
ORIGINAL PAPER

Journal of Molecular Histology (2022) 53:753–762
https://doi.org/10.1007/s10735-022-10088-4

1 3

Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a poten-
tially life-threatening syndrome characterized by the dys-
regulated activity of cytotoxic T lymphocytes and natural 
killer (NK) cells (Al-Samkari and Berliner 2018). HLH 
was first reported in 1939 by Scott & Robb-Smith (Scott 
and Robb-Smith 1939), who described a child as having a 
neoplastic histiocytic disorder. The disorder was first rec-
ognized as familial by Farquhar & Claireaux (Farquhar and 
Claireaux 1952).

HLH includes two types that can be difficult to distin-
guish one from the other: A primary type that occurs due 

	
 Dimitra P. Vageli
dimitra.vangeli@gmail.com; vagelidim@uth.gr

1	 Department of Pathology, Faculty of Medicine, Medical 
School, School of Health Sciences, University of Thessaly, 
Biopolis, 41500 Larissa, Greece

2	 Department of Toxicology Department of Forensic Sciences 
and Laboratory of Toxicology, Medical School, University of 
Crete, 71003 Heraklion, Greece

3	 Department of Medicine, Rutgers/Saint Peter’s University 
Hospital, 08901 New Brunswick, NJ, USA

4	 Thalassemia and Sickle Cell Disease Unit, Department of 
Hematology, General Hospital of Larissa, Larissa, Greece

5	 First Department of Internal Medicine, General Hospital of 
Larissa, Larissa, Greece

Abstract
Hemophagocytic lymphohistiocytosis (HLH) constitutes a life-threatening inflammatory syndrome. Postmortem histologi-
cal findings of bone marrow (BM) from COVID-19 patients showed histiocytosis and hemophagocytosis and supported 
the hypothesis that secondary HLH (sHLH) may be triggered by SARS-CoV-2 infection. However, there are a limited 
number of sHLH cases in which trephine has been performed in living post-COVID-19 patients. Here we present a recent 
case and a mini-review of sHLH diagnosed by trephine biopsy in living patients after COVID-19. An 81-year-old man 
with a past medical history of hypertension, diabetes, ischemic stroke, was referred to the hospital to evaluate leukocytosis, 
pyuria, and elevation of inflammatory markers four weeks after recovering from COVID-19. Computed tomography of 
the abdomen did not reveal focal signs of infection or hepatosplenomegaly. The patient received intravenous meropenem 
and two packed red blood cell units. Leukocytes and C-reactive protein were gradually decreased. A BM biopsy was 
performed and the patient was discharged on cefixime. BM smear revealed severe anemia, lymphopenia, and dysplastic 
morphologic findings of erythroblasts, neutrophils, and megakaryocytes. Trephine biopsy revealed hypercellular marrow 
dyserythropoiesis, plasmacytosis, lymphocytosis, histiocytosis, hemophagocytosis, and the absence of granulomas or car-
cinoma. Immunohistochemistry documented a mixed population of T lymphocytes (CD3+) and B lymphocytes (CD20+). 
Strong positivity for CD68 confirmed histiocytosis. CD138 κ, λ staining proved polyclonal plasmacytosis. Perl’s stain-
ing showed excess hemosiderin deposits. Based on our findings, we document sHLH in trephine BM biopsy of a living 
post-COVID-19 patient and persistent leukocytosis, underscoring the diagnostic value of trephine biopsy in preventing 
life-threatening conditions such as COVID-19.
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hemophagocytosis in BM aspiration. The creators of the 
score found an optimal threshold (HScore of 169), which 
corresponds to a sensitivity of 93% and a specificity of 86% 
(Fardet et al. 2014).

Recent studies show that the cytokine storm induced by 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection has significant similarities to clinical and 
laboratory findings of sHLH (Kim et al. 2021; Meng et al. 
2021; Mehta et al. 2020; Tsatsakis et al. 2020; Stancioiu 
et al. 2020; Kostoff et al. 2022). SARS-CoV-2 belongs to 
the family of Coronaviridae and causes COVID-19 dis-
ease, which is a respiratory illness (Tsatsakis et al. 2020; 
Wang et al. 2020; Wu and McGoogan 2020). SARS-CoV-2 
attaches to the angiotensin-converting enzyme 2 (ACE2) 
receptor that is highly expressed in lung epithelial cells, as 
well as in other tissues, and thus enters the cells (Zou et 
al. 2020; Stancioiu et al. 2020). Specifically, spike protein 
S is responsible for the attachment to the ACE2 receptor 
(Hoffmann et al. 2020). Protein S employs host cell trans-
membrane protease serine 2 (TMPRSS2) that cleavage 
ACE2, promoting SARS-CoV-2 fusion with the epithelial 
cell (Hoffmann et al. 2020). SARS-CoV-2 infection triggers 
an excessive immune response known as a cytokine storm 
in cases of severe COVID-19 Feng et al. 2020; Tsatsakis 
et al. 2020;. Hu et al. 2020). The cytokine storm, which is 
characterized by high expression of IL-6 and TNF-α, is con-
sidered to be the main cause of disease severity and death in 
COVID-19 (Mehta et al. 2020) and is related to high levels 
of circulating cytokines, severe lymphopenia, thrombosis, 
and massive mononuclear cell infiltration in multiple organs 
(Merad et al. 2020). Hirano and Murakami 2020, proposed 
a potential mechanism of the cytokine storm caused by the 
angiotensin 2 (AngII) / NF-κB pathway, which can lead to 
pleiotropic effects on acquired and innate immune cells, 
resulting in cytokine storms (Moore and June 2020). It is 
considered that the impaired acquired immune responses 
and uncontrolled inflammatory innate responses to SARS-
CoV-2 may cause cytokine storms.

Although COVID-19-related cytokine storm has been 
associated with the development of sHLH since the onset of 
the pandemic (England et al. 2021), little is known about the 
clinical manifestations of sHLH that develop after a patient 
recovers from SARS-CoV-2 infection England et al. 2021; 
Naous et al. 2021; Naqvi and Bhutta 2021; Sangha et al. 
2021; Kayaaslant al. e 2021; Kalita et al. 2021; Michaelis et 
al. 2021; Núñez-Torrón et al. 2021; Wiseman et al. 2021). 
The majority of studies on histological findings of BM in 
patients with COVID-19 are postmortem (Núñez-Torrón et 
al. 2021; Prilutskiy et al. 2020; Swoboda et al. 2021; Prieto-
Pérez et al. 2020; Bryce et al. 2021). However, there are a 
limited number of cases in the English literature in which 
sHLH was documented by trephine BM biopsy in living 

to genetic disorders and a secondary type (sHLH) triggered 
by various infections, autoimmune diseases, or malignancy 
(Scott and Robb-Smith 1939; Ramos-Casals et al. 2014). 
In primary HLH, several different genetic defects, such as 
mutations in PRF1 or UNC13D, can lead to an impaired 
NK/ T cytotoxicity (Usmani et al. 2013; Janka 2012). A 
number of external factors can lead to NK/T cell defection 
and excessive inflammation, causing sHLH, such as infec-
tions, malignancies, rheumatological diseases, or autoim-
mune/immunodeficiency conditions (Usmani et al. 2013; 
Dropulic and Cohen 2011; Han et al. 2017).

Malignancies are considered to be the most common fac-
tor in the development of sHLH in adults (approximately 
45% of cases) and a secondary cause of sHLH in children 
(about 8% of cases) (Allen and McClain 2015). These 
patients may develop sHLH due to immune activation by 
tumor cells or due to loss of inhibitory immune function 
due to disease or bone marrow (BM) dysfunction caused 
by treatment (Campo and Berliner 2015). Viral agents 
are another cause of sHLH. The most common causes of 
sHLH-related infection include Epstein-Barr virus (EBV) 
and herpes simplex virus (HSV). In particular, Epstein-Bar 
Virus (EBV) is the most common infectious agent leading 
to disease through the proliferation and hyperactivity of 
EBV-infected T lymphocytes (Smith et al. 2014). However, 
other viruses, such as influenza, cytomegalovirus, adenovi-
rus, hepatitis A, parvovirus B19, rotavirus, syncytial virus, 
and pathogens, such as bacteria and fungi and parasites, 
can cause sHLH (Ramos-Casals et al. 2014; Dropulic and 
Cohen 2011; Apodaca et al. 2018; Barba et al. 2015; Otrock 
and Eby 2015; Zhao et al. 2019; Lerolle et al. 2016; Henter 
et al. 2006; Esteban et al. 2017).

sHLH is characterized by activation of lymphocytes 
and macrophages with consequent immoderate immune 
response, cytokine storm, and hemophagocytosis, leading 
to multiorgan failure, overlapping with cytokine release 
syndrome and macrophage activation syndrome (MAS), the 
latter has clinical and laboratory features similar to primary 
genetic HLH (Usmani et al. 2013; Karakike and Giamarel-
los-Bourboulis 2019; Kumar et al. 2017; Lee et al. 2014; 
Schram and Berliner 2015). Patients with sHLH are often 
severely ill and may progress rapidly to a clinical picture 
resembling septic shock, with approximately 50% of cases 
presenting with respiratory symptoms (Lerolle et al. 2016).

Although the diagnosis of sHLH is based on clinical 
and laboratory criteria derived from primary HLH (HLH 
2004 criteria) (Henter et al. 2007), in 2014, Fardet et al., 
presented a new rating for sHLH called HScore (Fardet et 
al. 2014). This score is based on nine parameters, including 
the presence of immunosuppression, fever, hepatospleno-
megaly, high levels of triglycerides, ferritin, liver enzymes, 
and fibrinogen, as well as the development of cytopenia and 
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morphologic findings of erythroblasts, neutrophils, and 
megakaryocytes (Table 2).

The BM biopsy was sent to the University Hospital 
of Larissa in the Department of Pathology. Histological 
examination showed hypercellular marrow with the adipo-
cytes occupying 40% of marrow spaces and thin trabeculae 
indicating osteoporosis (Table  2). Hematoxylin and eosin 

patients with COVID-19 (Prieto-Pérez et al. 2020; Harris 
et al. 2021) and especially after COVID-19 (Dandu 2021). 
Here, we present a case of HLH based on histological and 
immunohistochemical findings from trephine BM biopsy in 
a living patient after COVID-19, with persistent leukocyto-
sis. We also include a mini-review of BM sHLH observa-
tions in post-COVID-19 living patients.

Case report

An 81-year-old man with a medical history included 
hypertension, diabetes, ischemic stroke (Table 1) who was 
recently admitted and treated for COVID-19, was referred 
to a hospital physician (General Hospital of Larissa) four 
weeks following his recovery, due to persistent leukocyto-
sis, pyuria, and elevation of inflammatory markers such as 
C-reactive protein (CRP) (Table 1). The patient had a fever 
(temperature > 38.4 °C). Ferritin was within normal range. 
Peripheral blood cell counts revealed mild anemia (hemo-
globin 7.2 g/dl), increased white cell count (44 × 103/µl), and 
elevated CRP levels (193 mg/L) (Table 1). The liver func-
tion tests were: aspartate aminotransferase (AST) 14 IU/l, 
alanine aminotransferase (ALT) 13 IU/l, gamma-glutamyl 
transpeptidase (γGT) 18 IU/l and lactate dehydrogenase 
(LDH) 397 mg/dl (Table 1). The fibrinogen was 661 mg/dl 
(Table 1). Urinalysis showed bacteriuria. Peripheral blood 
smear showed hypochromic anisocytosis, dimorphic blood 
cell population, dysplastic neutrophils nuclei with partial 
lack granulation, and some neutrophils with increased toxic 
granulation (Table  1). The imaging investigation, which 
included abdominal ultrasound and chest computed tomog-
raphy (CT) scan, showed a fracture of the left sciatic branch 
and a fracture of the fifth lumbar vertebra (Table 1), but no 
source of infection or hepatosplenomegaly (Table 1).

The differential diagnosis included both a severe infec-
tion and a hematologic malignancy. Intravenous admin-
istration of meropenem and colistin was initiated due to 
suspected disease, and two units of packed red blood cells 
were given for severe anemia. Leukocytes and CRP were 
gradually decreased and the patient was discharged after 
five days. Before discharge, the leukocytes count was 
9.5 × 10 3 /µl, while CRP was 66 mg/l, still not within the 
normal range. The patient was prescribed cefixime. Prior to 
discharge, BM aspiration and trephine biopsy samples were 
sent for evaluation.

Flow cytometry immunophenotyping was performed in 
BM and showed hypercellular marrow with myeloid hyper-
plasia, left-shifted myeloid lineage, and immature myeloid 
cells (Table 2). Microscopic examination of the BM smear 
revealed severe anemia, lymphopenia, and dysplastic 

Table 1  Patient’s comorbidities, laboratory, imaging, and peripheral 
blood smear findings
Comorbidities Laboratory 

findings
Imaging findings Peripheral 

blood 
smear

Hypertension Hb 7.2 gr/dl Upper 
and 
lower 
abdo-
men 
CT

No hepa-
tospleno-
megaly
Fracture of 
left sciatic 
branch
Fracture 
of the fifth 
lumbar 
vertebra

Hypochro-
mic aniso-
cytosis

Diabetes WBC 44 × 103 
/µl

Chest 
CT

No signs of 
infection

Dimorphic 
blood cell 
population

Ischemic stroke PLT 437 K/ 
µl

Dysplastic 
neutrophils 
nuclei with 
partial 
lack of 
granulation

Tri-
glyc-
erides

109 mg/
dl

Neutro-
phils with 
increased 
to toxic 
granula-
tion.

AST 14 IU/l
ALT 13 IU/l
γ-GT 18 IU/l
LDH 397 mg/

dl
CRP 193 mg/l
FIB 661 mg/

dl
Hb, hemoglobin; WBC, white blood cells; CT, computed tomogra-
phy; PLT, platelets; AST, aspartate aminotransferase; ALT, Alanine 
aminotransferase; γ-GT, gamma-glutamyl transpeptidase; LDH, 
lactate dehydrogenase; CRP, C-reactive protein; FIB, Fibrinogen.

Table 2  Bone marrow (BM) findings
BM 
smear

Anemia Lymphopenia Dysplastic morphologic 
findings of erythro-
blasts, neutrophils, and 
megakaryocytes

BM 
trephine

Polyclonal 
plasmatocytosis

Lymphocytosis 
(mixed popula-
tion of T- and
B- lymphocytes)

Histiocy-
tosis with 
phagocytosis 
of red blood 
cells

Dysplastic 
changes in 
all three 
hemopoietic 
lineages
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addition, Perl’s histochemical stain also showed excess 
hemosiderin deposits (Fig.  1, g). The histopathological 
diagnosis was dyshematopoiesis with excessive lymphohis-
tiocytosis. Based on the above data, sHLH was diagnosed 
on trephine BM biopsy.

Discussion

HLH can lead to a cytokine storm that may lead to mul-
tiple organ failure and mortality, ranging from 20.4 to 
88% depending on the condition and the underlying dis-
ease, including malignancies, infections, and autoimmune 
disorders (Hayden et al. 2016). According to Meng et al., 
(Meng et al. 2021) and Yang et al., (Yang et al. 2021), 

(H&E) staining also revealed dyserythropoiesiss, plasmacy-
tosis, lymphocytosis, histiocytosis, and absence of granu-
lomas or carcinoma (Fig. 1, a). Another significant finding 
was the phagocytosis of red blood cells (Fig. 1, b). Immu-
nohistochemistry revealed a mixed population of T lympho-
cytes (CD3+) (polyclonal, 1:300 DAKO, Dako Autostainer 
Link 48 +) (Fig. 1, c) and B lymphocytes (CD20+) (clone 
L26, 1:200, DAKO, Dako Autostainer Link 48 +) (Fig. 1, 
d). At the same time, histiocytosis was confirmed by strong 
positivity for CD68 (clone PG-M1, 1:100, DAKO, Dako 
Autostainer Link 48 +) (Fig.  1, e). CD138 (clone MI15, 
1:100, DAKO, Dako Autostainer Link 48+), κ (polyclonal, 
1:30000, DAKO, Dako Autostainer Link 48+), and λ (poly-
clonal, 1:30000, DAKO, Dako Autostainer Link 48+) stains 
showed that plasmacytosis was polyclonal (Fig.  1, f). In 

Fig. 1  Histological and immu-
nohistochemical (IHC) findings 
in BM trephine biopsy from a 
living post-COVID-19 patient. 
(a) Histology shows trilineage 
haemopoiesis with dyserythro-
poiesis (in circle) and dys-
granulopoiesis (arrow). A few 
histiocytes with cytoplasmic 
debris are also observed; X40; 
(H&E: hematoxylin and eosin 
staining). (b) Phagocytosis of 
red blood cells is shown (arrow) 
X40 and 80X; (H&E staining). 
(c) CD20 positive B lympho-
cytes are demonstrated (immu-
nohistochemical staining; X20); 
(d) CD3 positive T lymphocytes 
are displayed (immunohisto-
chemical staining; X20). (e) 
CD68 positive histiocytes are 
displayed (immunohistochemi-
cal staining; X40). (f) CD138 
positive plasma cells are shown 
(immunohistochemical staining; 
X20). (g) Perl’s histochemical 
staining shows the excess of 
iron in the background (blue 
reaction; X20)

 

756



Journal of Molecular Histology (2022) 53:753–762

1 3

et al. 2020; Bordbar et al. 2021), in most cases there is a 
lack of COVID-19-associated sHLH criteria, such as high 
fever, cytopenia, and signs of abnormalities through CT 
scan imaging analysis. However, morphological findings 
such as BM aspirate may support the diagnosis of sHLH 
(Tholin et al. 2020). It is worth mentioning that, Michae-
lis et al., showed hemophagocytosis in BM aspirations of a 
post-COVID-19 female patient, five weeks after her initial 
diagnosis of SARS-CoV-2 infection, although no clinical or 
laboratory findings were found for sHLH (Michaelis et al. 
2021) (Table 3). Although our clinical and laboratory data 
resulted in low HScore, BM smear and biopsy supported 
sHLH in a living patient after COVID-19.

There are a limited number of cases in the English lit-
erature in which trephine biopsy was performed in living 
patients with COVID-19 (Harris et al. 2021; Prieto-Pérez 
et al. 2020), and especially after COVID-19 (Dandu et al. 
2021) (Table 3). Dandu et al., reported the cases of thirteen 
COVID-19 patients with severe respiratory distress even 
after the infection had resolved (Dandu et al. 2021). Only 
five of them had HScore over 169, but all had hemophago-
cytosis in BM biopsies. Prieto-Pérez et al., examined bone 
marrow biopsies from three living post-COVID-19 patients 
who met the criteria for sHLH diagnosis. Bone mar-
row examination in these living patients confirmed sHLH 
with severe erythrophagocytosis (Prieto-Pérez et al. 2020) 
(Table 3). In a recent study by Harris CK et al., BM was 
examined in 20 autopsies and in two living patients with 
COVID-19, with HScore ranging from 35 to 269 (Harris 
et al. 2021) (Table 3). The BM of the two living patients 
showed maturation of trilineage hematopoiesis, includ-
ing a few hemophagocytic histiocytes. In our study, BM 
biopsy histology showed dyshematopoiesis with exces-
sive lymphohistiocytosis, and hemophagocytosis (Fig.  1). 
Also, immunohistochemistry revealed T-lymphocytes and 
B lymphocytes, indicated by the presence of CD3 + and 
CD20 + cells, respectively, polyclonal plasmacytes, as sug-
gested by the presence of CD138 + cells and polytypic for 
kappa and lambda light chains, and histiocytes, as confirmed 
by the presence of CD68 + cells (Fig. 1). All these findings 
suggest persistent BM inflammation one month after the 
resolution of COVID-19 and are suggestive of a sHLH.

The clinical features of COVID-19 can vary from asymp-
tomatic or mild symptoms to severe pneumonia (Mizumoto 
et al. 2020; Yang et al. 2020). Laboratory findings, such 
as highly elevated CRP and hyperferritinemia, are critical 
parameters for the diagnosis of sHLH and are often elevated 
even after COVID-19 resolution (Colafrancesco et al. 2014; 
Rosário et al. 2013; Sharif et al. 2018). However, the labo-
ratory findings in our case did not show signs of hyperfer-
ritinemia with documented high CRP levels (193  mg/L), 
which remained at non-normal levels after the patient 

COVID-19-associated sHLH is responsible for increased 
mortality. Thus, accurate diagnosis of sHLH can be vital 
for the early treatment of life-threatening conditions such 
as COVID-19. Here, we present a case of sHLH diagnosed 
by trephine BM biopsy in a living patient with resolved 
COVID-19.

The diagnosis of sHLH has been previously described in 
COVID-19 (Núñez-Torrón et al. 2021; Harris et al. 2021; 
Swoboda et al. 2021; Meazza Prina et al. 2021; Bryce et 
al. 2021; Prilutskiy et al. 2020; Debliquis et al. 2020; 
Prieto-Pérez et al. 2020; Tholin et al. 2020; Labro et al. 
2020; Lima et al. 2020) and especially in patients after 
COVID-19 (Michaelis et al. 2021; Naqvi and Bhutta 2021; 
Sangha et al. 2021; Dandu 2021; Naous et al. 2021; Kalita 
et al. 2021; Kayaaslan et al. 2021; Wiseman et al. 2021) 
(Table 3). Nalbandian et al., defined post-acute COVID-19 
syndrome as persistent symptoms and/or delayed or long-
term complications of SARS-CoV-2 infection beyond four 
weeks after the onset of symptoms (Nalbandian et al. 2021). 
Post-COVID-19 syndrome has been attributed to exces-
sive cytokine release, such as IL-6 (Tanaka et al. 2018). 
However, clinical, laboratory, and morphological findings 
appear controversial in patients recovering from COVID-19 
(Bhattacharjee et al. 2020). Table 3 shows current and previ-
ous cases of sHLH described after recovery from COVID-
19, based on BM findings in living patients (Naous et al. 
2021; Naqvi and Bhutta 2021; Sangha et al. 2021; Kayaas-
lan et al. 2021; Kalita et al. 2021; Michaelis et al. 2021; 
Núñez-Torrón et al. 2021; Wiseman et al. 2021; Swoboda 
et al. 2021; Debliquis et al. 2020; Prieto-Pérez et al. 2020; 
Dandu 2021; Harris et al. 2021). Kayaaslan et al., showed 
that some patients may develop hemophagocytosis in the 
late COVID-19 period, even when recovering (Kayaaslan 
et al. 2021). Kayaaslan et al., suggested that post-COVID-
19-associated sHLH was associated with significant mortal-
ity and that BM aspiration/biopsy should be performed in 
patients with suspected HLH, especially in patients on the 
margins of diagnosis (Kayaaslan et al. 2021). Wiseman et 
al., also described a case of sHLH developed in post-acute 
COVID-19 syndrome, based on the findings of hemophago-
cytosis from BM aspirates (Wiseman et al. 2021). In partic-
ular, Wiseman D et al., showed a delayed immune response 
against SARS-CoV-2. They suggested that BM aspiration 
and/or biopsy should be carried out promptly to confirm 
the diagnosis and start appropriate treatment for HLH in 
patients who have recovered from COVID-19. Kalita et al., 
described two cases of an adult and a toddler after COVID-
19 (Kalita et al. 2021). Notably, they showed that the toddler 
had a high HScore and hemophagocytosis in BM aspiration, 
similar to the adult patient.

Although, several studies have linked high HScore levels 
to increased mortality in patients with COVID-19 (Mehta 
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Post 
COVID-
19 
patients

Author Number
of 
deceased 
patients

Number 
of alive 
patients

HScore /
*HScore 
range

BM aspirate BM biopsy BM autopsy

Current case 0 1 92 Hemophagocytosis Dyshematopoiesis,
histiocytosis
hemophagocytosis

N/A

Michaelis S, 
et al. 

0 1  N/A Hemophagocytosis, 
megakaryocytic 
hypocellularity

N/A N/A

Naqvi WA, 
et al.

0 1  N/A Hemophagocytosis N/A N/A

Sangha G, 
et al.

0 1 191 Hemophagocytosis, 
hypocellular marrow

N/A N/A

Dandu H, 
et al. 

0 13 *138–198 Hemophagocy-
tosis, histiocytic 
hyperplasia

Hemophagocy-
tosis, histiocytic 
hyperplasia

N/A

Naous E, 
et al.

0 a1 205 Hemophagocytosis N/A N/A

Kalita P, 
et al.

0 2 *213–239 Hemophagocytosis N/A N/A

Kayaaslan 
BU, et al.

0 1 209 Hemophagocytosis N/A N/A

Wiseman D, 
et al.

0 1 197 Hemophagocytosis N/A N/A

Dewaele K, 
et al.

0 1  N/A Hemophagocyto-
sis and erythroid 
hyperplasia

N/A N/A

COVID-
19 
patients

Harris CK, 
et al.

a20 0 *35–269  N/A N/A Hemophagocytic histiocytosis

0 2 b19 N/A cLeft-shifted 
myelopoi-
esis but no apparent 
hemophagocytosis;
dFew hemophago-
cytic histiocytes

N/A

Swoboda J, 
et al.

15 0 19–191  N/A N/A Hemophagocytosis

Meazza 
Prina M, 
et al.

0 1 269 No aspects of 
hemophagocytosis

No aspects of 
hemophagocytosis

N/A

Núñez-Tor-
rón C, et al.

16 0 *54–304  N/A N/A Hemophagocytosis

Bryce C, 
et al.

e100 0 N/A N/A N/A Hemophagocytosis (8/11)
Left shift granulopoiesis (4/11)
Decreased erythroid precursors (1/11)
Decreased megakaryocytes (1/11)

Prieto-Pérez 
L, et al.

f33 0 N/A N/A N/A Hypercellular marrow, 
ghemophagocytosis

0 3 N/A N/A Hypercel-
lular marrow, 
hemophagocytosis

N/A

Debliquis A, 
et al.

0 3 35, 84, 
207

Hemophagocytosis N/A N/A

Tholin B, 
et al.

0 1 *221–230 Hemophagocytosis N/A N/A

Labro G, 
et al.

0 h6 *35–207 Hemophagocytosis N/A N/A

Prilutskiy A, 
et al.

i4 0 *96–217  N/A N/A Left-shifted myeloid hyperplasia, histio-
cytic hyperplasia, NO hemophagocytosis

Table 3  Bone marrow (BM) findings and HScore in post-COVID-19/COVID-19 patients, mini literature review
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sHLH in patients with COVID-19. Although limitations in 
this study may include non-evidence of hepatosplenomeg-
aly or ferritin measurements resulting in low HScore, our 
histological and immunohistochemical findings from tre-
phine BM biopsy strongly supported the diagnosis of post-
COVID-19 sHLH. Based on our findings, we document 
sHLH in a trephine BM biopsy from a living patient with 
resolved COVID-19 and persistent leukocytosis, underscor-
ing the diagnostic value of trephine biopsy in preventing 
life-threatening conditions such as COVID-19.
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has been described in up to 60% of cases with sHLH (Valade 
et al. 2015). When coagulopathy and abnormal liver are evi-
dent in SaRS-CoV-2 infected patients, it may indicate that 
a subgroup of them has sHLH (Wu et al. 2020). Elevated 
fibrinogen levels (FIB) are often reported in coagulopathies 
and are therefore an additional diagnostic criterion for HLH 
(Yin et al. 2020; Jordan et al. 2019). The laboratory find-
ings of our patient showed elevated levels of fibrinogen 
(661 mg/dl) that can reflect sHLH. In general, the presence 
of comorbidities, such as hypertension or diabetes, may 
result in severe complications in COVID-19 patients (Du et 
al. 2020). Our patient’s comorbidities included hypertension 
and diabetes (Table 2), further supporting the development 
of sHLH due to SARS-CoV-2 infection.

Here, we present a rare case of sHLH, documented in a 
trephine BM biopsy in a living patient after SARS-CoV-2 
infection, consistent with previous postmortem diagnosis of 

Post 
COVID-
19 
patients

Author Number
of 
deceased 
patients

Number 
of alive 
patients

HScore /
*HScore 
range

BM aspirate BM biopsy BM autopsy

Current case 0 1 92 Hemophagocytosis Dyshematopoiesis,
histiocytosis
hemophagocytosis

N/A

Michaelis S, 
et al. 

0 1  N/A Hemophagocytosis, 
megakaryocytic 
hypocellularity

N/A N/A

Naqvi WA, 
et al.

0 1  N/A Hemophagocytosis N/A N/A

Sangha G, 
et al.

0 1 191 Hemophagocytosis, 
hypocellular marrow

N/A N/A

Dandu H, 
et al. 

0 13 *138–198 Hemophagocy-
tosis, histiocytic 
hyperplasia

Hemophagocy-
tosis, histiocytic 
hyperplasia

N/A

Naous E, 
et al.

0 a1 205 Hemophagocytosis N/A N/A

Kalita P, 
et al.

0 2 *213–239 Hemophagocytosis N/A N/A

Kayaaslan 
BU, et al.

0 1 209 Hemophagocytosis N/A N/A

Wiseman D, 
et al.

0 1 197 Hemophagocytosis N/A N/A

Dewaele K, 
et al.

0 1  N/A Hemophagocyto-
sis and erythroid 
hyperplasia

N/A N/A

Lima R, et al. 0 j1 N/A Increased number of 
activated macrophages 
with prominent hemo-
phagocytosis of hema-
topoietic elements

Increased macrophage 
activity

N/A

aBM sample in 19 out of 20 patients; bHScore evaluated in 1 out of 2 alive patients; cThe patient with Hscore 19; dThe patient with no Hscore; 
eBM autopsy on 11 out of 100 patients; fBM autopsy on 17 out of 33 patients; gHemophagocytosis in 16/17 BM autopsies; hNumber of patients 
were alive at the time of BM examination (4 of them died during hospitalization); iBM autopsy on 2 out of 4 patients; jThe patient was alive at 
the time of BM examination but died during hospitalization; N/A: not applicable

Table 3  (continued) 
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Du Y et al (2020) Clinical features of 85 fatal cases of COVID-19 
from Wuhan. A retrospective observational study. Am J Respir 
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England JT et al (2021) Weathering the COVID-19 storm: lessons 
from hematologic cytokine syndromes (Review). Blood Rev 
45:100707. https://doi.org/10.1016/j.blre.2020.100707

Esteban YM et al (2017) An overview of hemophagocytic lympho-
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org/10.3928/19382359-20170717-01

Fardet L et al (2014) Development and validation of the HScore, a 
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Arthritis Rheumatol 66(9):2613–2620. https://doi.org/10.1002/
art.38690

Farquhar JW, Claireaux AE (1952) Familial haemophagocytic reticu-
losis. Arch Dis Child 27(136):519–525. https://doi.org/10.1136/
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