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ABSTRACT

ARTICLE HISTORY

Background: The appearance of bite cells associated with methemoglobinemia can be caused
by oxidizing drugs such as dapsone in patients with glucose-6-phosphate dehydrogenase
(G6PD) deficiency or high drug serum levels. Bite cells are often pathognomonic for oxidant
injury in patients with G6PD deficiency and suggest active hemolysis.

Case Presentation: We report a case of a woman with no prior history of G6PD deficiency who
presented with anemia, methemoglobinemia and bite cells on peripheral blood smear after
dapsone therapy for new onset idiopathic urticaria. Laboratory tests for G6PD, blood count
and liver function were within normal limits prior to initiation of therapy. During the
patient’s hospital course, moderate methemoglobinemia and anemia were identified despite
mildly increased serum G6PD level. These pathologies were reversed upon stopping
dapsone therapy.

Conclusion: This case highlights the potential for therapeutic levels of dapsone to induce side
effects in patients without G6PD deficiency and highlights the importance of routine blood
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monitoring for anemia and hemolysis during the course of drug therapy.

Introduction

Dapsone is an oral sulfone drug that can cause the
appearance of bite cells on peripheral smears in
patients with glucose-6-phosphate dehydrogenase
(G6PD) deficiency [1]. Dapsone can be used to treat
chronic idiopathic urticaria, a skin condition character-
ized by the appearance of pruriticc blanchable
cutaneous lesions involving the superficial dermis
lasting greater than 6 weeks without identifiable trig-
gers [2]. Second-generation H1 antihistamines are typi-
cally used as first line therapy for chronic urticaria, and
they can be combined with H2 antihistamines, leuko-
triene modifiers and systemic glucocorticoids for
more severe disease [3]. While injectable omalizumab
is the preferred therapy for refractory disease,
dapsone can be used in the clinical setting of treat-
ment-refractory idiopathic urticaria with neutrophilia,
given its ability to disrupt integrin-mediated neutro-
phil adhesiveness [4-8].

In patients with G6PD deficiency, most commonly
A- and Mediterranean variants, dapsone is contraindi-
cated due to its association with methemoglobinemia
and hemolytic anemia [9]. It is rare for dapsone to
induce severe adverse outcomes in patients without

G6PD deficiency when used at therapeutic levels. In
the literature, there are reported cases of dapsone-
induced methemoglobinemia and hemolytic anemia
without known G6PD deficiency in many different con-
texts including stem cell and renal transplant recipi-
ents and immune thrombocytopenia patients [10-
13]. We report a similar case of dapsone causing hemo-
lysis and red blood cell morphologic abnormalities in a
woman without G6PD deficiency.

Case presentation

A 36-year-old otherwise healthy woman taking no
medications presented to her primary care provider
with a one-week history of unprovoked facial rash
and was treated with a prednisone taper to improve
symptoms. After discontinuation of therapy, she devel-
oped diffuse, pruritic urticarial rash that started in the
extremities and spread to her abdomen (Figure 1),
accompanied by oropharyngeal angioedema and
mild shortness of breath. Angioedema raised concern
for the potential development of airway obstruction,
which prompted pre-emptive treatment with epineph-
rine. Labs drawn in the emergency department
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Figure 1. Urticaria was present on the patient on presentation, characterized by diffuse, erythematous, and blanchable wheals
involving the superficial dermis. (Top left, clockwise) Urticarial wheals were present on the patient’s arms, back, abdomen, and

shoulders.

revealed leukocytosis with absolute neutrophilia,
potentially secondary to recent prednisone use or sys-
temic autoimmune reaction given the patient’s self-
reported history of rheumatoid arthritis. The patient
was ultimately diagnosed with acute spontaneous urti-
caria and was discharged with H1 antihistamines. She
was referred to outpatient dermatology clinic, where
high dose prednisone was initiated. An extensive auto-
immune workup was performed but was negative.
After 6 weeks of unresolving symptoms, dapsone
and later omalizumab were added to her regimen to
allow for continued control of urticaria while predni-
sone was being tapered. Prior to starting dapsone,
she was noted to have an unremarkable complete
blood count (CBC) and G6PD levels at normal levels.
There was no family history of G6PD deficiency.

Five months after onset of urticaria, the patient pre-
sented to the emergency department for intermittent

epistaxis, which resolved spontaneously. Her pro-
thrombin time, partial thromboplastin time and plate-
let counts were within normal limits. During
evaluation, her oxygen saturation was noted to be in
the upper 80% range on room air. She required two
liters of oxygen to maintain adequate saturation.
Venous blood gas revealed decreased oxygen
content and increased methemoglobin at 7% (Figure
2, Top). Dapsone was thought to be the offending
agent and was discontinued.

The patient was admitted to the hospital for further
observation. She was discovered to have normocytic
anemia with normal iron studies, folate and B12
levels. Hemoglobin was trending down prior to admis-
sion, which could not be fully explained by intermit-
tent epistaxis (Figure 2, Bottom Left). This was
accompanied by an elevated reticulocyte count,
raising suspicion for hemolysis, which was further
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Figure 2. (Top) Serial patient venous blood gas measurements
of oxygen content and methemoglobin levels were made
upon hospital admission and at the two-week outpatient
visit. Patient data show rapidly decreasing methemoglobin
levels associated with increasing oxygen content in the days
following termination of dapsone therapy. Values above the
red dotted line refer to normal oxygen content. Values
below the blue dotted line refer to normal methemoglobin
levels. (Bottom) Patient data showing serial hemoglobin
measurements during the course of dapsone therapy as indi-
cated by values in the shaded area. Initiation of dapsone
therapy is indicated by an arrow and vertical dotted line. Dis-
continuation of dapsone occurred during admission and is
indicated by an arrow and vertical dotted line on day
0. Serial hemoglobin measurements following discontinuation
of dapsone therapy are indicated by values to the right of the
vertical dotted line. Values above the horizontal black dotted
line refer to normal hemoglobin levels.

supported by elevated LDH, low haptoglobin and total
bilirubin levels above her baseline (Figure 3, Bottom).
Peripheral blood smear revealed moderate bite cells
and Howell-Jolly bodies, which were not observed
prior to initiation of dapsone (Figure 3, Top). The
patient was not noted to have splenomegaly, and
G6PD levels were mildly elevated (Figure 3, bottom).
Interestingly, two weeks following discharge her
hemoglobin was normal (Figure 2, Bottom Right) and
her blood smear no longer showed bite cells, schisto-
cytes, or Howell-Jolly bodies (Figure 3, Blood Smear
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Interpretation). After discontinuation of dapsone
therapy, methemoglobin levels trended down, and
oxygen content trended up (Figure 2, Top). The resol-
ving clinical picture suggests that dapsone caused the
patient’s anemia, methemoglobinemia, and abnormal
peripheral smear features. The patient was discharged
uneventfully for outpatient follow up, where her urti-
caria continued to be well controlled on omalizumab.

Discussion

The ‘bite cell’ is an aberrant feature of mature red
blood cells seen on peripheral smear characterized
by removal of one or more portions of the biconcave
disc rim of red blood cells by splenic macrophages at
sites where hemoglobin has been abnormally depos-
ited [1]. Occasionally, ‘blister cells’, which have a
large vacuole along the periphery, may also form
alongside ‘bite cells.’ Oxidative injury of red blood
cells can result in hemoglobin sulfhydryl group oxi-
dation, which can precipitate the formation of these
abnormal red blood cell features. They are most com-
monly associated with hemolysis and methemoglobi-
nemia in patients with G6PD deficiency exposed to
triggers such as medications including dapsone
[14,15]. Dapsone is a sulfone antibiotic used as first
line therapy for leprosy and second line therapy for
Pneumocystis pneumonia [16]. It can also be used as
a second line therapy for chronic spontaneous urticaria
[2,17]. Dapsone is converted to the metabolite hydro-
xylamine, which can accumulate in red blood cells
and generate free radicals that deplete glutathione
stores, leading to oxidative damage of the red blood
cell membrane [18]. G6PD is a key enzyme that partici-
pates in restoring glutathione. In the rare case of
dapsone overdose, hydroxylamine can accumulate to
excess levels to overwhelm the protective effect of glu-
tathione and cause oxidative damage to red blood
cells even in the presence of normal G6PD levels [11].

This patient had normal G6PD levels and was
started on a therapeutic level of dapsone. The
patient and had no prior history of red blood cell mor-
phologic abnormalities. Her other home medications
would not have predisposed her to hemolysis and
her general blood chemistry values were within
normal limits (Supplemental Table 1). Yet, after starting
dapsone, her hemoglobin trended down (Figure 2,
Bottom Left). A small retrospective case series of 100
leprosy patients taking 100 mg of dapsone per day
showed a hemoglobin drop of 3 g/dl in 16% of partici-
pants, a finding was that was associated with older age
[19]. This patient’s peripheral blood smear showed bite
cells and blister cells (Figure 3, Top). Interestingly, her
smear also showed Howell-jolly bodies, a finding
most commonly seen in patients without a spleen
[20]; the patient was not asplenic and she showed no
other evidence for splenic insufficiency. We speculate
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Reference range

After dapsone

0 — 1 elliptocytes -
0 — 1 burr cells per
high power field

7.0 - 20.5 U/g Hgb
0.4 0.2 — 1.2 mg/dL

- 125 -243 U/L

— 36 — 195 mg/dL
- 25.6 - 96.9 x 10E9/L

Laboratory test Before dapsone During admission

Blood smear 0 — 1 elliptocytes per 2 — 5 bite cells

interpretation high power field 0 — 1 schistocytes
2 — 5 burr cells per
high power field

G6PD, quantitative, 18.1 20.7

whole blood

Total bilirubin 0.3 0.9

Lactate -—- 253

dehydrogenase

(LDH), serum/plasma

Haptoglobin - <6

Reticulocyte count, - 145.2

flow cytometry

Creatinine 0.63 0.67

Total protein, serum 7.0 71

Alanine 13 11

transaminase (ALT)

COVID-19 RNA, RT- Not detected Not detected

PCR/Nuclei acid
amplification

0.63 0.55 — 1.02 mg/dL
6.9 6.3 -8.6 g/dL

12 10-61 U/L

- Not detected

Figure 3. (Top) Patient’s peripheral blood smear at hospital admission. Red arrows indicate bite cells. Black arrow indicates a
Howell-jolly body. Green arrow indicates a blister cell. (Bottom) Pertinent patient laboratory values before initiating, during treat-
ment and after termination of dapsone therapy. Reference ranges are included to indicate normal values. Red text highlights

abnormal lab values.

that in a clinical setting in which numerous Heinz
bodies of precipitated hemoglobin are being cleared,
the removal of red blood cell nuclear fragments may
be transiently impaired (i.e. the capacity for efficient
splenic clearance of nuclear fragments is exceeded).
We considered several possibilities as to why the
patient experienced dapsone-induced hemolysis and
developed morphologic abnormalities of red blood
cells. We considered undiagnosed G6PD deficiency as
well as functional insufficiencies in kidney, liver, or
spleen. The patient had no family history, supporting
blood tests, or prior diagnoses suggesting these
issues. G6PD deficiency is uncommon in women as
the gene is X-linked and usually requires two
mutations to result in severe disease [21]. It is be poss-
ible that the patient has a heterozygous G6PD
mutation that affects protein function, and such

carriers can exhibit hemolysis when exposed to oxidiz-
ing agents including dapsone [22,23]. Such carriers can
have significant subset of red cells that are G6PD
deficient, and flow cytometry is able to distinguish
G6PD deficient and G6PD replete red blood cells and
thereby determine risk of drug-induced hemolysis in
these individuals [24]. To date, we have not performed
genetic testing or flow analysis to definitively assess
this possibility but given the absence of a family
history of G6PD deficiency such heterozygosity is not
likely. Another consideration was the possibility of a
pre-existing hemolytic anemia that may have elevated
the patient’s G6PD levels; however, the patient’s base-
line hemoglobin was within normal limits. It could also
be possible that the patient has a rare, undiagnosed
hemoglobinopathy and indeed, dapsone use in the
setting of hemoglobinopathy Hasharon has been



reported to cause methemoglobinemia and hemolysis
in one case report [25].

Finally, we considered the possibility that chronic
dapsone use may have been the sole cause of methe-
moglobinemia and hemolysis, which can rarely occur
in patients on high doses of dapsone or with functional
mutations in drug elimination pathways such as cyto-
chrome b5 reductase [26]. One case report highlighted
the ability of dapsone to cause methemoglobinemia in
up to 15% of patients and hemolysis in up to 20% of
patients on a daily dose of 100 mg [27,28]. However,
these patients also had other significant comorbidities
such as leprosy, which may have influenced the
interpretation of these results. Given the lack of
findings suggesting G6PD deficiency, we believe that
this case is a rare presentation of dapsone-induced
methemoglobinemia and hemolysis.

Conclusions

This case highlights that even at low doses, dapsone
may induce methemoglobinemia and hemolysis
accompanied by abnormal peripheral blood smear
findings. Heightened clinical awareness for down-
ward-trending hemoglobin levels as an indicator of
toxicity during dapsone treatment may help in the
early diagnosis of drug-induced methemoglobinemia
and hemolysis. Peripheral blood smear may further
aid in clinical diagnosis in addition to current guide-
lines [29].
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