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Abstract
Introduction: The clinical and laboratory features of severe COVID-19 infection 
overlap with those of hemophagocytic lymphohistiocytosis (HLH), a hyperinflamma-
tory disorder often associated with several viral infections. The clinical syndrome of 
HLH encompasses fever, organomegaly, cytopenias, hyperferritinemia, hypertriglyc-
eridemia, raised transaminases, hypofibrinogenemia, absent natural killer (NK) cell 
activity, increased soluble CD25 and hemophagocytic lymphohistiocytosis in bone 
marrow, spleen, and lymph nodes.
Methods: We analyzed clinicopathological and laboratory features of thirteen pa-
tients with severe COVID-19 infection suspected to have HLH and found to have 
hemophagocytic histiocytosis on bone marrow examination (BME).
Results: Five of thirteen (38.46%) patients fulfilled five of eight HLH 2004 criteria 
and/or had a H-score ≥169. Three (23.08%) satisfied four of eight and remainder 
five (38.46%) satisfied three of eight HLH 2004 criteria. Fever, raised serum ferritin 
(13/13, 100%), transaminases (9/13, 69.23%), triglycerides (4/13, 30.76%), cytope-
nias (5/13, 38.46%), hypofibrinogenemia (2/13, 15.38%), and organomegaly (1/13, 
7.69%) were observed in our patients. BME showed hemophagocytic histiocytosis 
without lymphocytosis in all. Contrary to HLH, lymphocytopenia (11/13, 84.61%), 
leukocytosis (7/13, 53.84%), neutrophilia (7/13, 53.84%), and hyperfibrinogenemia 
(7/13, 53.84%) were observed. Serum CRP, LDH, and plasma D-dimer were elevated 
in all, while serum albumin was decreased in 12 of 13 (92.3%) patients. Five patients 
recovered with high-dose pulsed corticosteroid therapy.
Conclusion: The immune response associated with severe COVID-19 infection is 
similar to HLH with few differences. HLH should be suspected in severe COVID-19 
infection although all patients may not fulfill required HLH diagnostic criteria. BME 
should be done in suspected cases so that appropriate therapy may be initiated early.
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1  | INTRODUC TION

Coronavirus disease 2019 (COVID-19), a disease caused by the se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has 
become a pandemic with massive disease burden. As of November 
10, 2020, COVID-19 has been confirmed in 51.5  million people 
worldwide, with a mortality rate of approximately 3.4%. In India, 
8.64 million confirmed cases have been recorded with an estimated 
mortality of 1.6% as of November 10, 2020.1,2 It commonly pres-
ents with fever, cough, dyspnea, and myalgia. Although the majority 
of patients with COVID-19 have mild symptoms, some progress to 
serious outcomes including pneumonia, acute respiratory distress 
syndrome (ARDS), multiorgan failure and even death.3 Some of the 
serious patients admitted in the intensive care unit (ICU) have clini-
cal and laboratory features mimicking hemophagocytic lymphohis-
tiocytosis (HLH) a condition characterized by a cytokine storm with 
severe life-threatening hyperinflammation.4-6 The early identifica-
tion of this HLH-like picture is crucial for the management of these 
patients. In this study, we evaluated clinicopathological and labora-
tory parameters in thirteen patients with serious SARS-CoV-2 infec-
tion who underwent bone marrow examination (BME) for suspected 
HLH based on clinical and laboratory parameters and were found to 
have hemophagocytic histiocytosis on BME.

2  | MATERIAL S AND METHODS

This study included thirteen SARS-CoV-2 infected patients who 
turned out negative for SARS-CoV-2 with due course of time but still 
had severe respiratory distress and were in the ICU. All patients had 
clinical features and laboratory findings partially overlapping with 
HLH 2004 diagnostic criteria and/or the H-score which are used for 
the diagnosis of HLH (Table 1).7,8 All patients underwent BME which 
included bone marrow aspiration (BMA) and bone marrow biopsy 
(BMB) and were found to have hemophagocytic histiocytosis on 
BMA and BMB.

The demographic details (age, sex), date of onset of symptoms 
and date of admission of each patient were recorded. Clinical find-
ings of each patient including fever, sore throat, cough, organomeg-
aly, and respiratory distress were recorded from history obtained 
from the patient's relatives and from hospital records. Laboratory 
investigations done in all patients included complete blood count, 
serum ferritin, C-reactive protein (CRP), aspartate transferase (AST), 
alanine transferase (ALT), lactate dehydrogenase (LDH), albumin, 
triglycerides and creatinine, plasma fibrinogen and D-dimer and 
screening for viral infections including hepatitis B virus (HBV), hep-
atitis C virus (HCV), human immunodeficiency virus (HIV), cytomeg-
alovirus (CMV), Epstein-Barr virus (EBV), and herpes simplex virus 

TA B L E  1   Diagnostic criteria for hemophagocytic lymphohistiocytosis (HLH). Adapted from Henter et al7 and Fardet et al8

HLH 2004 criteria (5 of the 8 criteria below are required for a diagnosis of HLH)7

Clinical variables Biochemical variables Cytological variables Other variables

•	 Fever ≥38.5°C •	 Serum triglycerides >265 mg/dL and/
or

•	 Plasma fibrinogen <150 mg/dL

•	 Cytopenia in ≥2 series
○	 Hemoglobin <9 g/dL
○	 Platelet count <100 × 109/L
○	 Absolute neutrophil count 

<1 × 109/L

•	 Low or absent NK cell activity

•	 Splenomegaly •	 Serum ferritin >500 ng/mL •	 Hemophagocytosis in bone 
marrow, spleen, lymph nodes, liver

•	 Soluble CD25 (soluble 
interleukin-2 receptor) > 2400 U/
mL

H-score (H-score values ≥169 favors a diagnosis of HLH8

Clinical variables Biochemical variables Cytological variables Other variables

•	 Immunosuppression
○	 Absent: 0 points
○	 Present: 18 points

•	 Serum triglycerides (mmol/L)
○	 <1.5: 0 points
○	 1.5-4.0: 44 points
○	 4.0: 64 points

•	 or plasma fibrinogen (g/L)
○	 2.5: 0 points
○	 ≤2.5: 30 points

•	 Cytopenia
○	 Single series: 0 points
○	 Two series: 24 points
○	 Three series: 34 points

•	 Fever (°C)
○	 <38.4: 0 points
○	 38.4-39.4: 33 points
○	 >39.4: 49 points

•	 Ferritin ng/mL
○	 <2000: 0 points
○	 2000-6000: 35 points
○	 >6000: 50 points

•	 Hemophagocytosis in the bone marrow
○	 Absent: 0 points
○	 Present: 35 points

•	 Splenomegaly
○	 Absent: 0 points
○	 Hepatomegaly or 

splenomegaly: 23 points
○	 Hepatomegaly and 

splenomegaly: 38 points

•	 Serum AST IU/L
○	 <30: 0 points
○	 ≥30: 19 points
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(HSV). Prior to BME, all patients had at least four of the following 
mentioned features (fever, organomegaly, hypertriglyceridemia, hy-
pofibrinogenemia, hyperferritinemia, raised transaminases, and cy-
topenias). All patients had at least one chest X-ray and CT scan done 
during the period of admission in the ICU.

All patients underwent BME after obtaining written, informed 
consent from their close relatives. BMA and BMB were done from 
the posterior superior iliac spine or the anterior superior iliac spine, 
under aseptic precautions while using personal protective equipment 
including N-95 mask. 16-gauge Salah needle and 11-gauge Jamshidi 
needle were used for obtaining BMA and BMB specimens, respec-
tively. Smears were made from BMA specimens and were stained 
with Leishman stain. BMB specimens were fixed in 10% buffered 
formalin; decalcified in EDTA for 48 hours, and paraffin embedded 
using standard procedures. Sections (4 μm thick) were made from 
paraffin-embedded BMB specimens and stained separately with he-
matoxylin and eosin to assess morphology and with immunohisto-
chemical stain (monoclonal mouse anti-human anti-CD68 antibody 
(clone PG-M1, M0876, Dako, Agilent) at a dilution of 1:200) for iden-
tification of histiocytes.

We used the method described by Ho et al for quantification 
of hemophagocytosis in BMA smears.9 For each case, two BMA 
smears were examined initially at low power magnification (40×) 
for the detection of histiocytes, followed by counting of he-
mophagocytes per slide at high power magnification (1000×). The 
average number of hemophagocytes per slide was estimated by di-
viding the total number of hemophagocytes observed in both the 
slides by two. Only those histiocytes showing engulfment of intact 
nucleated red cells, neutrophils, granulocytic precursors, lympho-
cytes, or plasma cells were counted. BMB sections in each patient 
were examined for cellularity, presence of hemopoietic precursors 
and hemophagocytes. The study was approved by the Institutional 
Ethics Committee.

Statistical analysis was done using Statistical Package for Social 
Sciences, version 23 (SPSS-23, IBM, Chicago, USA). The intergroup 
data were compared using the independent sample t test for para-
metric and the Mann-Whitney U test for nonparametric distributions.

3  | RESULTS

3.1 | Demography, baseline clinical characteristics 
and co-morbidities

The study included seven males and six females with age ranging 
from forty-one to seventy-four years. Fever was present in all thir-
teen patients. Organomegaly (hepatomegaly) was seen in only one 
patient. Nine (69.23%) patients had chronic underlying health condi-
tions. Six (46.15%) patients had hypertension, four (30.76%) patients 
had diabetes and coronary artery disease and one patient had bron-
chial asthma. All patients had varying extent of bilateral ground glass 
opacities and/or consolidation in predominantly peripheral and basal 
locations on their chest radiographs and CT scans.

3.2 | Laboratory characteristics including 
BME findings

The mean serum triglycerides (mg/dL) was 248.30  ±  162.20 
(median  =  219, range  =  79-634). Serum triglycerides was in-
creased in 30.76% (4/13) patients. The mean plasma fibrinogen 
(mg/dL) was 389.07  ±  164.21 (median  =  422, range  =  46-673). 
Hypofibrinogenemia was seen in 15.38% (2/13) patients while hy-
perfibrinogenemia was observed in 53.84% (7/13) patients. The 
mean serum ferritin (ng/mL), CRP (mg/L), LDH (IU/L), and plasma 
D-dimer (ng/mL) were 6544.23  ±  16  157.66 (median  =  1429, 
range = 795-60 000), 105.40 ± 109.89 (median = 50, range = 10.4-
345), 1693.84 ± 1634.82 (median = 1319, range = 625-7046), and 
2219.38  ±  995.75 (median  =  1892, range  =  826-4124), respec-
tively. Serum ferritin, CRP, LDH, and plasma D-dimer were el-
evated in all patients. The mean serum AST (IU/L) and ALT (IU/L) 
were 557.24  ±  1265.09 (median  =  63.59, range  =  27-4556) and 
395.11 ± 804.65 (median = 82.00, range = 22-2866), respectively. 
Liver transaminases were elevated in 69% (9/13) patients. The mean 
serum albumin (g/dL) was 2.79 ± 0.59 (median = 2.83, range = 1.32-
3.7). Hypoalbuminemia was observed in 92.31% (12/13) patients. 
The mean serum creatinine (mg/dL) was 1.17 ± 0.53 (median = 1.0, 
range = 0.6-2.29). Serum creatinine was elevated in 23.07% (3/13) 
patients. The mean hemoglobin (g/dL) was 10.04  ±  2.63 (me-
dian = 10.5, range = 6.4-14.4). Hemoglobin was decreased in 76.92% 
(10/13) patients. The mean total leucocyte count (TLC) (/mm3) and 
absolute neutrophil count (ANC) (/mm3) were 11 560.84 ± 7206.63 
(median = 12 600, range = 691-22 900) and 10 227.07 ± 6693.16 
(median = 9108, range = 476-21 526), respectively. TLC and ANC 
were decreased in 15.38% (2/13) patients and increased in 53.84% 
(7/13) patients. The mean absolute lymphocyte count (ALC) (/mm3) 
was 887.84 ± 938.29 (median = 600, range = 126-3588). ALC was 
decreased in 84.61% (11/13) patients. The mean Neutrophil/lym-
phocyte (N/L) ratio was 19.33 ± 24.30 (median = 12.6, range = 1.39-
95). N/L ratio was increased in 84.61% (11/13) patients. The mean 
platelet count (/mm3) was 1.5 × 105 ± 0.96 × 105 (median = 1.5 × 105, 
range  =  0.10  ×  105-3.5  ×  105). Platelet counts were decreased in 
46.15% (6/13) patients. Cytopenias in ≥2 lineages (chiefly anemia, 
thrombocytopenia, and neutropenia) were present in 38.46% (5/13) 
patients. Soluble CD25 assay and natural killer (NK) cell activity 
were not done in our cases as these tests were not available in our 
Institute. All patients were negative for viral markers for HBV, HCV, 
HIV, CMV, EBV, and HSV by real time polymerase chain reaction. 
Bone marrow was hypercellular in ten patients and paucicellular 
in three patients. Megakaryocytes were adequate in all patients. 
Increased granulocytic precursors were observed in eleven patients, 
and erythroid hyperplasia was observed in two patients. All patients 
had hemophagocytic histiocytosis with engulfment of intact eryth-
roid precursors, neutrophils, granulocytic precursors and occasion-
ally lymphocytes and plasma cells (Figure 1). The mean number of 
hemophagocytes per slide was 4.23 ± 1.64 (median = 4, range = 2-7).

Five of thirteen (38.46%) patients satisfied ≥5/8 HLH 2004 cri-
teria and/or had H-score ≥169. Of these five patients, three patients 
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fulfilled ≥5/8 HLH 2004 criteria, four patients had a H-score ≥169 
and two patients satisfied both HLH diagnostic criteria. Of the 
eight patients who could not be classified to have HLH by either 
of the two criteria, three patients (23.08%, n = 3/13) fulfilled 4/8 
HLH 2004 criteria and five patients (38.46%, n = 5/13) fulfilled 3/8 
HLH 2004 criteria. All patients received high flow nasal oxygen 
(40  L/min to maintain a FiO2 of 100), intravenous steroid therapy 
(Dexamethasone 6  mg/day), broad-spectrum antibiotics, and low 
molecular weight heparin as part of the institutional COVID-19 ICU 
treatment protocol. On finding hemophagocytic histiocytosis on 
BME, all patients were shifted to high-dose intravenous pulsed ste-
roid therapy (Methyl Prednisolone 500 mg/day). Two patients were 
also administered intravenous immunoglobulin G. Eight patients re-
quired ventilatory support and succumbed to the illness. Of the five 
patients who survived, one patient required noninvasive ventilation. 
Demographic details, clinical features, laboratory findings, findings 
on BME, outcome and cause of death of patients in our study are 
enumerated in Table 2.

3.3 | Comparative data between patient groups 
(patients satisfying ≥4/8 vs patients satisfying <4/8 
HLH 2004 criteria) and (patients with H-score ≥163 vs 
patients with H-score <163)

Although all patients in our study had bone marrow hemophago-
cytic histiocytosis, only five of thirteen patients satisfied ≥5/8 HLH 

2004 criteria and/or had H-score ≥169. We compared the laboratory 
parameters of patients in our series who fulfilled ≥4/8 HLH 2004 
criteria vs those who satisfied <4/8 HLH 2004 criteria and patients 
in our series who had H-score ≥163 vs those with H-score <163 to 
determine whether the association of hemophagocytic histiocytosis 
with these groups was incidental or not. No statistically significant 
differences were observed between the compared groups (Table 3).

4  | DISCUSSION

Hemophagocytic lymphohistiocytosis is a rapidly progressive often 
fatal hyperinflammatory systemic disorder characterized by exces-
sive cytokine release and multisystem involvement. It can be primary 
or genetic and secondary or acquired.10 Acquired HLH is associated 
with viral infections, malignancies, autoimmune disease, and allo-
genic hematopoietic stem cell transplantation.11 The diagnosis of 
HLH is made when ≥5/8 HLH 2004 criteria are fulfilled, or the H-
score is ≥169. Histopathological examination of reticuloendothelial 
organs (bone marrow, liver, spleen, lymph node) shows lymphocy-
tosis and histiocytosis with hemophagocytosis.12 The hyperinflam-
matory immune response in severe SARS-CoV-2 infection has the 
lung at its epicenter and is characterized by fever, ARDS, and sys-
temic tissue damage involving particularly the liver, cardiovascular 
system, and kidneys.13 A number of variables of the severe SARS-
CoV-2 immune response overlap with HLH diagnostic criteria vari-
ables including fever, hyperferritinemia, raised transaminases and 

F I G U R E  1   Bone marrow examination in a patient with severe COVID-19 infection. A, Bone marrow aspirate (BMA) smear showing 
histiocytic hyperplasia (Leishman stain 40×). B, CD68 Immunohistochemical staining on bone marrow biopsy highlighting increased number 
of histiocytes with engulfed nuclei (CD68, 400×). C, BMA smear showing a macrophage with engulfed myelocyte, platelet, and normoblast 
(Leishman stain, 1000×). D, BMA smear showing hemophagocytosis with engulfment of multiple normoblasts (Leishman stain 1000×). 
E, BMA smear showing a histiocyte with a well-engulfed normoblast (Leishman stain 1000×). F, BMA smear showing a histiocyte with 
hemophagocytosis of a lymphocyte and a plasma cell (Leishman stain 1000×) [Colour figure can be viewed at wileyonlinelibrary.com]

(A) (B) (C)

(D) (E) (F)

www.wileyonlinelibrary.com
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hypertriglyceridemia, raising the suspicion that severe SARS-CoV-2 
infection is associated with a HLH like cytokine storm.4,6,11,14 Few 
clinical studies have observed that the immune response in severe 
SARS-CoV-2 infection is unlike that in HLH as it is not associated 
with organomegaly, cytopenias, or hypofibrinogenemia. On the con-
trary, it is associated with hyperfibrinogenemia, neutrophilia, and 
lymphopenia.15-17

Unlike HLH, we observed hyperfibrinogenemia in 53.84%, pe-
ripheral blood neutrophilia in 53.84%, peripheral blood lympho-
penia in 84.61%, and absence of bone marrow lymphocytosis in 
100% of our COVID-19 patients. However, a small number of our 
patients had hypofibrinogenemia (15.8%), cytopenias (38.46%), 
and organomegaly (7.69%) similar to HLH. All patients in our study 
had hemophagocytic histiocytosis on BME. Although the clini-
cal picture in our patients showed similarities to HLH, only five 
of thirteen patients fulfilled HLH diagnostic criteria. It is possible 
that a few more of our patients could have fulfilled HLH diagnostic 
criteria, had the estimation of soluble CD25 and NK cell activity 
also been done. Although the mere finding of hemophagocytosis 
on BME may not be sufficient to diagnose HLH, it is an important 
criteria to diagnose HLH.10 Gars et al observed that 23% of their 
HLH patients needed the finding of hemophagocytosis on BME to 
satisfy 5/8 HLH 2004 criteria and it was the only HLH 2004 crite-
ria variable that was observed in all their HLH patients.12 BME may 
be even more necessary in patients with severe COVID-19 infec-
tion with clinically suspected HLH as the frequent occurrence of 
hyperfibrinogenemia, neutrophilia, and infrequent occurrence of 
cytopenias in severe COVID-19 infection may contribute to lesser 
number of HLH diagnostic criteria points. A standardized method 
for quantification of hemophagocytosis is not well described in 
literature. Ho et al counted the number of hemophagocytes over 
the entire smear in two slides and after averaging, obtained the 
number of hemophagocytes per smear.9 Singh et al considered 
hemophagocytosis to be significant if there were ≥2 hemophago-
cytes per slide.18 Gars et al suggested that the presence of ≥1 he-
mophagocyte with an ingested granulocyte, ≥2 hemophagocytes 
with ingested nucleated red cells and ≥1 hemophagocyte with 
ingested lymphocytes together in the bone marrow has a 100% 
accuracy for predicting HLH.12

Table  4 compares our study with two recent COVID-19 stud-
ies with fewer patients (n = 3, in both studies) where antemortem 
BME was done. All patients in our study and the study by Prieto-
Perez et al5 presented with fever, while only one patient had fever 
in the study by Debliquis et al.19 Splenomegaly was observed in one 
patient in the study by Prieto-Perez et al5 while we observed hep-
atomegaly in one patient. Hyperferritinemia and bone marrow he-
mophagocytic histiocytosis were observed in all patients in all three 
studies. Elevated mean serum AST, LDH and CRP, mean plasma fi-
brinogen and D-dimer, mean TLC along with decreased mean ALC 
were observed in our study and in the study by Debliquis et al.19 
Data on these parameters were not available in the study by Prieto-
Perez et al.5 Bicytopenia was observed in five of thirteen patients in 
our study, two of three patients in the study by Prieto-Perez et al5 N
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and in one of three patients in the study by Debliquis et al.19 Soluble 
CD25 was elevated in one patient in the study by Prieto-Perez et al5 
Soluble CD25 was not evaluated in our study and in the study by 
Debliquis et al.19 NK cell activity was not evaluated in all three stud-
ies. Five of thirteen patients in our study satisfied 5/8 HLH 2004 
criteria and/or had H-score ≥169. In the study by Debliquis et al one 
of three patients satisfied 5/8 HLH 2004 criteria and had a H-score 
of 207 and two patients satisfied 2/8 HLH 2004 criteria and had 
H-score <169.19 In the study by Prieto-Perez et al one patient satis-
fied 5/8 HLH 2004 criteria and two patients fulfilled 4/8 HLH 2004 
criteria.5

The clinical and laboratory manifestations of severe COVID-19 
infection are caused by a cytokine storm associated with increased 
interleukin-6 levels. Increased interleukin-6 levels induce a per-
sistent inflammatory state which is responsible for the increased 
levels of acute phase reactants including plasma fibrinogen.20,21 
Increased levels of pro-inflammatory cytokines interleukin-6, inter-
leukin-10 and tumor necrosis factor–alpha (TNF-α) induce apopto-
sis of cytotoxic T cells and NK cells and are thought to responsible 
for the lymphopenia observed in in severe COVID-19 infection.22,23 
Sequestration of lymphocytes in lungs, gastrointestinal tract, and 
lymphoid tissues has also been proposed as a cause of lymphopenia 
in severe COVID-19 infection although autopsy studies do not show 
excessive lymphocytic infiltration in these organs, rather lympho-
cyte depletion has occasionally been documented.22,24 Along with 
reduced numbers, functional defects and exhaustion of cytotoxic T 
cells and NK cells have also been reported in COVID-19 infection 
as suggested by increased expression of inhibitory receptors (PD1, 
NKG2A) on cytotoxic T cells and NK cells and reduced levels of intra-
cellular cytokines (CD107a, interferon-γ, interleukin-2, granzyme B, 
and TNF-α).25-27 NKG2A receptor overexpression in NK cells is also 
seen in HLH leading to reduced activity of NK cells in HLH.28

5  | CONCLUSION

The immune response associated with severe COVID-19 infection 
is similar to HLH with a few differences. It is associated with lym-
phopenia in the peripheral blood and hemophagocytic histiocytosis 
without lymphocytosis in the bone marrow. Cytopenia, organo-
megaly, and hypofibrinogenemia are rare though not unseen in the 
severe COVID-19 immune response. On the contrary, hyperfibrino-
genemia and neutrophilic leukocytosis are frequently observed. All 
patients with severe COVID-19 infection may not fulfill HLH 2004 
criteria or have a H-score >169. We suggest that HLH should be 
suspected in patients with severe COVID-19 infection or worsen-
ing of COVID-19 infection. BME should be done where the diagno-
sis is in doubt so that appropriate therapy may be initiated as early 
as possible.
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