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Prenatal Enterovirus 71 infection and Its Correlation with
Pediatric Autistic Patients — A Possibility of Non-Genetic
Cause and the Potential Treatment Target
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ABSTRACT
Purpose

Enterovirus-71 (EV-71) infects fetuses. From May to October 1998, eight cases of prenatal EV-71
infection were identified. In this study, we report the pathological features of 8 transplacentally
infected cases and their post-neonatal sequelae.

Methods

EV-71 was detected in amniotic cord blood by nested reverse transcription-polymerase chain
reaction. Tissue location of virus infection was determined by immunohistochemistry of a
stillborn.

Results

The fetus infected early in the gestation was stillborn. The other fetuses were carried to term.
During delivery, two newborns had biliary atresia, and one developed acute hepatic failure.
One child was diagnosed with cerebellar hypoplasia at age 3, two were diagnosed with autism
at age 7, and one was diagnosed with Asperger’s syndrome at age 12.

Conclusions

Our results suggested that some of pediatric autistic disorders might be non-genetic, but
virus-associated. Interestingly, most of the patients were associated with constipation, and
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having food debris in their feces, which were consistent with prenatal findings that EV-71
infected liver, and infection could be persisted into childhood.
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virus; EV-71: enterovirus-71; LDH: lactate
dehydrogenase; MRI:  magnetic resonance
imaging; RT-PCR: reverse transcription-
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Introduction

Enterovirus 71 (EV-71) is a member of the
Picornaviridae family of single-stranded positive-
sense RNA viruses, which comprises 69 types
[1], including polioviruses and EV-71, which
frequently have severe neurogenic consequences
[2-4]. Magnetic resonance imaging (MRI) [3]
and postmortem examinations show that lesions
are predominantly in the brain stem, cerebellum
and spinal cord [2-8]. Since poliovirus infection
has been eradicated by a successful vaccination
program, EV-71 is thought to be responsible
for young children having aseptic meningitis,
encephalitis, myelitis and paralysis, symptoms
of infection in central nervous system (CNS),
in particular in 1998 outbreak in Taiwan [5].
Besides neurologic symptoms, most patients
were hyperglycemic and had increased serum
levels of aspartate aminotransferase, alanine
aminotransferase, and lactate dehydrogenase
(AST/ALT/LDH) (supplementary Table 1),

indicating that the virus infected liver as well.

During the 1998 EV-71 outbreak, incidences of
pediatric biliary atresia also increased markedly
although the number of patients was not reaching
analarming level. In a case of stillborn, EV-71 was
detected in samples of amniocentesis [9]. Using
an immunohistochemical staining, the virus was
detected in fetal midbrain and liver, indicating
that EV-71 infected the fetus [9]. In this report,
we present eight cases of prenatal abnormalities,
which have been collected throughout the 1998
EV-71 outbreak in Taiwan, and the continuous
follow-up of these cases for the past 20 years. Three
cases developed autism spectrum disorders (ASD).

Material and Methods
= Prenatal cases

The presence of EV-71 was measured in all
expecting patient’s plasma and fetal cord blood
using a reverse transcription-polymerase chain
reaction (RT-PCR) [5,9]. The first pair of primers
were 5-ACCTTTGTACGCCTGTT-3’ and
5’>-ATTGTCACCATAAGCAGCCA-3’,
and the second pair of primers were
5-AAGCACTTCTGTTTCCC-3’ and
5-ATTCAGGGGCCGGAGGA-3’. The
amplified product of 249 base-pair was resolved
on a 2.5% agarose-ethidium bromide gel.
Specificity of the amplified product of EV71
was confirmed by DNA sequencing (ABI Prism;
Perkin-Elmer, Foster City, CA).

m Childhood cases

Complications of case #5 were noticed when the
child was around 12 months of age (identified at
Changhua Christian Hospital, Changhua City),
with major symptoms of general hypotonia.
However, no abnormal eye movements or
telangiectasia was found. Neither was a
defect in the synthesis of organic acids or
arachidonic acid detected. The patient had a
46,X,inv(Y) genotype (p11.2q11.2); and no
other chromosomal aberration was found.
Electroencephalograms measured a focal
spike over bilateral frontal areas; the patient,
nevertheless, did not experience epileptic
seizures. Patient #5 was diagnosed as having
delayed neural development as well as mental
retardation, and received more than a year
of rehabilitation therapy. No noticeable
improvement was observed.

m Statistical analysis

Statistical curves were plotted with a method of
CURVEFIT. The difference between observed
frequency and expected frequency of autistic
patients was obtained by subtracting the expected
value from the observed value. Statistical analysis
was performed using SPSS statistical software
(version 12.0, Chicago, I11).
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Results
= Prenatal complications

From May to June 1998, eight cases of prenatal
complications (Table 1) were identified in China
Medical University Hospital, Taichung, Taiwan.
All pregnant patients had complaints of severe
abdominal cramping and three had suspicions
of fetal abnormalities. Although the patients
were at different gestational periods, they all
showed varying degrees of enlarged placenta and
fetal hepatomegaly, as determined by obstetric
ultrasonography. Amniocentesis was performed
using an ultrasonographic guidance. Moreover,
because of the outbreak of pediatric EV-71
infection, and detection of EV-71-related fetal
ascites in one of the early cases [9], the presence of
EV-71 was measured in all patients’ plasma and
fetal cord blood. Analgesics had been prescribed
for the expectant mother of case #1. For cases
#5 to #8, tocolytic drugs were administered to
stabilize the fetuses and to prevent miscarriages.
No specific care was provided for the fetuses.

In fact, during enterovirus 71 (EV-71) outbreaks
(1998), incidence of two diseases: prenatal
abnormality and pediatric biliary atresia
increased markedly in Taiwan [10]. At that time,
several expecting women were admitted to the
hospital because of abdominal cramp. Following
admission, echosonography showed that some
patients’ placentae were bulky with evident,
thick margins. It also demonstrated that in severe
cases, the fetuses had evident hydrocephalus,
hepatomegaly with ascites, and pleural effusion
(Figures 1A-1D). In case #1 (Table 1), the
postmortem examination showed that the
stillborn had an enlarged liver with fibrotic
peritonealitis, along with obvious hydrocephalus
in the lateral ventricle [9]. EV-71 was detected
in neurons and glial cells of the midbrain and

cerebellum, as well as in hepatocytes using an
immunohistochemical staining [9]. Monoclonal

antibodies that were specific to EV-71 were
used to identify the presence of EV-71 (3324,
Chemicon, Temecula, CA) [9]. EV-71 was not
detected in hematopoietic cells in fetal liver. In
addition to EV-71-positive parenchymal cells of
the liver, the strongest signal of EV-71 infection
was located in a strip of cells, which resembled
lining cells of primordial hepatic ducts (Figures
1E and 1F).

m Post-natal complications

Case #1 was miscarried within 3 days of
admission. Although cases #2 to #4 were safely
delivered, the three newborns were jaundiced.
They were diagnosed as having biliary atresia and
were immediately scheduled for surgery; however,
case #4 died of acute fulminant hepatic failure
after appropriate procedures [10]. EV-71 was
also detected in both hepatic parenchymal cells
and epithelial cells of hepatic ducts in newborns
with jaundice (cases #2-#4, biliary atresia and
acute hepatic failure). The presence of EV-71
was confirmed by nested RT-PCR, along with
29 (85.3%) resected specimens of the 34 cases
of infant biliary atresia [10]. Jaundice in case #4
was found on the second day of birth and the
infant died of acute severe hepatic failure despite
proper attendant surgery. Unlike the other six
surviving infants and their mothers, who had
measurable serum antibodies to EV-71, case #4
did not have detectable antibodies to the virus.
Its mother did not have detectable antibodies to
EV-71, until two weeks after delivery.

m Childhood complications

As mentioned above, case #5 was diagnosed
as having mental retardation due to delayed
neural development. Magnetic resonance
imaging of the brain, however, showed a clear
cerebellar hypoplasia (Figures 2A and 2C),
when compared to a child with head trauma
(Figures 2B and 2D). Moderately increased
intensity in the dentate nuclei and supratentorial

Table 1: The eight cases of EV-7 plication and their follow-

Number \g,;\{eesi:tsig:n Gender @gei:))f the mother Eit:;tomegaly :?;S:)Tvement m?/?)rltvement EV-71 in cord blood Follow-up Results

1 17 F 32 Yes Yes Yes + stillborn

2 35 M 29 Yes No No + Biliary atresia

3 36 M 27 Yes No No + Biliary atresia

4 39 F 30 No No No + Acute hepatic failure
5 22 M 25 Yes Yes No + E;;)ecﬁ!gi;

6 26 M 26 Yes Yes No + Autism

7 25 M 30 Yes Yes No + Autism

8 27 M 24 Yes Yes No + Asperger’s syndrome

1942



Research shiow-Her Chiou, Kuan-Chih Chow

ENTEROVIRUS
ASCITES

3
1
|

t* CALIFP

FEA T ST

o Ims

HTaet
b -

Figure 1: Echosonography and liver pathology of prenatal EV-71 infection. Echosonograms showed that a 25-week fetus had (A) mild hydrocephalus
of both lateral ventricles, (B) enlarged liver with evident calcification, (C) excessive ascites, and (D) pleural effusion. Although abnormal serum levels
of pregnancy associated plasma protein A and beta human chorionic gonadotrophin was noted, no karyotypic trisomy 21 was detected in chorionic
villus samples. EV-71 was detected in cord blood by RT-PCR. (E) Detection of EV-71 in frozen sections of fetal liver tissue by immunohistochemistry.
EV-71 was detected in normal (arrowheads) and necrotic hepatocytes (arrow), but not in fetal hematopoietic cells (white arrow). (F) In addition to EV-71-
positive liver parenchymal cells (arrowheads), strong signals of EV-71 were located in lining cells of primordial hepatic ducts (arrows), which contained
condensed bile. In newborns with biliary atresia, EV-71 was also detected in necrotic parenchymal cell (white arrow). EV-71, however, was not detected
in the portal system or arterioles (lower right corner).

periventricular white matter suggested that the
patient might have had prior brain lesions, which
might not have been caused by external trauma-
associated damage, but instead by a prenatal
injury, including virus infection.

In cases #6 - 8, although the peculiar early
childhood behaviors had been noticed, they were
not specifically attended. However, when they
reached the age of primary school years, their
unusual behavior alerted teachers with specific
educational focuses [11,12]. Moreover, because
the parents were unwilling to admit their child’s

irregular behavior, case #8 was not confirmed
until he entered the middle-high schools. The
pediatric patients with autism (cases #6 & #7)
or Asperger’s syndrome (case #8) were diagnosed
and confirmed according to criteria defined in
the Diagnostic and Statistical Manual of Mental
Disorders (DSM 1V). Cases #2 and #3 were
not autistic. The Medical Ethical Committee of
China Medical University Hospital approved
the study (DMR101-IRB2-50), and written
informed consent was obtained from every
guardian of the patients. Findings of cases #6
- #8 led us to search for the available public
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Figure 2: Magnetic resonance imaging of a case with cerebellar hypoplasia. MRl images were taken when the child was 7 years old (August, 2005). From a
coronal view, the volume of the patient’s cerebellum (A) was clearly smaller (about 2/3) than that of the same aged boy, who had cranial trauma (B). From a
sagittal view, the volume of the patient’s cerebellum (C) was about 1/2 of that of the same age boy (D).

information records and statistically analyze
the frequency of autism from 1992 to 2004,
including two major episodes of EV-71 infection
during years of 1998 and 2001 in Taiwan [13]. A
correlation between numbers of autistic patients
(public information from Ministry of Education,
Taiwan, http://www.set.edu.tw/) and years of
patients born (public data from Ministry of the
Interior, Taiwan; Monthly Bulletin of Interior
Statistics, http://sowf.moi.gov.tw/stat/month/ )
was found. As shown in Figures 3A & 3B, the
number of diagnosed autistic patients (Figure
3A, upper panel), who were born in the years
1998 (p<0.01) and 2001 (p<0.001), increased
markedly, despite the fact that marriage and
birth rates decreased dramatically during those
particular years (Figures 3B, lower panel).

The difference between observed frequency and
the expected frequencies of autistic patients
during the years of 1998 and 2001 were highly
significant. There were respectively 2.4-fold and
3.5-fold increases.

Discussion

The current results supported our previous
observations that EV-71 could be transmitted
through placenta to infect fetus [9]. Schmidt et
al. had isolated enteroviruses from a newborn,
and corresponded with our findings [14]. In
this study, our results showed that during the
early second trimester, the virus could damage
fetus’s primordial organs, and induced stillborn.
In intermediate second trimester, EV-71
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Figure 3: The annual frequency of autistic patients identified from 1992 to 2004 in Taiwan. (A) Correlation between the numbers of autistic patients
(information from Ministry of Education, Taiwan; http://www.set.edu.tw/) and the year the patients were born (data from Ministry of the Interior, Taiwan;
http://sowf.moi.gov.tw/stat/month/list.htm). An increase in annual incidence of autistic patients was significant during 1998 (p<0.001) and 2001
(p<0.001) (upper panel). A general increase in incidence from 1996 to 1998 suggested that the disease was more frequent in those years. In particular
in 1998 and 2001, the marriage (----) and birth rate () decreased dramatically (lower panel). (B) The difference between actual frequency and
expected frequency of autistic patients diagnosed from 1992 to 2004. The difference was obtained by subtracting the expected frequency from the

actual frequency.

particularly hindered the growth of cerebellum
[5,9]. In the late second trimester, because of the
maturation of most fetal organs, EV-71 did not
immediately kill the fetus, but caused unfavorable
sequels of future neurological disorders. The
afflicted CNS regions corresponded well with
MRI findings in children with EV-71 infection-
related encephalomyelitis in the brains and
spinal cords [5], the fundamental locations that
associated with disadvantaged limb movements
and interaction behaviors [15].

Significant differences in statistical analyses of
annual autistic population changes within those
two specific years in Taiwan strengthened the
correlation between prenatal EV-71 infection
and an increased likelihood of autism. From
an epidemiologic assessment of fetal and infant
factors associated with autism, Mason-Brothers
et al., found that a viral-type illness during
pregnancy could increase the frequency of

autism [16]. However, they did not determine
the type of viruses. In this study, we detected
prenatal EV-71 infection in all eight expecting
women, of whom symptoms could have been
overlooked. Although our results strongly
suggest that prenatal EV-71 infection and
disease manifestation of autism could be closely
associated, the causal relationship between the
two diseases awaits further study.

Using the Denver Development Screening Test
and the Wechsler Intelligence test to examine
physical and neurological levels of children who
had recovered from severe EV-71 infection in
the CNS, Chang et al. showed that pediatric
patients with EV-71 involvement in CNS, which
had been complicated with cardiopulmonary
failure, had notably diminished cognitive
abilities [17]. Although most patients suffered
from damage in the cerebellums, brain stems
and upper spinal cords, no evident cerebral
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injury had been detected. Interestingly, some
patients were affected with attention deficit
hyperactivity disorder (ADHD), of which the
diagnosis could only have subtle difference from
that of Asperger’s syndrome [18]. Interestingly,
methylphenidate, a drug that increases brain
levels of dopamine and epinephrine [19], is
effective in modifying unstable behavior patterns
in patients with ADHD, Asperger’s syndrome
and autism, suggesting that these disorders may
share some damage deeply embedded in the
brain.

EV-71 infection is associated with pediatric
liver diseases as well [9]. It is possible that when
perinatal infection occurs in the intermediate
third trimester, the maternal immune system
are able to provide protective antibodies in time
to save her fetus. Since the fetus is in amniotic
sac, virus infection of brain stem may not readily
induce fatal pulmonary edema or consequent
cardiopulmonary failure like the older children
[5,9,17]. However, residual viruses in the liver
and hepatic duct might lead to biliary atresia
when a newborn was delivered. At the time
of delivery, maternal immune system might
not be able to provide protective antibodies in
time for newborns, and the infant itself would
not have sufficient time to provoke its own
immune response, such as in case #4, whereby
the child might have been normally delivered,
but virus infection could have advanced to a
fulminant hepatic failure within a few days of
child birth. From timeframes and aftermaths, it
is reasonable to speculate that EV-71 may at first
be present in fetal livers and then propagated to
the CNS. Depending upon the gestation stages,
and maternal immune responses, the protective
antibodies might be able to eliminate the virus
and save the fetus synchronously in the late
second trimester, when organs would have been
fully formed. However, because fetal immune
systems are not matured during the intermediate
third trimester, which are similar to those in a
newborn child [20], we are less certain that
following exhaustion of protective antibodies
from maternal source, the newborn can produce
an adequate amount of antibodies to eradicate
viruses and to protect itself.

A cohort study of patients with ASD, showing
increased levels of serum ALT and AST,
indicated that ASD patients might suffer from
liver complications [21]. Moreover, ASD and
cerebellar atrophy were frequently associated
with mitochondrial defects [21,22]. Evaluation
of neuropsychological symptoms in combination

with gastrointestinal and liver functions in
these patients would provide a more profound
understanding of the etiology of this disease and
better interventions in the future [23]. Moreover,
based on the above-mentioned symptoms,
several young ASD patients were respectively
treated with Yi-Chi-Tsung-Ming-Tang- and
Jiawei Xiaoyao San-based regimens for their
hepatic function-associated constipation and
brain symptoms in an ongoing investigation
[24-26]. The preliminary results are promising,
in particular the constipation problems of ASD
children having been quickly resolved. The
results supported our previous observations that
virus infected both brain and liver in addition to
intestines [9].

In conclusions, our results show that depending
upon the timing of virus infection during
pregnancy, four types of clinical features of
EV-71 infection could be detected. However,
other explanations are possible. For instance,
the patients might have been infected with
other neurogenic viruses [27-29], or the patients
might have genetic disorders, which made
them more vulnerable to the disease [5,21,29],
or fetuses might have suffered from infection-
inflicted oxygen deficiency, or cytokine storms
[27]. Moreover, most expecting mothers had
had flu-like symptoms, but no flu-related virus
infection was detected. However, intracranial
viral infection affected fetal growth and the
subsequent childhood development. Therefore,
early prevention is imperative for reducing
prenatal and pediatric infection. Furthermore,
if ASD is in fact closely associated with prenatal
virus infection, our data suggest that the future
therapy for neural system-related psychological
disorders could be anticipated.

Highlights

In this study, we found that some of the pediatric
patients with autism spectrum disorders (ASD)
had been prenatally infected with enterovirus
71 (EV71), and EV-71 infection prevalence
correlated with annual incidence of ASD.
Moreover, a result of preliminary regimen using
Chinese herbal medicinal recipes shows that this
type of patients is treatable.
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