Reprinted from PEDIATRICS 62:84-90, 1978
All rights reserved.

Reye’s Syndrome in Infancy

Peter R. Huttenlocher, M.D., and Doris A. Trauner, M.D.

From the Departments of Pediatrics and Neurology, University of Chicago

ABSTRACT. Reye’s syndrome in infancy is not a well-
defined entity and is infrequently diagnosed. Eight infants 6
months of age or younger had a prodromal viral illness
followed by the rapid onset of lethargy, seizures, and coma,
resulting in the diagnosis of Reye’s syndrome. All had
abnormal results of liver function tests including elevations
of blood ammonia level. Three patients had pathological
studies that confirmed fatty visceral infiltration.

The data on these patients, as well as a review of the
literature, indicate that the most prominent clinical findings
in Reye’s syndrome in infancy include marked respiratory
abnormalities with tachypnea and apneic episodes; frequent
occurrence of seizures in the early stages of the illness; and
hypoglycemia in most cases.

A strong socioeconomic bias was noted in these patients,
with the infants coming primarily from lower socioecon-
omic, urban environments, while older children with Reye’s
syndrome have been observed to be predominantly middle-
class and from suburban or rural areas. Pediatrics 62:84-90,
1978, Reye’s syndrome, coma, hypoglycemia, apnea, socioe-
conomic class.

The clinical presentation of Reye’s syndrome,
or encephalopathy with hepatic dysfunction and
fatty infiltration of viscera,’ in childhood and
adolescence is well described, and early diagnosis
has become widespread. Much less is known
regarding this disease in the young infant. Differ-
entiation from respiratory disorders, anoxic en-
cephalopathy, and inborn errors of metabolism
presents a considerable diagnostic problem in this
age group. While instances of Reye’s syndrome
have been reported in the newborn period and in
the first few months of life, there has been no
study encompassing a series of such cases. The
purpose of this report is to summarize findings in
eight infants under age 6 months, to review
previous cases reported in the literature, and to
delineate some of the diagnostic problems
encountered in this age group. Review of these
cases suggests a difference in social class distribu-
tion between the infants and the older children,
the former being mostly of urban or lower
socioeconomic groups and the latter being subur-
ban or rural and middle-class.

METHODS

The diagnosis of Reye’s syndrome was made
using a modification of the criteria of Glasgow et
al.”: acute onset of stupor or coma after an
antecedent viral illness; abnormal results of liver
function tests, including hyperammonemia and
elevated SGOT level, but without associated
jaundice; and no other explanation for the
encephalopathy. Other disorders that could
produce similar findings, especially salicylism and
sepsis, were ruled out by appropriate tests.
Recognizable inborn metabolic errors such as
ornithine transcarbamylase or carbamylphos-
phate synthetase deﬁuen(v were excluded by the
clinical history and by follow-up examinations of
the survivors. None of the infants had a history of
recurrent vomiting, drowsiness, or previous
episodes of coma or convulsions. None of the
survivors had persistent long-term or recurrent
biochemical abnormalities, nor did they develop
repeated episodes of vomiting, lethargy, or coma
during at least 12 months of observation. One
patient received a liver biopsy which tended to
confirm the diagnosis histologically; two infants
who died had typical pathological changes at
autopsy. Case reports on patients 1 and 8 have
been previously published.*

CASE REPORTS
Case 5
A T-week old black girl was well until five days before
admission when a fever of 38.9°C (102°F) developed without
other clinical abnormalities. She was given sodium salicylate,
75 mg, and oral electrolyte solution, resulting in rapid
improvement. On the morning of admission she was afebrile
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but vomited twice and refused her feedings. She soon
developed rapid, noisy breathing and was brought to the
emergency room, where she was noted to be tachypneic
(respirations, 65/min) with audible wheezes. She was coma-
tose, responded only to deep pain, and had intermittent
decorticate posturing. Cranial nerves were normal. She was
hypotonic, but with hyperactive tendon reflexes.

Initial laboratory values were as follows: sodium, 153
mEq/liter; potassium, 6.0 mEq/liter; pH, 7.21; PCO,, 19
mm Hg: PO,, 110 mm Hg; blood glucose, 18 mg/dl; calcium,
7.6 mg/dl; salicvlate, 14 mg/dl; BUN, 20 mg/dl; and
creatinine, 0.9 mg/dl. CSF culture was negative.

She was admitted to the hospital with the diagnosis of
dehydration and hypoglycemia, and was treated with intra-
venous glucose, calcium, and fluid replacement. She failed to
respond to an elevation of the blood glucose level into the
normal range, and her neurologic status showed further
deterioration. Sixteen hours after admission she developed
intermittent apnea, each episode lasting 30 to 45 seconds and
requiring assisted ventilation. The anterior fontanel was full.
Pupils were in midposition and unreactive to light. She was
flaccid and responded only feebly to deep pain. Bilateral
subdural taps were negative. A clinical diagnosis of Reye’s
syndrome was suggested, and subsequent laboratory values
showed a blood ammonia level of 549 ug/dl; SGOT, 760 1U;
SGPT. 785 IU: lactic dehydrogenase (LDH), 380 IU; and
bilirubin, 1.8 mg/dl. A single intravenous infusion of manni-
tol, 1 gm/kg, was given over a 30-minute period. Twenty
percent dextrose in 0.2N saline was infused at a rate of 15
ml/hr, and small doses of insulin were given to keep the
blood glucose level between 100 and 180 mg/dl. The child
received an exchange blood transfusion with about double
her estimated blood volume. Subsequently, she was breath-
ing normally, the anterior fontanel was soft, and the pupils
were reactive to light. Muscle tone was increased, and there
now were brisk tendon reflexes and ankle clonus. Blood
ammonia level after exchange transfusion was 293 ug/dl. On
the third hospital day frequent, brief, multifocal motor
seizures developed and continued intermittently over the
next five davs. However, the patient gradually became more
responsive. At the time of discharge on the ninth hospital day
the patient was alert and had a strong suck and normal
muscle tone and reflexes. She smiled and had good visual
fixation and following. Results of liver function tests had
returned to normal. Reexamination at age 8 months showed
normal developmental progress.

Case 6

A 4%-month-old black girl was well until two weeks
before admission when an upper respiratory tract infection
developed and quickly resolved. One week before admission
she received a DPT injection. Two days later she again
became febrile, and on the next day generalized and multi-
focal motor seizures developed. She was admitted to another
hospital where she was given diazepam intravenously. Short-
ly afterward she had a respiratory arrest and was resusci-
tated. She was subsequently unresponsive to all stimuli and
her breathing was irregular. She had repeated episodes of
hypoglycemia (blood glucose level, about 30 mg/dl) despite
intravenous glucose administration. The patient was noted to
have an enlarged liver, and subsequently abnormal results of
liver function tests were reported. The question of Reye’s
syndrome was raised and the patient was transferred to
Wyler Children’s Hospital after three days.

On arrival the infant was comatose but responded to deep
pain. She had no spontaneous respirations. The liver edge
was palpable 5 ¢cm below the right costal margin. Blood
pressure was 60/40 mm Hg. The anterior fontanel was soft.

Pupils were small but reactive to light. Oculocephalic
reflexes were present. Deep tendon reflexes were hyperac-
tive and bilateral ankle clonus was present.

Results of laboratory studies on admission to the hospital
included a WBC count of 28,700/cu mm; glucose, 36 mg/dl;
SGOT, 476 1U; SGPT, 280 1U; LDH, 920 IU; bilirubin, 1.0
mg/dl; creatine phosphokinase, 4,860 IU; and prothrombin
time, 20.0 seconds (control, 12.2 seconds). Blood ammonia
level was 160 pg/dl (normal, up to 125 pg/dl). BUN level was
81 mg/dl and creatinine level was 1.7 mg/dl. CSF protein
level was 38 mg/dl, there were no cells, and culture was
negative.

Treatment was initiated with intravenous 20% glucose in
0.2N saline, and when the blood glucose level rose above 130
mg/dl intravenous insulin therapy was also begun. Transfu-
sions with fresh-frozen plasma were given to correct clotting
abnormalities. A needle biopsy specimen of the liver showed
diffuse small-droplet fatty accumulation in liver parenchy-
ma. On electron microscopic study of the tissue there was
dilatation of the cisternae of the endoplasmic reticulum in
hepatocytes. Mitochondrial swelling was present in some
cells, often interspersed with mitochondria that showed a
dense matrix but otherwise normal morphology.

Generalized clonic seizure activity continued intermit-
tently. Spontaneous breathing resumed gradually during the
next week and neurologic status improved. Biochemical
abnormalities, including results of liver and renal function
tests, returned to normal. Three weeks after her initial
hospitalization she was awake, appeared to look at a light,
had a hoarse cry, and moved all four extremities sponta-
neously. However, she had poor head control, hyperreflexia,
intermittent ankle clonus, and a poor suck, necessitating
nasogastric tube feedings. At age 1 year she had persistent
marked neurologic deficits, including spasticity, poor head
control, and myoclonic seizures. There has been no recur-
rence of encephalopathy or hepatic disease.

RESULTS

Data on the eight infants are summarized in
Tables I and II. Five of the infants were female.
The ethnic distribution included four blacks and
four of Mexican descent. This is strikingly differ-
ent from the ethnic distribution of the older
children with Reye’s syndrome whom we saw in
the same time period (Table III). Furthermore, all
eight of the infants resided in urban environ-
ments, while most of the older children were from
suburban or rural areas.

Six of the infants survived, but four of them had
evidence of residual neurologic deficit, which was
profound in three. The clinical course differed
somewhat from that commonly seen in older
children with Reye’s syndrome. Vomiting was not
a prominent finding, but some vomiting occurred
in six infants. There was a rather sudden onset of
respiratory distress, usually tachypnea, which was
noted in every case, followed rapidly by seizures
and coma. Apneic episodes were present in all but
one of the infants during the acute phase of the
illness.

All of the infants had hypoglycemia on admis-
sion, which in some cases responded slowly to
intravenous glucose replacement. The CSF



TABLE I

CLinicAL FEATURES IN EicuT INFANTS WiTH REYE'S SYNDROME®

Patient
1 2 3 5 6 7 8
Age 3 mo 4 mo 2 mo 2% mo 7 wk 4 mo 4 mo 4 mo
Ethnic Mexican- Mexican- Mexican Mexican Black Black Black Black
origin American American
Sex F F M F F F M M
Presenting ~ Vomiting, Vomiting Diarrhea, Diarrhea, Respiratory  Seizures Lethargy, Lethargy, sei-
complaint  cyanosis lethargy lethargy distress seizures zures
Vomiting ++ + ++ + + + + 0 0 +
Seizures
Early ++ + + + 0 + + + +
Late + + + 0 0 0 + + + + + +
Tachypnea + + + ++ + + + + + ++ + + + + + +
Apnea Yes Yes No Yes Yes Yes Yes Yes
Hepatome— + + + + 0 + + + + + + + + +
galy <are
Outcome Lived; Lived; mild Lived; nor- Died Lived; nor- Lived; Lived; se- Died
severe neurologic ~ mal on dis- mal on dis- severe vere neu-
neurologic  deficit charge charge neurologic  rologic
deficit deficit deficit
Liver path- ND ND ND Fatty accu- ND Fatty accu- ND Fatty accu-
ology mulation mulation mulation

?Key: 0 = negative; + = minimal, + + = moderate, + + +

glucose level was strikingly low in five patients,
reflecting the presence of hypoglycemia. Pro-
thrombin time was prolonged in all patients; in
contrast, bilirubin values were normal. Histologi-
cal examination of liver specimens in three
patients showed diffuse small-droplet fatty ac-
cumulation in liver parenchyma. Ultrastructural
changes in liver in one case were similar to those
previously reported in Reye’s syndrome (case 6).

DISCUSSION

The incidence of Reye’s syndrome in infancy is
unknown. It is likely that many cases remain
undiagnosed. This may in part explain the marked
variation in the proportion of infants in different
reported series. For example, eight of 14 patients
with Reye’s syndrome reported by Simpson® in
1966 were under 6 months of age, and a retro-
spective study by Norman® found eight of 21
children with this disease to be under 12 months
of age. In their original description of the disease
Reye et al.’ described 21 patients, the youngest of
whom was 5 months old. However, infant cases
have been rare or absent in several more recent
series.™*

A literature review revealed 51 infants under
age 10 months whose cases fulfilled our clinical

marked, ND = not done.

and/or pathologic criteria for Reye’s syndrome.
These include the cases reported by Golden and
Duffell,” Utian et al.,'” Simpson,” Becroft,"
Dvorackova et al.,’* Cullity and Kakulas,'* Glas-
gow and Halliday,"" Barr et al.,”” Corlett,'” Sama-
ha et al.,'” Bobo et al.,'t and van Caillie et al.'
Several other case reports containing insufficient
information or considered doubtful were omitted
from the analysis. For example, a neonatal case
reported by Papageorgiou et al.*" was considered
questionable since inborn metabolic errors which
may present with identical findings in the
newborn period, such as the inherited defects in
enzymes of the Krebs urea cycle, were not
excluded by proper laboratory tests or by the
clinical course.

Findings in the 51 cases, together with those of
the eight patients in the present report, are
summarized in Table IV. Twenty-eight, or about
50%, of the cases occurred at ages 4 and 5 months.
Ethnic or social class affiliations were not
included in most previous studies with the excep-
tion of the report by Golden and Duffell,” which
was concerned with an American Indian child,
and that of Becroft,"' which included several
Polynesian children. As in the older children,
there is almost always a mild prodromal illness,



TABLE II

LABORATORY STUDIES IN EIGHT INFaNTS WiITH REYE'S SYNDROME

Patient
1 2 3 5 6 7 8
Blood glucose 30 11 22 9 18 30 23 40
img/dh
CSF ¢lucose 10 8 34 20 19 44
img/dl
Serum am- 2.070 1,200 320 617 549 160° 400 762
monia (ug/
dh
SGOT (It ] 435 e 622 375 3,738 760 476 800 450
7S(?PT Bl e 422 183 1,860 785 280 282 S
Prothrombin 20/11 76/. .. 20.0/12.2 16.5/11.6 2374
time, pa-
tient/con-
trol sec-
onds: EEad iy o
Total biliru- 1.0 1.8 1.0 0.4 0.6
bin (mg/dl 7 e
Serum cal- 9.4 8.3 8.6 76 . 7.3 7.9
cium 1mg/
dl
Creatine 4,860 573
phosphoki-
nase (IU: B
BUN (mg/dl ) 19 11 28 4 23 81 35 32
33.100 24.800 7,800 28,700 21,000 9,300

WBC count

12.200

°Three dayvs atter onset of encephalopathy.

which in the infants is often accompanied by
diarrhea. Vomiting is a somewhat less constant
finding than in older children. Coma, seizures,
and disturbances in respiration are the most
frequent clinical manifestations. The seizures may
be grand mal, multifocal, or myoclonic. Respira-
tory disturbances include hyperventilation as well
as repeated episodes of apnea. Increased intra-
cranial pressure, as judged by fullness of the
anterior fontanel, is often present, but there
rarely is marked tenseness of the fontanel to the
point where increased intracranial pressure per se
would be likely to be life-threatening. This is in
contrast to the older child with Reye’s syndrome,
in whom severe and fatal cerebral edema may
occur.”’** The difference may well be secondary
to a decreased susceptibility of the infant brain to
edema formation.”>** However, the infant
appears to be more susceptible to direct damage
from the metabolic disturbances that occur in
Reye’s syndrome. The mortality in the infants
appears to be higher than in the older children,
and there is a definite increase in risk of survival
with severe neurologic impairment. The group

with severe residual brain damage accounts for
40% of the survivors in the cases reviewed in this
report. The outcome in the eight infants reported
here resembles that in the infants collected in the
literature review: only two of the eight made a
good recovery, and four were left with neurologic

TABLE II1

ErHNIC DISTRIBUTION OF CHILDREN WiITH REYE’S
SYNDROME

Age < 6 mo Age > 6 mo

A

Black Mex- White Black Mex- White

ican- ican-
Ameri- Ameri-
can can
New Haven, 1 0 0 1 0 24
Conn. (1966-
1974)
San Diego 0 4 0 0 1 8
(1972-1975)
Chicago 3 0 0 0 0 10
Total 4 4 0 1 1 42




TABLE 1V

SeELECTED CLINICAL, LABORATORY, AND PATHOLOGIC
Finpincs 1N 59 INFaNTs UNDER AGE 10 MonTHs WITH
DiacgNosis oF REYE'S SYNDROME

% of Infants®

Clinical data

Sex 53% female (47)
Vomiting 86% (50)
Seizures 98% (44)
Disturbances in respiration 91% (22)
Fatal outcome 61% (59)
Recovery 24% (59)
Severe neurologic sequelae 15% (59)
Recurrent attacks 7% (59)
Laboratory data
SGOT > twice normal 100% (59)
Prothrombin time < 75% 91% (34)
Blood glucose << 50 mg/dl 79% (33)
Pathologic findings
Hepatic steatosis 100% (52)

*Numbers in parentheses indicate number of cases for which
information was available and on which the percentages are
based.

deficits. This may be compared to the experience
in 44 older children whom we saw in the same
period of time. These patients, ranging in age
from 1 to 17 years, had 83% survival without
major residual neurologic disabilities (Hutten-
locher and Trauner*® and unpublished recent
cases). The cause of the poor outcome in infants is
unknown. It is possible that irreversible brain
damage is related to profound hypoglycemia,
which occurs in most of the infants but which is
uncommon in older children with Reye’s
syndrome.

Laboratory data in the infants generally seem
to parallel those in older children except for the
more frequent occurrence of hypoglycemia.*” The
possibility of Reye’s syndrome should be consid-
ered in all infants who have unexplained hypogly-
cemia and seizures or an altered state of
consciousness. Liver function tests, including
determination of blood ammonia level, should be
performed in these infants.

Pathologic findings in the liver in the infants
appear to be similar to those in older children.
Diffuse, microvesicular accumulation of fat in
hepatocytes is almost invariably described. In
addition, a variety of mitochondrial alterations in
hepatocytes has been stressed, primarily by Partin
and co-workers, who consider liver biopsy a
necessary adjunct to the diagnosis of Reye’s
syndrome.'®** However, the specificity of these
pathologic changes is doubtful. Similar hepatic
abnormalities have been reported in other condi-

tions which may resemble Reye’s syndrome clini-
cally, especially in the inborn errors of Krebs urea
cycle enzymes.””*' Fatty infiltration of the liver
of sufficient degree to lead to hepatomegaly has
been found in carbamyl phosphate synthetase
deficiency,””** in ornithine transcarbamylase defi-
¢iency,” in citrullinemia,” and in argini-
nosuccinicaciduria.”” All of these conditions have
in common the occurrence of hyperammonemia,
which has led to the suggestion that ammonia
intoxication may be the cause of the fatty change
in the liver.”” Both the specificity and the occur-
rence of mitochondrial abnormalities in electron-
microscopic sections from liver biopsies in Reye's
syndrome have also been challenged.”* We

therefore would agree with a recent discussion by
Haller*' that stresses clinical and biochemical
criteria for the diagnosis of Reye’s syndrome and
that criticizes a too-heavy reliance on the histo-
logic changes, which may be nonspecific. At pres-
ent the only definite method for exclusion of the
inborn errors of the urea cycle enzymes appears to
be liver biospy after the child has recovered from
the acute illness, with measurement of the activity
of these enzymes in the biopsy tissue. Biochemical
study of the liver during the illness is of limited
value, since activity of at least two of the urea
cycle enzymes, i.e., carbamyl phosphate synthe-
tase and ornithine transcarbamylase, is transiently
decreased in patients with Reye’s syndrome.” "
Ethical considerations usually prevent the per-
formance of a liver biopsy in a well child. On
clinical grounds alone, an inborn metabolic error
is not likely in a child who has a single episode of
encephalopathy and hepatic dysfunction, without
either a history of similar attacks or recurrence on
prolonged observation after recovery. Biochemi-
cal study of the liver clearly is indicated for proper
diagnosis in patients with recurrent episodes.

A striking and unexpected finding in the infants
in this report is a difference in their living pattern
and in ethnic origin from most older children with
Reye’s syndrome. This difference appears to have
persisted in three locations where we have stud-
ied Reye's syndrome (New Haven, Connecticut;
San Diego; and Chicago). Recent demographic
data indicate that in the United States Reve’s
syndrome occurs predominantly in white chil-
dren, with only 4% of 349 cases having occurred
in blacks.” The median age in this large series was
11 years. Our own experience in older children
has been similar: only 4% of 44 children over age
6 months who were studied from 1968-1977 were
nonwhite. It appears likely that environmental
and socioeconomic rather than genetic factors
underlie this difference. This is suggested by the



fact that the white children we saw in New
Haven and Chicago were exclusively from
middle-class and suburban backgrounds while the
black children were from poor families in inner-
city environments. Supporting this conclusion is
the observation that four young infants with
Reye’s syndrome seen by one of us (D.A.T.) in San
Diego were Mexican-American and from an
urban, lower-socioeconomic background.

The age and socioeconomic distributions show
an interesting resemblance to those well known
for poliomyelitis. This disease also affected infants
primarily in lower-socioeconomic groups and
older children and young adults in the middle
class.’” In the case of poliomyelitis, the explana-
tion for this difference was the fact that children
living under less sanitary conditions acquire ente-
rovirus infections earlier in life. As a matter of
fact, the emergence of polio as a disease of the
older child, adolescent, and young adult during
the first half of the 20th century appears to have
been the direct result of improved sanitation,
leading to later exposure. This simple explanation
does not appear to be directly applicable to cases
of Reve’s syndrome, which is known to follow
infection with a large variety of viral agents.
However, it has been postulated that Reye’s
svndrome may be a reaction to a toxin elaborated
by several viruses.” ™" Age at first exposure to a
virus capable of inducing this reaction might be
expected to vary with life-style.

The preliminary findings in this small series of
patients indicate the need for a larger epidemio-
logic study of Reye’s syndrome which takes into
account age, social class, and urban versus subur-
ban or rural residence.
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