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ABSTRACT

Background: Meningitis and encephalitis are
important causes of admissions and mortality in
Zambia. Apart from bacterial causes, no data is
available on viral agents that cause disease at the
Children's Hospital, Lusaka, Zambia. We conducted
a prospective descriptive study to determine the
viral and bacterial causes of encephalitis and
meningitis in children aged 1-59 months.

Methods: From November 2016 to February 2018,
we collected cerebrospinal fluid (CSF) samples and
clinical details from children admitted to the
inpatient wards with encephalitis and meningitis.
Macroscopic examination, microscopy, bacterial
culture and real-time (Multiplex) PCR were
performed on the CSF samples.

Results: A total of 106 patients were enrolled. The
median age was 10 months and 81 (76.4%) had
meningitis while 25 (23.6%) had encephalitis. One
(0.9%) participant had Haemophilus influenzae
detected by both culture and PCR. Two (1.9%) had
Neisseria meningitidis while 5 (4.7%) had
Streptococcus pneumoniae detected only by PCR.
Viruses were detected in 26.4% (28/106) and 64%
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had meningitis. The viral agents detected were: EBV
(10%); Parvovirus B19, Human herpes virus type 6,
Human herpes virus type 7and CMV at2.8% each. A
raised CSF WBC was associated with the case
definition (P=0.01) of meningitis. Patients with
meningitis were more likely to be alive at discharge
than those with encephalitis (OR = 3.6, C1 =1.96 —
6.68, P-value <0.001).

Conclusions: Viral infections of the central nervous
system (CNS) are the commonest causes of both
encephalitis and meningitis at the Children's
Hospital, Lusaka, Zambia.

Disclosure: The authors declare no conflict of
interest.

INTRODUCTION

Meningitis and encephalitis are important causes of
admissions, morbidity and mortality in children. The
incidence and case fatality rates of the affected vary
per region, country, pathogen and the affected age

Worldwide, viruses are regarded as the commonest
infectious causes of encephalitis. However, most of
the infectious causes of encephalitis remain
unknown; despite extensive investigations, in the
California Encephalitis Project, about 6 in 10 cases
of encephalitis had no known cause [5]. The
common infectious causes of meningitis include
Streptococcus pneumoniae, Haemophilus influenza,
Neisseria meningitidis and group B Streptococcus.
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However, these causes vary with immunisation
trends, geographical location, age of the patient,
socioeconomic factors and the climatic conditions
among other factors.”

Although sub-Saharan Africa remains the most
affected region in the world and the known variation
in the causes, there is paucity of data on the causes of
viral encephalitis and viral meningitis in children,
Zambiaincluded.’

In Zambia, Haemophilus influenza type b (Hib) and
Pneumococcal conjugate (PCV) vaccines were
introduced in the routine national immunization
programme in 2004 and 2013 respectively.""

The study sought to identify the causes of
encephalitis and meningitis in children aged 1-59
months presenting at the University Teaching
Hospitals' (UTH) Children's Hospital. Furthermore,
the pathogens' associated cerebrospinal fluid (CSF),
biochemical and cellular changes, and the pattern of
clinical features if identified could play a role in the
clinical management of patients.

METHODS
Study location

The study was conducted at the UTH's Children
Hospital, Lusaka, Zambia. In 2014, the hospital had
a 352 bed spaces and attended to 33,706 patients
seeking medical care in the Out-Patient Department
(OPD) [12]. In 2013 and 2014, 16,191 and 16,440
children, respectively, were admitted.
Approximately 2.9 percent of the under-five years
children admitted had encephalitis and/or
meningitis based on the clinical judgement of the
paediatricians.”

Participants

A cumulative sample of children aged 1-59 months
admitted at the Children's Hospital between
November 2016 and February 2018 with acute
encephalitis and meningitis were eligible for
inclusion in this study. Those enrolled had given
written informed consent by the parents or legal
guardian.

The clinical diagnosis of acute encephalitis and/or
meningitis was made by the admitting paediatrician
and based on the case definitions of encephalitis and
meningitis in children; based on the consensus
statement of the International Encephalitis
Consortium and a Word Health Organisation
(WHO) case definition of acute bacterial meningitis
(ABM) in under-five children.”"* Furthermore, the
participant should have had a lumber puncture (LP)
and the CSF successfully drawn by the attending
physician as part of the clinical management of the
disease.

Those with pre-existing neurological problems
were excluded from the study.

Clinical data and Laboratory specimen
collection

A questionnaire was used to collect demographic
and clinical data, including results of CSF
microscopy, biochemistry, culture and sensitivity,
and polymerase chain reaction (PCR).

Laboratory investigation

Standard bacteriological techniques were used to
determine cell counts and culture of CSF samples.

Polymerase chain reaction techniques
Extraction of the nucleic acid

Before the samples were run, deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA) was extracted
from 0.2ml of each clinical CSF sample using
NucliSENS® easyMAG® (BioM¢érieux, Inc.)

. 15,16
machine.

Additionally, the CSF samples of enrolled patients
were retrospectively analysed for bacterial
infections using internally controlled real-time
(Multiplex) PCR methods for detection of the
bacterial organisms. The PCR reagents used were
FTD Bacterial meningitis manufactured by Fast
Tract Diagnostics, Luxembourgs.a.r.1.”

Viral investigations

The PCR reagents used were FTD Neuro9
manufactured by Fast Tract Diagnostics,
Luxembourg s.a.r.1.” The real-time (multiplex) PCR
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was used on the CSF samples for the identification
of (i) HSV 1/2, (ii) VZV, (iii) Enteroviruses, (iv)
Adenovirus (AV), (iv) Par echovirus, (vi) Epstein
Bar virus, (vii) Human herpes virus 6 and 7, (viii)
Parvovirus B19, and (ix) Cytomegalovirus (CMV).
The CSF samples for PCR analysis were processed
in batches of 30 or 62 per run using a real-time
multiplex PCR (ABI® 7500) machine per the
reagents and equipment manufacturer's

. . 15,16
Instructions.

Diagnostic interpretation of the PCR results

The presence of specific pathogen sequences in the
reaction was detected by an increase in the
fluorescence observed and reported as a cycle
threshold by the real time thermocycler.*'° Any such
detection in a patient with clinical diagnosis of
encephalitis or meningitis was assumed to be the
possible causes.™"*

Statistical analysis

IBM SPSS™ version 21.0 for Windows was used for
statistical analysis and to produce some graphical
output.

All statistical tests were done at 5% significance
level. Independent samples t-test was used to
compare mean values between groups. The
Pearson's chi-squared test was used for comparison
of proportions between groups and Fisher's exact
test was used when one or more of the cells had an
expected frequency of five or less.

Study variables were checked for evidence of co-
linearity based on a correlation coefficient of >0.8.
The relationship between study variables and case
definitions was examined using backward logistic
regression. The selections for entry into the logistic
regression model was considered at level p<0.20 or
known clinical significance from literature.

Ethical approval

Ethical approval was obtained from the Excellence
in Research Ethics Science (ERES) Converge (IRB

No. 00005948, FWA No. 00011697), Lusaka,
Zambia. Written informed consent was obtained

from the parents or legal guardians of each of the
enrolled participants.

RESULTS
Patients

During the study period, November 2016 to
February 2018, 270 children admitted at the hospital
had a provisional diagnosis of meningitis,
meningoencephalitis and/or encephalitis. Of these,
106 (106/270, 39.3%) were included into the study
and the rest, 164 (60.7%), did not meet the inclusion
criteria.

Clinical features

Fig 1 shows the age distribution of the patients. There
were more patients diagnosed with meningitis than
with encephalitis (P<0.001).
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Figure 1. Study patient age distribution
[minimum=1, maximum=58, median=10]




Medical Journal of Zambia, Vol. 46 (2): 81 - 89 (2019)

The median duration of symptoms was 3 days.
About 50% of the participants had seizures on
presentation. The majority (>90%) had fever [Table

1.

There were 63 (59.4%) participants that received
antimicrobial drugs prior to admission while 21
(19.8%) did not [Table 1]. The proportional
difference between participants who received
antimicrobial drugs was statistically significant
(P<0.001).

Table 1. Participants' demographic and clinical
characteristics

both microscopy and PCR. Two (1.9%) participants
had Neisseria meningitidis while 5 (4.7%) had
Streptococcus pneumoniae detected only by PCR.

Viruses were detected in 26.4% (28/106) of the
cases. The most common viral agent detected by
PCR was EBV (10%). Others were Parvovirus,
Human herpes virus type 6, Human herpes virus type
7and CMV at2.8% each [Table 2].

Table 2. Viral organisms' distribution

Variable Frequency Percent
Sex

Male 49 46.2
Female 57 53.8
Case definition

Encephalitis 25 23.6
Meningitis 81 76.4
Related symptoms

Seizures 57 53.8
Unable to feed or drink 39 36.8
Fever 99 93.4
Prostration 20 18.9
Petechial 2 1.9
Difficulties breathing 28 26.4
Stridor 4 3.8
Altered consciousness 26 24.5
Bulging fontanelle 10 9.4
Neck stiffness 28 26.4
Dehydration 17 16.0
Chest indrawing 6 5.7
Fast breathing 12 11.3
Antimicrobial drugs given

Yes 63 59.4
No 21 19.8
Unknown 22 20.8
Patient outcome at discharge

Alive 93 87.7
Died 13 12.3

Viral organisms Frequency Percent
HSV1 1 0.9
EBV 11 10.4
Parvovirus B19 3 2.8
HHV6 3 2.8
HHV7 3 2.8
CMV 3 2.8
Adenovirus 2 1.9

Causative agents

There was one (0.9%) participant with
Haemophilus influenzae bacteria detected by

Bacterial and viral co-infections were established in
3.8% (4/106) of the participants with meningitis and
0.9% (1/106) with encephalitis. Due to the small
number of organisms detected, analysis of the
significance of these associations could not be done.

Figure 2. Viral organisms' association with case
definition




Medical Journal of Zambia, Vol. 46 (2): 81 - 89 (2019)

Figure 3. Bacterial organisms' association with case
definition

Pathogen detection per clinical case definition

Viral and bacterial agents' detection per case
definitions are as shown in figures 2 and 3,
respectively. The distribution of organisms between
encephalitis and meningitis was similar for both
bacteria and viruses.

Antibiotic sensitivity of the bacterial isolates

This could not be done on the bacterial isolates as
only one sample yielded an organism (Haemophilus
influenza) by culture.

Bivariate analysis for case definition association

At 5% significance level, only the WBC was
significantly associated with the case definition of
ABM (P=0.01) [Table 3].

Table 3. Bivariate analysis for case definition
association (Laboratory findings)

Variable Encephalitis Meningitis P-value
n % n %

CSF Appearance

Clear 16 64.0% 39 48.1% 0.59

Xanthochromic 1 4.0% 9 11.1%

Cloudy 1 4.0% 8 9.9%

Bloody stained 1 4.0% 8 9.9%

Other 6 24.0% 17 21.0%

EBV

No 23 92.0% 2 88.9% 0.99

Yes 2 8.0% 9 11.1%

HSV1

No 25 100.0% 80 98.8% 0.99

Yes 0 0.0% 1 1.2%

Parvovirus B19

No 25 100.0% 78 96.3% 0.99

Yes 0 0.0% 3 3.7%

HHV6

No 24 96.0% 79 97.5% 0.56

Yes 1 4.0% 2 2.5%

HHV7

No 23 92.0% 80 98.8% 0.14

Yes 2 8.0% 1 1.2%

CMV

No 24 96.0% 79 97.5% 0.56

Yes 1 4.0% 2 2.5%

Age

(mean, SD) 19.8 (20.24) 14.4 (13.52) 0.22

WBC

(mean, SD) 3.9 (14.88) 91.5(303.42) 0.01

Protein CSF

(mean, SD) 0.85(0.87) 0.70 (1.09) 0.67

Logistic regression analysis results predicting
meningitis

Patients with meningitis were more likely to be alive
at discharge than those with encephalitis (OR = 3.6,
CI=1.96—-6.68, P-value <0.001) [Table 4].

Table 4. Logistic regression predicting meningitis
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Annual distibution of the cases and associated organisms

Figure 4. Annual distribution of the cases and
organisms

DISCUSSION

This study is the first to utilise molecular techniques
to facilitate diagnosis of central nervous system
(CNYS) infections in children in Zambia. It was
expected that the proportion of identifiable
aetiologies would be higher than in previous studies
which relied only on culture and latex agglutination
tests. The current study used real-time PCR which
has a higher detection rate of organisms than culture
and antigen agglutination tests."

The study period is 16 months which is much longer
than previous studies in this region.'”" It therefore
potentially lent itself to assessing the impact of
season on incidence of meningitis and encephalitis
atour institution (Fig4).

High incidences of viral infection were seen in
January to February and May to July (Fig 4). This
was similar to findings in the United States of
America (USA) where the occurrence of CNS
infections where higher in winter and summer
months."”

Bacterial pathogens were identified in 7.5% of the
participants which is significantly less than what
was previously described at the Children's Hospital
in Lusaka, Zambia.”” These previous studies
showed higher presence of bacterial organisms of up
to around 59%.' ™" Two of these studies were done in
the pre-vaccine era and one was in the post Hib

. 18,19,17
vaccine cra.

Though the prevalence of the bacterial causes of
meningitis and/or encephalitis is significantly lower
in this study compared to the previous ones, the
range of causative bacterial organisms has remained
the same."”" The reduction in overall numbers of
bacteria detected could be attributed to the
introduction of Haemophilus influenza type b (Hib)
vaccine in 2004 and Pneumococcal conjugate
vaccine (PCV) in 2013 into the EPI program.'"' The
ability of vaccines to avert disease was noted in a
WHO study which showed that despite the low
coverage of PCV, the vaccine was able to
significantly reduce disease and deaths from
Streptococcus pneumonia.”

Viral aetiological agents were established in 26.4%
(28/106) and the most common viruses detected in
the children with encephalitis and meningitis, was
EBV (10%). This was similar to the study in the USA
which showed that about 25% of the admissions
were due to a viral aetiology.” However, viruses
accounted for a higher proportion of cases in a study
done in Vietnam (41%) and the age group was
between 0-16 years.” There is paucity of data in sub-
Saharan Africa on the causes of viral encephalitis in
children. The study in Vietnam used serological
methods in the CSF; and viral and bacterial culture
in both blood and CSF.” This could have contributed
to the higher yield.

Bivariate analysis to determine whether viral agents
were associated with either encephalitis or
meningitis did not show statistical significance for
either clinical diagnosis. This was peculiar and
requires more studies as most literature associates

20-23

viral agents with encephalitis.

The study highlighted the challenge of establishing
the aetiology of meningitis and encephalitis. Despite
the use of molecular methods in this study, the likely
aetiology was not established in the over 70% of the
cases. In Zambia, Integrated Management of
Childhood Illnesses (IMCI) is widely implemented
and any child who presents to a health facility with
suspected meningitis receives a parenteral dose of
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antibiotics before being referred. This could have
contributed to the negative CSF culture results. As
used in the study in Vietnam, viral and bacterial
blood and CSF culture could have improved the
yield.”!

There is a documented association of clear CSF with
viral meningitis and/or encephalitis. CSF is more
commonly turbid in ABM than in viral CNS
infections. It is thought that turbidity of the CSF is to
a large extent due to CSF leucocyte counts
exceeding 200-400 cells/mm’.”**** Bivariate
analysis did not suggest a correlation between CSF
appearance and case definition of either encephalitis

or meningitis [Table 2].

Patients with meningitis were more likely to be alive
at discharge than those with encephalitis (OR = 3.6,
CI = 1.96 — 6.68, P-value <0.001) [Table 3]. The
prognosis of meningitis and/or encephalitis is
known to vary with causative organism, the severity
of the clinical illness, and the age of the child."***
In this study, EBV is the most prevalent viral agent at
10%. There is no specific antiviral agent effective

for EBV infection [Fig 2].

The limitations in this study are that only patients
whom clinicians at the lower level facilities felt
needed tertiary services were captured. A
surveillance study over a longer period, with a larger
sample size, in Zambia are urgently needed to
capture more participants and further understand the
aetiology of viral encephalitis and meningitis in
children.

CONCLUSION

With the help of molecular testing by PCR, we were
able to detect viruses as important and more frequent
causes of CNS infections in children presenting to a
tertiary care hospital in Lusaka, Zambia.
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