
CLINICAL CARE CONUNDRUMS

Not a Textbook Case

The approach to clinical conundrums by an expert clinician is revealed through the presentation of an actual patient’s case in an
approach typical of a morning report. Similarly to patient care, sequential pieces of information are provided to the clinician, who is
unfamiliar with the case. The focus is on the thought processes of both the clinical team caring for the patient and the discussant.

This icon represents the patient’s case. Each paragraph that follows represents the discussant’s thoughts.
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A 25-year-old male presented to the emergency depart-
ment with a 3-day history of fever, chills, nausea, vom-

iting, diarrhea, and myalgias.

The acute onset, combination of vomiting and diarrhea,
and systemic symptoms are most characteristic of an acute gas-
trointestinal infection, such as viral gastroenteritis (eg, Norovi-
rus or Rotavirus) or bacterial enteritis (eg, nontyphoidal
Salmonella, Campylobacter jejuni, or Escherichia coli). A care-
ful exposure history, taking into account travel, diet, sick con-
tacts, and living situation, can help prioritize the likelihood of
a given pathogen, although treatment is generally supportive
in the absence of severe dehydration, abdominal pain, or vital
sign abnormalities. Vomiting and diarrhea can also be nonspe-
cific responses to severe, nongastrointestinal infections, such as
influenza or staphylococcal bacteremia. A drug or toxin could
prompt an allergic or inflammatory response similar to the
syndrome observed here. Due to the acuity, other categories of
disease, such as autoimmunity, metabolic derangement, or
malignancy, seem unlikely at this point.

Aside from being treated for Trichomonas vaginalis
urethritis 2 months prior, the patient had been in good

health and took no medications until the onset of these
symptoms. Upon review of systems, he complained of a sore
throat and odynophagia but denied cough or rhinorrhea. On
examination, he appeared comfortable. His temperature was
39.2�C, blood pressure 137/64 mm Hg, heart rate 92 beats
per minute, and respiratory rate 16 breaths per minute. His
arterial oxygen saturation was 97% while breathing ambient
air. The posterior oropharynx was erythematous without
exudates. There was no cervical lymphadenopathy. He was
tender in the epigastric region without rebound or guarding.
The white blood cell count was 6800/mm3, hemoglobin
10.0 g/dL with a mean corpuscular volume of 81 fL, and
platelet count 224,000/mm3. The aspartate aminotransfer-

ase (AST) was 60 U/L (reference range 0–45 U/L), and the
total bilirubin was 3.6 mg/dL; electrolytes, alanine amino-
transferase, alkaline phosphatase, albumin, and the interna-
tional normalized ratio were normal. Rapid antigen testing
for influenza A and B were negative, and a rapid test for
group A Streptococcal (GAS) antigen was positive.

Vomiting and abdominal tenderness are less typical in
adults than in children with routine GAS pharyngitis. His
odynophagia could reflect a retropharyngeal or peritonsillar
abscess. Influenza assays have limited sensitivity and cannot
reliably exclude acute infection, especially when the preva-
lence is high during influenza season. Epstein-Barr virus
(EBV)-associated mononucleosis and acute human immuno-
deficiency virus (HIV) can cause acute pharyngitis and hepa-
titis, but the lymphadenopathy that is characteristic of both
infections was absent. His recent trichomonas infection indi-
cates that he may be at risk for sexually transmitted dis-
eases, including HIV, gonorrhea, and syphilis.

His elevated bilirubin and AST along with vomiting, epi-
gastric tenderness, and fevers raise the possibility of chole-
cystitis or cholangitis, which should be explored further
with abdominal imaging. Mild AST elevation alone could be
explained by muscle damage (given his myalgias), viral or
bacterial invasion of the liver, or alcohol or other toxins,
including acetaminophen, which he may be taking to treat
his pain and fever.

The combination of anemia and hyperbilirubinemia
should prompt consideration of hemolysis, but the anemia
could also be explained by an underlying chronic disease
(eg, HIV or hematologic malignancy), preexisting iron defi-
ciency, or thalassemia.

He was given intravenous ceftriaxone in the emergency
department. Penicillin, ondansetron, and omeprazole were

prescribed, and he was discharged home. He never took the pen-
icillin because a family member told him that his “throat swelled
up” in the past when he took it. He continued to have malaise,

diarrhea, myalgias, fatigue, and fevers to 38.9�C. He returned
to the emergency department 2 days later. His temperature
was 38.6�C, and his remaining vital signs were normal. His
posterior oropharynx was erythematous and his sclerae
icteric; his abdomen was soft, nontender, and nondistended,
without hepatosplenomegaly. His hemoglobin was 8.8 g/dL,
bilirubin 3.6 mg/dL without conjugated bilirubin present,
lactate dehydrogenase (LDH) 3077 U/L (reference range
325–750 U/L), and AST 126 U/L; blood urea nitrogen and
creatinine were normal. He was admitted to the hospital.
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The progression of his systemic symptoms for an addi-
tional 2 days in the absence of directed treatment for acute
pharyngitis is not unusual. However, his anemia is progres-
sive, with features highly suggestive of hemolysis, including
indirect hyperbilirubinemia, elevated LDH, and elevated
AST. The single dose of ceftriaxone is unlikely to have trig-
gered drug-induced immune hemolysis, and his anemia pre-
dates the antibiotic regardless. Fever can accompany
hemolysis when a malignancy (eg, lymphoma) or autoim-
mune condition (eg, systemic lupus erythematosus) triggers
immune-mediated hemolytic anemia. Microangiopathic
processes (eg, thrombotic thrombocytopenic purpura and
disseminated intravascular coagulation) can be associated
with fever because of the underlying mechanism or an
untreated infection, respectively. Some pathogens, such as
Plasmodium, Babesia, and Clostridium species, directly
invade erythrocytes, leading to their destruction. He may
have an underlying predisposition for hemolysis (eg,
glucose-6-phosphate dehydrogenase [G6PD] deficiency) that
has been unmasked in the setting of acute infection.

At admission, intravenous azithromycin was adminis-
tered for GAS infection; peripheral blood cultures were

sterile. His hemoglobin decreased to 7.3 g/dL. The reticulo-
cyte count was 1.2%, and the direct antiglobulin test (DAT)
was negative. A normochromic, normocytic anemia with blis-
ter and bite cells, rare microspherocytes, and echinocytes was
seen on the peripheral blood smear (Figure 1). A chest radio-
graph was normal, and polymerase chain reaction (PCR)
tests for parvovirus and EBV DNA in peripheral blood were
negative. Neither parvovirus IgM antibodies nor HIV anti-
bodies were present. The ferritin level was >33,000 ng/mL
(reference range 20–300 ng/mL), serum iron 87 mg/dL (ref-
erence range 35–180 mg/dL), iron binding capacity 200 mg/
dL (reference range 240–430 mg/dL), and iron saturation
index 44% (reference range 15%–46%).

His ongoing fevers suggest an untreated infection, autoim-
mune condition, or malignancy. The depressed reticulocyte
count is unexpected in the setting of hemolysis in a young
and previously healthy patient, raising the prospect of his
bone marrow harboring a hematologic malignancy or infec-
tion (eg, mycobacterial, fungal, or viral). Alternatively, an
immune or infectious process may be impeding erythropoiesis
(eg, pure red cell aplasia or parvovirus infection). Hyperferri-
tinemia is nonspecific and suggests systemic inflammation,

but is also associated with Still’s disease, histoplasmosis,
hemochromatosis, and hemophagocytic syndromes. Still’s
disease causes high fevers and pharyngitis but typically fea-
tures leukocytosis and arthralgias, both of which are absent.

Hemophagocytosis in adults is typically due to a hyperinflam-
matory response to an underlying infection or malignancy
caused by uncontrolled proliferation of activated lympho-
cytes and macrophages secreting large amounts of inflamma-

tory cytokines.

The peripheral blood smear does not demonstrate a leu-
koerythroblastic profile seen with an infiltrated marrow and

similarly does not reveal schistocytes that would suggest a
microangiopathic hemolytic anemia. Echinocytes are gener-

ally seen in uremic states, although they can occasionally be
seen in hemolysis as well. The presence of microspherocytes

suggests autoimmune hemolytic anemia but a negative DAT
suggests the hemolysis is not immune-mediated. Vitamin
B12 deficiency can cause marked intramedullary hemolysis

with hypoproliferation, and thus the vitamin B12 level
should be checked, even though macrocytosis and neuro-

logic abnormalities are absent. The blister and bite cells
present on the peripheral blood smear signal oxidative

hemolysis. Testing for G6PD deficiency should be per-
formed, and if negative, should be repeated in the convales-

cent phase once red cells of all ages are again present.

Cytomegalovirus and HIV-1 viral loads were unde-
tectable in the blood by PCR testing. The vitamin B12

level was 456 pg/mL (reference range >210 pg/mL). A
Heinz body preparation (Figure 2) showed Heinz bodies in
6% of erythrocytes. A bone marrow biopsy (Figure 3)
showed a cellularity of 80% to 90% with erythroid and
megakaryocytic hyperplasia, left-shifted erythropoiesis, and
complete trilineage maturation without evidence of hemo-
phagocytosis or excess blasts. Blood cultures remained ster-
ile, and the patient defervesced 30 hours after receiving his
first dose of azithromycin.

The vitamin B12 level is close to the lower limit of the
normal range, and in light of the low reticulocyte count,
warrants confirmation with methylmalonic acid and homo-
cysteine measurement. The absence of macrocytic erythro-
cytes on his blood smear and megaloblastic changes in
erythroid and myeloid precursors in the bone marrow make
that nutritional deficiency less likely.

FIG. 1. Peripheral blood smear showing normochromic, normocytic anemia without reticulocytosis, “blister” (black arrows) and “bite” (black arrowheads) cells,

rare microspherocytes (red arrow), and echinocytes (blue arrows).
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His marrow cellularity is high but near the upper range
of normal given his age. Although his reticulocyte count is
low, it appears that his bone marrow is starting to respond
to his anemia, given the erythroid hyperplasia and left-
shifted erythropoiesis. The reticulocyte count should be
repeated in 3 to 7 days, when it should be much higher.

Heinz bodies, which represent denatured hemoglobin,
suggest that some erythrocytes have sustained oxidative
stress that they could not defend against, typically because
of a low G6PD level. Unstable hemoglobin variants are also
vulnerable to oxidation. In addition, nonimmune causes of

drug- and toxin-induced hemolysis (eg, lead poisoning; Wil-
son’s disease; or bites from insects, spiders, or snakes)
should be considered.

It is possible that streptococcal pharyngitis triggered
G6PD deficiency-mediated hemolysis. Neither lymphoma
nor hemophagocytosis was detected on the initial review of
the bone marrow.

The hemoglobin decreased to 6.8 g/dL. One unit of
packed red blood cells was transfused, and the next

day the hemoglobin level was 7.8 g/dL. The family history

FIG. 2. Heinz body staining of peripheral blood showing Heinz bodies within erythrocytes.

FIG. 3. Bone marrow biopsy. (A) Trephine bone marrow biopsy (23 magnification) showing 80% to 90% cellularity. (B) Trephine bone marrow biopsy (103 magnifi-

cation) showing erythroid and megakaryocytic hyperplasia and left-shifted erythropoiesis. (C) Shows 503 magnification and (D) 1003 magnification: bone marrow

aspirate showing trilineage maturation without evidence of hemophagocytosis or excess blasts.
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was revisited, and the patient reported that a maternal uncle
had G6PD deficiency. The G6PD activity was 3.2 U/g
hemoglobin (reference range 7.0–20.5 U/g hemoglobin).
One week later, the reticulocyte count was 16%, although
the hemoglobin level remained relatively unchanged at
7.9 g/dL. The soluble interleukin-2 receptor (sIL-2R) level
(sent to a reference laboratory during his hospitalization)
was 1911 U/mL (reference range 45–1105 U/mL). At the 2-
week follow-up appointment, his hemoglobin was 11.5 g/
dL, LDH was 467 U/L, and ferritin was 277 ng/mL. Three
months after his hospitalization, his hemolytic anemia had
not recurred.

DISCUSSION
G6PD deficiency is the most common enzyme deficiency

in humans, affecting more than 400 million people world-
wide, with highest prevalence among Asian, African, and
Mediterranean populations.1 Oftentimes the characterization
of an anemia as hemolytic and the identification of G6PD
deficiency are straightforward. In this case, a more extensive
evaluation was pursued on the basis of 2 conventional asso-
ciations: reticulocytosis as an indicator of bone marrow
response and the association of marked hyperferritinemia
with a select group of diseases. More nuanced interpretation
of these test results may have spared the patient a bone mar-
row biopsy and led to a less costly, more expeditious
diagnosis.

One approach to anemia differentiates hypoproliferative
anemias with an inappropriately low number of circulating
reticulocytes for the degree of anemia (reflecting an inad-
equate bone marrow response) from regenerative anemias
that have an appropriately elevated number of reticulocytes
in circulation (reflecting adequate bone marrow response).
This delineation can be a useful guide, but the variability of
reticulocyte production, because of the presence of antibod-
ies that inhibit erythroid colony forming units in the bone
marrow,2 viral infections,3 or ineffective erythropoiesis,4 can
lead to misleading assumptions about the state of the bone
marrow. In patients with G6PD deficiency, an increase in
reticulocytes is often absent in the peripheral blood until 5
days after the acute onset of hemolysis and is not maximal
until 7 to 10 days later.5 Similarly, in a case series of
patients with autoimmune hemolytic anemia, 37% of
patients had an initial reticulocyte production index (RPI)
<2, indicating hypoproliferation.6 Of the 53% of these
patients who underwent bone marrow examination, a
majority (76%) showed erythroid hyperplasia despite the
low RPI.4 Malaria, the most prevalent worldwide cause of
hemolytic anemia, can also present with relative reticulocy-
topenia. In 1 study, 75% of children with malaria-related
anemia had a reticulocyte production index <2.7 These
studies illustrate how classification of a patient’s anemia
solely on the basis of the reticulocyte count can lead to
misdiagnosis.

In this case, the clinicians interpreted the low reticulo-
cyte count as an indicator of a primary bone marrow
disorder. The bone marrow biopsy instead demonstrated
a brisk erythropoietic response that was not yet reflected
in the peripheral blood. Given the absence of other cyto-
penias or myelophthisic findings on the peripheral smear
and a strong suspicion of hemolysis, a reasonable
approach would have been to instead repeat the reticulo-
cyte count a few days into the evaluation to account for

the transient lag in the bone marrow response to an
acute episode of hemolysis. If the reticulocyte count
remained suppressed 1 week later, it would have been
appropriate to pursue a bone marrow biopsy at that time
to investigate for a malignant, infectious, or nutritional
etiology.

Iron studies revealed hyperferritinemia. This finding led
the clinicians to consider HLH, a rare cause of multisystem
organ failure and pancytopenia.8 An elevated ferritin level
(often in excess of 5000 ng/mL but at least >500 ng/mL) is
a diagnostic criterion for HLH. However, the low probabil-
ity of this rare condition is not meaningfully modified by
hyperferritinemia, which has very limited specificity. In a
case series of 23 patients with markedly elevated levels of
serum ferritin (>10,000 ng/mL), malignancy, infection, liver
disease, and chronic transfusions were common causes; there
was 1 case of Still’s disease and no cases of HLH.9 In this
case, the elevated ferritin and elevated sIL-2R level, which
was sent in response to the elevated ferritin to examine the
remote possibility of HLH, reflected the inflammatory
response to his GAS pharyngitis and acute hemolytic epi-
sode, not HLH.

G6PD deficiency leads to hemolysis due to an inability
of the erythrocyte to resist oxidative stress. Drugs, includ-
ing antimalarial, antibacterial, and other medications, are
commonly considered major precipitants of G6PD
deficiency-mediated hemolysis.1 However, a case series of
patients with G6PD deficiency-related hemolysis showed
that most episodes were related to infection alone (53%,
most commonly pneumonia) or to infection and drug ther-
apy in combination (15%). Drug therapy alone accounted
for only 32% of cases.10 Another case series found infec-
tion caused nearly all cases of G6PD deficiency-related
hemolysis in children.11 These findings suggest that clini-
cians should not implicate drugs as the cause of G6PD
deficiency-associated hemolysis unless infection has been
excluded. One study demonstrated that infection with
Streptococcus pneumoniae can lead to G6PD-related hemo-
lysis due to oxidative damage of red blood cells from bind-
ing of immune complexes to the red blood cell
membrane.12 An association between b-hemolytic strepto-
coccal pharyngitis and G6PD-mediated hemolysis has been
reported.13 In this patient, G6PD-related hemolysis was
likely precipitated by his exaggerated inflammatory
response to GAS pharyngitis.

Illness scripts are cognitive structures that allow clinicians
to organize information about diseases into a useful frame-
work for making clinical decisions.14 Illness scripts are ini-
tially formed through our introduction to “textbook” cases,
but they require constant revision throughout our careers to
avoid reliance on outdated, incorrect, or biased information.
Revision of illness scripts—through thoughtful reflection on
patient cases—creates more nuanced profiles of diseases and
conditions that can be brought to bear on future cases.
Through analysis of this case, clinicians will have the oppor-
tunity to update their illness scripts for anemia, reticulocyto-
sis, hyperferritinemia, and G6PD-associated hemolysis.
When faced with similar cases, they will be better equipped
to characterize anemia and avoid unnecessary testing (eg,
sIL-2R, bone marrow biopsy). This case reminds us that
continual revision of our illness scripts is a cornerstone of
delivering higher quality and less costly care for future
patients.
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TEACHING POINTS

� The reticulocyte count takes 7 to 10 days to peak in
response to anemia. Classification of anemia solely
based on an early reticulocyte count may lead to
misdiagnosis.

� Hyperferritinemia in adults is most commonly seen
in patients with malignancy, chronic transfusions,
infection, and liver disease, and seldom signals a rare
condition such as HLH or Still’s disease.

� Infections are the most common triggers for G6PD-
related hemolysis and should be excluded diligently
before ascribing the hemolysis to a drug.
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