been
diagnosed without the need for brain surgery. The answer to this
question can be found in the following case report from the medi-
cal literature [372]. In this case, clinicians suspected a brain gumma
based upon a magnetic resonance imaging (MRI) study of the brain.
A serum VDRL was positive at 1:16, and the FTA-ABS IgG test was
also positive. A lumbar puncture was done and revealed a positive
VDRL. Therefore, the patient was treated with intravenous penicillin.
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Within 1 week, a loss of contrast enhancement was noted in the lesion
on a T2-weighted image; 1 month later the abnormal radiographic
findings had disappeared. This case report suggests that surgery is not
always necessary for the diagnosis and treatment of brain gumma.

This case also illustrates the potential value of infectious diseases
[128,129] and/or clinical microbiology [127] consultations by clinical
services such as neurosurgery, which are not as familiar with the diag-
nostic approach for infections such as syphilis. Such a consultation in
this case would most likely have avoided the need for brain surgery
in this patient.

Case with Averted Error

This case [373] involves a 47-year-old man who was admitted to the
hospital because of fever, headache, rash, and vomiting. The patient
had been well until approximately 1 week earlier, when he developed
severe pleuritic chest pain and a maculopapular rash on his torso as
well as his arms and legs, sparing the palms and soles. His temperature
was as high as 39.1°C and was accompanied by chills, diaphoresis,
and a throbbing frontal headache. He also had a sore throat and swol-
len cervical lymph nodes as well as a cough productive of thick yellow
sputum. Five days prior to admission, he was seen in the emergency
department of another hospital where he was evaluated; his laboratory
values at that time included a white blood cell count of 4,900 cells/uL.
He was diagnosed as having a viral syndrome and sent home on acet-
aminophen. His symptoms did not improve, and 3 days prior to admis-
sion, he was seen at a medical walk-in clinic where he was found to
have diffusely red and enlarged tonsils with a sparse white exudate,
palpable anterior and posterior cervical lymph nodes as well as ingui-
nal nodes bilaterally, and brown-gray macules on the trunk and face.
Laboratory tests were noncontributory; a heterophile antibody was
negative as was antibody (IgM and IgG) testing for toxoplasmosis.
He was again sent home and told to take ibuprofen alternating with
acetaminophen for fever and to return in 3 days, or sooner if the symp-
toms worsened. He returned as instructed 3 days later; his symptoms
persisted and now he complained of increased nausea and vomiting.
He also reported photophobia and neck stiffness. A lumbar puncture
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was done; cerebrospinal fluid analysis revealed 11 white blood cells/uL
with 70% lymphocytes, an elevated protein, and a normal glucose.
The patient was admitted to the hospital at this time. His past medi-
cal history was significant in that he lived with a single male partner
who had been diagnosed with HIV infection 4 years ago. For this rea-
son, this patient was tested for HIV infection. His ELISA was weakly
positive, but his Western blot testing was negative for both HIV-1 and
HIV-2. However, additional testing was done; quantitative testing for
HIV-1 nucleic acids was positive at 45.7 million copies of RNA per
milliliter of plasma. A diagnosis of acute HIV infection was made.

Explanation and Consequences

This case illustrates the potential difficulty in diagnosing acute HIV
infection as this infection is characterized by a negative or weakly
positive ELISA test for HIV, a negative or indeterminate Western blot
analysis for HIV-1, and high-level viremia detected by nucleic acid
testing [374]. This patient was seen in an outpatient setting two times
before finally being admitted to the hospital where this diagnosis was
made. Fortunately, the physicians caring for this patient after his hos-
pitalization recognized the need for quantitative testing for HIV-1
nucleic acids to make this diagnosis. The fact that the ELISA test for
HIV was weakly positive and the Western blot analysis for HIV-1 was
negative did not prevent the correct test from being done. A potential
error was thus averted.

This patient initially presented with a classic mononucleosis-
like triad of fever, sore throat, and lymphadenopathy. The patient
was tested for mononucleosis on his visit to the walk-in clinic 3 days
before his hospitalization. In addition, he was tested for toxoplasmosis
and parvovirus B19 during his walk-in clinic visit, and after admis-
sion was tested for EBV and CMYV; these pathogens are among the
most common causes of a mononucleosis-like syndrome [375]. This
patient’s illness persisted for more than a week, and he eventually
presented with vomiting, neck stiffness, and evidence of meningitis
on lumbar puncture. Although the patient’s cerebrospinal fluid was
not tested for HIV-1, his meningitis was undoubtedly caused by acute
infection with HIV-1.
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Acute HIV-1 infection is another recognized cause of a mono-
nucleosis-like syndrome [373-376] and should be considered in the
differential diagnosis for patients presenting with a classic mono-
nucleosis-like triad of fever, sore throat, and lymphadenopathy. The
diagnosis of acute HIV-1 largely depends on quantitative testing for
HIV-1 nucleic acids. Finally, acute HIV-1 infection presenting as a
mononucleosis-like syndrome also must be considered in adoles-
cents as up to half of all new HIV-1 infections occur in this age group
[377,378].

Case with Averted Error

This case [379] involves a 30-year-old man who presented with a
10-1b weight loss over a 2-month period as well as a 1-week history of
a nonproductive cough. This patient had received an autologous stem
cell transplantation as rescue treatment for stage IV nodular sclerosing
Hodgkin’s lymphoma that had proved refractory to multiple chemo-
therapeutic regimens. This patient had no complaints of fever, chills,
night sweats, or dyspnea and reported a recent skin test that was nega-
tive for tuberculosis. On admission, the patient was afebrile; his physi-
cal examination revealed only a few anterior cervical lymph nodes
and bibasilar rales on chest auscultation. Laboratory values included a
white blood cell count of 2,900 cells/uL with 83% polymorphonuclear
cells and a platelet count of 21,000/uL. A chest radiograph revealed
small nodular opacities bilaterally; a computed tomography of the
chest and abdomen demonstrated bilateral diffuse nodular infiltrates
of the chest, hilar/mediastinal lymphadenopathy, and hepatospleno-
megaly. Empiric antimicrobial therapy with intravenous moxifloxacin
and fluconazole was initiated pending results of blood cultures; these
included a lysis-centrifugation technique fungal blood culture and
were negative. The result of a serum galactomannan assay [190-192]
was positive; the patient therefore was suspected to have pulmonary
aspergillosis [189]. The antimicrobial therapy was changed to intra-
venous voriconazole. However, the infectious diseases consultant was
not satisfied with a diagnosis of pulmonary aspergillosis given the fact
that the patient was from Tennessee and had hilar/mediastinal lymph-
adenopathy and hepatosplenomegaly, which would be more consistent
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with a diagnosis of histoplasmosis. Therefore, bronchoscopy was done;
bronchoalveolar lavage (BAL) fluid revealed small intracellular yeast
suggestive of Histoplasma. The antimicrobial therapy was changed
to intravenous amphotericin B lipid complex for several weeks fol-
lowed by oral itraconazole. Results of urine and serum Histoplasma
antigen testing [8] were strongly positive. Moreover, cultures of the
BAL fluid ultimately grew Histoplasma capsulatum. Follow-up chest
radiographs done 9 months later showed complete resolution of the
infiltrates; the patient clinically was doing well.

Explanation and Consequences

This case illustrates another potential problem with interpretation of pos-
itive results with the galactomannan antigen test for invasive aspergillo-
sis [190-192]. The serum galactomannan antigen test has been shown
to be useful for the diagnosis and management of invasive aspergillosis
[192], but has several potential problems with false-positive results. The
first cause of a false-positive result is concomitant use of certain anti-
biotics (amoxicillin-clavulanic acid [187] and piperacillin-tazobactam
[188]), while the second cause of a false-positive result as illustrated by
this case is disseminated histoplasmosis [379,380]. In this case, vori-
conazole was started when the serum galactomannan antigen test was
positive. Although the data concerning the use of voriconazole for the
treatment of histoplasmosis are limited, there is a case report of success-
ful treatment of a histoplasmosis brain abscess with voriconazole [381].
The short course of therapy with voriconazole that this patient received
is unlikely to have had an adverse effect and might have been beneficial.
In any case, the results of the serum galactomannan antigen test were
not considered to be definitive as this patient’s clinical picture was more
consistent with histoplasmosis than with invasive aspergillosis. There-
fore, bronchoscopy as well as urine and serum Histoplasma antigen test-
ing were done; these allowed the correct diagnosis to be made.
Galactomannan is a heteropolysaccharide found in the cell wall
of most Aspergillus and Penicillium species [190-192]. The galac-
tomannan molecule consists of a nonimmunogenic mannan core
with immunoreactive side chains containing galactofuranosyl units.
However, galactomannan has also been found in the cell wall of both
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the mycelial phase [382] and the yeast phase [383] of Histoplasma
capsulatum as well as in the cell wall of other fungal pathogens such
as Blastomyces dermatitidis and Paracoccidioides brasiliensis [384].
It is therefore not surprising that cross-reactions can occur when any
of these galactomannan-based antigen assays are used [379,380,385].
As pointed out by the authors of this case report [379], the empiric
therapy considered should cover both fungal infections until the diag-
nostic picture becomes clear.

Case with Error

This case [386] involves a 29-year-old woman who was admitted to
the hospital because of fever and increasing abdominal pain. This
patient had long-standing spastic quadriplegia due to cerebral palsy,
but had been in her usual state of health until 2 weeks before admis-
sion when she developed intermittent fevers. On the day before admis-
sion, the patient had complained of left flank pain, left lower quadrant
pain, and foul-smelling urine; she had a history of recurrent urinary
tract infections as well as a history of nephrolithiasis. The night before
admission, her temperature was as high as 39.1°C and she was brought
to the emergency room for evaluation. Because of this patient’s spas-
tic quadriplegia and rather complex medical history, which included
nephrolithiasis and a ureteral stent, she received a very thorough eval-
uation over a 12-hour period in the emergency room. The major clini-
cal findings of this evaluation was that the spleen was mildly enlarged,
and there were prominent periportal, mesenteric, inguinal, and retro-
peritoneal lymph nodes seen on a computed tomography (CT) of the
abdomen. The complete blood count showed a normal white blood
cell count with a normal differential without atypical lymphocytes.
Her liver function studies were slightly elevated. During this lengthy
evaluation, the patient’s abdominal pain persisted and required intra-
venous narcotic analgesia; the patient was admitted to the hospital
for continued analgesic therapy and further evaluation. Over the first
5 days in the hospital, the patient’s severe abdominal pain persisted; it
was greatest in the left upper quadrant, with radiation to the left flank,
and was associated with nausea and intermittent vomiting. On the fifth
hospital day, testing for cytomegalovirus, hepatitis B and C viruses,
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and a heterophile antibody were negative. A repeat CT of the abdo-
men showed persistent mild splenomegaly with peripheral wedge-
shaped areas of hypoattenuation that were thought to represent splenic
infarcts. The possibility of splenic infarcts [387,388] in this patient
suggested acute Epstein-Barr viral (EBV) infection despite the lack of
atypical lymphocytes and the negative test for heterophile antibodies.
Therefore, testing for antibodies to EBV-specific viral capsid antigen
and EBV nuclear antigen proteins was performed; these were returned
as positive on the 10th hospital day.

Explanation and Consequences

This case illustrates the difficulty in diagnosing even a relatively
common infectious disease such as mononucleosis when the clinical
presentation is not what is usually seen. In this case, the lack of atypi-
cal lymphocytosis and the presence of abdominal pain from splenic
infarcts are not the usual presentation of infectious mononucleosis.
Nonetheless, the subacute illness seen in this young woman with
fever, splenomegaly, lymphadenopathy, and hepatitis being the most
prominent features should have prompted additional testing for infec-
tious mononucleosis several days sooner that it did [386,388]. Such
testing should include antibodies to EB V-specific viral capsid antigen
and EBV nuclear antigen proteins [375] despite the lack of atypical
lymphocytes and negative heterophile-antibody test results seen early
in this patient’s course. In this case, the slight delay in making this
diagnosis did not cause any harm, but was expensive.

Case with Error

This case [389] involves a 41-year-old woman with a nonlacta-
tional recurrent breast abscess. This woman was initially seen with
a breast abscess; culture of a fine-needle aspiration specimen grew
only Staphylococcus lugdunensis. Antimicrobial therapy was deferred
because this microorganism was thought to be a skin contaminant.
However, the breast abscess persisted for over 4 months until the patient
had the abscess surgically removed. The excised breast tissue con-
tained a draining cavity 2 cm in diameter. Histopathologic examination
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demonstrated that this cavity was lined by granulation tissue, which
had marked chronic inflammation with lymphocytes, plasma cells, and
rare polymorphonuclear cells. Cultures of this excised breast abscess
again grew only S. lugdunensis; the patient received postoperative
intravenous vancomycin for 2 weeks and has done well.

Explanation and Consequences

This case illustrates lack of recognition of S. lugdunensis as a patho-
gen. S. lugdunensis is a member of the coagulase-negative staphy-
lococci and, as such, may not be considered a pathogen. However,
S. lugdunensis has become recognized as an atypically virulent
pathogen with a unique clinical profile [391]. S. lugdunensis is a skin
commensal and a less frequent pathogen compared to Staphylococ-
cus aureus, but clinical infections caused by S. lugdunensis act more
like infections caused by S. aureus. For example, one study [392]
evaluated the clinical significance of S. lugdunensis isolates identi-
fied from consecutive specimens processed during 1 year in a large
teaching hospital. This study noted that 86% of these S. lugdunensis
isolates were clinically significant pathogens. Another study [393] of
229 consecutive S. lugdunensis isolates found that 55.4% were iso-
lated from skin infections and 17.4% were isolated from blood and
vascular infections. Only 15.4% of these isolates were considered to
be true contaminants, which is a similar percentage to that found in
the first study [392]. Although coagulase-negative staphylococci are
rarely found in a breast abscess [394], this study [390] and another
published case [395] demonstrate that such infections can occur.

In this case, there were no serious consequences to the patient
despite a delay in definitive treatment for this S. lugdunensis breast
abscess. However, there might have been serious consequences had
this S. lugdunensis isolate been involved in endocarditis. Although
rare, S. lugdunensis is now a recognized cause of endocarditis [396]
and can cause destructive native valve endocarditis [397,398]. Clearly,
a delay in treatment might have had more serious consequences.
Because S. lugdunensis isolated from blood cultures in children or
adults may indicate infectious endocarditis, coagulase-negative staph-
ylococci from blood cultures should be speciated [399-401].
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STANDARDS OF CARE

Failure of clinicians to consider and/or correctly interpret microbi-
ology results is less likely in an age of electronic information when
the medical literature is available on one’s telephone; given this
fact, this type of error is less forgivable.

When clinicians do fail to consider and/or correctly interpret micro-
biology results, it is likely to be an oversight; attention to detail is
important when considering the volume of information generated
by a medical evaluation.

Newer molecular tests and/or newer antigen tests are perhaps easier
to misinterpret, in part, because of their newness; their sensitivity
and specificity may still be evolving.

Recognition of the pathogenesis and virulence of microorganisms
is constantly evolving; do not assume that a microorganism is not a
pathogen simply because it was not recognized as such in the past.
Consultation (both formal and informal) with either the microbiol-
ogy laboratory and/or the infectious diseases consultant is readily
available and should be utilized when a clinician is unsure of how
to interpret microbiology results; email has replaced the “curb-side
consultation” and is very convenient.
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Summary and Thoughts
for Future Direction

Medical errors seen in the clinical microbiology laboratory can occur
in any of the following phases of testing: preanalytic testing phase,
analytic testing phase, and postanalytic testing phase. The medical
literature as well as the author’s 30+ years of experience indicate
that preanalytic errors are the most common types of medical errors
seen in the clinical microbiology laboratory. This is not surprising, as
errors in the analytic phase of testing have been addressed for a much
longer period of time by quality control programs [1, 2, 5, 6]. The
less common analytic errors that do occasionally occur are usually
technical issues such as Gram-stain variability that are well known to
microbiologists, but may not be appreciated by clinicians. The least
common errors seen in clinical microbiology are postanalytic errors.
This also should come as no great surprise; analyzing the presence of
a microbial pathogen from a culture is not particularly difficult; the
pathogen is either there or it isn’t. Nevertheless, postanalytic errors
do occur as illustrated by the cases discussed in chapter 3. Perhaps

it is more germane to ask, “What can be done to reduce clinical mi-
crobiology errors in the future?”” The answer and proactive direction
taken at the author’s institution to prevent medical errors [314] is the
clinical microbiology diagnostic management team (DMT).

The DMT includes the directors of the clinical microbiology lab-
oratories (microbiology, virology, and molecular infectious diseases)
as well as the clinical microbiology fellow, the infectious diseases fel-
low, the pathology residents, and any medical students that are rotat-
ing on the clinical microbiology service. The DMT meets daily for
clinical microbiology rounds. These rounds include presentation of
a clinicopathological case (CPC) presentation by the fellow, resident,
or medical student. This case is often an ongoing Vanderbilt case.
In addition, bench rounds are made to identify any sentinel results.
A sentinel result is akin to what has been termed a “vital value” [313].
These sentinel results are less time sensitive than a “panic value,” but
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patient care is best served by notifying the clinician of these results by
telephone. Examples of sentinel results are as follows:
Unusual or unexpected microorganism
Unusual or unexpected site of detection
Unusual of unexpected pathogen phenotype/genotype
Unusual or unexpected antimicrobial susceptibility pattern
Clinical findings suggestive of treatment failure or refractoriness
Clinical findings suggestive of another underlying pathology
Conflicting, confusing, or ambiguous results
Concern for rapid deterioration of patient
Infection control or public health concern
Situations where DMT can orchestrate involvement of ID or
other specialty services for improved patient care

The DMT meets later in the day for specific consultations or
new sentinel results identified by the microbiology technologists. The
DMT works closely with the pediatric and adult infectious diseases
services as well as with infection control practitioners. In particular, as
antimicrobial treatment issues, follow-up issues, and infection control
issues may arise with a specific patient’s sentinel result, the infectious
diseases services and infection control practitioners are included in
the diagnostic management process.

Another function of the DMT involves internal consultation [315]
with other pathology services. In anatomic pathology, the detection of
infections or infectious agents by use of cytologic and histologic stains
is well recognized [402]. The DMT is available for consultation with
AP faculty from surgical pathology, cytology, and autopsy for review
of any such stains. Examples of such reviews that might be requested
include assistance with frozen section diagnosis [288], assistance with
assessment of deep mycoses by morphologic methods [292,293], and
assistance with cytological diagnosis [402,403]. In particular, assis-
tance by the DMT with the surgical pathology and cytology evalua-
tions of pulmonary infections [404—406] provides valuable input to AP
faculty and also provides a learning opportunity for medical students,
residents, and the clinical microbiology fellow. The DMT also assists
AP faculty with the molecular diagnosis of infections; such molecular
methods can be used on tissue blocks where inflammation has been
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identified on H&E slides [407-409]. Finally, the DMT can provide
assistance with autopsies when infection is suspected [410,411].

As mentioned earlier, the DMT is involved monitoring and inter-
vention for significant results. In the clinical microbiology laboratories
(microbiology, virology, molecular infectious diseases), the medical
technologists routinely inform their supervisor (and often the pathol-
ogy resident and/or clinical microbiology fellow as well) of any posi-
tive results. Some of these results are considered “call values” and, per
the Procedure Manual Call Value Policy, are called to a healthcare giver.
These “call values” are reported to the supervisor as well. In particular,
those results that are considered unusual or significant are brought to the
attention of the DMT. In addition, the DMT makes daily microbiology
bench rounds to identify and review any interesting positive results as a
part of resident/fellow teaching. The results reported as well as any inter-
esting results seen on bench rounds generate a list of patients for whom
an electronic health record review is warranted. The electronic health
records available at Vanderbilt University Medical Center [316] allow the
DMT to review the clinical notes [412] and thus determine if the clinical
medical team providing care for the patient understands and appreciates
the significance of the microbiology result. As resident training programs
by definition involve patient care delivered by physicians-in-training, the
oversight provided by an electronic health record review by the DMT for
patients with unusual or significant microbiology results serves as a qual-
ity improvement measure, can assess resident training effectiveness, and
has the potential to improve clinical outcomes [413].

Finally, the DMT is available for preanalytic consultations for
clinicians who wish assistance with a diagnostic infectious diseases
problem that involves microbiology testing [351-355]. Often when
this preanalytic consultation service is used to establish a diagnosis
of an infectious disease, the therapy of the patient is turned over
to an infectious diseases clinician. This proactive role taken by the
DMT provides a value-added service from the clinical microbiol-
ogy laboratory and greatly assists clinicians with any infectious dis-
eases problems. Most importantly, it should improve patient care
by reducing or eliminating many of the medical errors illustrated in
this book [314].
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Imipenem, 67, 80, 89, 90



Immunoglobulin heavy-chain gene, 21
Infectious Diseases Society of
America Clinical Practice
Guidelines, 38
Influenza A (HIN1) virus, 38
Intrauterine device (IUD), 9
Isoniazid, 5, 99
IUD. See Intrauterine
device (IUD)
IUD-associated cervicovaginal
actinomycosis, 9-10

Keratoacanthoma, 69
Kernig’s sign, 23

Kidney transplant, 28, 79
KPC-carbapenemase, 90

La Crosse encephalitis, 31
Lancefield group C antigens, 77
Legionella pneumophila, 40, 41
Lemierre’s syndrome, 77-79
Leptospirosis, 33-34
Levofloxacin, 37, 89

Lyme disease, 22, 32, 95

Lyme rash, 95
Lymphadenopathy, 16, 105

Madura foot, 46
Mediastinal mass/lymph nodes for
malignancy, 8
Metallo-beta-lactamase, 67
Mononucleosis-like syndrome. See
Acute HIV-1 infection
Moxifloxacin, 80, 104
Mycobacterium avium-
intracellulare, 4, 5
Mycobacterium tuberculosis,
4,53-55,81, 83

Index 149

National Committee for Clinical
Laboratory Standards
(NCCLS), 88

National Hansen’s Disease
Programs, 81-82

Oral cephalexin, 5-6
Oseltamivir, 38
Osteomyelitis, 5, 51-52
Overdecolorization, 68

Pancytopenia, 2
Parasitic infections, 19, 23
PAS-positive macrophages. See
Whipple’s disease
PCR assay
of blood, 95
of cerebrospinal fluid, 21
for diagnosing RMSF, 17-18
for ehrlichiosis, 15
of granuloma, 55
for HSV-1, 84
Penicillin, 33, 68, 79, 99
Periodic acid-Schiff (PAS) stains,
25-26, 70,71
Periodic fever, 35. See also Fever
Phoenix Automated Microbiology
System. See BD Phoenix
Automated Microbiology
System
Phoenix Streptococcal Panel, 78
Piperacillin/tazobactam, 41, 43, 67, 105
Postanalytic errors. See also
Preanalytic errors
antimicrobial therapy, missed,
99-100
contradictory results (PAS
staining and PCR techniques),
97-98
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Index

Postanalytic errors (continued)
difficulty in diagnosing common
infectious disease, 106107

false-positive results for PCR
testing, 95-96, 98
interpretation of positive results
with the galactomannan antigen
test, 104—106
lack of recognition of S.
lugdunensis, 107-108
microbiology result,
misinterpretation of, 95-112
mononucleosis-like syndrome,
not considered for acute HIV-1
infection, 102—-104
no consultation done for diagnosis
and treatment of brain gumma,
99-102
previous culture results, undone,
99-100
PPD skin test, 54-55
Preanalytic errors. See also
Postanalytic errors
infection, failing to consider,
2-12
microbiology specimen, failing to
submit suitable, 45-56
microbiology tests, failing to
appreciate sensitivity of, 3744
patient, specimen, or test order,
failing to identify, 57-59
serology tests, failing to
appreciate timing for, 28-35
uncommon infections, failing to
consider, 13-27
Procedure manual call value policy,
112
Pyrazinamide, 99

Quality assessment programs, 63
Quinine, 19

Rickettsea rickettsii, 16

Rickettsia parkeri, 18

Rifampin, 5, 99

Rocky Mountain spotted fever
(RMSF), 16-18. See also Fever

Russell bodies, 70

Serologic test/testing, 16, 17, 22,
41,42
failure to appreciating proper
timing for, 28-35
Standards of care
analytic errors, 73, 86, 91
postanalytic errors, 109
preanalytic errors, 12, 27, 36, 44,
56, 59
Steroid-induced
immunosuppression, 24
Streptococcus constellatus, 77
Strongyloides stercoralis larvae,
23-24
Summer flu, 14

T-ALL. See Acute lymphatic T-cell
leukemia (T-ALL)

Thiabendazole, 23

Thrombocytopenia, 2, 14, 15, 20,
22,49, 50

Tickborne infection, 17-18, 19,
21-22

Tobramycin, 87, 89

Trimethoprim-sulfamethoxazole, 14



Tropheryma whippelii, 26
Tuberculosis, 4, 8, 54-55

Underdecolorization, 68

Undulant fever, 35. See also Fever
UNMIC/ID-62 panel, 74

Urinary antigen test, 40, 42
Urinary catecholamines, 7

Vancomycin, 47, 48, 67, 79, 80
Venereal Disease Research
Laboratory (VDRL), 100-101

Index 151

Vital value, 78, 93, 110
Voges-Proskauer (VP) test, 78

Weil’s syndrome, 33

Western blot, 21, 26, 32, 96, 103
West Nile encephalitis, 29-30
Whipple’s disease, 25-26, 97-98

Zanamivir, 38
Ziehl-Neelsen staining, 39, 81, 98
Zoonotic disease, 33, 35
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