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Hemolytic Anemia Complicating COVID-19 Infection
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Abstract

Coronavirus disease 2019 (COVID-19) has been associated with a
spectrum of reported hematological complications ranging from im-
mune cytopenias to thromboembolic manifestations of coagulopathy.
Moreover, there have been documented cases of hemolytic anemia as-
sociated with COVID-19 infection which have been mainly attributed
to development of autoantibodies. We report a case of an African-
American patient who presented with hemolytic anemia in the sec-
ond week after his COVID-19 diagnosis. Throughout this report, we
explore the potential immune and non-immune etiologies that con-
tributed to the patient’s hemolytic anemia in the setting of COVID-19
infection guided by a review of literature.

Keywords: Hemolytic anemia; COVID-19; Autoimmune hemolytic
anemia; GOPD deficiency

Introduction

Coronavirus disease 2019 (COVID-19) infection is caused
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) strain and has been associated with a wide spectrum of
disease manifestations ranging from asymptomatic disecase to
a severe inflammatory cytokine storm affecting multiple organ
systems. The most commonly reported hematological compli-
cations of COVID-19 infection have been cytopenia, coagu-
lopathy and thromboembolic events [1-3].

We report here an African-American patient with hemo-
lytic anemia in the setting of positive direct antiglobulin test
(DAT) and within the timeframe of COVID-associated cy-
tokine storm. Given the timeframe and setting, this could be
labeled as COVID-19-associated autoimmune hemolytic ane-
mia (AIHA) supported by the growing number of reported
cases of AIHA presenting during SARS-CoV-2-induced hy-
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per-inflammatory state (Table 1) [4-20]. However, a negative
cluate along with delayed and suboptimal response to steroids
triggered a search for another contributory mechanism for he-
molysis. Given patient’s ethnic background, a glucose-6-phos-
phate dehydrogenase (G6PD) level was ordered, and results
confirmed deficiency which we think contributed significantly
to patient’s hemolysis. This report further investigates the po-
tential mechanisms of hemolysis that can be associated with
COVID-19 infection and is the first to raise the possibility of
COVID-19 infection as an infectious trigger for hemolysis in
patients with G6PD deficiency.

Case Report

A 54-year-old African-American man presented to the emer-
gency department reporting a 103 °F temperature and 2-week
history of worsening shortness of breath, cough, fatigue and
nausea. He had tested negative for SARS-CoV-2 twice dur-
ing those 2 weeks; however, 9 days prior to presentation, a
third SARS-CoV-2 polymerase chain reaction (PCR) resulted
positive. A positive SARS-CoV-2 PCR was confirmed upon
admission. Three weeks prior to presentation, he had a tooth
infection for which he took amoxicillin for 5 days. He had no
history of anemia, drug allergies or blood transfusions.

On admission patient was afebrile, in no acute distress,
hemodynamically stable with no significant findings on physi-
cal exam as summarized in Table 2.

A complete blood count (CBC) revealed hemoglobin
(Hgb) of 6.7 g/dL, with leukocytosis and normal platelet
count. Indirect antiglobulin test (IAT) was positive with no al-
loantibody identified. Lactate dehydrogenase (LDH) and total
bilirubin were elevated while haptoglobin was low (Table 3).
DAT on admission was weakly positive for complement C3
and negative immunoglobulin G (IgG). G6PD was later found
to be decreased at 3.1 U/g of Hgb. Viral workup was negative
except for COVID-19. Creatinine was elevated > 5 mg/dL on
admission with workup suggestive of acute tubular necrosis
secondary to COVID-19 that improved during hospitalization.
Chest X-ray demonstrated bilateral airspace opacities consist-
ent with SARS-CoV-2 infection. Ultrasound of the lower ex-
tremities performed due to right leg pain was positive for deep
vein thrombosis and patient was started on anticoagulation.
Other diagnostic findings are summarized in Table 4.

Patient received one unit of packed red blood cells
(PRBCs) on admission and subsequent daily transfusions with
no significant improvement in Hgb. Prednisone 1 mg/kg was
also started on admission. On day 3, his DAT became posi-
tive for IgG (2+) and complement C3 (3+). Eluate was non-
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Table 2. Vital Signs and Physical Exam Findings

Vital signs Findings
Temperature 36.6 °C

Blood pressure 160/82 mm Hg

Heart rate 84 beats per minute
Respiratory rate 18 breaths per minute

Oxygen saturation

Physical exam

96% on room air

Anicteric sclera, no palpable lymphadenopathy or splenomegaly. Rectal exam guaiac negative.

reactive. Patient was switched to dexamethasone 40 mg orally
daily for 4 days on day 5 as Hgb continued to be below 7 g/
dL with daily transfusions. Hgb trend in response to steroid
treatment is depicted in Figure 1. Rituximab was not given in
setting of COVID-19 infection. When Hgb dropped again to

Table 3. Laboratory Findings

lower than 7 g/dL after initial improvement on dexamethasone,
prednisone 60 mg daily was restarted. Hgb increased to 9.3 g/
dL and patient became transfusion-independent. Patient was
discharged on day 14 of admission and continued prednisone
taper outpatient over 2 weeks with stabilization of Hgb at 8.5

Laboratory test Result Reference range (if applicable)
Hemoglobin 6.7 g/dL 12.9 - 16.1
Mean corpuscular volume 82 fL 79.0-92.2
White blood cell count 18,000/uL, 70% neutrophils 4,200 - 9,100
Platelet count 389,000/pL 150,000 - 400,000
Lactate dehydrogenase 2,569 U/L 140 - 271
Haptoglobin 4 mg/dL 32-197
Total bilirubin 2.7 mg/dL 03-1.9

Direct 0.84 mg/dL <0.18

Indirect 1.86 mg/dL 0.1-1.0
Absolute reticulocyte count 71,000/uL 26,000 - 95,000

Indirect antiglobulin test
Direct antiglobulin test
On admission
On day 3 of hospitalization
Eluate
Cold agglutinins titer
Iron
Ferritin
Vitamin B12
Folate
G6PD
C-reactive protein
Fibrinogen
D-dimer
Creatinine
On admission
On day 45

Serum protein electrophoresis

Positive, no alloantibody identified

Positive, negative IgG and weakly positive complement C3
Positive, positive IgG (2+) and positive complement C3 (3+)
Non-reactive

<1:32

83 ng/dL

1,076 ng/mL

> 2,800 pg/mL

> 20 ng/mL

2.2-5.0U/gHgb

117 mg/L

787 mg/dL

> 5,000 ng/mL

5.56 mg/dL
1.15 mg/dL
Negative

50-212
24 -336
180-914
>59
7.9-16.3
<10.0
200 - 393
<574
0.70 - 1.30

G6PD: glucose-6-phosphate dehydrogenase; IgG: immunoglobulin G; Hgb: hemoglobin.
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Table 4. Diagnostic Findings

Diagnostic test

Findings

Peripheral blood smear

Chest X-ray
CT chest of abdomen and pelvis
Renal studies

Urinalysis

Urine microscopy

Renal ultrasound

Bone marrow biopsy and aspiration

Few echinocytes, rare schistocytes (1 - 2 per high powered field), large platelets with few
platelet clumps; no significant agglutination. No immature white blood cells, frequent bands.

Bilateral airspace opacities consistent with SARS-CoV-2 infection

No acute findings, negative for splenomegaly, hepatomegaly or lymphadenopathy

Large blood but only 3 RBCs

Muddy brown casts

No hydronephrosis - 10.7 cm, 11.1 cm kidney size

Mildly hypo-cellular marrow (20-30%) with no dysplasia or abnormal hematolymphoid cell

populations

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; RBC: red blood cell.

g/dL. DAT became negative 4 weeks after initial diagnosis of
ATHA. Patient was re-admitted 3 weeks after discharge with
multifocal pneumonia and treated with antibacterial agents.
His Hgb remained 8 - 8.5 g/dL during his second hospitaliza-
tion with negative DAT and no evidence of hemolysis. In the
outpatient setting, his Hgb continued to fluctuate between 8.5
and 10.5 g/dL with no obvious underlying cause of persistent
anemia. A bone marrow biopsy was done and revealed mildly
hypocellular marrow (20-30%) with no dysplasia or abnormal
hematolymphoid cell populations.

Review of literature

We conducted a computerized literature research to identify
publications on AIHA in adult COVID-19 patients using Pub-
Med, Google Scholar and EMBASE from January 1, 2020 to

July 31, 2021. The following keywords were used: autoim-
mune hemolysis, autoimmune hemolytic anemia, COVID-19
and SARS-CoV-2. The references of studies or reports were
checked to confirm positive DAT (direct Coombs) as well as
positive COVID test upon diagnosis of ATHA.

A total of 26 cases of AIHA associated with COVID-19
infection have been reported to date (Table 1). Both warm and
cold autoantibodies have been implicated in COVID-19-asso-
ciated AIHA.

Time of onset of autoimmune hemolysis was variable;
however, most cases were diagnosed in the first 2 weeks of
infection. Only one case was reported after 7 weeks of COV-
ID-19 diagnosis [6]. Five reported cases had underlying hema-
tologic malignancy that could have contributed to the develop-
ment of ATHA [12].

The majority of patients were treated with steroids, only
three received rituximab [10, 14] and three received intra-

10

9

Prednisone
1mg/kg

6.7

HEMOGLOBIN (GM/DL)
~

6 6.2
wm=ge=Hemoglobin (gm/dL)
1 unit pRBC
® transfused 5
4
1 2 3 4

Dexamethasone 40mg

5 6 77 8 g 10 14, 12

9.3

Prednisone

60mg 8.3

DAY OF HOSPITALIZATION

Figure 1. Hemoglobin throughout hospitalization. Arrows indicate start date of medications. Red circles indicate blood transfu-

sion.
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venous immunoglobulins [7, 13, 15]. There has not been a
consistent definition of remission among different reports
and most patients did not have follow-up beyond discharge.
However, from available data, it can be concluded that most
patients achieved Hgb > 8 g/dL within 14 days of diagnosis
(Table 1).

To date, there are no reported cases of G6PD deficiency-
associated hemolysis complicating COVID-19 infection.

Discussion

We report a case of hemolytic anemia presenting 9 days after
positive SARS-CoV-2 PCR test and coinciding with worsen-
ing respiratory symptoms and increased inflammatory mark-
ers. We propose that the patient’s hemolysis has both immune
and non-immune components. Immune-mediated hemolysis is
supported by the positive DAT and lack of response to transfu-
sions. Patient’s G6PD deficiency likely played an additional
role in the severity of anemia, suboptimal response to steroids
and delayed remission.

Drug-induced immune hemolytic anemia was first con-
sidered given the weakly positive complement-only DAT and
later non-reactive eluate. The possible culprit was the amoxi-
cillin which the patient took within 2 weeks prior to admission.
However, this does not explain patient’s worsening symptoms,
continued hemolysis requiring transfusion, and increase in the
strength of DAT positivity (2+ IgG and 3+C3) 3 days after
admission and more than 1 week after stopping amoxicillin.

Since the patient’s immune-mediated hemolysis coin-
cided with worsening COVID-19 symptoms within the time-
frame compatible with COVID-associated cytokine storm,
SARS-CoV-2-mediated immune hemolysis became high on
the differential. There is a growing number of reported cases
of AIHA in the setting of COVID infection presenting during
SARS-CoV-2-induced hyper-inflammatory state (Table 1).
The exact mechanism of AIHA in the setting of COVID-19
infection remains unknown. One proposed mechanism is that
the SARS-CoV-2 cytokine-rich inflammatory environment
causes alteration in antigen presentation creating cryptic an-
tigens [21]. Those cryptic antigens stimulate T lymphocytes
which in turn activates autoreactive B lymphocytes to produce
antibodies against those antigens [21-23]. These antibodies
then coat the red blood cells (RBCs) causing the positive DAT
in around 44-46% of COVID-19 patients [21, 24]. The impor-
tance of the COVID-induced inflammatory milieu in exposing
cryptic antigens was further emphasized by demonstrating that
the DAT can be “transmitted” to allogeneic RBCs that have
been in contact with the plasma of DAT-positive COVID-19
patients [21, 23]. In their study, Brochier et al reported a nega-
tive eluate among all of the 99 hospitalized COVID-19 pa-
tients who had a positive DAT [21], a finding similar to that
of our patient. The number of COVID-19 patients with posi-
tive DAT who would eventually develop clinically significant
hemolysis remains unknown. Since reporting on AIHA in the
setting of COVID-19 has been limited to few case reports, it is
not clear if other factors would contribute to the development
and severity of hemolysis in those COVID-19 patients with

Articles © The authors | Journal compilation © ] Hematol and Elmer Press Inc™

positive DAT.

The patient we are reporting here has G6PD deficiency
which we believe contributed to his worsening hemolysis and
prolonged anemia. Our patient was treated with amoxicillin 2
weeks prior to presentation. Amoxicillin-induced hemolysis in
G6PD-deficient patients has been reported [25]. However, a
positive DAT and hemolysis that developed more than 7 days
after the last dose of amoxicillin make it an unlikely culprit.
On the other hand, there have been several pieces of evidence
suggesting that G6PD deficiency may increase susceptibility
to, and severity of illness associated with COVID-19 infection
[26, 27]. RBC destruction in otherwise asymptomatic patients
with G6PD deficiency can be triggered by certain infectious
agents and medications where decreased production of G6PD
results in deficient levels of nicotinamide adenine dinucleotide
phosphate and reduced glutathione, causing oxidative stress
and RBC destruction. COVID-19 infection could be among
those infectious triggers for hemolysis in patients with G6PD
deficiency. In light of growing evidence that African-American
patients are disproportionately affected by severe COVID-19
infection and given increased prevalence of G6PD deficiency
among African-American patients, further studies are needed
to determine whether a positive correlation exists between
G6PD deficiency and COVID-19 with respect to increased
susceptibility to infection and severity of illness [26-28].

Conclusion

Hemolytic anemia in the setting of SARS-CoV-2 appears mul-
tifactorial. The exact mechanism of autoimmune hemolysis in
COVID-19 infection requires further elucidation. G6PD de-
ficiency is another factor that requires additional considera-
tion especially in patients who belong to ethnic groups where
G6PD deficiency is prevalent and demonstrate hemolysis in
the setting of acute COVID-19 infection.
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