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Introduction

The ongoing outbreak of coronavirus disease 19 (COVID-19), 
also known as novel coronavirus pneumonia, is a serious 
infectious disease and the latest threat to global health. 
This disease first appeared in Wuhan, China in early De-
cember 2019. Within two months it had spread all over the 
world, and is caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). The structure of this virus is 
related to the virus which caused severe acute respiratory 
syndrome (SARS) and Middle East respiratory syndrome 
coronavirus (MERS) [1, 2]. This COVID-19 virus was initial-
ly thought to predominantly involve the respiratory tract, 
but later pathological changes in multiple organs were 
observed, including changes in the blood and complete 
blood picture [3].

Leukoerythroblastic reaction (LER) is defined as a con-
dition in which immature erythroid and myeloid cells are 
seen circulating in the peripheral blood. It is typically seen 
in bone marrow fibrosis, myeloproliferative neoplasm, and 
bone marrow metastatic disorders [4]. LER is very rare, and 
uncommon in viral infections until this disease came into 
existence. Here we present three cases (institutional study) 
of COVID-19-positive patients showing LER.

Material and methods

This study was carried out at a tertiary care hospital in Sep-
tember 2020 to specifically observe the leukoerythroblastic 
reaction in the general blood picture of 45 patients admit-
ted with COVID-19. The clinical, radiological, and hemato-
logical details of all the admitted COVID-19-positive patients 
were studied. After compiling the data of hematological 
observations, we came across three patients showing LER 
in peripheral blood smears. The clinical details, radiological 

findings, and laboratory findings of these three patients are 
set out in tabulated form. (Table I).

Clinical presentation

Case 1
COVID-19-positive 45-year-old male with a history of dia-
betes presented with influenza-like symptoms, which he 
had had for four days before admission, with no history of 
travelling abroad. Radiology showed lobar pneumonia; his 
symptoms worsened within two days and pO2 fell below 
92%; he was then intubated. On day 1 of admission, his 
complete blood picture (CBC) showed hemoglobin within 
the normal range (7.45 mmol/L), a normal white blood cell 
(WBC) count i.e. 9.8 ×109/L and differential leucocyte count 
(DLC) showed decreased lymphocyte count (1.7 ×109/L), 
30–32 nucleated red blood cells (RBC)/100 WBC was also 
seen and the platelet count was within the normal range 
(1.8 ×109/L) for age. On day 6, he developed leukocytosis 
(25 ×109/L) along with left-shifted myeloid cells (including 
occasional myelocytes and rare promyelocytes) along with 
immature erythroid cells (erythroblast). Monocytosis was 
also noted (1.5 ×109/L). However, platelets were normal 
(1.6 ×109/L) for age. RBC showed mild anisocytosis and 
rare dacrocytes (tear drop cells). Schistocytes were absent. 
No evidence of sepsis was noted on blood picture, and 
blood culture for sepsis was negative. The above picture 
was consistent with LER with a normocytic normochromic 
picture. Flow cytometry was advised to rule out any marrow 
infiltration. Bone marrow examination and flow cytometry 
showed normoblastic marrow reaction. No evidence of 
atypical cells or blasts was seen. After 20 days, the patient 
was clinically better and the hematology parameters had 
also come back to normal with resolution of neutrophilia.
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Table I. Clinical details, radiological findings, laboratory findings of three patients

Variable Patient 1 Patient 2 Patient 3

Age/sex 45/male 55/female 27/male

Clinical symptoms Fever, malaise, cough, diarrhea Fever, malaise, cough, breathless-
ness, chest pain, vomiting

Fever, malaise, cough, 
weakness

Underlying medical  
condition

Obesity, diabetes HTN, diabetes, obesity No comorbidity

Previous history  
of respiratory/cardiac illness 
or COVID-19 infection

NAD Coronary artery disease NAD

COVID-19 status at admis-
sion

RT-PCR positive four days before  
admission

Not known, presented with short-
ness of breath, became RT-PCR 
positive after admission

RT-PCR positive on day 
of admission

Radiological studies/diagno-
stic studies

Chest CT scan showed B/L pa-
tchy ground glass opacity with 
pleural effusion

Chest X-ray and CT scan chest sho-
wed B/L ground glass opacity

ECG showed ST segment elevation

CT scan showed patchy 
ground glass opacity B/L 
lung, lower lobe

Laboratory studies CRP: 267 mg/L

Ferritin: 678 ng/mL

D-dimer: 2,500 ng/mL

IL-6: 900 pg/mL

CRP: 220 mg/L

Ferritin: 1,008 ng/mL

D-dimer: 3,800 ng/mL

IL-6: 1,412 pg/mL

Troponin I: 10.25 ng/mL

CRP: 25 mg/L

Ferritin: 220 ng/mL

D-dimer: 2,900 ng/mL

IL-6: 450 pg/mL

Treatment given Ramdesivir 

Paracetamol, HCQ, Inj. Monocef, 
corticosteroids (inhaler or intra-
venous)

Vitamin C

Zinc

Vasopressin

Ramdesivir 

Paracetamol, HCQ, Inj. Monocef, 
corticosteroids (inhaler or intrave-
nous)

Vitamin C

Zinc

Paracetamol

HCQ

Inj Monocef

Vitamin C

Zinc

Outcome of hospital stay 20 days and discharged Died 10 days after admission 8 days and discharged
HTN — hypertension; NAD — no abnormality detected; RT-PCR — reverse transcriptase polymerase chain reaction; COVID-19 — coronavirus disease 19; CT scan — computed tomography scan; B/L — bilateral; 
ECG — electrocardiography; CRP — C-reactive protein; D-dimer — fibrin degradation fragment; IL-6 — interleukin 6; HCQ — hydroxychloroquine; inj. — injectable

Case 2
A 55-year-old obese female was admitted to the emergency 
department with fever, malaise, cough, breathlessness, 
chest pain, and vomiting. She was a known case of cor-
onary artery disease (five years previously she had had 
angiography followed by angioplasty) with hypertension 
and diabetes. At the time of admission, her COVID-19 
status was unknown. It was later discovered to be pos-
itive on a real-time reverse transcription-polymerase 
chain reaction (rRT-PCR) test. Chest X-ray and computed 
tomography (CT) scan showed bilateral ground-glass 
opacity and electrocardiogram (ECG) showed ST-segment 
elevation suggestive of myocardial ischemia. She was 
then transferred to intensive care unit and intubated. 
Her ferritin, C-reactive protein (CRP), and D-dimer levels 
were raised (Table I). Her basic hematology parameters 
showed hemoglobin 6.39 mmol/L, raised whole blood cell 
count (30 ×109/L), DLC showed decreased lymphocyte 

count (4.5 ×109/L), and 24–25 nucleated RBC/100 WBC 
was also seen. The platelet count was within the normal 
range (1.58 ×109/L). Monocyte count was mildly raised 
(1.1 ×109/L). A shift to left of neutrophilic cells was noted 
(myelocyte, metamyelocyte, band form, and bilobed neu-
trophils) and immature RBC were also seen (erythroblast). 
All the features of sepsis-like toxic granules, dohle bodies, 
vacuolation were absent, and blood culture for sepsis was 
negative. The above picture is consistent with LER. Based 
on this report, clinicians advised bone marrow examination 
and flow cytometry, which showed normoblastic marrow, 
and no evidence of marrow infiltration was seen. Unfortu-
nately, she died on the 11th day.

Case 3
A healthy, fit 27-year-old junior resident doctor of our in-
stitution who hwas on duty in a COVID-19 ward in August 
2020 presented with fever, malaise, cough, and weakness. 
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He had no co-morbidity. On admission, his real-time 
reverse transcription-polymerase chain reaction (rRT- 
-PCR) was positive for COVID-19. He had a fever of three 
days’ duration, and onset of cough occurred on day 2 of 
admission. His hemoglobin was within the normal range 
(8.07 mmol/L), normal WBC count (8.8 ×109/L) and DLC 
showed decreased lymphocyte count (1.6 ×109/L) and the 
platelet count was towards the lower side of the normal 
range (1.51 ×109/L), but his cough became increasingly 
severe. CT scan showed a patchy ground-glass pattern 
in the lower lobes of bilateral lungs. On day 8, he devel-
oped leukocytosis (25 ×109/L) along with a shift to left 
in neutrophilic cells (myelocytes, metamyelocytes and 
band forms) and 18–20 nucleated RBC/100 WBC were 
seen. Very mild monocytosis (1 ×109/L) was also noted. 
Platelets were towards the lower side of the normal range 
(1.48 ×109/L). All the features of sepsis were ruled out, 
including negative blood culture. Bone marrow examina-
tion and flow cytometry was advised. But on flow cytom-
etry, normoblastic marrow was reported by two separate 
hematologists. So, the above picture was consistent with 
LER with normocytic normoblastic picture on bone marrow 
examination and flow cytometry. After 8 days of hospital 
stay, the patient was discharged as he had clinically im-
proved, and also the hematology parameters had come 
back to normal.

Discussion

LER was first described by Weil and Clerc at the begin-
ning of the 20th century in metastatic malignancies [5]. 
The term ‘leukoerythroblastic’ was coined by Vaughn in 
1936; the synonyms of this term are leukemoid reaction 
with normoblasts and leukoerythroblastosis [6]. It is 
defined as a condition in which there is a presence of 
immature myeloid cells and nucleated red blood cells in 
the circulating blood [4]. LER is most commonly seen in 
patients with metastatic malignancies, but Clifford was 
the first to describe it in conditions other than cancer, 
including hemolytic anemia, blood loss (acute or chronic), 
congestive heart failure, sepsis, megaloblastic anemia, 
and tuberculosis [5–7].

LER is usually not seen in viral infections, except for 
one study by Lemont et al. in 2011 that showed LER can 
rarely be seen in parvovirus B19 infection [8].

A recent study by Mitra et al. on LER in patients with 
COVID-19 disease [4] supports our present study that 
LER can occur in COVID-19-positive patients. A similar 
study by Lee and Margolskee [9] showed leukoerythro-
blastosis and plasmacytoid picture in a seven-year-old 
child with multisystem inflammatory syndrome (MIS-C). 
Similarly, a study on multisystem inflammatory syndrome 
in adults (MIS-A) in SARS-CoV-2 infection was done by 
Morris et al. [10].

MIS-A is a complication of SARS-CoV-2 infection [11]. 
It is a rare condition, and to diagnose MIS-A the following 
criteria must be met:
1)	 Person >21 years who needs hospitalization in case 

of severe illness;
2)	 COVID-19 positive report of patient at admission or in 

the prior 12 weeks;
3)	 laboratory evidence of increased CRP, D-dimer, ferri-

tin, and IL-6 levels;
4)	 no evidence of previous severe respiratory illness (to 

exclude patients with organ dysfunction or sepsis).
Studies have been done on MIS-A since COVID-19 came 

into existence. In our study, all three cases with LER fulfilled 
the above criteria of MIS-A, as they were all >21 years and 
had COVID-19-positive reports with no previous severe re-
spiratory illness, but with increased levels of CRP, D-dimer, 
and ferritin (Table I).

Furthermore, in our study, these three cases with MIS-A 
showed increased levels of IL-6. This was supported by 
Pierce et al. [11] who compared IL-6 levels of children and 
adults. They came to the conclusion that IL-6 levels play 
a significant role in MIS-A [11]. IL-6 level was markedly raised 
in all three cases, with the highest level (1,412 pg/mL)  
in case 2 (Table I).

In our study, the peripheral smear of these patients 
showed the presence of immature myeloid cells and nu-
cleated red blood cells with mild anisocytosis in the circu-
lating blood (Figure 1A–C and Figure 2). Smears of these 
patients also showed neutrophilia, which indicates that 
the body was producing leucocytes to fight the infection. 
However, contrary to this finding in SARS-CoV-2 infection, 
reactive lymphocytes are commonly seen in viral infections 
such as infectious mononucleosis, dengue fever, etc. In 
COVID-19 patients, lymphocytes showed abundant distinct 
pale blue cytoplasm with skirting of lymphocytes with abut-
ting adjacent red blood cells. Smudge cells were also seen 
in case 1 and case 2 which is supported by the study by 
Jerez et. al. that smudge cells are seen in COVID-19 pa-
tients [12]. These features are consistent with the findings 
of leukoerythroblastic reaction.

Limitations of study

Our study is limited by the relatively small patient group 
and the single-center approach. As our understanding of 
this novel virus keeps evolving, the spectrum of disease, 
clinical manifestations, and pathophysiology underlying 
this infection will be enhanced over the coming months.

From the above study we conclude that in the current 
scenario, for future reference, if a patient presents with fe-
ver, cough, and pneumonia along with leukoerythroblastic 
reaction in peripheral smear, we should always try to rule 
out SARS-CoV-2 infection and advise COVID-19 testing rath-
er than bone marrow examination and flow cytometry for 
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Figure 2. Peripheral smear at 100× magnification shows red blood 
cells (RBCs) showing microcytes, tear drop cells, target cells, hel-
met cells along with nucleated RBCs and left-shifted neutrophilic 
cells (Leishman stain, 100×)

suspected leukemia and malignancy workup. This is help-
ful in COVID-19 patients to avoid unnecessary blood work-
up and diagnostic tests.
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Figure 1A–C. Peripheral smear at 100× magnification: left shift of myeloid series showing myelocyte (arrow in figures A and C), metamyelo-
cyte, (arrowhead figure C) neutrophil along with immature late (orthrochromatic) erythroid precursors in background of mild anisopoikilocy-
tosis showing microcytes, target cells (red arrow) and helmet cell (green arrow) (Leishman stain, 100×)
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