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Abstract

While severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection primarily causes inflammation in the respira-
tory system, there is growing evidence of extrapulmonary tissue damage mediated by the host innate immune system in chil-
dren and adults. A cytokine storm can manifest as a viral-induced haemophagocytic lymphohistiocytosis (HLH). Here, we
present a previously healthy 8-year-old boy with newly diagnosed cardiac injury and COVID-19-related HLH syndrome with
haemophagocytosis in bone marrow biopsy. After remission of inflammation, the patient underwent a heart transplant due
to persistent cardiac failure. The histology of the explanted heart showed only a focal subtle subendocardial inflammation.
Three days after transplant, he developed progressive acute respiratory distress syndrome (ARDS) with the rise of inflamma-
tory markers. He unfortunately died after 20 days because of disseminated intravascular coagulation (DIC). For the first time,
we described a child with COVID-19-related HLH and severe cardiac failure, which had a poor prognosis despite a heart
transplant.
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Introduction

Extrapulmonary involvement has been commonly docu-
mented since the outbreak of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) in December 2019.1

Symptoms in children are generally milder than in adults.2

However, in the spectrum of cytokine storm, a variety of mul-
tisystem inflammatory syndromes in children (MIS-C) over-
lapping with Kawasaki, macrophage activated syndrome
(MAS), and haemophagocytic lymphohistiocytosis (HLH) have
been identified from various centres in which usually oc-
curred after a few weeks of acute infection.3–6 Although most
of the children with MIS recovered, some showed multi
end-organ failure with poor outcomes.7,8

Case report

A previously healthy 8-year-old boy was referred to our heart
tertiary centre for further workup because of severe heart
failure and the rise of inflammatory markers. He’d been ad-
mitted to a local hospital 2 weeks prior with a fever and heart
failure, where he was treated with supportive therapy and a
suspected diagnosis of myocarditis. The polymerase chain re-
action (PCR) for SARS-CoV-2 was negative, but the serology
IgG was positive. He was afebrile with a heart rate of 135
beats/min, respiratory 26 breaths/min, and blood pressure
95/55 mmHg on his referral. He had hepatomegaly. Upon ad-
mission to our centre, the blood count showed leucocytosis
and lymphopenia white blood count 13.4 × 103/μL
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(lymphocyte 2.5%), anaemia Hg 8.5 g/dL, and mild thrombo-
cytopenia 140 × 103/μL. Troponin was weakly positive
(0.56 ng/mL, normal range < 0.03 ng/mL). The laboratory
findings showed evidence of liver and cardiac injury, coagu-
lopathy, and elevated inflammatory markers. Detailed labora-
tory finding during admission in our centre is available in
Table 1.

Chest computed tomography (CT) on admission showed
only pulmonary congestion with no evidence of COVID-19
lung features (Figure 1A). On Day 3 of admission to our cen-
tre, the cardiac magnetic resonance imaging (MRI) showed
enlarged left ventricle (LV) size and severe biventricular dys-
function (Supporting Information, Video S1). There was an in-
creased signal intensity in the mid septum in T2 weighted fat-
saturated sequences (Figure 1B) and focal nearly transmural
enhancement in the late gadolinium sequences (Figure 1C)
suggestive of dilated cardiomyopathy with oedema and pos-
sible focal fibrosis. There is also a large thrombus in the LV
(Figure 1C, Supporting Information, Video S2). PCR tests on
blood for other viral aetiologies, including cytomegalovirus
and Epstein bar virus, were negative. Regarding the presence
of high total and direct bilirubin levels (10.2 and 6.6 mg/dL,
respectively), a liver biopsy was performed showed diffuse si-
nusoidal dilation and patchy haemorrhage and necrosis
which could be attributed to cardiomyopathy. He undertook
bone marrow aspiration in approach to the bi-cytopenia,
which showed haemophagocytosis (Figure 2A). There is also
markedly elevated CD25 (soluble IL-2 receptor-α). Antinuclear
antibodies were negative; the workup for metabolic and
underlying cancer was negative. According to clinical and lab-
oratory findings, the diagnosis of haemophagocytic lympho-
histiocytosis was made, fulfilling 2004 HLH Criteria.9

According to the guidelines9 and the availability of drugs,
we initiated immunomodulatory treatment in addition to an-
ticoagulation therapy. Intravenous immunoglobulin (IVIG)
1 g/kg was given for 2 days plus methylprednisolone intrave-
nous pulse 30 mg/kg for 3 days in addition to intravenous
heparin. We continued methylprednisolone 2–3 mg/kg for
5 days. During the 3 weeks, the laboratory inflammatory
markers reduced (Table 1); however, the cardiac condition
deteriorated. After a multidisciplinary team discussion re-
garding persistent severe heart failure, the patient was
scheduled for heart transplantation (HT). HT was performed
5 weeks after admission to our centre. The macroscopic ex-
amination of the explanted heart showed increased heart
weight and enlarged ventricular cavities. Histological features
revealed nuclear enlargement, anisonucleosis, and focal
myocyte vacuolation due to myofibrils loss and delicate inter-
stitial fibrosis. One focus of mural granulation tissue forma-
tion containing scattered chronic inflammatory cells with
lymphocytic infiltration restricted to subendocardium in the
mid septum was detected (Figure 2B-D). No overt inflamma-
tion is seen. No overt necrosis is seen. The PCR for Parvovirus
B19, enterovirus, human herpesvirus, and adenovirus was
negative. Unfortunately, the tissue PCR on myocardium for
SARS-CoV-2 was not available at the time of heart explanta-
tion in our centre; however, it became available recently, so
it was checked on the available samples according to previ-
ously taken consent, and it was negative.

After the transplant, immunosuppression protocol was ini-
tiated with mycophenolate mofetil, everolimus, methylpred-
nisolone intravenous pulse, and anti-thymocyte globulin for
2 days. Three days after transplant, he experienced respira-
tory distress and hypoxia. The inflammatory markers were

Table 1 Laboratory findings

During admission Pre-transplant 10 days post-transplant

White blood cells (× 103/μL) 13.4 9900 23
Lymphocytes (%) 2.5% 10% 2%
Haemoglobin (g/dL) 8.5 10 9
Platelets (× 103/μL) 140 196 61
Aspartate aminotransferase (U/L) 57 34 196
Alanine aminotransferase (U/L) 83 31 50
Total bilirubin (mg/dL) 10.2 3 8.4
Direct bilirubin (mg/dL) 6.6 1.5 6.2
Prothrombin time (s) 19 19 19
International normalized ratio 1.3 1.37 1.5
Partial thromboplastin time (s) 50 39 40
C-reactive protein (mg/L) 15 3 36
Erythrocyte sedimentation rate (ESR) (mm) 17 6 17
Lactate dehydrogenase (U/L) 962 1208
Ferritin (ng/mL) 750 280 922
Triglycerides (mg/dL) 300
Troponin-I (ng/mL) 0.56 0.096 1.4
N-terminal pro-B-type natriuretic peptide (pg/mL) 4800 4347 >5000
Lactate (mmol/L) 4.3 2.1
D-dimer, μ/mL 10.9 2.08 1.9
CD25 (soluble IL2 receptor α) (U/mL) 3200
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increased, and the blood test showed lymphopenia and low
platelet count (Table 1). The lung CT showed bilateral
ground-glass opacities and progressed to acute respiratory
distress syndrome (ARDS) (Supporting Information, Figure
S1). The left ventricular ejection fraction (LVEF) was 50%.
We sent multiple blood cultures. We held mycophenolate
mofetil with the suspicion of infection and started a broad-
spectrum antibiotic, lopinavir/ritonavir, and azithromycin. Af-
ter ruling out infection and graft rejection, Rituximab, steroid,
and IVIG were added to the treatment in response to the re-
lapse of inflammatory condition. The blood cultures were
sterile, Rituximaband the repeated PCR test for SARS-CoV-2
returned negative. Unfortunately, after 20 days of supportive
care, the patient eventually developed disseminated intravas-
cular coagulation (DIC) and died. Despite the troponin rise af-
ter the heart transplant, which remained high throughout the
course, the LV function was preserved during the
post-transplant period.

Discussion

Secondary HLH and macrophage activating syndrome are
overlapping phenotypes of hyperinflammatory conditions
such as cancers, viral infection, and autoimmune disorders.
The high ferritin, liver injury, coagulopathy, and hypertriglyc-
eridaemia are features of secondary HLH.9,10 There is no clear
data on the prevalence of COVID-related HLH. This is because
the bone marrow biopsy, and CD25 were not evaluated in
most cases reported as possible COVID-19-related HLH, but
it is generally a rare condition.11 To our knowledge, this is
the first case of a child with COVID-19-related HLH with se-
vere myocardial dysfunction. Our patient met the HLH 2004
Criteria with proven haemophagocytosis in bone marrow as-
piration and elevated CD25 level. The heart transplant was

unsuccessful due to a relapse of inflammatory status, sug-
gesting the poor prognosis of this condition.2,9

Multisystem inflammatory syndrome in children is usually
seen as a delayed consequence of COVID-19. Most children
with this condition had negative PCR but positive SARS-CoV-
2 serology tests like our case. The factors such as dysregula-
tion of innate immunity, cytokine storm, macrophage activa-
tion, and endothelial damage play roles in developing
multi-organ injury, coagulopathy, and immunopathogenesis
of COVID-19-associated MIS and HLH.7,8,11 Cardiac dysfunc-
tion is reported commonly in MIS; however, it usually im-
proves over time. In a limited number of patients, the
problem has continued or intensified after the first week of
treatment.7,12 The aetiology of cardiovascular involvement
in the spectrum of MIS-C can be multifactorial. Overt
COVID-19-related myocarditis is not as frequent as previously
thought, according to histologic studies in adults.13 There is
no histologic data regarding the pattern of cardiac involve-
ment in children with COVID-19 related to HLH syndrome.
In our case, the cardiac magnetic resonance (CMR) showed
inflammatory dilated cardiomyopathy with possible focal fi-
brosis. Histological features were compatible with dilated car-
diomyopathy with focal lymphocytic infiltration restricted to
the subendocardium. In our patient, the heart transplant
took place after a period of immunomodulatory treatment
and around 40 days after the onset of the disease, so we as-
sume that the inflammation was subsided. The pathologic
feature is more consistent with dilated cardiomyopathy
caused by post-immune-mediated myocarditis as PCR for
the viruse genomes were negative in the myocardium. This
is in line with immunopathogenesis of the other organ dam-
ages in COVID-19-related HLH syndrome.7,10,11 LV thrombus
formation in our patient could also be result of endothelial
disruption combined with hypercoagulation in this
scenario.11,14 In a study on paediatric patients with COVID-
19-related MIS, Theocharis et al. showed common cardiovas-

Figure 1 (A) Axial lung CT on admission showing enlarged cardiac margins and pulmonary congestion with no evidence of COVID-19 features. (B) Car-
diac MRI T2 weighted fat suppression images showing inflammation in the anterior and septal wall. (C) Late gadolinium enhancement images demon-
strating nearly transmural foci of fibrosis in the septal wall with a large thrombus attached to the anterior wall.
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cular involvement. However, most patients exhibited mild
forms of LV dysfunction with no fibrosis in CMR, and some
showed a degree of oedema.15 Latimer et al. reported a 16-
year-old with COVID-related thrombocytopenia-associated
multiple organ failure (TAMOF) with moderately reduced LV
dysfunction in whom the ejection fraction normalized.16

There is no established treatment to approach COVID-
related HLH in children. Steroid, IVIG, and anti-cytokine
agents showed some beneficial effects in secondary HLH
and COVID-19-related MIS-C.9,17,18 There is not sufficient
data on the therapeutic approach of persistent cardiac failure
following COVID-19. Whether these patients benefit from
heart transplants or not is unknown. Our patient deteriorated
early post-operation due to the heightened systemic inflam-
mation, ARDS, and eventual DIC. Whether the immunosup-

pressive treatment, including anti-thymocyte globulin,
triggers the recurrence of HLH is not evident. Overall, our ex-
perience suggests that COVID-19-related HLH with cardiac in-
jury have a poor prognosis.
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Figure 2 (A) Bone marrow aspirates showing erythrocytes and lymphocytes engulfed by bizarrely shaped macrophage. (B) Microscopic examination
shows cardiac myocytes with mild to moderate hypertrophy and delicate interstitial fibrosis. (C and D) Focus of mural granulation tissue formation
and scattered chronic inflammatory cells—lymphocytic infiltration restricted to endocardium—is seen.
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Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Figure S1. A) Axial lung CT in a few days post-transplant with
bilateral ground-glass opacity and consolidation B) develop-
ing into bilateral infiltration.

Video S1. Cine 4 chamber showing enlarged ventricles and
severely reduced systolic function.
Video S2. Short axis rest perfusion sequenced showing large
LV thrombus attached to the mid anterior wall.
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