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Abstract The 2019 novel coronavirus (2019-nCoV) orig-

inated in Wuhan City of China. In India, first confirmed

case of coronavirus disease (COVID-19) was reported on

January 30, 2020 and India is presently hit by second wave

of COVID-19. The aim of the present study was to evaluate

bone marrow findings of COVID-19 by minimally invasive

autopsies to aid in understanding pathophysiology of the

disease. This prospective study was conducted at tertiary

care centre of Western Rajasthan. After obtaining approval

from Institute’s ethics committee and consent from next of

kins, minimally invasive autopsies were conducted in 37

COVID-19 deceased patients within an hour after the

death. The tissue specimens were processed with standard

biosafety measures. Electronic medical records were

reviewed retrospectively and patients’ clinical details and

results of laboratory investigations were noted. In this

prospective study, bone marrow biopsies were collected

from 37 COVID-19 minimally invasive autopsies. Mean

age of these cases was 61.8 years and male: female ratio

was 2.36. Comorbidities were observed in 25 (67.5%) of all

cases. Histopathological analysis revealed hypercellular,
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normocellular and hypocellular marrow in 5, 25 and 5

cases respectively (two biopsies were inadequate). There

was marked interstitial prominence of histiocytes in 24

(68.5%) cases. Out of these, evidence of haemophagocy-

tosis was observed in 14 (40%) cases, marked increase of

haemosiderin laden macrophages in 20 (57.1%) cases.

There was prominence of plasma cells in 28 (80%) cases.

The present study attempted to fill the gap of dearth of

literature from our country in COVID-19 autopsy studies

by highlighting bone marrow findings. The data support the

evidence of development of secondary haemophagocytic

lymphocytosis in COVID-19 cases.

Keywords COVID-19 � Bone-marrow � Autopsy �
Haemophagocytosis

Introduction

The 2019 novel coronavirus (2019-nCoV) or the Severe

Acute Respiratory Syndrome Corona Virus-2 (SARS-CoV-

2), originated in Wuhan City of Hubei Province of China.

In India, first confirmed case of coronavirus disease

(COVID-19) was reported on January 30, 2020 and since

then the virus has spread across the country [1]. More than

178 million cases of COVID-19 and more than 3.8 million

deaths have been reported in the world [2,3]. Recently, a

second wave had hit India and in the month of May, there

was a time when more than four lakhs new cases and more

than four thousand deaths were reported on a single day

from India [3].

Patients commonly present with respiratory symptoms,

however, symptoms related to other organ systems have

also been reported [4]. Among many queries that need to

be addressed are the mechanism(s) and pathophysiology

underlying the development of these symptoms.

Historically, clinical autopsy has been an invaluable tool

to understand the pathophysiology of diseases. Pathogen

was novel and little was known about it, hence clinical

autopsies were attempted in COVID-19 deaths as an aid to

understand the biologic characteristics of SARS-CoV-2

and pathogenesis of COVID-19. Initial studies had focus-

sed on lung, liver and heart by doing minimally invasive

autopsies and reported diffuse alveolar damage with hya-

line membrane in lungs as well as macro and microvascular

thrombosis as a major histopathological finding in these

patients [5–7]. Later, focus had shifted to study other

organs as well including lymph nodes, spleen and bone

marrow changes in COVID-19 deaths in an attempt to look

for evidence of haemophagocytosis [8]. Recent studies

noted high incidence of haemophagocytosis in bone mar-

row and provided data to support evidence of secondary

haemophagocytic lymphohistiocytosis (HLH) in COVID-

19 patients [9,10].

However, there is paucity of data on bone marrow

findings in COVID-19 from India. In this study, we have

made an effort to report bone marrow findings in thirty-

seven autopsy specimens of COVID-19.

Material and Methods

This prospective study, which spanned from May 2020 to

August 2020, was conducted at a tertiary care centre of

Western Rajasthan. After obtaining approval from Insti-

tute’s ethics committee and informed written consent from

next of kins, minimally invasive autopsies were conducted

on deceased COVID-19 patients within an hour of the

death. All of these patients were diagnosed COVID-19

cases admitted in our Institution and had succumbed to the

disease. These cases were diagnosed at the time of

admission by polymerase chain reaction (PCR) test for

SARS-CoV-2 performed on a nasopharyngeal swab and

were managed in accordance with guidelines published by

Ministry of Health & Family Welfare (MoHFW) and

Institutional protocol [11]. Bone marrow biopsy specimens

were retrieved from posterior superior iliac spine and were

kept in neutral buffered formalin for 48 h and then pro-

cessed with standard biosafety measures.

Formalin-fixed paraffin embedded tissues were sec-

tioned on glass slides and stained with Haematoxylin and

Eosin (H&E). The bone marrow biopsies were evaluated

for cellularity, overall appearance of haematopoietic com-

ponents and to look for presence of haemophagocytosis by

three pathologists independently. Immunohistochemical

staining was performed for CD68 (Thermo Fisher Scien-

tific, KP-1, 1:400) and CD138 (Thermo Fisher Scientific,

MI15, ready to use) on bone marrow biopsy sections to

highlight macrophages and plasma cells respectively.

We adopted visual estimation of plasma cell percentage

subjectively. H&E sections and CD138 sections were

examined by two pathologists independently to look for

interstitial prominence and/or cluster of plasma cells.

Plasma cells were considered increased when there was

either interstitial prominence of plasma cells or if there

were presence of clusters of plasma cells in the bone

marrow biopsy sections.

Electronic medical records of all cases were reviewed

retrospectively and patients’ demographic data, clinical

details including presence of co-morbidities and results of

laboratory investigations [including complete blood count

(CBC), X-ray chest, D-dimer, Serum interleukin-6 (IL-6)

levels and liver function tests (LFT)] were noted.

Statistical analysis was performed using SPSS (version

20.0, Armonk, NYN:IBM corp). Continuous variables
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were expressed in mean ± SD and categorical variables

were expressed in number (%). Independent student ‘t’ test

and Chi square test were applied to calculate p-value for

continuous data and categorical variables respectively. p-

value less than 0.05 was considered as statistically

significant.

Results

In this prospective study, a total of 37 bone marrow

biopsies were done while performing minimally invasive

clinical autopsies during the study duration.

Mean age of the cases was 61.8 years (range,

28–85 years) and male:female ratio was 2.36:1. Comor-

bidities were observed in 25 (67.5%) cases (Table 1). It

was observed that 14(40%) cases had mild anaemia

whereas severe anaemia, leucopenia and thrombocytopenia

were observed in one case each. Bicytopenia was noted in

three (8.3%) cases and pancytopenia was observed in two

(5.5%) cases. On CBC, 13 (36.1%) cases did not show any

cytopenia.

Post-mortem histopathological analysis of bone marrow

sections revealed normocellular marrow in 25 (71.4%)

cases and hypercellular marrow in five (14.3%) patients

whereas bone marrow was hypocellular marrow in five

(14.3%) cases (Two biopsies were inadequate for conclu-

sive opinion). Bone marrow biopsies revealed presence of

all haematopoietic components. Granulocytic series

revealed mild prominence with shift to left in all the cases

and marked prominence of megakaryocytes was noted in

one(2.7%) case. In 24(68.5%) cases, there was marked

interstitial prominence of histiocytes scattered throughout

the sections. Histiocytes revealed evidence of

haemophagocytosis (Fig. 1) in 14(40%) cases and there

was marked increase of haemosiderin laden macrophages

in 20(57.1%) cases. In two cases, the haemophagocytic

histiocytes formed aggregates. On H&E and CD138

stained sections, prominence of plasma cells was noted

(Fig. 1) in 28(80%) cases. It was noted as interstitial

increase in 78.6% (22/28) and as small aggregates in 21.4%

(6/28) cases. Immunohistochemical staining with anti-

CD68 (Fig. 2) and anti-CD138 antibodies (Fig. 3) high-

lighted prominence of histiocytes and plasma cells

respectively. There was no evidence of necrosis, granu-

loma formation or presence of any haemoparasite in any of

the bone marrow biopsy.

We divided cases in to two groups based on presence or

absence of haemophagocytosis on bone marrow examina-

tion (Group A and B respectively). Table 2 reveals com-

parison of various parameters (Including temperature at the

time of admission, age, haemoglobin, Total leucocyte

count, platelet count, Neutrophil–Lymphocyte ratio (NLR),

D-dimer, IL-6, aspartate aminotransaminase (AST), ala-

nine aminotransferase (ALT), alkaline phosphatase (ALP),

total bilirubin and duration of hospital stay) between these

two groups. We observed that there was statistically sig-

nificant difference in respect to NLR and duration of hos-

pital stay between two groups (Table 2).

Discussion

Clinical autopsy has an important place in human history in

understanding pathobiology of various diseases. Although

many studies have been published in an attempt to under-

stand the disease pathobiology by conducting clinical

autopsies in COVID-19 deaths in West, literature from

Indian subcontinent is scarce. Prominent observations have

been damage to the surface layers of airway epithelial cells

and massive lung involvement with diffuse alveolar dam-

age (DAD) and microvascular thrombi5. With time, focus

has moved towards study of other organ systems and

immune dysfunction and development of hyperinflamma-

tory state have been implicated for morbidity and mortality

of affected patients. Studies have also observed an over-

production of cytokines, possibly correlating with sec-

ondary HLH [12]. Hence, evaluation of bone marrow in

Table 1 Basic clinical data of COVID-19 suspect and positive cases

Characteristics Result

Age, (Mean ± 2SD) (years) 62.17 ± 11.20

Male, no. (%) 28 (75.67)

Female, no. (%) 9 (24.3)

Comorbidities, no. (%)

Diabetes mellitus, type 2

Hypertension

Coronary artery disease

Interstitial lung disease

Hyperthyroidism

Malignancya

Bronchial Asthma

Othersb

None

15 (40.54)

12 (32.43)

04 (10.8)

02 (5.4)

02 (5.4)

01 (2.7)

01 (2.7)

04 (10.8)

12 (32.43)

Chest X-ray findings, no. (%)

Normal

Unilateral lung opacities

Bilateral lung opacities

03 (8.1)

08 (21.62)

26 (70.2)

SD: standard deviation
aChronic lymphocytic leukemia 1 patient
bNocardiosis 1 patient, Tuberculosis 1 patient, Rheumatic heart dis-

ease 1 patient, Parkinson’s 1 patient

418 Indian J Hematol Blood Transfus (Apr-June 2022) 38(2):416–421

123



affected patients is important for better understanding

pathophysiology.

There is dearth of literature from Indian subcontinent

and in the present study, we made an attempt to fill this gap

by evaluating bone marrow histopathology in clinical

autopsy specimens from COVID-19 patients.

Studies from West including United states of America,

Spain and United Kingdom have observed trilineage hae-

matopoiesis, myeloid prominence, histiocytic prominence

and evidence of haemophagocytosis prominently

[10,13,14].

In addition, Prieto-Pérez et al. also noted prominence of

plasma cells, aggregates of CD8 ? lymphocytes and

Fig. 1 Sections from bone marrow biopsy. a Section reveal myeloid and erythroid components along with paratrabecular prominence of

histiocytes with evidence of haemophagocytosis b Section reveals all haematopoietic components with interstitial prominence of plasma cells

(Haematoxylin and Eosin; 40X)

Fig. 2 Immunohistochemical staining for CD68 on bone marrow biopsy section highlights histiocytes with some showing evidence of

haemophagocytosis (a and b; 40X)

Fig. 3 Immunohistochemical staining for CD138 on bone marrow biopsy section highlights plasma cells (a and b; 40X)
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frequent presence of clusters of megakaryocytes. Further,

they also performed bone marrow biopsy in three live

COVID-19 patients and found bone marrow

haemophagocytosis as well as other criteria of making a

diagnosis of secondary HLH [13]. In our study, we did not

find lymphoid aggregates and the bicytopenia or pancy-

topenia was also not a frequent finding.

In an Italian study, bone marrow biopsies were exam-

ined in 22 COVID-19 autopsies which revealed promi-

nence of macrophages, haemophagocytosis and

hypocellular bone-marrow and megakaryocytic hyperplasia

whereas we observed hypocellular bone marrow in just five

cases and megakaryocytic hyperplasia in one case only

[15].

Bryce et al., in their study of 67 cases from New York

city, could study bone marrow in six cases and found

haemophagocytosis in four cases and decreased

megakaryocytes in one case. In addition, they studied

splenic tissues inn 22 cases and noted haemophagocytic

histiocytes in seven cases [16]. Literature has emphasized

that NLR has good predictive values not only on disease

severity but also on mortality in patients with COVID-19

infection. Our findings are in accordance with the pub-

lished literature [17].

Frequent observations of haemophagocytosis in previ-

ous studies as well as in our study support the hypothesis

that HLH is induced due to COVID-19 by virtue of acti-

vation of the IL-1/IL-6 pathway, including overproduction

of IL-1b by macrophages. In our study we noted that IL-6

levels were increased in all the cases, however, it was

increased in all the cases irrespective of presence of

haemophagocytosis.

Evidence of bone-marrow haemophagocytosis is just

one criteria and is not sufficient to make a diagnosis of

secondary HLH in these COVID-19 deaths, as

haemophagocytosis may be secondary to infection-induced

processes in the body. In past, studies have shown that the

presence of marrow haemophagocytosis has limited sen-

sitivity(83%) and specificity(60%) for the diagnosis of

HLH and should be supplemented by other criteria [18].

The present study highlights the bone marrow changes,

which are primarily reactive in nature and showed

haemophagocytosis in majority of cases. While the major

thrust is on lungs in COVID-19, changes observed in

present study might be result of an indirect insult to the

bone-marrow milieu in COVID-19 infections.

To conclude, the present study attempts to fill the gap of

dearth of literature from our country in COVID-19 autopsy

studies by highlighting bone marrow findings. We identi-

fied high incidence of haemophagocytic histiocytes in

patients with fatal COVID-19. Although we could not do

complete work-up for sHLH still, our findings suggest that

a differential diagnosis of sHLH should be kept high in

severe and deteriorating cases of COVID-19 and ancillary

investigations must be done.
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Table 2 Comparative clinical and laboratory data of COVID-19 cases

All cases (35)

(Mean ± 2SD)

Group Aa (25)

(Mean ± 2SD)

Group Bb (10)

(Mean ± 2SD)

p-value

Temperature at the time of admission (�C) 100.026 ± 1.273 100.24 ± 1.082 99.49 ± 1.6 0.197

Age (Years) 62.17 ± 11.20 60.36 ± 11.58 66.7 ± 9.19 0.103

Hb (gm/dL) 12.05 ± 1.93 12.05 ± 2.15 12.06 ± 1.38 0.998

TLC (9 103/cumm) 11.42 ± 15.55 8.43 ± 4.233 18.58 ± 27.57 0.276

NLR 10.03 ± 9.14 14.17 ± 12.01 6.92 ± 5.18 0.017

Platelet count (9 103/cumm) 222.73 ± 87.63 212.5 ± 80.40 247.3 ± 103.4 0.358

D-Dimer (microgram/mL) 3.94 ± 2.99 3.52 ± 2.326 5.44 ± 4.63 0.365

IL-6 (pg/mL) 423.61 ± 454.34 401.44 ± 463.54 467.94 ± 459.31 0.728

AST (U/L) 72.92 ± 48.85 61.0 ± 31.39 106.03 ± 72.19 0.103

ALT (U/L) 46.25 ± 32.70 44.07 ± 30.67 52.31 ± 39.14 0.579

ALP (IU/L) 136.50 ± 142.17 124.76 ± 99.20 169.11 ± 228.54 0.587

Total bilirubin (lmol/L) 15.59 ± 20.56 16.14 ± 23.42 14.06 ± 9.75 0.719

Duration of hospital stay (days) 9.54 ± 6.89 10.80 ± 7.3 6.40 ± 4.67 0.044

aGroup A—Cases wherein bone marrow examination revealed histiocytosis and evidence of haemophagocytosis
bGroup B—Cases wherein bone marrow examination did not reveal histiocytosis and evidence of haemophagocytosis,

Hb: Haemoglobin; TLC: Total Leucocyte Count; NLR: Neutrophil–Lymphocyte ratio; IL-6: Interleukin-6; AST: Aspartate Aminotransferase;

ALT: Alanine Aminotransferase; ALP: Alkaline Phosphatase
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