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ABSTRACT

We report two cases of rapidly fatal hemophagocytic
lymphohistiocytosis (HLH) that presented as Reye's
syndrome (RS). The patients were referred to our
hospital because of altered level of consciousness with
hyperammonemia and hypoglycemia. The first pa-
tient, a 24-month-old girl (Case 1), died soon after
arrival and was clinically diagnosed as having RS, but
a diagnosis of HLH was established on the basis of
autopsy findings. The other patient, a 4-month-old
boy (Case 2), was diagnosed as having HLH in view of
the bone marrow findings on admission, but immuno-
suppressive therapy failed to prevent a rapidly fatal
course. Marked hypercytokinemia was found in both
patients, and liver pathology demonstrated panlobu-
lar microvesicular steatosis of hepatocytes, resem-
bling that in RS. Mononuclear cell infiltration with
hemophagocytosis in the liver was evident in Case 2,
but not in Case 1. In both cases, hypercytokinemia
was thought to have caused mitochondrial dysfunc-
tion, resulting in RS-like microvesicular steatosis of
hepatocytes. HLH is an important differential diag-
nosis of children presenting with RS-like picture.
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1. INTRODUCTION

Reye’s syndrome (RS) is a rare non-inflammatory en-
cephalopathy associated with hepatic dysfunction and
fatty infiltration of the viscera, principally affecting chil-
dren [1]. A proposed criteria for RS by the Centers for
Disease Control are as follows; an acute non-inflamma-
tory encephalopathy, characteristic liver histology or
raised serum transaminases or ammonia values, and no
other explanation for illness [2]. The precise pathogene-
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sis of RS has not been completely elucidated, but mito-
chondrial dysfunction and consequent metabolic changes
explain its clinical features [3]. Although the incidence
of RS has decreased significantly because of reduced use
of salicylates in children, RS is an important differential
diagnosis in children with encephalopathy because it
requires rapid and intensive therapy for full recovery [4].
Also, physicians must pay particular attention to any un-
derlying congenital metabolic disorders, infectious dis-
eases or toxic conditions that might present as RS [2,5].

Hemophagocytic lymphohistiocytosis (HLH) is a life-
threatening condition characterized by uncontrolled ac-
tivation of T-cells and macrophages resulting in hyper-
cytokinemia. The cardinal symptoms are prolonged fever,
hepatosplenomegaly and central nervous system symp-
toms, and a diagnostic guideline of HLH was proposed
by Histiocyte Society [6]. The eight criteria in the 2004
guideline are as follows: 1) Fever; 2) Splenomegaly; 3)
Cytopenias affecting at least two of three lineages in the
peripheral blood; 4) Hypertriglyceridemia and/or hypofi-
brinogenemia; 5) Hemophagocytosis in bone marrow,
spleen or lymphnodes; 6) Low or absent NK-cell activity;
7) Hyperferritinemia; and 8) High levels of soluble inter-
leukin-2 receptor (sIL2R) [7]. Altogether five of the
eight criteria must be fulfilled except for patients with a
molecular diagnosis consistent with HLH. Clinical fea-
tures of HLH can largely be explained by high serum
concentrations of inflammatory cytokines such as tumor
necrosis factor alpha (TNF-a). Although involvement of
TNF-a in the pathogenesis of RS has been reported [8],
only one case with an underlying relationship between
RS and HLH has been reported previously [9].

Here we report two fatal cases of HLH that presented
as RS, including details of the serum cytokines levels
and findings of liver pathology.

2. CASE REPORT

Case 1. A 24-month-old girl with normal development
for age was referred to our hospital because of severe
encephalopathy. The patient’s medical and family history
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was unremarkable. She had become febrile two days
earlier, and had been diagnosed as having viral gastroen-
teritis because of vomiting and watery diarrhea. Aceta-
minophen and the anti-emetic agent metoclopramide had
been administered. On the third day of illness, she had
developed recurrent episodes of generalized convulsions
with altered level of consciousness and was admitted to a
nearby hospital, but was soon transferred to our hospital
for intensive care. On arrival, her consciousness level
was Glasgow Coma Scale E1VIMI. Anisocoria was
evident, and the papillary light reflex was sluggish. She
had ataxic respiration and generalized cyanosis. Severe
dehydration was suggested by reduced skin turgor, dry
oral cavity and prolonged capillary refilling time. No
hepatosplenomegaly and icterus were noticed. She was
clinically diagnosed as having RS on the basis of the
clinical and laboratory findings (Table 1). Soon after
arrival, she developed sudden ventricular tachycardia and
died before any therapy could be started. Rotavirus and
adenovirus antigen in stools were negative, as were
throat, stool and blood cultures for pathogen. Analysis of
serum amino acids and urine organic acids did not show
any specific metabolic diseases. Autopsy performed two
hours after death, revealed prominent hemophagocytosis
in the bone marrow, small and large intestine, and mes-
enteric lymph nodes (Figure 1(A)). The weight of the
brain was elevated at 1400 g, reflecting edema, but there
was no evident meningeal inflammation or infiltration
with inflammatory cells. There were also no vascular
lesions suggestive of influenza encephalopathy [10].
Liver pathology revealed panlobular microvesicular lipid
droplets in the hepatocytes, but no infiltration with
mononuclear cells and hemophagocytosis in serial sec-
tions (Figure 2). Because the patient fulfilled 5 of the 8
diagnostic criteria for HLH: fever, hemophagocytosis,
elevated levels of serum ferritin (14,778 ng/ml) and
sIL2R (2618 1U/ml) and decreased level of plasma fi-

brinogen (30 mg/dl), a diagnosis of HLH was established.

Neither genetic analyses of primary HLH nor electron
microscopy studies of the liver were conducted.

Case 2. A 4-month-old boy was referred to our hospital
because of 9 days of fever, altered level of consciousness
and hepatic derangement. The patient’s medical and
family history was unremarkable. He was admitted to a
nearby hospital on the fourth day of illness. Although no
focus of infection was evident, cefpirome sulphate was
administered intravenously because of elevated levels of
serum C-reactive protein at 5 mg/dl and leucocytosis. As
fever persisted and in view of red lips and mild liver de-
rangement, aspirin (30 mg/kg/day) was started on the 7"
day of illness with the suspicion of Kawasaki disease,
but with no response. On the 8" day of illness, altered
level of consciousness was noticed. On admission to our
hospital on the 9™ day of illness, RS was suspected be-
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cause of hyperammonemia, hypoglycemia (Table 1), and
also a history of aspirin use. The patient appeared pale
and his consciousness level was Glasgow Coma Scale
E2V1M4. A computed tomography scan of the head

Table 1. Laboratory and cytokine data.

Case 1 Case 2
WBC (/ul) 14,100 6100
Hb (g/dl) 17.0 8.2
PLT (x10°/L) 3.7 11.0
PT (%) 17 23
Fibrinogen (150 - 350 mg/dl) 30 103
sFDP (<4 pg/ml) 159.1 116.1
BS (60 - 100 mg/dl) 30 15
NH3 (15 - 45 pg/dl) 192 98
AST (<40 U/L) 372 1012
ALT (<40 U/L) 74 284
LDH (<220 U/L) 1930 2054
CK (<200 U/L) 824 241
T-cho (150 - 219 mg/dl) 141 22
TG (30 - 150 mg/dl) 29 31
T.Bil (0.2 - 1.2 mg/dl) 0.6 1.7
D.Bil (<0.3 mg/dl) 0.1 1.3
Cre (0.2 - 1.0 mg/dl) 1.9 0.2
CRP (<0.4 mg/ml) 1.0 9.7
FRN (<110 ng/ml) 14,778 62,426
sIL2R (<520 IU/ml) 2618 31,750
TNF-a (<4 pg/ml) 31.7 1480
IFN-y (<0.1 IU/ml) 112.8 387
IL-6 (<4 pg/ml) >5000 967,000
IL-10 (<5 pg/ml) 799 829
IL-18 (100 - 250 ng/ml) 393 >5000
MCP-1 (<149 pg/ml) >2000 NT

WBC: white blood cell count; Hb: hemoglobin; PLT: platelet count; PT:
prothrombin time, % against normal control; sFDP: serum fibrinogen
degradation products; BS: blood sugar; AST: aspartate aminotransferase;
ALT: alanine aminotranseferase; LDH: lactate dehydrogenase; CK: creatine
kinase; T-cho: total cholesterol; TG: triglycerides; Cre: serum creatinine;
FRN: serum ferritin; sIL2R: soluble interleukin-2 receptor; NT: not tested.

Figure 1. Hemophagocytic features in two cases. (A) Pro-
minent hemophagocytic features in mesenteric lymph node in
Case 1. (B) Papanicolou stain of ascites in Case 2. Numerous
mononuclear cells with hemophagocytosis were seen.
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Figure 2. The liver pathology in Case 1. Microvesicular
steatosis of hepatocytes was seen. (A) x100; (B) x400.

Figure 3. The liver pathology in Case 2. (A) Microvesicular
steatosis of hepatocytes similar to Case 1 was seen x400. (B)
Lympbhohistiocytic cells with hemophagocytosis in portal areas
was seen x400.

demonstrated no apparent brain edema. The abdomen was
distended due to ascites, and moderate hepatosplenomegaly
was also noticed at 3 cm and 1 cm below right and left
costal margins, respectively. Because of mild pancy-
topenia and hepatosplenomegaly, a bone marrow exami-
nation was performed, and this revealed apparent hemo-
phagocytosis. Because the patient fulfilled 6 of the 8
diagnostic criteria for HLH: fever, splenomegaly, hemo-
phagocytosis in bone marrow, elevated levels of serum
ferritin (62,426 ng/ml) and sIL2R (2618 IU/ml), and de-
creased level of plasma fibrinogen (103 mg/dl), a diag-
nosis of HLH was established. Methylprednisolone pulse
therapy was immediately started in addition to glucose
and mannitol infusion, but his general condition deterio-
rated rapidly. Intractable hypoglycemia and hyperan-
monemia persisted with a maximum blood ammonia
level of 199 pg/dl. Mechanical ventilation and vigorous
circulatory support with inotropic agents were also
started, but the patient died 36 hours after admission.
Cerebrospinal fluid examination could not be performed.
Antibody tests for Epstein-Barr virus, cytomegalovirus
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and human herpes virus type-1 were all negative. Adeno-
virus was not detected in throat swabs and stool samples.
A stool test for rotavirus antigen was also negative. No
pathogen was detected in blood, stool, urine and throat
cultures. Postmortem needle liver biopsy showed not
only panlobular microvesicular steatosis in the hepato-
cytes, but also mild mononuclear cell infiltration with
hemophagocytosis into portal areas (Figure 3). Numer-
ous mononuclear cells with hemophagocytosis were pre-
sent in the ascites (Figure 1(B)). Neither genetic analy-
ses of primary HLH nor electron microscopy studies of
the liver were conducted.

3. DISCUSSION

Our two reported patients both presented with suspected
RS because they exhibited acute consciousness distur-
bance and liver derangement with hyperammonemia and
hypoglycemia. However, as hemophagocytic features and
elevated levels of serum ferritin and sIL2R were found,
and they were finally diagnosed as having HLH. Inherited
metabolic disorders, infections and toxic conditions have
been reported to present with a clinical and pathological
picture resembling RS, but HLH has not been listed as a
differential diagnosis of RS [2,5]. The present cases un-
derline the need to include HLH in the differential diag-
nosis of patients with encephalopathy suspected to have
RS on the basis of the serum levels of ferritin and sIL2R,
and hemophagocytic features in the bone marrow, re-
gardless of the peripheral full blood count.

Panlobular microvesicular steatosis has been reported
to be a histological hallmark of RS [1], although it is not
specific to RS [2]. Interestingly, the liver pathology in
both patients showed microvesicular steatosis similar to
that in RS. Microvesicular steatosis is a result of mito-
chondrial dysfunction, and in RS, mitochondrial failure
is thought to result from inhibition of oxidative phos-
phorylation and fatty acid § oxidation of long-chain fatty
acids [4,11,12]. Although the precise pathogenesis of
mitochondrial dysfunction in RS has not been completely
characterized, cytokines such as TNF-a have been re-
portedly involved [3,13]. In the present cases, severe
hypercytokinemia including TNF-o was also evident,
and it could have caused RS-like mitochondrial dysfunc-
tion resulting in microvesicular steatosis of hepatocytes.

HLH often shows hepatic involvement. Hasegawa et
al. reported that the level of serum Fas ligand was ele-
vated in HLH, and speculated that the Fas-Fas ligand
system was involved in the hepatic derangement [14].
Pathologically, chronic hepatitis-like mononuclear cell
infiltration with hemophagocytic features has been re-
ported to be characteristic of HLH, and the severity of
mononuclear cell infiltration is reportedly correlated with
the hepatic derangement [15,16]. Although hepatic stea-
tosis has been described previously [17,18], RS-like mi-
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crovesicular steatosis has not been emphasized. Our re-
ported two cases both exhibited RS-like hepatic de-
rangement and microvesicular steatosis of hepatocytes.
Our experience suggests that RS-like hepatic dysfunction
might be one of the pathogenesis of hepatic injury in
HLH.

The brain pathology in Case 1 was non-specific, ex-
cept for RS-like brain swelling. Hypercytokinemia has
been reported to be an important etiological factor for
encephalopathy, especially that associated with influenza
virus infection [10]. Ioi ef al. reported a case of rotavirus
infection complicated by RS and accompanied by hyper-
cytokinemia [19]. Our two patients also exhibited pro-
minent hypercytokinemia, which was assumed to be re-
lated to their encephalopathy, although we were unable
to examine the cerebrospinal fluid and brain pathology in
Case 2.

In conclusion, HLH should be included in the dif-
ferential diagnosis of children presenting with RS-like
picture.
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