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Rotavirus RNA was detected in the cerebrospinal fluid (CSF) of a child with central nervous system disease
symptoms associated with rotavirus gastroenteritis. The rotavirus isolates from the fecal and CSF samples
were genotyped as G1P[8]. Sequence analysis of the VP7 and VP4 proteins derived from the fecal and CSF
samples were remarkably similar to each other and to G1P[8] rotavirus strains commonly circulating in the

community and associated with gastroenteritis.

CASE REPORT

A 22-month-old previously healthy male child was admitted
to the hospital with a 2-day history of nonbloody diarrhea and
vomiting. On the day of admission he developed fever and had
a generalized tonic-clonic seizure lasting 2 min. On arrival at
the hospital, he was apyrexial, mildly dehydrated, and drowsy.
Physical examination was otherwise unremarkable with no
neck stiffness.

A lumbar puncture was performed. The cerebrospinal fluid
(CSF) contained 1,235 red cells/pl and eight white cells/pl
(75% lymphocytes). A blood count showed a total white cell
count of 9.4 X 10° cells/liter, with 2.4 X 10° lymphocytes/liter
and 6.0 X 10° neutrophils/liter (normal for the patient’s age).
Intravenous penicillin, cefotaxime, and acyclovir were admin-
istered. Bacterial cultures of blood and CSF were negative, and
antibiotic treatment was stopped after 72 h. Clinically the child
improved over the first 24 h and subsequently made a full
recovery.

Microbiologic analysis. A stool sample was positive for ro-
tavirus antigen by latex particle agglutination, and this result
was confirmed by inhibition with specific antibodies. Both stool
and CSF samples were tested for the presence of rotavirus
RNA. Nucleic acid was extracted and reverse transcribed, and
the cDNA was used in rotavirus VP7- and VP4-specific typing
PCRs as described previously (7). Both the stool and CSF
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samples contained rotavirus of the genotype G1P[8]. The VP7
and VP4 first-round amplicons derived from the stool and CSF
samples were purified and sequenced in both directions by
using the same consensus primers as those used for the first-
round amplification. Nucleic acid sequences were derived
using an automated sequencer (CEQ2000; Beckman-
Coulter). Sequence data were analyzed using the software
programs Seqman and Megalign (DNA Star; Lasergene, Mad-
ison, Wis.).

Partial cDNA sequences of the genes encoding the rotavirus
VP7 (nucleotides [nt] 51 to 932) and VP4 (nt 11 to 887)
obtained from the stool and CSF samples were highly ho-
mologous (>98.5 and 100% at the nucleotide and amino
acid levels, respectively). The sequences of VP7 and VP4
clustered within the G1 genetic lineage III and the P[8§]
genetic lineage II, respectively (Fig. 1 and 2) (8, 9). Analysis
of the deduced amino acid sequences revealed no amino acid
substitutions between the VP7 amino acid sequences derived
from the fecal and CSF samples and VP7 sequences of other
rotavirus strains within their genetic lineage. The deduced
amino acid sequence of VP4 revealed a single amino acid
substitution at position 166 within the hypervariable region of
VP8. An isoleucine residue at amino acid position 172 differ-
entiated the sequences derived from feces and CSF from other
rotavirus sequences within the genetic lineage P[8]-II, which
had a conserved valine at this position.

Discussion. Rotaviruses are the most common cause of in-
fantile diarrhea throughout the world and account for high
mortality rates in the developing world as a result of severe
dehydration (10). However, the tropism of rotavirus does not
seem to be absolutely limited to enterocytes, and rotavirus-
induced lesions, isolation of infectious particles, or the detec-
tion of rotavirus-specific antigens and/or nucleic acid at ex-
traintestinal sites has been reported both in animals and
humans, in immunocompetent as well as immunocompromised
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FIG. 1. Phylogenetic tree constructed with VP7 (nt 51 to 932)
c¢DNA sequences of G1 strains of genetic lineages I, II, and III (boot-
strap values at the lineage branching points, >95%) isolated in the
United Kingdom. Sequences of prototype strains Wa and Ku of G1
lineage IV were obtained from GenBank. Sequences derived from the
CSF and paired fecal samples from the patient are represented in
boldface type. The calibration bar at top indicates percent homology.

children (2). These sites include the lamina propria, mesen-
teric lymph nodes, lungs, liver, kidney, and bile ducts.

Since the first report of Salmi et al. in 1978 (19), central
nervous system (CNS) involvement after rotavirus infection
has been described by several authors. Different studies have
reported various frequencies of CNS involvement in children
with acute rotavirus gastroenteritis: 2% in Germany (20), 2.6%
in Japan (1), 3.7% in the United States (12), 5.4% in Taiwan
(12), and 5.7% in Hong Kong (26). A recent study analyzed the
incidence of convulsions in children with acute gastroenteritis
associated with either a bacterial infection or a rotavirus in-
fection or in whom no organism was found (26). A statistically
significant association was found between encephalopathy and
rotavirus infection (P < 0.002) versus no organism found, and
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FIG. 2. Phylogenetic tree constructed with VP4 cDNA (nt 11 to
887) sequences of P[8] strains of genetic lineages I, II, and III (boot-
strap values at the lineage branching points, >95%) isolated in the
United Kingdom. Sequences of prototype strains Wa and Ku were
obtained from GenBank. Sequences derived from the CSF and paired
fecal samples from the patient are represented in boldface type. The
calibration bar at top indicates percent homology.

rotavirus infection also had a higher risk of encephalopathy in
comparison to that for bacterial gastroenteritis (relative risk =
1.846) (26). Neurological complications include meningitis, en-
cephalitis, convulsions, hemorrhagic shock and encephalopa-
thy, central pontine myelinolysis, and Guillain-Barré syndrome
(6,12, 14; C. C. Smeets, W. Brussel, Q. H. Leyten, and F. Brus,
Letter, Eur. J. Pediatr. 159:224, 2000). Infection in these pa-
tients was diagnosed by examining CSF by electron microscopy
(EM) for morphologically characteristic rotavirus particles,
testing for virus-specific antibodies, or detecting the rotavirus
genome by reverse transcription (RT)-PCR (Table 1).
Rotavirus has two outer capsid proteins, VP4 (which deter-
mines the P type) and VP7 (which determines the G type).
These proteins elicit neutralizing antibodies and are involved
in resistance to infection (4). G1 and P[8] types predominate
worldwide (3). The G1P[8] rotaviruses isolated from the CNS
and gut of this patient were remarkably similar to each other
and also to rotaviruses circulating widely in the community and
associated with gastroenteritis only. A previous report, in
which sequence data were available for the VP7 genes of G1
rotaviruses associated with CNS symptoms, showed similar
findings (22). The genotypes of rotaviruses detected in CSF are
shown in Table 1. These results would suggest that transmis-
sion of rotavirus to extraintestinal sites may be host related
rather than associated with changes in genes determining viral
pathogenesis or cell tropism. However, by application of clas-
sical and molecular genetic techniques in the neonatal mouse
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TABLE 1. Rotavirus genotypes detected in CSF of patients
with CNS symptoms

Method used Genotype(s) found Reference

Detection of virus particles NK* Wong et al. (25)
by EM
Detection of rotavirus- NK Ushijima et al. (21)
specific antibodies NK Keidan et al. (11)
Detection of rotavirus G1 P[NK] Nishimura et al. (17)
RNA by RT-PCR NK Keidan et al. (11)
G3 P[9] Yoshida et al. (27)
G1 P[NK] Pang et al. (18)
G2 P[NK] Makino et al. (13)
G1 P[NK], G3 P[NK] Goldwater et al. (5)
GNK P[4] Lynch et al. (12)

“ NK, not known.

model, hepatotropism has been found to segregate with the
gene encoding NSP3, and it has been suggested that spread
from the gut into the liver is likely to occur via the lymphatic
pathway (16).

It is not known whether rotavirus replication is sustained in
the CNS or whether the detection of rotavirus RNA may be
the result of carriage in trafficking lymphocytes. However, it
has been observed that rotaviruses can undergo limited in vitro
replication in neuronal cells (23, 24). Although the majority of
the patients with rotavirus infection with CNS involvement
have made a complete recovery, a small number of patients
have sustained severe sequelae or died (13, 21; C. Pager, D.
Steele, P. Gwamanda, and M. Driessen, Letter, S. Afr. Med. J.
90:364-365, 2000).

The isolation of rotaviruses in the throat, serum, and CSF of
patients with CNS involvement (22) and the appearance in
some patients of an exanthemous rash (15) would suggest
viremia following rotavirus infection in some cases. It has been
suggested that genomes permeate the blood-brain barrier dur-
ing convulsions or the virus infects the neuronal cells and
releases the genome into the CSF (22). However, it is still
unclear whether viremia always leads to CNS involvement or is
a contributory factor. Further work is required in order to
determine the frequency of rotavirus viremia and CNS disease.

Miren Iturriza-Gémara is supported by a grant from the MRC
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