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Abstract

The global pandemic of coronavirus disease 2019 (COVID-19)
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has shaken the entire world. The social, health and financial
impacts of this pandemic are beyond words. We have learnt a lot
about this new disease in a short period of time, but still a long road
to go to fully determine its pathogenic effect. The primary target
of this virus is angiotensin-converting enzyme 2 (ACE2) receptor,
which is prevalent in endothelial cells throughout the body. Immu-
nocompromised patients such as patients with sickle cell disease are
more vulnerable to severe respiratory infections, including infec-
tion with SARS-CoV-2. In addition, sickle cell disease patients are
prone to vaso-occlusive crisis, and theoretically SARS-CoV-2 can
worsen the situation as it also can cause endothelial dysfunction
and thrombosis. Herein, we are sharing an interesting peripheral
blood smear finding of an asymptomatic 31-year-old multigravida
pregnant female with a history of sickle cell disease and found to
have a positive COVID-19 polymerase chain reaction (PCR) test
during her third trimester of pregnancy at a routine clinic visit. Two
weeks after the initial positive test, she developed nausea, vomiting,
constipation and a pain crisis affecting her extremities while her
COVID-19 PCR test was still positive. She was hemodynamically
stable, and lab workup revealed chronic anemia, leukocytosis with
neutrophilia and lymphopenia. Morphologic examination of the pe-
ripheral blood smear showed a marked leukoerythroblastosis: rare
myeloblasts, sickle cells, markedly abundant nucleated red blood
cells (RBCs), metamyelocytes, and many large and giant platelets
were seen. In this context, her previous peripheral blood smears
(prior to positive COVID-19 test) did not show leukoerythroblasto-
sis. She was managed conservatively with hydration and pain con-
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trol and delivered at 36 weeks via cesarean section due to pre-term
labor and intrauterine growth retardation. The unusual finding of
leukoerythroblastosis in a pregnant sickle cell disease patient with
an asymptomatic COVID-19 infection indicates further studies to
determine its effect on hematopoietic system and elucidate its clini-
cal significance.
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Introduction

The recent outbreak of novel coronavirus infection, which was
first reported in China, is responsible for the global pandemic
known as coronavirus disease 2019 (COVID-19). This dis-
ease is caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), spreads via respiratory droplets, and
is characterized by a spectrum of manifestations ranging from
asymptomatic or mild flu-like symptoms to severe respiratory
failure and death. People with chronic illnesses, compromised
immune system, and elderly patients are more vulnerable to
this infection with increased morbidity and mortality. Lit-
erature suggests that SARS-CoV-2 causes more severe res-
piratory symptoms in immunocompromised patients as well
it causes endothelial dysfunction and thrombosis [1-4]. The
adverse prognostic factors include advanced age, immuno-
suppression, obesity, diabetes, cardiovascular, pulmonologi-
cal renal diseases, pregnancy, and sickle cell disease (SCD)
[1,3,5,6].

In the USA, African Americans are disproportionately af-
fected by SARS-CoV-2 more than any other racial groups [7].
SCD is one of the most common hemoglobinopathies in the
world and people with the disease are more prone to SARS-
CoV-2 infection due to their immunosuppressive state from the
underlying disease and/or therapies [8, 9]. If infected, these pa-
tients have an increased risk of developing severe respiratory
complications, including acute respiratory distress syndrome
(ARDS), pneumonia and secondary bacterial infections [8].
It has been reported that morbidity and mortality of SARS-
CoV-2 is disproportionately higher among African Americans
with the exact cause being unknown [10, 11]. SCD is also
more common in this patient population [12, 13]. SCD patients
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are immunologically challenged and more vulnerable to mani-
fest severe respiratory infection and vaso-occlusive symptoms
from SARS-CoV-2 infection [14].

So far published data from different parts of the world on
SARS-COV-2 and SCD patients suggest conflicting outcomes.
A few studies from Europe and the USA suggest that SARS-
CoV-2 does not increase the mortality in SCD patients [8, 9,
15], whereas another study suggests detrimental effects of
SARS-CoV-2 infection in sickle cell patients [16]. The current
data for ideal management of SCD patients presenting with
SARS-CoV-2 are still under evaluation due to the scarcity of
published data.

Pregnancy causes a transient immunocompromised state
in the mother to protect the fetus, which increases mother’s
susceptibility to various respiratory pathogens [17]. Studies
have shown that angiotensin-converting enzyme 2 (ACE2) re-
ceptor on host cell surface in lung, erythroid, endothelial cells,
and placenta is responsible for mediating SARS-CoV-2 infec-
tion in humans [18, 19]. Being immunocompromised and with
the presence of ACE2 receptors in the placenta increases the
risk of SARS-CoV-2 infection during pregnancy [18, 20]. A
few case series have shown that pregnant patients with SARS-
CoV-2 have presented with fever, pneumonia, cough and dysp-
nea, similar to that of non-pregnant patients with SARS-CoV-2
infection. With this presentation, many of these patients de-
liver via cesarean section [18, 21]. Very few of these patients
required admission in the intensive care unit and mechanical
ventilation, and there was no maternal mortality reported [18].
The most common symptoms of SARS-CoV-2 in these pa-
tients are fever, dry cough, dyspnea, and myalgias, whereas
hematological complications include lymphopenia, thrombo-
cytopenia, coagulation disorders, and thrombotic events [1, 2,
5,6,22].

SCD patients are immunocompromised and are prone to
develop thrombosis. Pregnancy is also known to cause some
degree of physiological immunosuppression and an overall
pro-thrombotic state. Thus, pregnancy in SCD patients makes
them more vulnerable to infection, including SARS-CoV-2,
and thrombotic episodes. SARS-CoV-2 is found to cause
endothelial dysfunction and thrombosis. Thus, pregnancy in
a SCD patient with SARS-CoV-2 infection may have an in-
creased risk of adverse outcomes. To date, there are no pub-
lished reports on this topic. Here, we are presenting an interest-
ing case of SARS-CoV-2 infection in a pregnant SCD patient.
Surprisingly, the outcome of this case was not severe; however
we noticed an unusual presentation of leukoerythroblastosis in
her peripheral blood smear.

Case Report

Investigations

An asymptomatic pregnant 31-year-old female (G6P4) was
found to have SARS-CoV-2 infection during routine naso-
pharyngeal swab testing at 30 weeks of gestation. She also has
a history of SCD (HbSS). At 32 weeks of gestation, she pre-
sented with nausea, vomiting, constipation, decreased oral in-
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take and a pain crisis limited to her extremities. She continued
to test positive for SARS-CoV-2 on repeat testing. She denied
fever, shortness of breath or respiratory distress, chest pain or
cough. Although these are nonspecific features of pulmonary
SARS-CoV-2, the presence of these symptoms may have com-
plicated her clinical picture as to whether they are caused by
her infection or due to acute chest syndrome from her SCD.
On examination, she was in moderate distress due to pain, but
hemodynamically stable and was maintaining her oxygen satu-
ration. Clinical examination of other systems was within nor-
mal limit. Ultrasound of the abdomen showed a normal viable
fetus with normal heart rate and accelerations.

Diagnosis

Her laboratory values during this hospital stay are shown in
Table 1. Briefly, her complete blood count (CBC) showed
leukocytosis (white blood cell (WBC): 15.9 x 10%L) with
neutrophilia (87.5%), lymphopenia (7.7%) and normal mono-
cyte count (4.8%). She has chronic normocytic anemia (he-
moglobin: 8.9 g/dL, mean corpuscular volume (MCV): 99.8),
presence of a moderate number of sickle cells with a normal
platelet count (335 x 10%L). Viral panels (cytomegalovirus
(CMV), parvovirus B19 and Epstein-Barr virus (EBV)) were
undetectable for virus by polymerase chain reaction (PCR)
testing. SARS-CoV-2 was detected on two occasions by PCR
(Table 2).

Treatment

The patient was managed conservatively with intravenous hy-
dration and pain medications and was discharged 5 days after
admission.

Follow-up and outcomes

She returned to the emergency department the following day
with increasing pain in her extremities. Her CBC was notable
for persistent leukocytosis (WBC: 20.4 x 10%/L) with neutro-
philia (75.7%), lymphopenia (16.5%) and a normal monocyte
count (6.8%). Morphologic examination of the peripheral
blood smear showed the presence of a moderate number of
sickle cells and marked leukoerythroblastosis: rare myelo-
blasts (about 1%), markedly abundant nucleated red blood
cells (RBCs) (32 nucleated RBCs per 100 WBCs), 1.0% met-
amyelocytes, and many large and giant platelets were seen
(Fig. 1). Her previous peripheral blood smears (prior to the
positive SARS-CoV-2 test) did not show leukoerythroblasto-
sis. There was a rise in the percentage of HbS during her preg-
nancy, and she received a red cell transfusion (Table 3). She
received intravenous hydration and pain medications until her
delivery. The baby was delivered at 36 weeks via cesarean
section due to pre-term labor and intrauterine growth retarda-
tion. The leukoerythroblastic picture was transient and was
not appreciated 2 weeks post-delivery. The placenta of the pa-
tient was histologically mature but small for gestation age and
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Table 1. Complete Blood Count With Differential

T July 20, August 24, August 30, September 18, September 27,
2020 2020 2020 2020 2020

WBC count, x 10°/L 45-11.0 11.3 (H) 15.9 (H) 20.4 (H) 21.8 (H) 13.2 (H)
RBC count, x 10'2/L 3.70 - 5.50 3.55(L) 2.70 (L) 2.54 (L) 2.60 (L) 2.36 (L)
Hemoglobin, g/dL 12.0-16.0 11.2(L) 8.9 (L) 8.5(L) 8.4 (L) 7.6 (L)
Hematocrit, % 34.0 - 46.0 33.5(L) 27.0 (L) 25.8 (L) 25.0 (L) 22.9 (L)
Platelet count, x 10%/L 130 - 400 332 335 294 300 431 (H)
MPV, fL 6.8-10.0 8.7 10.3 (H) 9.7 9.7 8.8
Nucleated RBC/100 WBC % WBC 35 32 9 10
Polys (segs), % 76.4 87.5 75.7 70.2 52.9
Lymphocytes, % 17.0 7.7 16.5 17.3 33.7
Monocytes, % 5.8 4.8 6.8 9.6 5.8
Eosinophils, % 0.3 2.9
Basophils, % 0.5 1.0 2.9
Metamyelocytes, % 1.0 1.0
Myelocytes, % 1.9
Sickle cells Moderate Slight Slight Occasional
D-dimer, ng/mL 0-230 Not performed Not performed Not performed  Not performed  Not performed
CRP, mg/dL 0.1-0.8 Not performed Not performed Not performed  Not performed  Not performed
LDH, U/L 90 - 200 184 Not performed Not performed  Not performed  Not performed

WBC: white blood cell; RBC: red blood cell; MPV: mean platelet volume; segs: segmented neutrophils; CRP: C-reactive protein; LDH: lactate dehy-

drogenase; H: high; L: low.

had a three-vessel umbilical cord. No significant pathological
changes were noted in the placenta.

Discussion

The peripheral blood smear of our SCD patient showed imma-
ture erythroid and myeloid cells, including rare myeloblasts,
during her SARS-CoV-2 infection. Such findings can be con-
cerning for a myeloproliferative neoplasm (MPN) in other
clinical settings, but its implication is unknown in SARS-
CoV-2 patients. This case was diagnosed with transient leuko-
erythroblastosis in the setting of an acute SARS-CoV-2 infec-
tion. It has been shown by a few groups, including ours, that
immature erythroid and myeloid precursors are seen in periph-
eral smear of patients with SARS-CoV-2 infection [23, 24].
Based on a current literature search, we believe that our case
is the first study to report leukoerythroblastosis in a pregnant
SCD patient with SARS-CoV-2 infection.
Leukoerythroblastosis is defined by the presence of imma-
ture erythroid and myeloid precursors in peripheral circulation.

Table 2. Results for SARS-CoV-2 (PCR)

It can also be seen with certain infections, such as parvovirus
[25-28] and malaria [29], and in metastatic carcinomas [30-
32]. We do not know the clinical significance of this finding in
COVID-19, but we are hopeful that this observation will guide
us to understand its impact in the near future. There are reports
suggesting that SARS-CoV-2 infection can induce pathologi-
cal changes in placenta, such as decidual arteriopathy, features
of maternal vascular malperfusion (presence of intervillous
thrombi), and pre-eclampsia like syndrome [33, 34], but we
did not see any of these pathological changes in our patient.
Leukoerythroblastosis is not a feature of SCD. Pregnan-
cy in SCD patients causes some pathophysiologic changes to
meet the demand of pregnancy, but leukoerythroblastosis in
not one of them. SCD patients are pro-thrombotic and immu-
nocompromised, and pregnancy also causes further immuno-
suppression and accentuates the pro-thrombotic state. Thus,
pregnancy in SCD patients requires more intense care to meet
the clinical demand and is often categorized as a high-risk
group. Prior published reports suggest that SARS-CoV-2 in-
fections can cause more severe respiratory infection symptoms
in immunocompromised patients and induces endothelial dys-

July 8, 2020 July 13, 2020

August 7, 2020

August 24, 2020 September 18, 2020

SARS-CoV-2 Not detected Not detected

Detected

Detected Not detected

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; PCR: polymerase chain reaction.
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Figure 1. Peripheral blood smear. (a-c) Smear shows presence of abnormal RBC morphology in low and high magnification:
sickle cells (green arrow), target cells (blue arrow), schistocytes (*), nucleated RBCs (red arrow) along with giant platelets (*) and
myeloblast (black arrow). (d-f) Smear shows presence of myelocytes (red arrow) with Howell-Jolly body (green arrow) (d). (g-i)

Smear shows metamyelocytes (blue arrow). RBC: red blood cell.

function and thrombosis. Thus, the rational expectation is that
SARS-CoV-2 infection might play additive or synergistic role
and make the clinical outcome worse in SCD patients while
pregnant. Published data from different parts of the world in-
dicate that clinical outcome is not more severe in most cases
of SARS-CoV-2 infection in patients with SCD [8, 9, 15, 16].
One possible explanation for this clinical outcome might be
that most of the patients with SCD are relatively younger and
receive more frequent medical attention for their underlying
disease. Published studies suggest that pregnant women with
SARS-CoV-2 infections have more cesarean sections and more
placental pathological abnormalities, but with no increased
maternal mortality reported to date [18, 20, 33-35].

SCD patients are at increased risk of acute pulmonary ill-
ness and viral infections [36]. Previous studies have shown that
patients with SCD have increased rates of hospitalization and

Table 3. Hemoglobin Electrophoresis Results

intensive care admission when infected with seasonal influenza
[37]. Furthermore, these patients are also at increased risk of
vaso-occlusive crises and acute chest syndrome with hypoxia
induced by the infection and is a major cause of mortality in
these patients [38]. A case series from India [39] also showed
an increased risk of pregnancy complications in SCD patients
with COVID-19. They noted in their cohort that this increased
risk might not be related to the anemia or respiratory issues in
SCD and COVID-19. Similarly, these patients are more prone
to severe SARS-CoV-2 infection related complications than the
normal population as their immune system is compromised by
the disease process as well as by therapy (hydroxyurea) [14,
39]. This is an open and active area of research.

As the leukoerythroblastic peripheral blood findings seen
in this patient were transient, there was little clinical concern
for a primary bone marrow disease or bone marrow necrosis,

Reference range August 7, 2020 August 24, 2020 August 30, 2020
Hemoglobin A, % 95.0 - 98.0 36.5 (L) 25.1 (L) 19.5(L)
Hemoglobin A2, % 1.9-3.1 3.7 (H) 4.0 (H) 4.4 (H)
Hemoglobin F, % 0.0-<2.0 4.9 (H) 4.8 (H) 4.5 (H)
Hemoglobin S, % 0.0-0.0 54.9 (H) 66.1 (H) 71.6 (H)

H: high; L: low.
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and therefore a bone marrow biopsy was not indicated. Bone
marrow biopsy findings in SCD patients with leukoerythro-
blastosis have been reported. These studies showed evidence of
bone marrow necrosis in their marrow [40]. Focal bone marrow
necrosis can be a complication of vaso-occlusive crises in SCD
patients. They can present with a leukoerythroblastic blood pic-
ture. In the reported case series, two patients had pancytopenia,
high fevers, and one had a strikingly high nucleated RBC count.

In this context, our group and others have recently showed
leukoerythroblastic peripheral smear in a COVID-19 patient
without any history of underlying hematological malignancy
[23].

Learning point

This case is suggesting that the clinical outcome of SARS-
CoV-2 infection in a pregnant SCD patient is not as worrisome
as we thought. This finding is in line with other published re-
ports [18, 21]. The unusual presence of leukoerythroblastosis
in the peripheral smear suggests the importance of reviewing
the peripheral smear in COVID-19 patients, more so than with
asymptomatic patients. We believe that this observation will
help the scientific community to understand the pathogenic
impact of this coronavirus on hematopoietic system. This find-
ing might be served as a surrogate marker depending on future
studies. More studies are needed to elucidate the clinical sig-
nificance of this finding.
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