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Abstract
COVID-19 or SARS-CoV-2 infection can lead to severe acute respiratory distress syndrome/

pneumonia with features of cytokine storm reminiscent of secondary hemophagocytic lym-

phohistiocytosis (HLH), which can be diagnosed by the calculated HScore. Recent reports

have suggested favorable responses to the interleukin-1 receptor antagonist, anakinra in

patients with COVID-19 associated secondary HLH. In our single institution study, we com-

pared 14 COVID-19 cytokine storm patients with 10 secondary HLH patients seen imme-

diately prior to the pandemic (non-COVID-19), to determine whether diagnostic features of

secondary HLH were typically seen in COVID-19 patients presenting with cytokine storm.

Althoughmost of our COVID-19 patients did not fulfill diagnostic criteria for HLH, we hypoth-

esize that identification of HLH may relate to the severity or timing of cytokine release.

Based on our observations, we would suggest distinguishing between cytokine release

syndrome and secondary HLH, reserving the latter term for cases fulfilling diagnostic

criteria.
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COVID-19 or SARS-CoV-2 infection can lead to severe acute
respiratory distress syndrome (ARDS)/pneumonia with
features of cytokine storm reminiscent of secondary hemo-
phagocytic lymphohistiocytosis (HLH),1 which can be
diagnosed by the calculated HScore.2 A recent report has
suggested that the diagnosis of secondary HLH in severe
COVID-19 patients is uncommon and that the use of the
HScore has limited value in guiding immunomodulatory

therapy.3 In contrast, Dimopoulos et al.4 reported favorable
responses to the interleukin-1 receptor antagonist, anakinra
in 8 patients with COVID-19 associated secondary HLH as
diagnosed by HScore. Anakinra has also been reported to
lead to clinical improvement in two cohort studies of
COVID-19 patients with ARDS and hyperinflammation
but not specifically diagnosed with HLH.5,6 Here we pro-
vide additional perspective on this controversy based upon
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comparisons between 14 COVID-19 cytokine storm
patients with 10 secondary HLH patients seen immediately
prior to the pandemic.

Severe COVID-19 pneumonia with ARDS has been
described to lead to systemic hyperinflammation reminis-
cent of secondary HLH or macrophage activation syn-
drome (MAS).1 Profiling of cases has documented
evidence of a cytokine storm, with elevated interferon
gamma-induced protein 10 (IP-10), monocyte chemotactic
protein 3 (MCP-3), and IL-1 receptor antagonist (IL-1ra)
associated with disease severity and fatality.7 Laboratory
parameters such as C-reactive protein and ferritin can be
markedly elevated, and abnormal liver function and coa-
gulopathy can be seen. Elevation of D-dimer levels and
abnormal coagulation profiles consistent with disseminat-
ed intravascular coagulation (DIC) are seen and may be
indicative of pulmonary microthrombi.8,9 Some investiga-
tors have suggested that the immune mechanism in
COVID-19 cytokine stormmay be related to virally induced
immunosuppression and NK cell dysfunction.10,11

The HScore can be easily calculated to help include or
exclude HLH from the differential diagnosis,2 and a cutoff
of 168 showed 100% sensitivity and 94.1% specificity for
HLH in a large cohort of critically ill adult patients.12 The
scoring system considers an array of standard laboratory
tests such as ferritin, LDH, triglycerides, liver enzymes,
degree of cytopenia, imaging findings, and bone marrow
biopsy results to assess the likelihood of HLH andwas used
to describe a series of 8 COVID-19 patients presenting with
secondary HLH and responding partially to anakinra.4

Following treatment, these ICU patients had less need for
vasopressors, significantly improved respiratory function,
lower HScore, and a lower mortality than in a historical
series of secondary HLH patients in sepsis. However, this
study did not specifically indicate the relative frequency of
diagnosed HLH in their COVID-19 cytokine storm popula-
tion. Wood et al.3 reported that secondary HLH was diag-
nosed (with HScore >169) in only 3 of 40 (7.5%) severe
COVID-19 patients treated at their single center intensive
care units.

In our single institution study, we compared 14 COVID-
19 cytokine storm patients with 10 secondary HLH patients
seen immediately prior to the pandemic, to determine
whether diagnostic features of secondary HLH were typi-
cally seen in COVID-19 patients presenting with cytokine
storm. Our COVID-19 case series was established with the
help of the Northwell Health COVID-19 Research
Consortium. The Northwell Health Institutional Review
Board approved this case series as minimal-risk research
using data collected for routine clinical practice and
waived the requirement for informed consent. The initial
characteristics of 5700 patients from Northwell are pre-
sented elsewhere,13 and this case series presents in-depth
hematology results not presented in that article.

Table 1 compares the clinical demographics of 14
patients with COVID-19 associated cytokine storm with
10 non-COVID-19 secondary HLH patients in Table 2. All
14 COVID-19 patients had severe disease as defined by a
high requirement for supplemental oxygen or ventilatory
support. They all exhibited signs of a hyperinflammatory
state with markedly elevated ferritin and C-reactive protein
levels. The putative etiologies of secondary HLH for the 10
non-COVID-19 patients were varying and reflected known
associations with malignancies and infections, predomi-
nantly. Table 3 compares the HScores of the COVID-19
patients with those of non-COVID-19 patients in Table 4.
The 10 non-COVID-19 patients all had HScore calculations
well above the cutoff of 168 and suggesting at least 70 to
80% probability of HLH. By contrast, cytopenia and hepa-
tosplenomegaly were mostly absent in our COVID-19
patients. Consequently, HScore calculations generally indi-
cated low probabilities of HLH, with the exception being
Case 1, Table 3. Of interest, this HLH patient was also the
youngest in our cohort, which ranged from 37 to 88 years of
age (Table 1). He was treated with tocilizumab and had a
significant drop in ferritin, C-reactive protein, and D-Dimer
(with decreased HScore) following therapy but eventually
expired on ventilator therapy.

Our observations suggest several themes, which remain
to be confirmed with larger studies. First, as described by
Wood et al.,3 most of our patients with COVID-19 cytokine

Table 1. Demographics and clinical information for COVID 19 patients with severe cytokine storm.

Pt Age (y) Sex Co-morbidities Clinical symptoms O2 requirements

1 37 M None Fever, cough, SOB Intubation

2 88 F HTN, HLD, asthma, hypothyroidism, colon cancer SOB 15L NRB

3 51 M Asthma, HTN, HLD Fever, SOB 15L NRB

4 62 F DM2, asthma, liver transplant WOB 15L NRB

5 57 M None SOB Intubation

6 64 M None SOB, cough Intubation

7 58 M HTN, HLD Cough, SOB, chills 15L NRB

8 81 M HTN, DM2, GERD, pancreatitis Fevers, cough, chills, diarrhea 15L NRB

9 74 F HTN, DM2, CAD Chills, cough, SOB Intubation

10 65 F DM2 Cough, chills Intubation

11 51 F Schizophrenia, breast cancer Fever, malaise Intubation

12 79 F DM2, HLD, hyperthyroidism, Afib, HTN SOB Intubation

13 52 M HTN, HLD, hypothyroidism SOB Intubation

14 46 M DM2, HTN, OSA SOB Intubation

HTN: hypertension; HLD: hyperlipidemia; DM2: type 2 diabetes mellitus; GERD: gastro-esophageal reflux disease; CAD: coronary artery disease; Afib: atrial fibril-

lation; OSA: obstructive sleep apnea; SOB: shortness of breath; WOB: work of breathing; NRB: non-rebreather.

6 Experimental Biology and Medicine Volume 246 January 2021
...............................................................................................................................................................



storm did not fulfill diagnostic criteria for HLH. This was
most commonly due to absence of cytopenia or hepatosple-
nomegaly or hypofibrinogenemia, but also because levels
of ferritin or temperature elevation did not reach criteria.
Hemophagocytosis could not be assessed as bone marrow
biopsy was not performed (also not done in the
Dimopoulos series4 and not found in the single patient
who underwent biopsy in the Wood series of 40 patients3).
However, hemophagocytosis is not an obligate diagnostic
criterion, and even if present, would not have added a
numerical HScore value sufficient for diagnosis of HLH
in any of our patients (Table 3). A recent small autopsy
series of four COVID-19 patients with diffuse alveolar
damage within the lungs demonstrated hemophagocytosis
within pulmonary lymph nodes, but none had hemopha-
gocytosis in liver or bone marrow.14 HScores indicated
either probable or likely HLH in two of the four patients.

Wood et al.3 concluded that the HScore has limited value
in guiding immunomodulatory therapy. However,
Dimopoulos et al.4 not only used the HScore to identify
eight Greek/Dutch patients with secondary HLH but
noted a decrease in the HScore following therapy with

anakinra, suggesting a correlation with the degree of hyper-
inflammation. Our data also suggest that diagnostic criteria
for HLH are usually not met in COVID-19 patients with
cytokine storm. However, we suggest that the significance
of secondary HLH is still undefined at present and war-
rants further investigation. Bindoli et al.15 hypothesized
that increasing amounts of cytokine release may define
the severity of SARS-Cov2 infection with a spectrum rang-
ing from mild disease to cytokine release syndrome to sec-
ondary HLH. As the HScore assigns a point value to clinical
criteria that positively correlates with HLH diagnosis, it
may separate mild and moderate hyperinflammation
from critical HLH-like syndromes characterized by multi-
organ failure.

As cytokine storm and secondary HLH in COVID-19
patients may represent a spectrum of the disease, immuno-
modulatory drugs such as IL-1 or IL-6 receptor antagonists
may be of benefit in patients with severe forms of COVID-
19.5,6,16,17 Anakinra is an IL-1 receptor antagonist (IL-1ra)
approved for rheumatoid arthritis and neonatal onset mul-
tisystem inflammatory disease (NOMID). Prior to the
SARS-COV-2 pandemic, anakinra was shown to improve

Table 2. Demographics and clinical information for HLH patients.

Pt Age (y) Sex Co-morbidities Clinical symptoms Putative etiology of HLH

1 78 M DM2 Hematuria, jaundice, fatigue, fever, chills Anaplastic lymphoma

2 79 F MDS Lethargy, unresponsiveness, fever Chemotherapy induced

3 70 F HTN, OSA Fever, RLE rash, edema NK cell lymphoma

4 20 M n/a Fever, abdominal pain, nausea,

vomiting, rash, neck pain

Idiopathic/unproved viral?

5 63 M Cirrhosis, HTN, HLD Fever Idiopathic

6 22 F Bipolar disorder Fever Anaplastic lymphoma/EBV

7 84 M HTN, CAD Fever, confusion CLL/EBV

8 76 M HTN, HLD Fever, fatigue Flu vaccine

9 35 F n/a Fever Pregnancy

10 48 M ETOH abuse, Crohn’s disease Fever, cough, SOB, weight loss, fatigue NK cell leukemia

HLH: hemophagocytic lymphohistiocytosis; DM2: type 2 diabetes mellitus; MDS: myelodysplastic syndrome; HTN: hypertension; OSA: obstructive sleep apnea;

HLD: hyperlipidemia; CAD: coronary artery disease; ETOH: alcohol; RLE: right lower extremity; SOB: shortness of breath; NK: natural killer; EBV: Epstein Barr virus;

CLL: chronic lymphocytic leukemia/lymphoma.

Table 3. HScores of 14 COVID-19 patients with severe cytokine storm.

Pt T (F)

Organo-

megaly

Lines of

cytopenia

TG

(mg/dL)

Fibrinogen

(mg/dL)

Ferritin

(mcg/L)

AST

(IU/L)

Immune-

suppression

Hemo-

phagocytosis

Hscore

(Prob HLH) Outcome

1 101.8 (33) þ (38) Hb 7.7 g/dL (0) 588 (64) 433 (0) 13979 (50) 39 (19) None (0) N/A 204 (88–93%) Expired

2 98.7 (0) N/A None (0) N/A N/A 451 (0) 30 (19) None (0) N/A 19 (<1%) Recovered

3 98.9 (0) N/A None (0) N/A N/A 486 (0) 36 (19) None (0) N/A 19 (<1%) Recovered

4 99.4 (0) N/A None (0) N/A N/A 5931 (35) 41 (19) yes (18) N/A 72 (<1%) Recovered

5 98.7 (0) N/A None (0) N/A N/A 1176 (0) 70 (19) None (0) N/A 19 (<1%) Expired

6 97.2 (0) N/A PLT 102� 109/L (0) 77 (0) 661 (0) 2274 (35) 92 (19) None (0) N/A 54 (<1%) Expired

7 98.4 (0) N/A Hb 8.1 g/dL (0) 166 (44) 810 (0) 1729 (0) 78 (19) None (0) N/A 63 (<1%) Recovered

8 98.7 (0) N/A None (0) 80 (0) N/A 1725 (0) 107 (19) None (0) N/A 19 (<1%) Expired

9 97.7 (0) N/A None (0) 1478 (64) 825 (0) 2834 (35) 25 (0) None (0) N/A 99 (�1%) Expired

10 98.2 (0) N/A None (0) N/A 805 (0) 893 (0) 39 (19) None (0) N/A 19 (<1%) Expired

11 103 (49) � (0) PLT 81� 109/L (0) 132 (0) 900 (0) 1544 (0) 68 (19) None (0) N/A 68 (<1%) Expired

12 100.9 (0) � (0) None (0) 99 (0) 792 (0) 540 (0) 74 (19) None (0) N/A 19 (<1%) Expired

13 98.1 (0) � (0) None (0) 763 (64) 853 (0) 736 (0) 172 (19) None (0) N/A 83 (<1%) Recovered

14 100.2 (0) � (0) None (0) 467 (64) 375 (0) 736 (0) 35 (19) None (0) N/A 83 (<1%) Expired

Note: Numbers in brackets refer to the points allocated per score variable.

HLH: hemophagocytic lymphohistiocytosis; TG: triglycerides; AST: aspartate aminotransferase; Hb: hemoglobin; PLT: platelet count; N/A: not available; WBC: total

white blood cell count; Prob HLH: probability of HLH.
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survival, when used in combination with IVIG and ste-
roids, in classical secondary HLH patients in the ICU set-
ting.18,19 In patients with severe COVID-19, anakinra was
also associated with clinical improvement in two recent
prospective6 and retrospective5 cohort studies. However,
neither of these two studies distinguished HLH from cyto-
kine storm, and these trials should be compared with that
of Dimopoulos et al.4 using anakinra in defined HLH
patients.

Based on our observations, we would suggest distin-
guishing between cytokine release syndrome and second-
ary HLH, reserving the latter term for cases fulfilling
diagnostic criteria. We suggest this may have value in
subset analysis of clinical trials of drugs such as anakinra4

or tocilizumab20 used to treat COVID-19 patients; patients
with diagnostic criteria for HLH may behave differently
from those with cytokine release syndrome but not meeting
criteria for HLH.

Finally, we and others3,4 have confirmed that certain
COVID-19 patients do fulfill classical HLH diagnostic cri-
teria and have an HScore suggesting high probability of
disease. A recent autopsy series has also demonstrated
hemophagocytosis within pulmonary lymph nodes in
three of four cases.14 What is the significance of HLH in
COVID-19? To answer this, we need to learn much more
about the natural history, clinical course, and immunologic
basis of COVID-19 HLH. For example, our COVID-19 HLH
patient was the youngest in our cohort, contradicting the
assumption that hyperinflammatory syndromes might be
more common in older adults. The immune basis of
COVID-19 HLH may also differ with non-COVID-19 sec-
ondary HLH (as seen in our case series in Table 2). HLH is
typically categorized into primary and secondary subtypes.
The primary subtype is caused by biallelic genetic muta-
tions that lead to cytotoxicity defects in T and NK cell func-
tion, whereas secondary HLH can be incited by infections,
malignancies, rheumatologic, or autoimmune disorders.
Non-COVID-19 secondary HLH patients do not have an
NK cell cytotoxicity defect seen in primary HLH but
rather an activated NK phenotype profile associated with
decreased interferon gamma production.21 Immune mech-
anisms in COVID-19 associated HLH may actually bear
greater similarity to those in primary than secondary

HLH: SARS-CoV-2 may directly impact NK cell cytotoxic-
ity,11 perhaps from binding to ACE2, which is expressed on
NK cells.22 The role of unrecognized genetic mutations or
sequence variants analogous to those seen in primary HLH
needs further study and may identify a population at par-
ticular risk for COVID-19 associated HLH.
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