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Abstract

Background: Acute meningoencephalitis is an important cause of morbidity and
mortality around the globe. The objective of this study was to examine the distribution of acute
meningoencephalitis and its aetiological agents among children admitted to a tertiary hospital in
southern Bangladesh.

Methods: This prospective study was carried out in Khulna Medical College Hospital from
2007 to 2009. All of the admitted children between 1 month and 12 years of age were enrolled over a
2-year period if they met the inclusion criteria of having an acute onset of fever (< 14 days) and any of
the following 3 signs: neck stiffness, convulsion, or altered mental status. Cerebrospinal fluid (CSF)
was collected within hours and sent to the laboratory for cytological and biochemical analyses. CSF
was examined by Gram staining and a latex agglutination test to detect common bacteria. Serum and
CSF were also tested for Japanese encephalitis virus antibodies.

Results: A total of 140 children were included in the study, which accounted for 2.5% of
admissions between 2007 and 2009. The number of acute meningoencephalitis cases was relatively
higher (37.9%) during the monsoon season. The CSF report revealed a pyogenic form in 24 (18.5%)
and a viral form in 13 (10.0%) cases. Altered mental status was significantly less frequent (P < 0.001)
in cases of pyogenic meningoencephalitis (62.5%) than in cases of non-pyogenic meningoencephalitis
(93.4%). Bacterial causes were identified in 11 (8.5%) children; the causative agents included
Streptococcus pneumoniae (n = 8), Neisseria meningitides (n = 2), and Haemophilus influenzae
(n = 1). Three (2.3%) patients were positive for Japanese encephalitis virus.

Conclusion:S. pneumoniaewasthe mostcommonbacteriacausingacute meningoencephalitis
among the study subjects, and Japanese encephalitis virus was present in few patients.
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Introduction an emergency infectious disease with a high
fatality (5,6).

Acute meningitis and acute encephalitis It has been estimated that 1—2 million

constitute significant public health problems
worldwide (1,2). Although bacteria are
predominantly responsible for meningitis, viruses
can cause both meningitis and encephalitis with
equal frequency (3). It is often difficult to reliably
differentiate meningitis and encephalitis clinically
(4). Therefore, theterm acute meningoencephalitis
(AME) is used to denote both conditions.
Despite advancements in diagnostic techniques
and antimicrobial therapies, AME remains

cases of acute bacterial meningitis (ABM)
occur annually worldwide (7). The problem is
more acute in resource-poor countries in Latin
America, sub-Saharan Africa, and South—East
Asia (8). Neisseria meningitides, Streptococcus
pneumoniae, and Haemophilus influenzae
type b are pathogens most commonly associated
with bacterial meningitis globally, accounting for
almost 90% of reported cases in patients between
2 months and 5 years of age (9). The overall
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incidence of ABM in developed countries is
2—3 per 100 000, with peaks of incidence in
infants and adolescents (10). The incidence of
bacterial meningitis among children in developing
countries is 10—20 per 100 000, a figure more
than 10 times higher than that in Western Europe
and the United States (11).

Viral meningoencephalitis is caused by a
wide range of viruses, although most cases are
caused by enterovirus, herpes simplex virus, and
mumps virus (12). Japanese encephalitis (JE)
virus is the main cause of meningoencephalitis
in Asia, with 30 000-50 000 cases reported
annually (13). Children between 5 and 15 years
old are primarily affected, with a fatality rate of
20%-30%; in addition, one-third of survivors
experience neuropsychiatric sequelae (13,14).
The emerging Nipah virus causes severe febrile
encephalitis, resulting in the death of 40%—75%
of affected people, and in the recent past, several
outbreaks of Nipah encephalitis have occurred in
northwestern Bangladesh (15,16).

AME can be rapidly progressive, resulting in
permanent sequelae in a relatively short period
of time (6). The ability to treat the meningitis
patients immediately depends upon the findings
of the CSF examination. The emphasis is first
not to miss bacterial meningitis and second
not to treat viral meningitis with inappropriate
antibiotics or steroids (17). Epidemiological and
microbiological studies of AME are necessary
to develop appropriate clinical management
strategies and to implement effective preventive
measures. However, national data on AME are
extremely limited in Bangladesh. Therefore, this
study was performed to determine the distribution
of acute meningoencephalitis and the aetiological
agents in children admitted to a tertiary care
hospital in southern Bangladesh.

Subjects and Methods

This prospective study was carried out in
the paediatrics ward of Khulna Medical College
Hospital for a period of 2 years, from October
2007 to September 2009. Khulna Medical College
Hospital is the only teaching hospital in southern
Bangladesh and admits patients from all districts
of the Khulna Division and from the neighbouring
districts of other divisions. All of the admitted
children between 1 month and 12 years of age who
met the case definition of AME were included in
this study. AME was defined as the acute onset
of fever (1—14 days), followed by any of the
followings: (a) signs of meningeal irritation, (b)
convulsions, or (¢) a change in mental status (18).
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Children diagnosed later with febrile convulsions,
cerebral palsy, stroke, or epilepsy were excluded
from the study. Written permission was obtained
from each parent after he or she was informed
about the purpose of the study. Ethical permission
was obtained from the ethical review committee
of the International Centre for Diarrhoeal Disease
Research, Bangladesh, and of the Khulna Medical
College Hospital.

After a provisional diagnosis of AME, a
trained doctor recorded each patient’s history,
examined the patient, collected specimens, and
monitored the progress of the disease. All of the
information was noted in a pre-designed form. In
addition to taking a blood sample, cerebrospinal
fluid (CSF) was collected within 2 hours from
all patient unless contraindicated and was sent
for biochemical and cytological analyses. In the
microbiology laboratory, CSF was tested by Gram
staining and latex agglutination test to detect the
antigens of S. pneumoniae, N. meningitides, and
H. influenzae. The serum and CSF samples were
aliquoted in the laboratory and stored in —20 °C
freezer. The samples were transported in a cool
box to the virology laboratory (Institute of Public
Health) twice per month. The detection of JE virus
IgM antibodies was carried out by enzyme-linked
immunosorbent assays. Blood and CSF cultures
could not be performed, and the serum was tested
only for JE virus.

The CSF findings were categorised as viral
or pyogenic based on the following criteria
(17,19): (a) normal to high pressure, clear CSF,
cell count of < 1000 cells/mms3, predominance of
lymphocytes, CSF-to-plasma glucose ratio of > 0.3,
and protein level of 0.5—1 g/L indicate viral AME,
and (b) high pressure, cloudy CSF, cell count of
> 1000 cells/mm3, predominance of neutrophils,
CSF-to-plasma glucose ratio of < 0.3, and protein
level of > 1 g/L indicate pyogenic AME. Based
on physical characteristics of the CSF, treatment
was started immediately. The treatment included
parenteral antibiotics (ceftriaxone/cefotaxime),
steroids, and supportive therapy for bacterial
meningoencephalitis and was reassessed after
receiving the bacteriology report (20). Cases
of non-bacterial meningoencephalitis were
managed symptomatically and by supportive
therapy. Patients were observed twice daily, in
the morning and evening, to monitor the recovery
process or the development of complications.

The data were entered and analysed using
SPSS version 12 (SPSS Inc., Chicago, IL, US). For
continuous variables, the mean was calculated
for symmetrical data, and the median was
calculated for asymmetrical data. The categorical



variables were described using the frequency and
percentages.

Results

During the 2-year study  period,
5605 children were admitted to the paediatric
ward; 140 (2.5%) of the children met the
inclusion criteria for AME. The mean (SD) age of
AME cases was 60 (46) months. Sixty-four cases
(45.7%) were identified in children younger than
48 months, and 41 patients (29.2%) were infants
(< 12 months). The male-to-female ratio of the
children was 1.4:1. One hundred and thirty-two
(94.3%) children were Muslims (Table 1). Most
of the admitted children (80, 57.1%) were from
Khulna, followed by Jessore (45, 32.1%). AME
cases were present throughout the year, with few
increases and decreases in the incidence, but a
consistent high number of cases (53, 37.9%) was
observed between July and October, which is the
monsoon period in Bangladesh (Figure 1). Of the
3 JE-positive cases, 2 occurred in October, and
the other occurred in November.

The prodromal phase, calculated from
the onset of fever to the onset of neurological
features, ranged 1—14 days, and mean period was
4.3 days (SD 3.5). According to the laboratory
report, the CSF was classified into 3 categories.
Lumber puncture could not be performed in
10 cases because of contraindications or refusal
of the attendants. The reports were normal in
93 (71.5%) cases, pyogenic in 24 (18.5%) cases,
and viral in 13 (10.0%) cases. The -clinical
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presentation of the cases was analysed in relation
to the CSF results (Table 2). The majority of cases
(59, 45.4%) presented with 2 features, both altered
mental status and seizure. Altered mental status
was significantly more frequent (P < 0.001) in
non-pyogenic AME (99 out of 106, 93.4%) than in
pyogenic AME (15 out of 24, 62.5%). In contrast,

Table 1: Demography of the study subjects

Parameter n %
Age
1—48 months 64 45.7
49—96 months 43 30.7
97—-144 months 33 23.6
Sex
Male 82 58.6
Female 58 41.4
Religion
Muslim 132 94.3
Hindu 8 5.7
Home district
Khulna 8o 57.1
Jessore 45 32.1
Kushtia 7 5.1
Others 8 5.7

The total number of subjects was 140.
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Figure 1: Monthly distribution of acute meningoencephalitis cases
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the proportion of patients with neck stiffness was
higher for pyogenic AME (13 out of 24, 54.2%)
than non-pyogenic AME (41 out of 106, 38.7%),
but this difference was not statistically significant
(P = 0.246).

The aetiological causes of AME were
analysed with respect to the CSF results
(Table 3). Bacterial causes were identified only in
11 (8.5%) children, all of whom had pyogenic AME.
S. pneumoniae was detected more frequently
(8 cases) than N. meningitides (2 cases) and
H. influenzae (1 case). JE virus-specific IgM was
found in 3 (2.3%) patients: 2 had antibodies in
the CSF, and 1 had antibodies in the serum. All
JE-positive cases except 1 had CSF results
indicative of a viral infection.

Discussion

The AME cases constituted 2.5% of all
hospital admissions during the study period.
Young children, particularly infants (29.2%),
were the most affected. No difference among
affected children was found with respect to sex,

religion, and location. In an Indian study (21),
among all paediatric admissions, 1.5% were due
to ABM. In Finland, the annual incidence of viral
meningoencephalitis is 219, 27.8, and 7.6 per
100000 for infants, children, and adult,
respectively (12). Kabilan et al. (18) observed
that the mean age of patients with JE was
5.5 years (SD 5.8), with a range from 6 months
to 12 years. Nearly 70% of those patients were
between 3 and 8 years old, and both the sexes
were equally affected. The results of present study
are, for the most part, in agreement with those of
other reports.

The number of AME cases in this study
was slightly higher during the monsoon period
(37.9%), but the difference was not statistically
significant. In contrast to this, two-third of the
cases in Tamilnadu district of India were admitted
during the monsoon period, coinciding with a high
JE vector density during the period of cultivation
(18). There were 8 human Nipah virus outbreaks
in Bangladesh from 2001 to 2008, all occurring
between December and May (22,23). Most cases
of viral encephalitis in temperate climates occur

Table 2: Clinical features according to cerebrospinal fluid (CSF) categorical finding
Symptom/sign

Normal

Seizure
Neck stiffness
Altered mental status

Seizure + neck stiffness

Seizure + Altered mental status 48

Neck stiffness + Altered mental status
Seizure + neck stiffness + altered mental status
Total

CSF finding
pyogenic Viral
(23) 3 (23) 1 (0.8) 7 (5.3)
(15) 3 (230 o (0.0 5 (3.8
(5-3) 1 (08) 2 (15 10 (7.7
(08 3 (23) o (00) 4 (31
(369) 7 (3 4 (31 59 (454)
(3.8) 1 (08) 1 (0.8) 7 (54
(208) 6 (46) 5 (3.8) 38 (29.2)
(71.5) 24 (18.5) 13 (10.0) 130 (100.0)

The total number of samples was 130. Data are expressed in number of cases (percentage).

Table 3: Detection of pathogens according to the cerebrospinal fluid (CSF) biochemistry results

CSFresults Pathogen Total
None SP NM HI JE

Normal 92 (70.8) o (0.0) o (0.0) o (0.0) 1 (0.8) 93 (71.5)

pyogenic 13 (10.0) 8 (6.2) 2 (1.5) 1 (0.8) o (0.0) 24 (18.5)

Viral 1 (8.5) o (0.0) o (0.0) o (0.0) 2 (1.5) 13 (10.0)

Total 116 (89.2) 8 (6.1) 2 (1.5) 1 (0.8) 3 (2.3) 130 (100.0)

The total number of samples was 130. Data are expressed in number of cases (percentage). Abbreviation: SP = Streptococcus
pneumoniae, NM = Neisseria meningitides HI = Haemophilus influenzae, JE = Japanese encephalitis virus.
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during the summer and fall (3). The only viral
aetiological agent tested for in this study was JE
virus, and the seasonality could not be ascertained
due to small number of JE cases.

The mean length of the prodromal phase of
the AME cases was 4.3 days (SD 3.4). Regarding
clinical features, altered mental status (88%)
was the most frequent presentation and was
significantly more frequent in patients with
non-pyogenic AME (P < 0.001). The majority
of patients (45.4%) presented with both altered
mental status and seizure. Neck stiffness was
more frequent in patients with pyogenic AME
(54.1%) than in those with non-pyogenic AME
(38.6%), but the difference was not significant
(P = 0.246). In Mexico, 21% of ABM patients
presented on admission with the classic clinical
triad of fever, altered mental status, and nuchal
rigidity (1). Seizure disorder was present in
54% of patients and was most commonly
observed in children aged 6 to 12 months of
age. A study from Mozambique (20) suggested
that the most evident clinical difference in ABM
between children and adults was neck stiffness.
Diagana et al. (14) noted that the first sign of JE
appeared after 6—14 days and that convulsions
were experienced by 85% of subjects. The higher
frequency of altered mental status in the present
study suggested that the majority of AME cases
were of viral origin. However, the prodromal
phase and clinical presentation of the 3 JE-
positive cases were not notably different from that
of other types of meningoencephalitis.

The overall bacterial detection rate in this
series was very low (8.5%), but it was 45.8% among
patients with pyogenic meningoencephalitis.
The majority of bacterial cases were due to S.
pneumoniae (6.1%), followed by N. meningitides
(1.5%) and H. influenzae (0.8%). The pre-
hospital use of antibiotics was a major factor
hindering the isolation of bacteria. Although this
practice can reduce the mortality of patients, it
can increase the rate of emergence of resistant
bacteria (24). Majed et al. (25) studied 160 CSF
samples from patients with bacterial meningitis
and found that 31 (19.4%) were culture positive,
revealing the growth of H. influenzae (45%), S.
pneumoniae (29%), and N. meningitides (19%);
among children under 5 years old, S. pneumoniae
was found in 80% of culture-positive cases.
Another hospital-based study from Bangladesh
(26) revealed that among 24% bacteria-positive
cases of ABM, 18% were due to N. meningitides,
3% were due to S. pneumoniae, and 3% were due
to H. influenzae. In contrast to this observation,
H. influenzae (70%) was recorded as the main
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agent, followed by N. meningitides (13%) and
S. pneumoniae (10%), in the United States (27).
Among the types of meningitis caused by the
3 important organisms, H. influenzae meningitis
has decreased over time due to vaccination, but
S. pneumoniae continues as persistent pathogen
(28,29). Nearly 500 million people in the world
harbour N. meningitides in their nasopharynx,
but only a few develop meningococcaemia, and
most of these cases occur in sub-Saharan Africa
(29,30). Because the frequency of detection of
bacteria in the CSF was low in this study and only
3 cases were positive for JE virus, other viruses
such as herpes and Nipah could not be ruled out
as causative agents.

The  primary  limitation  of  this
epidemiological study was its hospital-based
nature. The inability to isolate other viruses was
also an obstacle in identifying the actual causative
agent. Blood and CSF culturing, procedures not
used in this study, could be very helpful, not
only for detecting bacteria but also for choosing
the proper antibiotic in the management of AME
cases. An estimate of the cost of the care could
better explain the burden of the problem.

Conclusion

AME remains as an important cause of
emergency hospitalisation of children, particularly
infants. It is difficult to differentiate bacterial and
viral causes of AME by clinical features alone,
but altered mental status is frequently associated
with the non-pyogenic form of AME. Limited
investigation of the aetiological agent revealed that
S. pneumoniae tops the list of bacteria and that JE
virus was present in a small number of patients.
Further large-scale studies are required to explore
the national picture of AME in Bangladesh.
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