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Novel coronavirus disease 2019 (COVID-19)
has emerged as a pandemic, claiming over
350,000 lives worldwide. Disease mortality
has been mostly attributed to viral

pneumonia, complicated by acute respiratory distress
syndrome (ARDS) and/or sepsis. A cytokine storm like
picture in peripheral blood, as evident by significantly
higher plasma levels of interleukin (IL)-2, IL-7, tumor
necrosis factor-α (TNF-α), granulocyte colony-
stimulating factor (GCSF), monocyte chemoattractant
protein-1 (MCP-1), inducible protein 10 (IP 10) and
macrophage inflammatory protein 1-α (MIP-1α), has
been shown in severe COVID-19 illness [1]. Albeit
uncommon, but biochemical findings like C-reactive
protein, D-dimer, liver enzymes and ferritin in high
concentration along with increase in IL-6, IL-10 and
interferon (IFN)-γ are being reported in critically ill
children with COVID-19 [2]. This points towards a
coexistence of possible secondary hemophagocytic
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Context: Preliminary data on coexistence of secondary
hemophagocytic lymphohistiocytosis syndrome (HLH) and
disseminated intravascular coagulation (DIC) in critically ill
children with novel coronavirus disease (COVID-19) are
emerging. Herein, we summarize the available literature and fill-in
the gaps in this regard.
Evidence Acquisition: We have performed a literature search for
articles in PubMed, EMBASE and Google Scholar databases till
May 12, 2020, with following keywords: “COVID-19”, “SARS-CoV-
2”, “HLH”, “HScore”, “coagulopathy”, “D-dimer”, “cytokine storm”,
“children” and “pediatrics” with interposition of Boolean operator
“AND”.
Results: Children presenting with moderate-severe COVID-19
and Kawasaki disease shock-like syndrome exhibit peripheral
blood picture analogous to HLH. HScore, a validated tool to
diagnose HLH, has been suggested to screen severe COVID-19
patients for cytokine storm. However, HScore faces certain

limitations in this scenario. It may be more pragmatic to use ‘high
D-dimer’ (> 3 µg/mL) instead of ‘low fibrinogen’ to facilitate early
detection of cytokine storm. COVID-19 associated coagulopathy
resembles hypercoagulable form of DIC with bleeding being rarely
reported. Although the International Society on Thrombosis and
Haemostasis (ISTH) interim guidance recommends low
molecular weight heparin in all hospitalized patients, data is
lacking in population below 14 years of age. However, in the
presence of life-threatening thromboembolic event or
symptomatic acro-ischemia, unfractionated heparin (UFH) should
be used with caution.
Conclusions: HScore can be used as a complement to clinical
decision for initiating immunosuppression. Children with
moderate-to-severe COVID-19, especially those with
documented thrombocytopenia or chilblains, should be regularly
monitored for coagulopathy.
Keywords: Cytokine storm, Disseminated intravascular
coagulation, Immunosuppression, Management, SARS-CoV-2.
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lymphohystiocytosis (HLH) syndrome and a form of
disseminated intravascular coagulation (DIC). Although
biochemical diagnosis of DIC is straightforward, it is
often challenging to diagnose HLH in an early evolving
stage irrespective of the underlying conditions.

COVID-19-Associated HLH: A Distinct Entity?

HLH is a hyperinflammatory state characterized by
development of fulminant multi-organ damage (including
ARDS), which can also occur secondary to viral
infections [3]. Of note, virus-associated secondary HLH
(sHLH) was considered in the differential diagnosis of
life-threatening pneumonia and SARS-CoV infection
during 2003 epidemic [3]. In a recently published series
of eight cases [4], authors suggested presence of new
entity affecting previously asymptomatic COVID-19
children. A refractory vasoplegic shock like presentation
with peripheral edema, pleuro-pericardial effusion,
ascites and myocardial involvement was noted.
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Additional presence of variable rash, conjunctivitis,
extremity pain along with coronary aneurysm in one
child, made authors to consider Kawasaki disease shock
syndrome or toxic shock syndrome as differential
diagnosis [4]. SARS CoV-2 was only identified in one
child post mortem, who died of major ischemic cerebro-
vascular accident [4]. Although no pathological organism
was identified on bronchoalveolar lavage or
nasopharyngeal aspirates in seven children; positive
antibody tests were later found in ten cases out of more
than 20 children presenting in a similar fashion in that
center (including eight children of published series). All
these eight children, described in the series, had evidence
of cytokine storm/HLH like picture in peripheral blood
with high D-dimer level (range, 3.4-24.5 µg/mL) [4].
Subsequent data regarding this phenomenon are still
awaited. Nevertheless, clinicians need to be extremely
vigilant to diagnose cytokine storm/HLH in evolving
phase in children during this pandemic.

HScore, a widely used tool for diagnosing HLH, was
first validated in adult population [5]. Later on, HScore
was also found to be more sensitive than adapted HLH-
2004 guidelines for HLH diagnosis in pediatric
population. However, a different cutoff value of the
HScore was given for children [6] (Table I). Recently,
owing to non-availability of expensive cytokine assays in
clinical practice, HScore has been suggested to screen
critically ill COVID-19 patients to ensure timely
immunosuppression [7]. However, it has certain
limitations in this scenario.

Temperature rise, heavily weighted in HScore, does
not seem to differ significantly according to the severity of
COVID-19 [2,8]. In contrast to most forms of HLH, few
studies [1,8] including one study in children [2], reported
rather a lower incidence of leukopenia (mostly due to
concomitant neutrophilia) in severe cases with cytokine
storm. Lymphopenia, the striking hematological
abnormality of adults with COVID 19, is an independent
predictor of mortality [9,10]. Severe lymphopenia, with
absolute count of less than 0.6×109/L, was also found to
be an important indicator for intensive care support in
patients [11]. Lymphopenia in critically ill children is
reported to be less common in comparison to adults with
COVID-19 [12]. However, clinicians should keep in mind
that higher neutrophil count has also been shown to be
associated with increased risk of ARDS and death [10].

Hepatosplenomegaly, seen in other HLH syndromes
due to direct infiltration of macrophages and
lymphocytes [3], has not yet been reported in COVID-19
patients. Likewise, there are no reports of
hemophagocytosis in bone marrow aspirate in these

patients. Notably, hemophagocytosis is not a specific
finding for sHLH and it can be seen in viral infections as
well [13]. Hypertriglyceridemia, believed to be due to
inhibition of lipoprotein lipase by TNF-α, has not been
documented in studies on adults, but it has been found in
children [4]. Viral infections per se can also lead to
hyperferritinemia suggesting a very low positive
predictive value for diagnosing HLH with ferritin values
[14]. Extremely high ferritin level (>10,000 ng/mL),
which can detect sHLH/cytokine storm with around 95%
sensitivity and specificity [3], has not been reported in
adults or children [1,2,8].

Low fibrinogen level, with its high specificity for
HLH diagnosis, helps to distinguish HLH subset from
critically ill patients with sepsis. Interestingly, a recent
study in COVID-19 pneumonia patients showed that D-
dimer was significantly higher in non-survivors on
admission than in survivors, but fibrinogen was not
significantly different between two groups [15].
Fibrinogen was found to decline very late during
hospitalization in non-survivors [10,15]. There is
increased production of fibrinogen, an acute phase
reactant, in hyper-inflammatory condition. Fibrinogen
level can remain normal despite increased consumption
by circulating microthrombins in early hypercoagulable
state of severe COVID-19. Hence, rather than the finding
of low fibrinogen level, rising D-dimer value is more
likely to detect the hyper-inflammatory state in COVID-
19 early in its course. Nonetheless, regular monitoring of
fibrinogen would help guide clinicians to initiate
cryoprecipitate infusion in case of bleeding with a drop in
fibrinogen below 1.5 g/L.

A prospective study to diagnose sHLH subset in
COVID-19 patients is underway using modified HLH-
2004 guidelines (NCT04347460). HScore, being a more
sensitive tool, has advantages over HLH-2004 criteria for
early detection of COVID-19 hyperinflammatory state.
In absence of bone marrow examination in critical care
setting, it is also pragmatic to consider a lower HScore
threshold (see table 1) in case of strong clinical suspicion
to avoid delay in interventions. In fact, use of intravenous
immunoglobulin in children with severe COVID-19
looks promising [2]. At the same time, over diagnosing
HLH and treating them with steroids may be
counterproductive. Thus, HScore should only be used as
a complement to clinical judgment on immuno-
suppression in severe COVID-19.

Immunosuppression: A Word of Caution For
Glucocorticoids

Due to lack of efficacious antiviral therapies, timely
administration of glucocorticoid therapy, as in other sHLH
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syndromes, indeed holds the promise to prevent
development or further progression of ARDS and multi-
organ dysfunction in COVID-19 with impending cytokine
storm. The World Health Organization (WHO) does not
advocate adjunctive use of steroids in critically ill COVID-
19 patients till now, unless indicated for other reasons,
such as adrenal insufficiency [16]. ‘Surviving sepsis
guideline’ has suggested (weak recommendation) the use
of short course of low dose glucocorticoids in
mechanically ventilated moderate-to-severe ARDS in
adults apart from its usual recommendation in refractory
septic shock [17]. However, there is no recommendation
regarding use in children. Glucocorticoids for long
duration in high doses can lead to increased ventilator
dependence, osteonecrosis and poor cognitive outcomes
in children. Hence, in early ARDS with suggestion of
cytokine storm, the protocol of using glucocorticoids in
lower doses (less than methylprednisolone equivalent dose
1-2 mg/kg/day) and short duration (5 days) is acceptable
[18]. RECOVERY is a randomized trial currently in
recruitment phase that aims to investigate whether
treatment with lopinavir-ritonavir, hydroxy-chloroquine,
azithromycin, corticosteroids or tocilizumab prevents
mortality in children and adults with severe COVID-19
(NCT04381936). Of note, corticosteroid in the form of
oral (liquid or tablets) or intravenous low dose
dexamethasone daily for maximum 10 days is being
administered in this trial (prednisolone in case of pregnant
or breastfeeding mothers). Interim analysis of this trial has
found significant mortality benefits with low dose
dexamethasone in patients requiring oxygen or ventilator
support; although, complete data is still awaited.

Nonetheless, delayed viral clearance, worsening of
preexisting diabetes and poor outcomes in severe ARDS
remain the concerns for glucocorticoid use in COVID-19
illness with severe ARDS [19]. Glucocorticoid use may
further interfere with the ability to replenish lymphocyte
pool in patients with severe lymphopenia and compro-
mise on chances of survival. Hence, individualization
depending on lymphocyte count is warranted with regular
monitoring for dyselectrolytemia, hyperglycemia and
serial differential count. Clinicians also need to be
vigilant about the possibility of unmasking of Critical
illness-related corticosteroid insufficiency (CIRCI)
following treatment withdrawal in these patients [20].

Intravenous immunoglobulin alone or in combination
with glucocorticoids or plasma exchange may also be
beneficial in children with this infection-associated HLH/
cytokine storm [3]. IVIG has been recommended as a part
of trials with variable doses, including, 1.0 g/kg/d for 2
days, or 400 mg/kg/d for 5 days, 0.2 g/kg/d for 3-5 days,
or 2 g/kg/d infusion for 1-3 days. Data is still insufficient

to recommend its use in HLH/cytokine storm with ARDS.
Although recent prospective series on critically ill
children has shown good outcomes with IVIG,
randomized controlled trials are needed to draw validated
conclusions [2]. However, for children with hyper-
inflammatory vasoplegic shock like presentation in
recovery phase resembling atypical Kawasaki disease,
IVIG 2 g/kg within 24 hours of admission is warranted
with vasopressor support and intravenous antibiotics
cover [4].

Since significantly higher IL-6 was found in non-
survivors compared to COVID-19 survivors [9],
tocilizumab (anti-IL6 receptor antibody) has been widely
used in many countries; but clinical evidence is still
insufficient to recommend its use [16,17]. Clinical
outcomes of tocilizumab administration will also be
evaluated in hospitalized cancer patients of all ages with
severe COVID-19 disease (NCT04370834). Other
immunosuppressive drugs, eculizumab (anti-C5),
siltuximab (anti-IL6), sarilumab (anti-IL6 receptor),
anakinra (IL1 receptor antagonist), ruxolitinib &
baricitinib (JAK1-2 inhibitors), adalimumab (anti-TNF),
meplazumab (anti-CD147) and ixekizumab (anti-IL 17A)
had also been included in various clinical trials, mostly
for patients above 12 years of age [21].

COVID-19-ASSOCIATED COAGULOPATHY

Apart from the cytokine storm, another distinctive feature
noted in severe COVID-19 cases was development of
COVID-19-associated coagulopathy (CAC). Unlike
acutely ill patients with decompensated form of
disseminated intravascular coagulation (DIC) who have
high risk of bleeding, this coagulopathy resembles
hypercoagulable state of compensated chronic DIC [22].
This can be attributed to the distinct thrombo-
elastography findings of high fibrinogen and high factor
VIII activity in these patients [23]. Tang et al. [12]
reported that 71.4% of non-survivors had overt DIC
based on ISTH DIC diagnostic criteria (Table I) in
contrast to 0.6% of the survivors. Notably, in one recent
large case series, none of the patients with
thromboembolic events developed overt DIC [24].
Hence, it is important to screen these patients for a new
category, namely sepsis induced coagulopathy (SIC),
which is believed to precede overt DIC; therapeutic
anticoagulant use is more likely to yield benefits in this
early phase [25]. In support of this rationale, in a cohort
of 183 patients with age range 14-94 years, prophylactic
heparin use for ≥7 days has been shown to be associated
with significant reduction in 28-day mortality in patients
with SIC score ≥4 (40.0% vs. 64.2%) or D-dimer >3 µg/
mL, that is, 6-fold of upper limit (32.8% vs. 52.4%) [26].
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Table I  Scoring Systems for COVID-19-associated HLH and
Coagulopathy

HScore* [5] ISTH DIC SIC score‡  [25]
score# [25]

Temperature – Total SOFA score$

< 38·4°C: 0 1: 1
38·4°C-39·4°C: 33 ≥ 2: 2
>39·4°C: 49
Organomegaly – –
None: 0
Hepato/splenomegaly: 23
Both: 38
Cytopenias^ Platelet count Platelet count
1 lineage: 0 >100 × 109/L: 0 > 150 × 109/L: 0
2 lineages: 24 50-100 × 109/L: 1 100-150 × 109/L: 1
3 lineages: 34 <50 × 109/L: 2 < 100 × 109/L: 2
Triglycerides, mmol/L PT prolongation INR
<1.5 : 0 <3 s: 0 1.2-1.4: 1
1.5-4 : 44 3-6 s: 1 >1.4 : 2
>4·0 : 64 >6 s: 2
Fibrinogen, g/L** Fibrinogen –
>2·5: 0 >1.0 g/L: 0
 ≤2·5: 30  ≤1.0 g/L: 1
Ferritin, ng/mL D-dimer –
<2000: 0 No increase: 0
2000-6000: 35 Moderate increase: 2
>6000: 50 Strong increase: 3
SGOT, IU/L
<30: 0
≥30: 19 – –
Bone marrow aspiration##

Hemophagocytosis: 35
No: 0 – –
Immunosuppression‡‡

Yes: 18
No: 0 – –

*HScore >169 is 93% sensitive and 86% specific for HLH in adults [5].
To obtain similar specificity, HScore cut-off >131 had 94% sensitivity,
whereas HScore >120 was 100% sensitive and 80% specific to detect
HLH in children at initial presentation [6]. ^Cytopenias - (hemoglobin
≤9·2 g/dL, white blood cell ≤5000/mm³ or platelet ≤110,000/mm³);
**More emphasis on high D-dimer (>3 µg /mL) may be given instead for
COVID-19 associated hyper-inflammatory state; ##In the absence of
BMA in critical care setting, it is prudent to consider a lower HScore
threshold based on clinical judgement to avoid delay in
immunosuppression; ††HIV positive or on long term immunosuppressive
therapies (i.e. glucocorticoids, cyclosporine, azathioprine); #ISTH DIC
score ≥5 is 88% sensitive and 96% specific for overt DIC; ‡SIC score ≥4
is diagnostic for SIC; $Total SOFA (pediatric sequential organ failure
assessment) score is the sum of 4 items (respiratory SOFA,
cardiovascular SOFA, hepatic SOFA, renal SOFA). Validated pediatric
SOFA (pSOFA) score with age-adjusted variables should be used in
children [39]; ISTH: International Society on Thrombosis and
Haemostasis; DIC: disseminated intravascular coagulation; SIC:
Sepsis induced coagulopathy; PT: Prothrombin time; INR:
International normalized ratio; SGOT: Serum glutamic oxaloacetic
transaminase.

International Society on Haemostasis and Thrombosis
(ISTH) interim guidance recommends measuring D-
dimers, prothrombin time (PT) and platelet count in all
patients for risk stratification and subsequent
management plan [27].

Anticoagulant Use: Where Do We Stand?

ISTH interim guidance has recommended only
prophylactic low molecular weight heparin (LMWH) to
all hospitalized patients with COVID-19 in absence of
active bleed or thrombocytopenia (platelet count
<25×109/L) [27]. Anti-inflammatory properties of
heparin are believed to offer an additional benefit in this
pro-inflammatory milieu. Based on existing literature
regarding severe hypercoagulable state of non-survivors
with COVID-19, Barrett, et al. [28] have strongly advised
to consider therapeutic anticoagulation with
unfractionated heparin to prevent life threatening micro
and macro-vascular thrombosis [28]. It is to be noted that
one child with SARS CoV-2 infection did succumb to
extensive ischemic cerebro-vascular stroke in a recent
case series [4]. Chinese expert groups had issued
guidance regarding therapeutic unfractionated heparin
use (UFH at a rate of 3-15 IU/kg/h) based on high fibrin
degradation product (FDP ≥10 g/mL) or D-dimer
concentration (≥5 µg/mL), even in absence of
documented thromboembolism [29]. As an alternative,
LMWH in higher than normal prophylactic doses is also
being used as thrombo-prophylaxis in adults with critical
COVID-19 illness in many hospitals around the world.

Current evidence must be extrapolated with caution
in the pediatric population. Data on LMWH use in
population below 14 years of age is lacking in the large
study that guided the interim recommendations [26].
Based on preliminary data from children who recovered
from critical illness, none of them received prophylactic
heparin during hospitalization [2]. In the case series
presenting with Kawasaki shock syndrome-like picture
with cytokine storm and high D-dimer, six children were
rather advised high dose anti-platelet (aspirin 50 mg/kg);
only one patient received heparin [4]. Heparin is
generally avoided in children with hypercoagulable
phase of DIC due to its potential adverse effect of
bleeding, except for incident ‘symptomatic’ thrombi or
acral ischemia [30]. Of note, skin manifestations
resembling chilblains involving acral parts (‘COVID
toes’) have appeared to be frequent among children and
young population in recent literature [31]. This could be
due to a direct virus-mediated endothelial damage,
vasculitis or micro-thrombosis. Skin lesions in four
children recovered without any sequelae in one case
series [31]. Although elevated D-dimer along with the
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clinical features in one child did suggest vaso-occlusion
owing to micro-thrombus, it was not symptomatic enough
to warrant anticoagulant use [31].

In absence of data on prophylactic anticoagulant use
in children, timely immunosuppression remains the key
to halt the immune-thrombosis model of multi-organ
dysfunction. In persistent hyperinflammatory state with
high fibrinogen and increasing D-dimer trend, a course of
IVIG or tocilizumab should be strongly considered as per
standard pediatric intensive care protocol [32]. A recent
case-report from India [33] reported the successful use of
tocilizumab (8 mg/kg intravenous over 2 h) as second line
agent following single dose of IVIG (2 g/kg) in an 8-year-
old child with COVID-19-associated hyperin-
flammatory syndrome. Plasma exchange may also be
considered to salvage the situation in this setting.

Even if the clinical decision is made to administer
anticoagulation in suspicion of thrombosis in persistent
hyperinflammatory state and DIC, continuous
intravenous infusion of UFH should be started with a low
dose (5-10 U/kg/hour) and up-titrated slowly if required
[30]. In addition to its advantage due to ease of titration,
the anticoagulant effect also wears off quickly with
stoppage. Activated partial thromboplastin time (aPTT)
should be regularly monitored. UFH should be stopped in
case of bleeding or high aPTT (more than 1.5 times upper
normal level) [29]. For children with DIC, loading doses
of heparin are generally avoided [30]. There is
controversy regarding the type of heparin to be used in
adults, since high fibrinogen and anti-thrombin
deficiency in COVID-19 may lead to resistance to UFH
[34]. Although LMWH has been used in adults with DIC,
there is limited data to assess its efficacy in children with
DIC [30]. Nonetheless, in case of symptomatic
‘documented’ thrombotic event or acro-ischemia, UFH is
the ideal agent to use in pediatric intensive care setting,
especially for those with renal insufficiency. For reasons
unknown, heparin-induced thrombocytopenia seems to
occur rarely in children [35].

One large-scale study on recombinant activated
protein C (drotrecogin alpha) in patients with sepsis and
DIC led to its abandonment from clinical use due to
multiple reasons, notably, timing, dosing, efficacy and
significant bleeding as a side effect [36]. However,
studies are ongoing to evaluate other potential molecules
in patients with sepsis induced coagulopathy or DIC. The
preliminary success of recombinant soluble thrombo-
modulin in DIC and clinical states associated with
endothelial dysfunction has shown promise with its
tolerable side effect profile [37]. SARS CoV-2 enters the
pulmonary epithelium by binding to ACE2; ACE2 in turn

is cleaved and activated by host transmembrane serine
protease 2 (TMPRSS2). Nafamostat, a TMPRSS2-
inhibitor that also potently inhibits thrombin and
plasmin, has been identified as a potential therapy in
patients with COVID-19 and DIC [38].

Even though bleeding is rare in COVID-19
associated coagulopathy, stringent monitoring of surgical
sites and orifices is needed for patients on invasive
ventilation or extracorporeal membrane oxygenation
(ECMO) or continuous renal replacement therapy
(CRRT). If bleeding ensues, similar transfusion
principles for DIC/SIC as per ISTH guidelines should be
followed to keep platelet count above 50×109/L,
fibrinogen above 2 g/L and PT ratio below 1.5 [27].

CONCLUSIONS

COVID-19-associated coagulopathy resembles hyper-
coagulable state of DIC with rare reports of bleeding. All
moderate-to-severe COVID-19 patients, especially with
documented thrombocytopenia (platelet count
<150×109/L) or acral manifestations, should undergo
regular screening with SIC score, followed by screening
for overt DIC. Unfractionated heparin infusion should be
used in children with symptomatic thrombotic event
under intensive monitoring. Although the presence of
distinct COVID-19-HLH syndrome remains debatable, it
is evident that a systemic hyper-inflammatory state has a
significant role to play in ‘immunothrombosis’ model of
multi-organ dysfunction and Kawasaki disease shock
syndrome-like presentation in children. Interim analysis
of RECOVERY trial has recently found mortality benefit
with low dose dexamethasone for patients requiring
oxygen or ventilator support. Immunosuppression with
intravenous immunoglobulin has also shown favorable
outcomes in critically ill children in preliminary studies.
However, patient selection for immunosuppression
should be done judiciously due to absence of well-
characterized criteria for early identification of COVID-
19-related cytokine storm. In view of the limitations of
HScore in this context, it may be prudent to consider
using ‘high D-dimer’ (>3 µg/mL) instead of ‘low
fibrinogen’ to facilitate early diagnosis. HScore should
only used as a complement to clinical judgment for
instituting immunosuppressive therapies in severe
COVID-19.
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