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Abstract In a one-year prospective study we assessed
the incidence of Reye’'s syndrome in children present-
ing with the acute onset of vomiting after a prodromal
upper-respiratory-tract infection or varicella, and with
serum alanine or aspartate aminotransferase levels at
least three times higher than normal, and a paucity of
neurologic findings. Of 25 patients meeting the above cri-
teria, 19 had liver biopsies yielding adequate tissue for
diagnostic purposes. Biopsy specimens from 14 of these
19 patients (74 per cent) were diagnostic of Reye's
syndrome, according to rigorous light-microscopical, his-
tochemical, and ultrastructural criteria. None of the bi-

INCE the initial description of it in 1963,' Reye’s
syndrome has been perceived as an illness gener-
ally associated with neurologic deterioration and
death. This perception was reinforced during the in-
fluenza B epidemic of 1973-1974, when the Centers for
Disease Control® reported a national mortality rate of
41 per cent among 379 patients, 75 per cent of whom
presented with clinical Grade II or more severe illness
(i.e., with evidence of central-nervous-system involve-
ment). Similar mortality rates were reported in associ-
ation with influenza A epidemics® and in association
with influenza A and B during years when there were
no epidemics of these viruses.* In 1978 Partin and co-
workers® expanded the spectrum of clinical presenta-
tion and outcome in Reye’s syndrome when they de-
scribed liver-biopsy findings in 14 patients with Grade
I Reye’s syndrome (i.e., vomiting and elevated levels
of aminotransferase but no neurologic findings). In 12
of these patients the disease did not progress to more
advanced grades. Partin et al. suggested that mild,
nonprogressing cases of Reye’s syndrome are diagnos-
able both clinically and histologically; it was further
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opsy specimens contained evidence of other acute patho-
logic processes, including hepatitis. A wide spectrum of
mitochondrial alterations existed at the ultrastructural
level, ranging from mild to severe lesions that were in-
distinguishable from those seen in comatose patients
with Reye’s syndrome. Our findings suggest that the clin-
ical complex of vomiting, hepatic dysfunction, and mini-
mal neurologic impairment after varicella or an upper-
respiratory-tract infection usually represents Reye’s
syndrome. This syndrome occurs more frequently than
previously recognized. (N Engl J Med 1983; 309:133-
9.)

suggested that such patients may, in fact, account for
the majority of cases of Reye’s syndrome.

We designed a study to examine prospectively the
hypothesis that vomiting and elevated levels of serum
aspartate or alanine aminotransferase, when preceded
by either a viral upper-respiratory-tract infection or
varicella, are manifestations of mild Reye’s syndrome.
The aims of the study were, first of all, to establish the
frequency of Reye’s syndrome among children who
present with vomiting, a threefold or greater elevation
of serum aminotransferase, and a paucity of neurolog-
ic signs after a viral upper-respiratory infection or var-
icella; secondly, to characterize the hepatic morphol-
ogy in Grade I Reye’s syndrome; and thirdly, to
estimate a minimum annual incidence of the syn-
drome in children under the age of 17 years.

METHODS
Clinical Aspects

The one-year study period lasted from December 1, 1980,
through November 30, 1981. The major influenza activity during
this year was from influenza A (H3N2/HIN1). The annual reported
incidence of varicella in Cincinnati closely approximated the mean
annual incidence for the preceding four years.® All patients who
presented in the Children’s Hospital emergency room and who met
the following criteria (based on the inclusion criteria of the Centers
for Disease Control)” were candidates for entry: prodromal upper-
respiratory-tract infection (as defined by fever, cough, rhinorrhea,
and coryza) or varicella, acute onset of recurrent vomiting, absence
of jaundice, levels of serum aspartate or alanine aminotransferase
that were three times higher than normal, and lumbar-puncture
studies that excluded cerebrospinal-fluid infection. It should be not-
ed that patient identification was aided in the metropolitan Cincin-
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nati area by a high-visibility, multimedia community-awareness
program that has been operative since the mid-1970s. This program
has resulted in numerous emergency-room visits initiated by both
physicians and parents, for the specific purpose of ruling out Reye’s
syndrome.

Cases were clinically graded at the time of presentation, using the
five-stage Cincinnati grading system.® According to this system,
patients with Grade I illness are quiet and sleepy but respond to
verbal commands. Patients with Grade II illness are stuporous and
have thick speech and difficulty counting. Grades I1I through V are
characterized by progressively deepening coma.

All patients were treated in a standardized manner with intrave-
nous infusions of 10 per cent dextrose and electrolytes at a rate of
1500 to 1800 ml per square meter of body-surface area per day.
More severely affected patients were treated with continuous intra-
cranial-pressure monitoring, elective endotracheal intubation with
controlled ventilation, intravenous mannitol, and pentobarbital.

The following studies were performed at admission on all patients
meeting the entry criteria. Blood was analyzed for levels of electro-
lytes, glucose, blood urea nitrogen, creatinine, bilirubin, serum
aspartate, and alanine aminotransferase, alkaline phosphatase, am-
monia, uric acid, creatine kinase, salicylate, and toxic substances.
Prothrombin time, partial thromboplastin time, and complete and
differential blood counts were measured, and blood cultures and
serologic studies were performed to detect the presence of hepatitis
A, hepatitis B, cytomegalovirus, and Epstein—Barr virus. Urine
specimens were obtained for urinalysis and bacterial culture. Tests
of cerebrospinal fluid included a cell count, Gram’s stain, bacterial
and viral cultures, and measurement of glucose and protein. Stool
and nasopharyngeal-secretion specimens were tested for viral cul-
ture. All laboratory measurements and cultures were performed
with standard techniques in the Children’s Hospital laboratories.

A percutaneous liver biopsy was performed with a Menghini nee-
dle as soon as possible after case identification in the emergency
room. Tissue was collected at the bedside, and processing was initi-
ated immediately. Portions were fixed in formalin and embedded in
paraffin for routine light microscopy. Additional tissue was fixed in
3 per cent glutaraldehyde and embedded in epoxy resin for electron
microscopy and was snap-frozen in liquid nitrogen. Cryostat sec-
tions of the frozen piece were used for lipid stains (Sudan black, Oil
Red O) and enzyme histochemical assay of succinic acid dehydro-
genase (a mitochondrial enzyme) and reduced nicotinamide ade-
nine dinucleotide dehydrogenase (a multicompartmental enzyme).
These techniques have been described previously.®!'3

Morphologic Criteria

The histologic and histochemical criteria that we used for making
the diagnosis of Reye’s syndrome by light microscopy have pre-
viously been established. These included panlobular accumulation
of small lipid droplets and depletion of succinic acid dehydrogenase
in the absence of other abnormalities, such as zonal or cellular
necrosis, cholestasis, and inflammation of the lobule or portal
tract.

The ultrastructural criteria for the diagnosis of Reye’s syn-
drome®'*'® included the following mitochondrial features: presence
of an electron-lucent flocculent matrix, diminished matrix granules,
variable severity of mitochondrial expansion, and irregularity of the
mitochondrial membrane. Other alterations that accompanied
those seen in the mitochondria were also evaluated, including pe-
roxisomal proliferation and swelling, proliferation of smooth endo-
plasmic reticulum, and glycogen depletion. These features did not
increase the diagnostic specificity achieved with mitochondrial as-
sessment alone. Using these criteria, we assessed the severity of
damage at the ultrastructural level (Fig. 1).

Mild involvement (Fig. 1B) was characterized by localized areas
of mitochondrial alterations partially satisfying the four criteria de-
scribed above; some areas in the specimen appeared normal. These
changes are not diagnostic of Reye’s syndrome and can be consid-
ered supportive of that diagnosis only in the presence of the de-
scribed clinical setting and a positive diagnosis by light microscopy.
Moderate involvement (Fig. 1C) was defined as alterations in all
mitochondria, with at least some areas in which all four criteria
were satisfied. Severe involvement (Fig. 1D) was present when all
areas of the specimen met all four criteria.
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Ultrastructural involvement was graded by two morphologists
skilled in electron microscopy, who worked independently and with-
out knowledge of the specific clinical histories and the light-micro-
scopical findings. When possible, the areas examined were pan-
lobular.

Patients were diagnosed as having Reye’s syndrome when the
histologic and histochemical criteria were met and at least mild
mitochondrial involvement was present.

Statistical Methods

The relation between laboratory measurements on admission and
ultrastructural grade was assessed with Student’s two-tailed t-test.

Informed Consent

This project was carried out according to the principles of the
Declaration of Helsinki and was approved by the Institutional Re-
view Board on Investigations Involving Human Beings. Informed
written consent was obtained from the patients’ parents before the
patients were studied.

REsuLTs
Study Population

During the study period, 31 patients met all five
entry criteria (Fig. 2), and 25 of them presented with
what clinically appeared to be Grade I disease. Six
patients presented with more advanced disease (five
with Grade II and one with Grade III). In one case
the disease rapidly progressed from Grade III on ad-
mission, and the patient subsequently died.

Liver biopsies were performed in 19 of the 25 pa-
tients with clinical and laboratory findings compatible
with Grade I disease. The study group consisted of
these 19 patients. Six of the 25 patients were not en-
rolled in the study. Biopsies were attempted in three of
these six patients. In two the procedure was unsuc-
cessful. In the third patient adequate tissue was ob-
tained only for light microscopy; all the diagnostic
criteria for Reye’s syndrome were met at this level.
The parents of two patients refused to allow a biopsy.
The procedure was not performed in the sixth patient
because of persistently abnormal results of clotting
studies.

The 19 study patients with Grade I disease did not
differ in any important way from previously studied
groups of patients with Reye’s syndrome.!”2! Their
average age was 6% years (range, 6 months to 13%
years). There were 10 boys and 9 girls. Eighteen were
white, and one was black. Seven came from urban
areas, and 12 lived in suburban sectors of the metro-
politan Cincinnati area. Eleven patients had upper-
respiratory-tract infections as their prodromal illness;
the other eight had varicella. The patients were sick
for an average of 6.3 days before the onset of vomiting
(range, 3 to 16 days); the period tended to be longer
for patients with upper-respiratory-tract prodromal
illnesses (6.9 days vs. 5.3 days for patients with vari-
cella). On the average, patients vomited for 1.2 days
(12 to 66 hours) before being admitted to the hospital;
there was no difference between patients with upper-
respiratory-tract infection and those with varicella
with respect to this index. There were no differences,
either clinically or demographically, between the pa-
tients whose biopsy specimens were diagnostic of
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Reye’s syndrome and those whose specimens did not
meet the diagnostic criteria.

All patients had taken medication (average, 2.5
medications per patient) before being seen in the
emergency room. Salicylates were taken most fre-
quently (by 15 patients), followed by decongestants
(7), antiemetics (6), acetaminophen (6), antibiotics

(5), and diphenhydramine (3).

Light Microscopy/Histochemistry

When examined by light microscopy for morphol-
ogy and histochemistry, 14 of the 19 biopsy specimens
were diagnostic of Reye’s syndrome (Fig. 2). The five
that did not meet the criteria had various degrees of
microvesicular fat-droplet deposition within the hepa-
tocytes but failed to qualify on the basis of either
equivocal or normal succinic acid dehydrogenase
staining. None of the five specimens had findings that
were consistent with any other known acute liver dis-
ease. More specifically, none of the 19 specimens, in-
cluding the five non-Reye’s specimens, had any find-
ings suggestive of either viral or toxic hepatitis (e.g.,
focal hepatocellular necrosis, acute or chronic inflam-
matory-cell infiltrate, canalicular or hepatocellular
cholestasis, or viral inclusions). A biopsy specimen
from 1 of the 14 patients with Reye’s syndrome had
features suggestive of alpha;-antitrypsin deficiency;
this patient was subsequently found to have an SZ
phenotype. One of the patients with a specimen that
was not diagnostic of Reye’s syndrome was found inci-
dentally to have congenital hepatic fibrosis.

Ultrastructure

The ultrastructural pathology was evaluated inde-
pendently by two skilled morphologists (C. C. Daugh-
erty and J. S. Partin). Their evaluations showed a 90
per cent concordance rate (17 of 19 cases).

All 14 patients meeting the clinical and light-micro-
scopical criteria for Reye’s syndrome had some mito-
chondrial damage. Considerable ultrastructural di-
versity existed among these patients (Fig. 2). Five had
severe mitochondrial changes that were indistinguish-

Grade |
@ biopsied @ not-biopsied

Non-Reye's

@Severe @Moderate @Mild @Mild @Non—Reye‘s

Figure 2. Findings on Light and Electron Microscopy in Biopsy- Specimens from Pa-
tients Clinically Diagnosed as Having Reye’s Syndrome.
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able from the damage seen in pre-
viously studied patients who had
presented with clinical Grade II
or III disease (Fig. 1D). Four pa-
tients had moderate mitochondrial
abnormalities (Fig. 1C), and the
other five had mild ultrastructural
changes (Fig. 1B).

Of the five patients who did not
meet the histologic and histochem-
ical criteria for Reye’s syndrome,
three had mild mitochondrial
changes by electron microscopy
that were indistinguishable from
the mild ultrastructural changes
observed in five of the patients with
positive histologic and histochemi-
cal findings. The other two patients
with nondiagnostic specimens had mitochondria that
appeared to be normal. In this context, it is important
to note that changes other than those associated with
the spectrum of lesions in Reye’s syndrome were not
observed in this group, thus strongly supporting the
concept of Reye’s syndrome as a distinct entity with a
unique clinical and pathological presentation.

Laboratory Features

An attempt was made to correlate the degree of
ultrastructural abnormality with various clinical char-
acteristics and biochemical measurements (Table 1).
No correlation was observed between the severity of
the ultrastructural lesion and the duration of illness
and vomiting before admission to the hospital or the
levels on admission of serum aspartate aminotransfer-
ase, serum salicylate, ammonia, uric acid, or creatine
kinase. The level of serum alanine aminotransferase
on admission was higher (P<0.05) in the patients with
moderate ultrastructural changes than in those with
severe changes but did not differ from the level in
patients with mild changes.

Incidence

Using only biopsy-proved cases (4 patients with
Grade II or higher diseases and 14 with Grade I dis-
ease), we attempted to estimate the minimal incidence
of Reye’s syndrome in metropolitan Cincinnati during
the one-year study period. On the basis of an estimat-
ed population for the area of 511,550 children under
the age of 17 years, the incidence was calculated to be
3.5 cases per 100,000 children per year. Population
estimates were derived from the U.S. Census Bureau’s
1980 data for the 11 counties that make up the Chil-
dren’s Hospital primary catchment area.

DiscussioN

During a prospective study of Grade I Reye’s syn-
drome performed between December 1, 1980, and No-
vember 30, 1981, at the Children’s Hospital Medical
Center in Cincinnati, 74 per cent (14 of 19) of the
patients meeting accepted clinical and laboratory cri-
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Table 1. Correlations between Severity of Hepatic Ultrastructural Involvement and Various Clinical and Chemical Indexes in Patients
with Grade | Reye’s Syndrome.*

HepaTic ULTRA- PRODROMAL DURATION DURATION OF SGOT * SGPT # AMMONIA SERUM Uric
STRUCTURAL URL: OF ILLNESS VoMITING SALICYLATE Acip
INVOLVEMENT VARICELLA
(no. of patients)
no. of patients days hr 11 pgldl mgldl mg/dl
Mild (5) 2:3 8 39 744214 726%151 23.5%x5.4 2.2+0.7 7.4x1.1
(5-11) (12-48) (266-1466) (236-1174) (11.2-42) (0-4.4) (5.2-10.5)
Moderate (4) 4:0 8.8 36 1156*317 1242+366 § 36.5+13.7 2.2+0.1 8.7+0.4
(5-12) (30-48) (364-1912) (308-1692) (13.2-74) (1.9-2.5) (7.5-8.9)
Severe (5) 3:2 6 30 666+ 134 526+89 39.2+8.6 6.8%+2.1 6.4%x1.5
“4-7 (17-48) (338-976) (330-824) (19.6-61.6) (1.9-14.0) (2.6-10.7)

*Plus—minus values are +S.E.M. Figures in parentheses are ranges. URI denotes upper-respiratory-tract infection. To convert values for ammonia to micromoles per liter, multiply by 0.5872.

To convert values for salicylate to millimoles per liter, multiply by 0.07240.
tSGOT denotes serum aspartate aminotransferase.

teria for Reye’s syndrome were found on liver biopsy
to have histologic, histochemical, and ultrastructural
changes characteristic of the syndrome. None of the
patients from whom biopsy specimens were obtained,
including the five who met some but not all histopath-
ologic criteria, had light-microscopical or ultrastruc-
tural changes that were suggestive of hepatitis, drug-
induced hepatic injury, or any other recognizable
acute liver disease. The changes found in three of
the five nondiagnostic biopsy specimens suggested
Reye’s syndrome more strongly than any other diag-
nosis.

These findings confirm the hypothesis that children
who present with vomiting, a threefold or higher ele-
vation in the level of serum alanine or aspartate ami-
notransferase, and a paucity of neurologic signs while
recovering from varicella or a viral upper-respiratory-
tract infection have Reye’s syndrome. When recog-
nized clinical and biochemical criteria are used to
identify cases of Reye’s syndrome, the liver-biopsy
findings, evaluated according to the strictest histolog-
ic, histochemical, and ultrastructural criteria, are con-
firmatory. This observation suggests that the clinical
and biochemical criteria used in our study are ade-
quately selective (and sufficiently sensitive) for identi-
fying patients with mild Reye’s syndrome. In addi-
tion, our study refutes recently published reports
suggesting that vomiting and elevated levels of amino-
transferase occurring in children while they are infect-
ed with varicella represent varicella hepatitis.?*** Bi-
opsy specimens were not obtained from any of the
patients described in these other reports, and all the
cases fulfilled all the clinical and biochemical criteria
for Reye’s syndrome. The distinction between these
two diseases is an important one. Varicella hepatitis is
usually observed in the context of generalized viral
dissemination, which results in multisystem involve-
ment and eventual death.?>?” Affected patients are
usually immunocompromised, with hepatitis evolving
in conjunction with congenital infection,?® generalized
debilitation, or chemotherapy for cancer.?* In con-
trast, Reye’s syndrome follows varicella in an other-
wise normal host.

Considerable heterogeneity in the hepatic mito-

1SGPT denotes serum alanine aminotransferase.

§P<0.05, as compared with severe involvement.

chondrial damage was observed in our 14 patients
with Grade I illness. These findings confirm the elec-
tron-microscopical observations made earlier by Par-
tin et al. in a group of 14 patients with Grade I Reye’s
syndrome.’

Although none of our biopsy-proved cases pro-
gressed clinically to more advanced disease, the poten-
tial for such progression in patients with Grade I ill-
ness is well recognized. Partin et al.’> observed such a
progression in 2 of 14 patients (14 per cent). Between
1973 and 1981, the frequency of disease progression
among children with Grade I Reye’s syndrome report-
ed to the Centers for Disease Control was 34 per cent
(Rowley D: personal communication).

The reasons for the differences in observed rates of
progression in mildly affected patients among the two
Cincinnati-based study groups and those reported to
the Centers for Disease Control are unknown. Several
explanations are possible. First of all, reports to the
Centers during the eight-year surveillance period were
made by physicians located throughout the country at
a time when the criteria for diagnosing Reye’s syn-
drome clinically were not standardized. Since in most
of the reported cases biopsies were not performed, it is
possible that some of the patients did not have Reye’s
syndrome. In addition, there may have been a propen-
sity to report cases with a more dramatic course or a
more unfavorable outcome and, concomitantly, a ten-
dency to underreport nonprogressing cases because of
the prevalent concept at that time that Reye’s syn-
drome was an invariably progressive disease.

Secondly, differences in the rate of progression
among the three study populations may have reflected
differences in the host—virus interactions. Many of the
cases reported to the Centers for Disease Control oc-
curred in conjunction with influenza B (during the
1973-1974 epidemic), whereas most of the cases in the
study by Partin et al. and all the cases in our study
occurred during years when influenza B was not prev-
alent in the community.

Thirdly, it is possible that some as yet unidentified
environmental factor exists in southwestern Ohio and
results in less severe disease. Finally, the more benign
course observed in our patients may relate to differ-
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ences in the time of recognition and subsequent initi-
ation of fluid therapy. Increased public awareness of
Reye’s syndrome in southwestern Ohio has resulted
in early case identification, with patients frequently
being seen within 24 hours after the onset of vomiting.
All patients were routinely given intravenous infusions
of hypertonic glucose and electrolyte solutions, with
the intention of correcting mild alterations in hydra-
tion and of repleting hepatic glycogen stores (which
are usually reduced in Reye’s syndrome). Restoration
of fluid and metabolic homeostasis may account for
the low rate of progression and the absence of mortal-
ity observed in Grade I Reye’s syndrome. Studies in
which patients are randomly assigned to various regi-
mens, including fluids versus no fluids or fluids that
contain glucose versus those that do not, will be neces-
sary to test this hypothesis adequately. However,
these studies may be difficult to justify on ethical
grounds.

Because of the recognized potential for Grade I
cases to progress to more advanced stages, we hypoth-
esized that patients with more severe ultrastructural
changes were at greater risk of progression to a higher
grade of disease and that various commonly measured
biochemical markers might have predictive value.
However, we were unable to establish a correlation
between ultrastructural grade and any initial or peak
biochemical marker.

Our study suggests that the incidence of Reye’s syn-
drome, estimated using only biopsy-proved cases, was
at least 3.5 cases per 100,000 children under the age of
17 years in metropolitan Cincinnati during the one-
year study period (2.7 cases of Grade I illness per
100,000 children, and 0.8 cases of Grade II or higher
illness per 100,000 children). This figure represents an
11-fold higher incidence than that calculated by the
Centers for Disease Control for the same period (0.31
cases per 100,000 children [17 years or less]).?’ The
incidence in the present study probably represents the
minimal incidence of Reye’s syndrome for the Cincin-
nati area. It is certain that some of the patients not
included in our study population had Reye’s syn-
drome; in fact, all of them (13 of the original 31 pa-
tients) met the criteria of the Centers for Disease Con-
trol and were included in their surveillance statistics.
If all these patients (except for the two shown by biop-
sy not to have Reye’s syndrome) are included in the
calculation, the incidence rises to 5.6 cases per 100,000
children under 17 years of age. In addition, the num-
ber of children with mild disease who were living with-
in the referral area and never required hospital evalua-
tion (presumably because of the combination of mild
disease and adequate oral fluid intake) is unknown.

Finally, several patients were excluded from the
present study because their serum alanine or aspartate
aminotransferase levels were elevated but were less
than three times the normal value. Recent surveillance
studies in other areas of the country have suggested
that considerable numbers of children have transitory
transaminase elevation (higher than twice the normal
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value) in conjunction with otherwise uncomplicated
influenza A and varicella.**2 It has been suggested
that these patients may have had “anicteric hepatic
dysfunction accompanying viral illness”!”3233 or
“subclinical hepatic changes accompanying varicella
infection.”? Our data suggest that these patients
may, in fact, have had Reye’s syndrome. Additional
studies are needed to determine the pathological alter-
ations under these circumstances, and they may help
to define further the complete clinical spectrum of
Reye’s syndrome.

We are indebted to the nurses at the Clinical Research Center for
assistance in sample collection; to Kathleen Koehnke, R.N., Diane
Witson, and Andrea Smith for data collection and analysis and
assistance in preparing the manuscript; to Jacqueline Partin, M.S.,
for assistance in the analysis of ultrastructural pathology; to Kath-
leen Saalfeld and Joanne Blewett for invaluable technical assistance
in specimen preparation; to Joni Mueller for the high quality of the
photographic reproductions; and to John Ryan, M.D., infectious
disease consultant for the City of Cincinnati Board of Health, for
assistance in compiling and analyzing the data on the annual inci-
dence of varicella and influenza.
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