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	 Objective:	 Rare disease
	 Background:	 Infants born to mothers with Coronavirus disease (COVID-19) are susceptible to infection, either vertically or 

horizontally. The mechanism is not completely understood. Regardless, it is rare that an infant with COVID-19 
suffers from serious, life-threatening complications. We speculate that one of these complications can be he-
mophagocytic lymphohistiocytosis (HLH), a dysregulated hyperinflammatory response that leads to multi-or-
gan failure.

	 Case Report:	 We describe a case of a female newborn, born to a SARS-CoV-2-positive mother via cesarean section delivery 
at 35 weeks of gestation, that tested positive for SARS-CoV-2 on the first day after birth. The patient present-
ed with progressive respiratory distress, intermittent fever, splenomegaly, and cytopenia. Hemophagocytic lym-
phohistiocytosis (HLH) work-up was done, which showed hyperferritinemia, hypofibrinogenemia, and hyper-
triglyceridemia. Bone marrow aspirate showed hemophagocytic activity of both red blood cells and platelets. 
We suspect that the virus triggered HLH, which led to the patient’s death at 51 days of age due to severe re-
spiratory failure.

	 Conclusion:	 Infants and children suffer from milder symptoms than adults when infected with SARS-CoV-2, for reasons 
not well understood, although multiple hypotheses have been proposed, which are discussed in this paper. 
However, there is a possibility that the severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) virus 
can cause HLH and multi-system inflammatory syndrome in children (MIS-C).
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Background

Hemophagocytic lymphohistiocytosis (HLH) is a rare but fa-
tal condition caused by a dysregulated hyperinflammatory re-
sponse and immune activation with elevated levels of inflam-
matory cytokines that can lead to multi-organ involvement 
and marked hemophagocytosis resulting in ferritin elevation 
and glycosylated ferritin decline due to macrophage activa-
tion, and cytopenia [1,2]. Although HLH can occur at any age, 
it predominantly affects infants younger than 18 months [3]. 
HLH is usually categorized into 2 subtypes: primary (famil-
ial) HLH and secondary (acquired) HLH. Although both prima-
ry and secondary HLH have similar presentation and both can 
be triggered by viral infections, particularly Epstein-Barr virus, 
they differ in the presence or absence of genetic predisposi-
tion. Primary/familial HLH has a genetic predisposition that 
impairs natural killer (NK) or T cell function, while secondary 
HLH (sHLH) is mostly associated with concomitant infections, 
whether viral or bacterial, autoimmune diseases, or underlying 
malignancies [1]. Similarly, Macrophage activation syndrome 
(MAS) is a condition that shares some features of HLH, such 
as strong macrophage activation and excessive hyperferri-
tinemia. MAS is associated with autoimmune diseases, espe-
cially juvenile idiopathic arthritis, systemic lupus erythemato-
sus (SLE), Kawasaki disease, and juvenile dermatomyositis [4].

The novel severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), responsible for the Coronavirus disease 2019 
(COVID-19) pandemic, emerged in Wuhan, China, in December 
2019. The first case of SARS-CoV-2 infection appeared in March 
2020 and reached a peak number of daily cases in November 
2020, which led the virus to become widespread throughout 
Jordan. Children with COVID- usually experience milder symp-
toms than adults, but they are susceptible to the same com-
plications. However, current evidence suggests that infants 
(age <1 year) might be at increased risk for severe illness from 
SARS-CoV-2 infection [5]. Although there is no previous evi-
dence of SARS-CoV-2 being the main etiology of HLH per se in 
children, there is good evidence that SARS-CoV-2 is involved 
in the development of the systemic hyperinflammatory state 
known as multi-system inflammatory syndrome (MIS-C), which 
can mimic the symptoms of Kawasaki disease in children [6]. 
In this paper we present a case of an infant with a consistent 
feature of sHLH secondary to severe SARS-CoV-2 infection.

Case Report

We report a female patient who was born via cesarean section 
delivery at 35 weeks of gestation due to intrauterine growth 
retardation and fetal distress to a SARS-CoV-2-positive moth-
er diagnosed by nasopharyngeal swab real-time polymerase 
chain reaction (PCR) testing. At birth, the baby was small for 

gestational age, with a birth weight of 1.690 Kg. The one-min-
ute and five-minute Apgar scores were 8 and 9, respectively. The 
infant was kept in a designated isolated neonatal negative pres-
sure room with enhanced infection control precautions where 
staff were required to wear N95 masks, eye shields, gloves, and 
gowns. She was started on antibiotics (ampicillin and amikacin) 
for 2 days after obtaining blood for bacterial cultures to treat 
suspected sepsis. A work-up was done for TORCH (Toxoplasma 
gondii, other agents, rubella, cytomegalovirus [CMV], and her-
pes simplex virus [HSV]) infections and there was no evidence 
of infection. Upon birth, the patient was found to have leuko-
penia, neutropenia, thrombocytopenia and, lymphopenia. A 
nasopharyngeal swab was taken at 24 h of age and was pos-
itive for SARS-Cov-2 via polymerase chain reaction (PCR). The 
test was repeated at 21 days and 46 days due to the deterio-
ration of respiratory status, and horizontal transmission from 
other health care workers during the baby’s stay at the NICU 
had to be excluded too. Results of a s serial head ultrasound 
were normal. The patient’s liver function test (aspartate ami-
notransferase, gamma-glutamyltransferase, alanine transami-
nase, and bilirubin) and kidney function test (creatinine and uric 
acid) were normal throughout the patient’s life span of 51 days.

The patient developed late-onset sepsis at age 6 days. Blood 
and urine bacterial and fungal cultures were collected; blood 
culture revealed Staphylococcus hominis, which was managed 
by a 1-week course of vancomycin. Antifungal treatment was 
administered (fluconazole followed by amphotericin for 2 
weeks). The infant had persistent poor sucking and started to 
have progressive respiratory distress managed by respirato-
ry support, accompanied by pancytopenia and anemia (HB=6 
mg/dl) managed by administration of irradiated, CMV-negative, 
washed, leuko-depleted packed red blood cells transfusion at 
age 33 days (Table 1). Due to the upward-trending CRP de-
spite being treated for 1 week with vancomycin, the patient 
was also placed on meropenem (Figure 1).

At age 40 days, the patient started to have an intermittent fe-
ver and worsening of respiratory status, with an increase in her 
FiO2 requirement. This was followed by splenomegaly at age 46 
days (documented by ultrasound). Her chest X-ray showed dif-
fuse bilateral infiltrate (Figure 2). An echocardiogram showed 
mild to moderate pulmonary hypertension secondary to lung 
disease. One week later, the patient was managed by invasive 
respiratory support, antibiotics, granulocyte colony-stimulat-
ing factor (G-CSF), and a 2-day course of intravenous immuno-
globulin (IVIg). An HLH work-up was done, which showed hy-
perferritinemia, hypofibrinogenemia, and hypertriglyceridemia 
(Table 2). A bone marrow aspirate sample was taken since a 
biopsy was not possible, and it showed hemophagocytic activ-
ity of both red blood cells and platelets (Figure 3). Peripheral 
blood film did not show blasts, which excluded leukemias. The 
patient died at age 51 days due to severe respiratory failure.
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Day of life
Hb

(g/dl)
RBC

(million/mm3)
WBC

(cell/mm3)
Lymphocyte

(%)

Lymphocyte 
count

(cell/mm3)

Neutrophils 
(%)

ANC
(cell/mm3)

Platelets
×109/L

Normal 
ranges

13-20 5.1-5.3
5000- 
21 000

48
2400- 
10 080

40-80
2000- 
16 800

150 000- 
450 000

2 17.0 5.59 1.96 44.3 0.87 41.1 0.8 101

4 11.5 4.16 0.43 28.0 0.12 3.3 0.014 124

5 12.7 4.51 0.61 38.0 0.23 8.0 0.048 104

7 11.9 4.41 0.70 36.0 0.25 26.0 0.180 216

10 10.8 3.78 0.86 66.0 0.57 24.0 0.200 365

17 10.7 4.70 0.73 47.0 0.34 0.0 0.000 458

21 8.8 3.19 0.88 46.0 0.40 1.0 0.008 210

23 9.0 3.28 1.14 44.0 0.50 4.0 0.045 186

28 6.2 2.17 1.02 70.0 0.71 20.0 0.200 110

29 10.8 3.76 1.08 72.0 0.78 14.0 1.080 80

34 7.8 2.78 1.00 80.0 0.80 10.0 0.100 98

36 9.7 3.17 0.89 38.0 0.34 6.0 0.053 44

37 11.4 3.70 0.58 73.4 0.43 14.1 0.080 40

38 11.5 3.90 0.33 70.0 0.23 20.0 0.066 35

39 9.4 3.07 0.47 33.0 0.16 12.0 0.056 58

40 8.1 2.71 0.35 60.0 0.21 24.0 0.084 40

Table 1. CBC levels details from day 2 to day 40 of life.

Hb – hemoglobin level; RBC – red cell count; WBC – weight cell count; ANC – absolute neutrophil count.

Figure 1. �C-reactive protein levels from day 2 to 
day 33 of life.20
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Discussion

We present the case of an infant with confirmed SARS-CoV-2 
infection born to a mother with known perinatal SARS-CoV-2 
infection (SARS-CoV-2-positive sample at 24 h after birth, 
when the mother was also positive). Recent reports suggest 
that, for unknown reasons, children have a milder disease 
course than adults, and children often do not require hospi-
talization or any medical intervention [6]. The reason for this 
observation is not well understood, yet multiple hypotheses 
have been proposed. One of these hypotheses is that children 
have immature angiotensin-converting enzyme 2 (ACE2) pro-
tein, and evidence suggests that ACE2 protein is needed by 
SARS-CoV-2 to enter the cells; as a result, well-differentiated 
cells that express mature ACE2 protein are readily infected 
by the virus [7] a large number of SARS-related coronavirus-
es (SARSr-CoVs. Another hypothesis suggests that the pres-
ence of fetal hemoglobin, which makes up 80% of an infant’s 
hemoglobin, has a prophylactic effect against SARS-CoV-2, as 
the virus usually targets the heme on the 1-b chain (which is 
not present in fetal hemoglobin) of hemoglobin, dissociating 
the iron from porphyrin. This leads to the destruction of he-
moglobin, which leads to hypoxia as well as inhibiting the nor-
mal metabolic pathway of heme [8].

It has been described that severe COVID-19 can lead to sys-
temic hyperinflammation indicative of secondary HLH in adults. 
The mechanism by which sHLH occurs may involve SARS-CoV-2 
activating NLRP3 inflammasomes, the interaction between the 
spike glycoprotein of SARS-CoV-2 and Toll-like receptors 5, and 

downregulation of the antiproliferative and anti-inflammatory 
AT-1-7 pathway [9-11]. HLH is diagnosed either by detection 
of HLH-associated mutations (diagnostic for primary HLH) or 
by verification of a minimum of 5 of the following 8 criteria: 
prolonged high-grade fever, hepatosplenomegaly, accompany-
ing cytopenia, fasting hypertriglyceridemia (> 265 mg/dl), and/
or hypofibrinogenemia (< 150 mg/dl), hemophagocytosis, low 
or absent NK cell activity, ferritin > 500 ng/ml, and soluble IL-2 
receptor elevated 2 standard deviations above age-adjusted 
laboratory-specific norms [12].

Some patients (especially those with underlying diseases, in-
fants less than 1 year of age, and neonates) are more prone 
to serious outcomes [13]. Neonates are likely to differ from 
older groups in their exposure to the virus; infection with neo-
natal admission following birth to a mother with perinatal 
SARS-CoV-2 infection was reported to be unlikely, and vertical 
transmission is rare, although they can contract SARS-CoV-2 
through close personal contact in much the same way as oth-
er groups. They might also contract the virus vertically before 
or at birth [14]. For diagnosis in newborns, PCR is reliable in 
the detection of SARS-CoV-2 in neonates, but the possibility 
of false-negative results is high. This may be because the in-
cubation period during the first 2 days of life is too short [15].

We present one of the first reported neonatal deaths with se-
vere COVID-19 course in Jordan. Although our case most likely 
demonstrates vertical transmission, as various reports suggest 
this possibility in neonates [16-18], due to the PCR test being 
positive within 24 h from birth, horizontal transmission cannot 
be ruled out. The patient was born at 35 weeks of gestation due 
to intrauterine growth restriction (IUGR). According to a clinical 
analysis of 10 neonates born to mothers with SARS-CoV-2 in-
fection, 2 of the newborns were small for gestational age, sug-
gesting that SARS-CoV-2 infection may be associated with SGA, 
and that infections in general may be associated with IUGR [19]. 
A review of the literature found that various pre-natal congen-
ital infections, such as those caused by T. gondii, rubella, cyto-
megalovirus (CMV), herpes simplex virus (HSV), varicella-zos-
ter virus (VZV), and Treponema, were associated with IUGR 
[20]. Our patient presented with severe lymphopenia, throm-
bocytopenia, and leukopenia, in addition to poor feeding and 

Day of life
TG 

(mg/dL)
Ferritin 
(ng/mL)

Fibrinogen 
(ng/mL)

Normal 
values

29 40-310 125-300

35 232 1400 1.34

38 185 1649.5 –

Table 2. �Triglycerides, ferritin, and fibrinogen levels at ages 35 
days and 38 days.

Figure 2. �Patient AP chest X-ray showing diffuse bilateral 
infiltrate (indicated by the 2 yellow arrows).
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respiratory distress since birth, with worsening of respiratory 
status at 6 weeks of life, associated with new-onset multi-organ 
failure, elevated inflammatory markers, splenomegaly, fever, he-
mophagocytosis, hypertriglyceridemia, high serum ferritin, and 
hypofibrinogenemia, suggestive of secondary HLH. Primary HLH 
is a rare diagnosis, so ferritin and triglycerides levels were not 
checked (in retrospect, they should have been checked sooner); 
however, sepsis and congenital bone marrow failure syndromes 
were ruled out first as they were at the top of the differential 
list. This early response pattern mounts the same response as 
in adults and was similar in this neonate who presented early 
with late sequalae. Serological evidence of SARS-CoV-2 with el-
evated immunoglobulin-M levels was shown in 3 neonates but 
with negative PCR testing [21,22].

Several reports demonstrate the occurrence of HLH after se-
vere COVID-19 disease in adults. Hypertriglyceridemia (asso-
ciated with lipoprotein lipase inhibition caused by excess tu-
mor necrosis factor-alpha [TNF-a]) is found in ~36-71% of 
adults with HLH [23-25].

Although there is currently no definitive evidence of in-utero 
SARS-CoV-2 transmission, in addition to unavailable serological 
evidence of SARS-CoV-2 with elevated immunoglobulin-M lev-
els (which were not documented at the time of negative PCR 
testing), the present case report draws attention to the pos-
sibility of the complication of HLH in infants with confirmed 
infection born to mothers with known perinatal SARS-CoV-2 

infection who had a severe course of COVID-19. Patients should 
be screened for hyperinflammation using standard laboratory 
tests to identify those for whom immunosuppressive therapy 
may improve the outcomes. Regarding the delivery method 
when the mother is SARS-CoV-2-positive, according to a sys-
tematic review, cesarean section in mothers positive for SARS-
CoV-2 has the same incidence of SARS-CoV-2 infection, neo-
natal death, and maternal death as in vaginal delivery [26].

In a small subset of patients, a hyperinflammatory syndrome 
known as multi-system inflammatory syndrome in children 
(MIS-C) can occur. Case series have reported that children 
who present with this hyperinflammatory syndrome have fe-
ver and mucocutaneous manifestations that resemble those 
seen in Kawasaki disease. Other reports have described pa-
tients with features suggestive of macrophage activation syn-
drome, toxic shock syndrome, and hemophagocytic lympho-
histiocytosis. MIS-C predominantly affects children older than 
5 years of age and it is relatively rare in those less than 1 year 
of age [27]. The diagnostic criteria were described as any indi-
vidual under age 21 years presenting with fever (>38.0°C for 
³24 h), laboratory evidence of inflammation (such as an ele-
vated C-reactive protein [CRP], erythrocyte sedimentation rate 
[ESR], elevated neutrophils, or reduced lymphocytes), evidence 
of clinically severe illness requiring hospitalization and involv-
ing 2 or more organ systems in the setting of a SARS-COV-2 in-
fection (current or recent by RT-PCR, serology, or antigen test), 
with no plausible alternative diagnosis [28].

Figures 3. �(A, B) Bone marrow aspirate that showed hemophagocytic activity of both red blood cells and platelets (indicated by the 
red arrows).

A B
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Patients with MIS-C have been reported to present with sec-
ondary hemophagocytic lymphohistiocytosis (sHLH), a rare but 
fatal hyperinflammatory syndrome that usually affects those 
who are less than 18 months old. Our patient was found to 
have 5 of the 8 diagnostic criteria of HLH, which is sufficient 
for the diagnosis, but no genetic testing was done to rule out 
primary HLH in this patient. However, as the diagnostic cri-
teria of MIS-C were fulfilled, in the background of a positive 
SARS-COV-2 test, we found it more plausible that this was a 
case of secondary HLH, with the main culprit being the active 
SARS-CoV-2 infection. Our patient was managed by invasive 
respiratory support, antibiotics, granulocyte colony-stimulat-
ing factor (G-CSF), and a 2-day course of intravenous immu-
noglobulin (IVIg). The diagnosis of HLH was established at age 
46 days, IVIg was given first, and when steroids were consid-
ered, it was too late, as the patient died shortly thereafter. 
Before the diagnosis of HLH, steroids were avoided due to the 
positive blood cultures and fear of bacteremia complications.

Thus, this case shows that, although rare, SARS-COV-2 can 
have disastrous consequences in children, especially in pre-
mature neonates who have intrauterine growth retardation. 
Therefore, in the current COVID-19 pandemic, obstetricians 
and neonatologists should take the utmost precautions when 
delivering a fetus of a mother who is positive for COV-SARS-2 
to prevent both horizontal and vertical transmission of the 

virus. With a presentation such as our patient’s, MIS-C would 
be suspected, which would make the diagnosis of HLH chal-
lenging; therefore, it is important to note that we were only 
able to diagnose the patient after the exclusion of MIS-C and 
performing a bone marrow aspirate.

Conclusions

In conclusion, this case report highlights that although it is ex-
tremely rare, MIS-C can occur in the neonates with a clinical pic-
ture of secondary hemophagocytic lymphohistiocytosis (sHLH).
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