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Virological investigations of acute encephalopathy
in India
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Abstract
A total of 740 consecutive children aged
between 6 months and 12 years who presented
with acute encephalopathic illnesses during a
three year period were assessed both clini-
cally and by laboratory investigations. Cere-
brospinal fluid was examined for the presence
of cells or other abnormal substances, and
any organisms were cultured. Blood examina-
tion included white cell count and estimations
of haemoglobin, urea, glucose, and electro-
lyte concentrations and serum alanine amino-
transferase and aspartate aminotransferase. A
firm diagnosis was established in 278 patients
(38%). Pyogenic meningitis (n=134), measles
encephalopathy (n=38), and electrolyte im-
balance (n=23) were important causes in this
group, cerebral malaria (n=4) was uncommon
and there were no cases of Reye's syndrome.
The diagnoses of the remaining 462 were
combined under the heading 'acute un-
explained encephalopathy'. Altogether 394 of
the 462 patients underwent virological inves-
tigations for arboviruses and 92 (23%) had one
or more indicators of Japanese encephalitis.
No other arboviruses could be isolated.
Throat swabs from 187 patients with acute
unexplained encephalopathy were studied on
monkey kidney tissue cell lines of which 14
were positive (8%). These were identified as
adenovirus, parainfluenza, influenza, polio-
myelitis, Coxsackie, and echovirus; in two
cases the virus was untypable.
Japanese encephalitis is an important cause

of acute childhood encephalopathy in this
region. Clinical features of the illness may be
mimicked by several disorders which require
specific treatment. Thirty four of the 92 died
(37%/6).
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Acute encephalopathy is an important cause of
admission to hospital and death as well as being
a public health problem in India.' Several un-
related disorders (such as bacterial and viral
infections of the central nervous system, Reye's
syndrome, cerebral malaria, and electrolyte
imbalance) may present as acute encephalo-
pathy in children. There were, however, no

comprehensive, systematic studies of the aetio-
logy of childhood encephalopathies in India,
and in 1979 the Indian Council of Medical
Research put forward recommendations for the
conduct of research on these encephalopathies.'
The present study was designed to investigate

the aetiology of acute childhood encephalopathy
by examining all those who presented to a large

city hospital in northern India where it is an
important problem.

Patients and methods
Consecutive children between 6 months and 12
years of age admitted to the paediatric wards of
the King George's Medical College, Lucknow,
were included in the study if the main com-
plaint was an acute constant depression of con-
sciousness lasting for more than 12 hours, and
the total duration of illness at the time of admis-
sion was one week or less.
The King George's Medical College is a large

teaching hospital that caters mainly for the
lower socioeconomic group and seriously ill
patients from Lucknow city and district as well
as the surrounding districts. About two thirds
of the patients admitted come from rural areas.

Histories were taken on admission and the
information was entered on a proforma,
together with the results of the physical exami-
nation. A careful record of the patients' pro-
gress in hospital was maintained. An attempt
was made to determine the cause of the illness
from the results of the following investigations:
the cerebrospinal fluid was examined for the
presence of cells, protein, glucose, and organ-
isms; full blood counts were done including
examination of a peripheral smear for the pre-
sence of Plasmodium falciparum and serum con-
centrations of urea, glucose, and electrolytes
were estimated together with the activities of
alanine aminotransferase and aspartate aminot-
ransferase. Enzyme activities were estimated
when there was no sign of pleocytosis in the
cerebrospinal fluid, and when no other cause
could be found for the encephalopathy. Blood
was cultured when indicated.

Other investigations such as computed
tomography were done when indicated and pos-
sible. Patients whose diagnosis was not evident
after these investigations had been carried out
were termed 'acute unexplained encephalo-
pathy' and virological investigation was carried
out.
The following samples were collected for

virological investigations: cerebrospinal fluid;
brain tissue whenever possible by necropsy
brain biopsy; serum samples during the acute
and convalescent phases, and throat swabs in
minimum essential medium.

All samples were kept at 2-80C and trans-
ported within 24 hours in ice to the virology
laboratory of the King George's Medical
College, which is one of the national reference
laboratories for arboviruses. Viral isolation was
attempted from cerebrospinal fluid and brain
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tissue by intracerebral inoculation into 1-2 day
old mice. Identification of the virus was done by
the quick complement fixation test using the
brain suspension of sick mice as a crude antigen
against hyperimmune sera of West Nile virus,2
Dengue virus serotypes 1, 2, 3, and 4, Japanese
encephalitis, and Chikangunya viruses. These
samples were obtained from the National Insti-
tute of Virology, Pune.
The haemagglutination inhibition test for

Japanese encephalitis was done on paired serum
samples.3 4 A four fold or higher rise in the anti-
body titre of Japanese encephalitis virus was
considered to be highly suggestive of the infec-
tion. Serum with positive haemagglutination
inhibition (that is, a fourfold or higher rise in
haemagglutination inhibition antibodies in
paired samples) were retested after treatment
with 2-mercaptoethanol to look for specific anti-
Japanese encephalitis virus IgM antibodies.
Patients with both a positive haemagglutination
inhibition test and detectable anti-Japanese
encephalitis virus IgM were considered to have
positive serology. Details of virological methods
have been described previously.5

Throat swabs were inoculated into primary
monolayer cultures of renal epithelial cells from
Rhesus monkeys and examined for their cyto-
pathogenic effect according to standard virolo-
gical methods. Identification of viruses was
done by the haemadsorption inhibition and
neutralisation tests in tissue culture using stan-
dard hyperimmune serum samples obtained
from Wellcome Reagents, London, and the
Haffkine Institute, Bombay.6 7

Results
During the three year period August 1985 to
August 1988 a total of 740 children was enrolled
in the study. Another 42 children satisfied the
study criteria but could not be investigated
because they died too soon after reaching the
hospital or left against medical advice. None of
these children had clinical features that sug-
gested the cause of their encephalopathy (for
example, poisoning, head injury, or hyperten-
sion). In 278 of the 740 patients investigated
(38%) a firm diagnosis was reached after the cli-

Table I Diagnoses in 370 patients

Confirmed diagnoses No ofpatients

Bacterial meningitis 134
Tuberculous meningitis 21
Measles encephalopathy 38
Electrolyte imbalance 23
Prolonged coma after seizures 16
Hepatic encephalopathy 8
Shigeliosis 8
Poisoning 7
Mumps encephalopathy 5
Miscellaneous 5
Cerebral malaria 4
Enteric encephalopathy 4
Hypertensive encephalopathy 3
Head injury 2
Reye's syndrome* 0

Table 2 Results of virological investigations

No of patients with possible viral encephalitis
No of patients examined for arboviruses
No of patients with indicators of Japanese

encephalitis infection:
Virus isolated from brain alone
Virus isolated from cerebrospinal fluid alone
Positive serology alone
Positive serology and isolation of virus

No of patients examined for other viruses (by throat
swab inoculation into monkey kidney tissue cells)
No of patients positive for other viruses:

Adenovirus
Parainfluenza
Influenza
Poho
Coxsackie
Echo
Untypable

462
394

92
5

22
59
6

187
14
5

3

1
1
2

nicopathological investigations outlined above,
the various diagnoses are shown in table 1. The
diagnosis of the remaining 462 patients were

grouped under the heading 'acute unexplained
encephalopathy' and 394 of these underwent
virological investigations for arboviruses. Viral
isolation was attempted from cerebrospinal
fluid in 315 patients, from brain tissue in 25
patients, and from paired serum samples (which
could be only obtained from 174 patients).
Throat swabs were obtained from 187 patients.
Results of the virological investigations are

shown in table 2.

Discussion
One problem of the study of encephalopathies is
the terminology used to describe the illness. A
number of such clearly characterised diseases as

pyogenic meningitis, tuberculous meningitis,
and Reye's syndrome may produce similar clini-
cal pictures of acute depression of consciousness
with or without other neurological findings. For
this reason we have used the general term 'acute
encephalopathy' as it is less restrictive as a pre-
liminary diagnosis of a syndrome that has many
possible causes. When known causes have been
excluded, the term 'acute unexplained encepha-
lopathy' has been used.
There are few studies of this kind from the

Indian subcontinent. Mehrotra et al described
virological, bacteriological, haematological, and
epidemiological investigations in 61 patients
with 'pyrexia and disturbance of conscious state
often leading to coma'.8 They found local or sys-
temic bacterial infection in 30 patients and iso-
lated viruses from seven. They concluded that
the syndrome had a varied aetiology, an impor-
tant cause being acute toxic encephalopathy
secondary to bacterial infection. Benakappa et al
studied 64 children with a 'clinical picture of
encephalitis' by serum biochemical investiga-
tions including estimation of enzyme activities
and virological investigations.9 John et al

studied 255 patients with acute encephalopathic
illnesses and attempted to isolate viruses from
throat and rectal swabs, cerebrospinal fluid,
blood, urine, and tissues. '0 The present study is
the first systematic long term, comprehensive
study of the aetiology of acute childhood
encephalopathy in India and was designed to
conform to the guidelines of the Indian Council
of Medical Research task force recommenda-

Total confirmed diagnoses 278
Japanese encephalitis 92

Total 370

*Electrolyte concentrations were estimated in 412 patients and
serum enzyme activities in 414.
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tions for research on encephalopathies in
children.'

In this study we enrolled consecutive cases
with acute encephalopathic illness, and in this
sense our cases were unselected. The 42 patients
who could not be studied were mostly patients
with unexplained encephalopathies, as none had
an obvious cause for the illness. Infants below
the age of 6 months were excluded from study
because young babies often present with altera-
tion of consciousness with non-neurological dis-
orders. Only patients with continuing alteration
of consciousness for more than 12 hours were
entered into the study. This excluded most
cases of simple convulsions.
The diagnosis of bacterial meningitis was

firmly established in 134 patients, and was
made because of cerebrospinal fluid turbidity
and cell count, glucose concentration, or the
presence of organisms. Clinically bacterial
meninigitis may be indistinguishable from
encephalopathies such as cerebral malaria or
viral encephalitis. Even examination of the cere-
brospinal fluid may not differentiate it from
these conditions, especially if antibiotics have
been given. Thus a few of our patients who were
later proved to have viral encephalitis had
received treatment for bacterial meningitis.

Tuberculous meningitis usually has a gradual
onset and patients are generally not admitted to
hospital within a week of the onset of the illness.
Occassionally patients have short histories and
such cases may be difficult to differentiate from
viral encephalitis unless more detailed studies
are undertaken. Our cases of tuberculous
meningitis were diagnosed from other indica-
tors of tuberculous infection with or without
computed tomographic evidence of basal exu-
dates.

After excluding meningitis, a small but
important group were those patients with
measles associated encephalopathy, which may
be caused either by measles virus invasion of the
central nervous system or by an allergic
demyelinating reaction." Of the 38 patients
with this illness 28 presented within 10 days of
the onset of the measles rash.

Cerebral malaria was found in only four
patients in the present series, and was diagnosed
by the presence ofP falciparum in the periphe-
ral blood smear. Lucknow is not an endemic
area for malaria, having an annual parasite
index of less than 2 (State Malaria Department,
Uttar Pradesh), which explains the low occur-
rence of cerebral malaria in this region.
Twenty three children had electrolyte imba-

lances: hyponatraemia (serum sodium less than
125 mmolIl, n= 12) and hypernatraemia (serum
sodium greater than 150 mmol/l, n= 11). These
were usually associated with diarrhoea or vomit-
ing, or both, and were probably the cause of the
encephalopathy. Another two patients had
hyponatraemia but were later found to have
Japanese encephalitis as well.
An important finding was that not a single

case of Reye's syndrome was diagnosed during
the three year study period, although 414
patients were 'screened'. Serum enzyme activi-
ties serve as a useful screening test for this
disorder. Although increases in serum transami-

nase activities do not by themselves establish
the diagnosis, they are usually raised in almost
all cases. Corey et al found increased serum
aspartate transaminase activities in all their 397
patients with Reye's syndrome whereas
increased serum ammonia concentration was
not an invariable finding.'2 It is possible that
several tests may be more useful than one single
test, and a few cases may have been missed, but
it does seem that this illness is uncommon in
Lucknow. Reye's syndrome was diagnosed in
15 of 19 children with a 'clinical picture of
encephalitis' studied by estimation of serum
enzyme activities in Bangalore.9 In Delhi, 12 of
80 patients (15%) with 'encephalitis or encepha-
lopathy syndrome' were diagnosed as having
Reye's syndrome and this was confirmed by his-
topathological examination 13; cases have also
been reported in Nagpur,'4 Bombay,'" and
Chandigarh."6 Our findings suggest that the
aetiology of this illness may vary in different
parts of the country.
Heat stroke was considered to be the cause of

'acute encephalopathy syndrome' in another
hinterland (Nagpur) in the hot summer months.
Sriramachari and Patoria carried out neuro-
pathological examinations of brains removed at
necropsy from 15 such children and found
changes that were consistent with 'effects of
pyrexial damage rather than any inflammatory
process'.'7 Although histopathological studies
were not done in the present investigation, our
patients did not have temperatures high enough
to suggest this diagnosis. In addition, most of
the cases presented in the late monsoon season
rather than the summer.

Japanese encephalitis was first recognised in
India in the mid 1950s. The first serious epide-
mic occurred in West Bengal in 1973, and since
then several epidemics have occurred in the
eastern and southern parts of the country.'8 In
1978 there was a large epidemic in Uttar
Pradesh, indicating inland spread of the
disease.5 A report of the first 86 patients in the
present study showed that Japanese encephalitis
is an important cause of childhood encephalo-
pathy in the Lucknow region, with cases occur-
ring throughout the year.'9 Specimens from our
patients with unexplained encephalopathy were
therefore investigated for evidence of Japanese
encephalitis and related arboviruses. A total of
92 cases of Japanese encephalitis out of 394 stu-
died were identified (23%); no other arboviruses
could be isolated. Japanese encephalitis is thus a
serious cause of acute childhood encephalo-
pathy in this region. Cases were seen all the year
round with a peak incidence in the months after
the monsoon-that is, October/November
when the mosquito population is at the peak.
Nearly half the cases came from the towns, and
34 of the 92 died (37%).
Other viruses such as adenovirus, paramyx-

ovirus, and enteroviruses were isolated from
throat swabs of 14 of 187 patients examined
(8%), and may have been responsible for their
illnesses. Benakappa et al found five isolates of
Coxsackie virus in rectal swabs and one in cere-
brospinal fluid in 64 of the cases of acute
encephalopathy examined.9 John et al isolated
enteroviruses from the cerebrospinal fluid of
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eight children, from brain tissue in three chil-
dren, and from other sites (for example, throat
swabs and rectal swabs) in nine of 255 children
with encephalopathy.10 Hardas et al found
enteroviruses in 14 of 90 cases of encephali-
tis.20 Enteroviruses do therefore occasionally
seem to be responsible for viral encephalitis in
this country.
The cause of encephalopathy remained unde-

termined in about 40% of the children despite
the investigations outlined. Japanese encephali-
tis could not be ruled out in some of these
because the rate of viral isolation from cerebros-
pinal fluid is not high even under the best con-
ditions. Paired serum samples could not be
obtained from many patients who either died in
the acute stage of the illness or recovered
rapidly and were discharged from hospital
before a convalescent sample was taken. Investi-
gation for viral infections other than Japanese
encephalitis was incomplete in this study,
because serological tests for antibodies to other
viruses were not carried out. This would have
increased our ascertainment of infection by
other viruses in the same way as it did for Japa-
nese encephalitis. Investigations were therefore
restricted to arbovirus, enterovirus, and viruses
affecting the respiratory tract. Other disorders
such as arterial or venous occlusions, intracra-
nial haemorrhage, metabolic disorders such as
systemic carnitine deficiency, defects in amino
acid synthesis or organic acidaemias, and lead
intoxication may also present as encephalo-
pathy, and may have caused the illness in some
of our patients.

This study was supported by the Indian Council of Medical
Research, scheme No 5/8/7/3/85-ECDI.
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