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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a potentially
fatal syndrome. It is a hyperinflammatory state with hyperse-

cretion of cytokines and characterized by the deficient function
of natural killer cells and hyperactivation of antigen presenting
cells and cytotoxic T cells. This leads to life-threatening
tissue damage and organ failure.1,2 Primary or familial HLH is
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Abstract Hemophagocytic lymphohistiocytosis (HLH) is a rare, multisystem, potentially fatal
clinicopathologic syndrome. HLH presenting predominantly as pediatric acute liver failure
(PALF) has been rarely reported. Early recognition is imperative to initiate life-saving
treatment but is often hampered due to the rarity of this syndrome, variable clinical
presentations, and nonspecific clinical and laboratory findings. In this article, we reported a
case of secondary HLH (H1N1 and RSV positive) presenting as PALF from India. A previously
healthy 22-month-old boy presented with fever, vomiting, and altered sensorium for
10 days. He had coagulopathy and deranged liver functions. He was evaluated for
underlying etiology and managed on lines of PALF. Due to persistent bicytopenia and
excessively high ferritin levels, HLH was strongly suspected though he did not fulfill all
clinical criteria for thediagnosisofHLH. Presenceof seizures and cerebrospinalfluidanalysis
was suggestive of central nervous system involvement. There was no evidence of primary
HLH on genetic evaluation. Real-time polymerase chain reaction amplifications were
positive for RSV and influenza A H1N1, confirming the causative triggers. After the
administration of immunosuppressants and oseltamivir, the patient’s symptoms improved
dramatically and he recovered completely. To the best of our knowledge, this is the fourth
case reported worldwide till date of successful rescue of ALF in a child associated with HLH
completelywithout resorting to liver transplantation. Clinical vigilance is crucial for possible
presence of HLH with varied initial presentations in PALF despite incomplete diagnostic
criteria, with detailed etiological workup for commencing life-saving therapy in time.
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associated with several known genetic mutations and presents
usually at an earlyage (medianage¼2.9months). Secondaryor
acquired HLH is triggered by infection, malignancies, autoim-
mune diseases, and metabolic disorders. The management of
HLH is aimed at identifying and managing any underlying
trigger and controlling the overactive immune system.3,4

Nearly all patients with HLH present with hepatic manifes-
tations ranging from mild hepatic dysfunction to overt liver
failure, and some of these patients might be referred to the
pediatric gastroenterologist on the suspicion of severe acute
hepatitis or acute liver failure (ALF) primarily. HLH is one of
the rarely reportedcausesofpediatric acute liver failure (PALF).5

HLHasacauseofALFhasbeenreportedpreviously in2%ofcases
in<3 years of age, 1% in>3 years of age children, and in 2.7% of
cases of neonates and infants <90 days.6

Early recognition is imperative to initiate life-saving treat-
ment but is often hampered due to the delay in diagnosis. We
report an unusual case from India of PALF andHLH induced by
influenza A (H1N1) and respiratory syncytial virus (RSV)
infection. The child did not fulfill all the diagnostic criteria
of HLH; however, on strong suspicion and available literature
was treated on the lines of PALF associated with HLH and
responded very well to the treatment.

Case Report

A previously healthy 22-month-old boy was air transported to
our center with high grade fever and vomiting since 10 days,
with a history of high-colored urine, encephalopathy, and
melena. At initial presentation, he was tachypneic but main-
taining 98% saturation on room air and had a blood pressure of
120/70mmHg (mean arterial pressure of 90mmHg). He was
sleepy but arousablewith briskmotor reflexes (grade 3 hepatic
encephalopathy).7 He had bilateral crepitations in the chest
with a 5-cm nontender hepatomegaly. There was no icterus or
splenomegaly. On evaluation, initial blood investigations dem-
onstrated hemoglobin (Hb) of 9.7 g/dL, total leucocyte count
(TLC) of 4.26�103/μL and platelet count of 133�103/μL. Liver
function tests revealed total serum bilirubin (TSB; 1.41mg/dL),
alaninetransaminase (ALT;10,040U/L), aspartate transaminase
(AST; 9,925 U/L), total serum protein (6.1 g/dL), albumin
(3.3 g/dL), international normalized ratio (INR; 1.77), and plas-
ma ammonia 190 µg/dL. The child was immediately shifted to
the pediatric intensive care unit and managed on the lines of
ALF.Repeatedworkupdemonstratedworsening valuesonday2
and 3 of admission, with Hb (7.2g/dL), TLC (3.08�103/μL), and
platelet count (92�103/μL) as depicted in►Table 1. Repeated
liver function tests alsodemonstratedworseningwith total TSB
(3.3mg/dL), direct bilirubin (2.8mg/dL), ALT (13,370 U/L), AST
(4,000 U/L), albumin (3.2 g/dL), and INR (2.2; ►Table 1). The
peripheral smear did not show any blasts. Lactate dehydroge-
nase (LDH) value was raised (6,972 U/L). Renal functions were
preserved. An ultrasound of the abdomen depicted hepato-
megaly with mild splenic enlargement. Comprehensive
workup was initiated for triggers of PALF. Presence of malaria
and dengue infection was ruled out. Initial workup for known
hepatotropic and nonhepatotropic viruses (Hepatitis A, B, C, D,
and E; CMV; and EBV), Wilson disease, and autoimmune

diseasewasnegative.Onday2ofadmission,hehadoneepisode
of generalized tonic-clonic seizures. Lumbar puncture revealed
no pleocytosis. However, cerebrospinal fluid protein was
elevated (420mg/L).8 Magnetic resonance imaging brain
was normal. In view of fever, cough, and bilateral perihilar
infiltrates on chest X-ray, community infectious profile and
rapid respiratory pathogen assay was sent, which depicted
H1N1 real-time polymerase chain reaction positive for Influ-
enza A and H1N1. RSV was detected in rapid respiratory
molecular array. Due to persistent fever with bicytopenia,
a strong possibility of HLH was considered. Workup demon-
stratedmarkedly elevated serum ferritin (31,278ng/mL), hypo-
fibrinogenemia (149mg/dL), and normal serum triglyceride
(105mg/dL). With this clinical setting, HLH was very strongly
suspectedwith possible central nervous system (CNS) involve-
ment, though he did not meet all the required diagnostic
criteria of HLH (►Table 2). Cerebrospinal fluid analysis done
also demonstrated histiocytes on cerebrospinal fluid (CSF)
cytospin, although the bone marrow biopsy did not show any
hemophagoctyosis. On evaluation for primary underlying
etiology of HLH, genetic testing by exome sequencing (AP3B1,
BLOC1S6, CD27, ITK, LYST, PRF1, RAB27A, SH2D1A, SLC7A7,
STX11, STXBP2, UNC13D, and XIAP) did not show any evidence
of familial HLH.

In view of the devastating immune activation in HLH,
systemic immunomodulatory therapy was started. Intrave-
nous dexamethasone was administered at the dose of
10mg/m2, in addition to oseltamivir. The patient’s symptoms
improved dramatically after starting immunomodulatory
treatment and hemade a complete clinical recovery. Recovery
of laboratory parameterswas noted (►Table 1) with complete
resolution of coagulopathy and improving counts. The patient
was discharged on oral dexamethasone that was tapered over
8 weeks. He remained healthy without a recurrence of HLH
during a 2-year follow-up.

Discussion

Patients with HLH typically present with varied hepatic man-
ifestations ranging from mild transaminitis to fulminant liver
failure. In recent years, HLH presenting as ALF has been
noticed; however, the diagnosis is rare and challenging, and
mortality remains high.5,6 It is therefore crucial to look for
underlying HLH as an important differential diagnosis in the
etiological workup for ALF. Concurrent cytopenia and elevated
levels of serum ferritin with unexplained liver failure
should raise a suspicion of HLH as seen in our previously
healthy 22-month-old patient presenting with ALF.8,9

A definite diagnosis of HLH is established if patient meets
five out of eight criteria as depicted in ►Table 2.3 We could
not check for sIL-2R or natural killer cell function as it was
not feasible. Despite only four criteria being fulfilled in our
patient, HLH was still strongly suspected.3

HLH is a syndromic diagnosis; all the diagnostic criteria
may not be fulfilled at presentation, thus necessitating serial
follow-ups. Recent data in children have shown that serum
ferritin levels more than 10,000 ng/mL are 98% specific for
HLH.9 The initial marrowexamination or tissue biopsiesmay
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not always show hemophagocytosis, which may be depicted
on serial examinations. A diagnosis of HLH should not be
excluded just on the basis of absent hemophagocytosis.10,11

CNS involvement has been frequently reported at disease
onset in both primary and secondary HLH, with a highly

variable clinical presentation ►Table 3. Overall, CNS disease
has been reported in 30 to 73% of all HLH patients, with
seizures being the most common neurological manifesta-
tion. CSF pleocytosis, increased protein levels, and presence
of abnormal CSF (which has been defined as including
pleocytosis, increased CSF protein, or both.) have been
reported in nearly 10 to 47%, 11 to 41%, and 16 to 76% of
HLH patients, respectively.12

It is interesting to note that over the years HLH has
been considered as a controversial indication for liver trans-
plantation. In recently published literature, liver

Table 2 Diagnostic criteria for hemophagocytic
lymphohistiocytosis according to the hemophagocytic
lymphohistiocytosis 2004 guideline

The diagnosis of HLH can be established if one of the either
1 or 2 below is fulfilled.

1. A molecular diagnosis consistent with HLH

2. Diagnostic criteria for HLH fulfilled (5 out of 8 criteria below)

A. Initial criteria (to be evaluated in all patients with HLH)

Clinical criteria

1. Fever

2. Splenomegaly

Laboratory criteria

3. Cytopenias (affecting t2 lineages in peripheral blood): anemia
(hemoglobin<9 gm/dL), thrombocytopenia (<100�103/
μL), and neutropenia (ANC <1.0�103/μL)

4. Hypertriglyceridemia (>265mg/dL) and/or hypofibrinoge-
nemia (<150mg/dL)

Histopathologic criteria

5. Hemophagocytosis (in bone marrow, spleen, or lymph
nodes).

No evidence of malignancy

B. New diagnostic criteria

6. Low/absent NK cell activity

7. Hyperferritinemia (>500 ng/mL)

8. Increased soluble CD 25 t2400 units/mL

Abbreviations: HLH, hemophagocytic lymphohistiocytosis; NK, natural
killer; sIL-2R, soluble interleukin-2 receptor.
Note: Adapted from Henter et al.3

Table 1 Depicting serial investigations of the patient

Before admission Day 1 Day 2 Day 3 Day 7 Day 10 On d/c

Hb (g/dL) 9.7 8.7 7.8 7.2 9.5 11.3 11.2

TLC
(�103/μL)

4.26 3.71 3.51 3.08 3.87 3.93 8.72

Platelet count
(�103/μL)

130 92 96 124 122 120 338

Total serum bilirubin (mg/dL) 1.41 2.7 2.5 2.4 2.2 1.9 1.4

AST (U/L) 10,040 13,370 7,682 3,880 746 1,423 194

ALT (U/L) 9,925 4,000 3,720 2,340 1,260 1,730 464

Ammonia (µg/dL) 191 136 87 68 63 56 42

Lactate (U/L) NA 3.3 1.8 2.0 1.3 1.9 1.2

PT (sec) 21.8 22.5 20.5 18.6 15.8 13.8 12.2

INR 1.77 2.2 2.1 1.9 1.5 1.3 1.1

Serum Creatinine (mg/dL) 0.9 0.8 0.8 0.7 0.8 0.7 0.7

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; d/c, discharge; Hb, hemoglobin; INR, international normalized ratio; NA, not
available; PT, prothrombin time; TLC, total leucocyte count.

Table 3 Depicting clinical and laboratory features

Hepatic dysfunction (acute liver failure and hepatic
encephalopathy)

Respiratory symptoms (cough)

Central nervous system symptoms (seizures)

Hepatomegaly

Anemia (Hb<9 g/dL)

Thrombocytopenia (platelet<100�103/μL)

Neutropenia (ANC< 1.0 �103/μL)

Coagulopathy (prolonged PT and APTT)

Elevated liver transaminases (>60 IU/L)

Hyperbilirubinemia (>2mg/dL)

Hyperferritinemia (>500 μg/L)

Hypofibrinogenemia (<150mg/dL)

Elevated CSF protein (>300mg/L)

Histiocytes on CSF cytospin

High LDH (>450 IU/L)

Abbreviations: ANC, absolute neutrophil count; aPTT, activated partial
thromboplastin time; CSF, cerebrospinal fluid; Hb, hemoglobin; LDH,
lactate dehydrogenase; PT, prothrombin time.
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transplantation has been reported to be beneficial as a
therapeutic modality for children with ALF and secondary
HLH for improved survival, with graft and patient survival
rates of 60 and 67%, respectively.13

The available literature does not offer any consensus on
treatment toward CNS involvement in HLH. The majority of
published reports describe use of systemic steroids with
other immunosuppressants. It has been suggested to with-
hold intrathecal chemotherapy at the start of therapy in CNS
involvement, as in most cases, CNS symptoms improve with
systemic therapy. Our patient responded very well to sys-
temic steroids and recovered completely.12

To thebestofourknowledge, this is the fourth reported case
of a successful rescue of PALF associated with HLH without
resorting to liver transplantationworldwide till date. The first
reported case was a newborn with ALF and HLH triggered by
HSV-1, who respondedwell to high-dose acyclovir and immu-
nosuppression.14 The second reported case was a 16-year-old
girl with ALF associated with HLH induced by varicella infec-
tion. She was also successfully treated with acyclovir and
immunosuppression.15 Survival data in older children and
adults are sparse, most of whomunderwent liver transplanta-
tion or expired.5,6,8 The third reported casewas of a 4-year-old
child with influenza infection H3N2 who improved with
plasmapheresis and antiviral therapy.16

Conclusion

The varied initial presentations and incomplete diagnostic
criteria of HLH may often lead to misdiagnosis and delay.
Due to rarity, variable presentation, and highmortality of HLH
in the context of ALF, it is imperative to keep a low threshold of
suspicion for HLH in unexplained ALF for institution of early
life-saving therapy.
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