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ABSTRACT Meningitis is among the 10 commonest infectious causes of death worldwide. This
retrospective analysis of reported cases of meningitis in Bahrain aimed to assess the trend in
the incidence of bacterial meningitis from 1990 to 2013, before and after the introduction of new
vaccines. Of 1455 reported cases of meningitis during the study period 73.1% were viral and
26.9% were bacterial etiology (tuberculous meningitis 8.3%; Streptococcus pneumoniae 4.9%,
Haemophilus influenzae 3.6% and Neisseria meningitidis 1.7%). There was a peak of meningitis
cases in 1995-1996. The incidence of meningitis due to H. influenzae and N. meningitidis
showed a marked reduction after the introduction of the corresponding vaccines in 1998 and
2001 respectively, and S. pneumoniae became the predominant organism after Mycobacterium
tuberculosis. The changing trend in the etiology of bacterial meningitis points to the need to
study vaccination programme modifications, such as pneumococcal vaccine for the adult
population, especially high-risk groups.
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Tendances de la méningite bactérienne a Bahrein entre 1990 et 2013 et
effets de I'introduction de nouveaux vaccins

RESUME La méningite fait partie des 10 causes de décés par infection les plus courantes dans
le monde. La présente analyse rétrospective des cas de méningite notifiés a Bahrein visait a
mesurer la tendance de l'incidence de la méningite bactérienne entre 1990 et 2013, avant et
apres l'introduction de nouveaux vaccins. Sur 104550 cas de méningite rapportés au cours de la
période d’étude, 73,1 % étaient d’étiologie virale et 26,9 % d’étiologie bactérienne (méningite
tuberculeuse 8,3 % ; Streptococcus pneumoniae 4,9 %, Haemophilus influenzae 3,6 % et
Neisseria meningitidis 1,7 %). Un pic de cas de méningite est survenu entre 1995 et 1996.
L’incidence des méningites dues a H. influenzae et N. meningitidis a marqué une nette
réduction apres I'introduction des vaccins correspondants en 1998 et 2001 respectivement, et
S. pneumoniae est devenu I'organisme prédominant apres Mycobacterium tuberculosis. Ce
changement de tendance dans I'étiologie de la méningite bactérienne souligne le besoin
d’étudier les possibilités de modifications du programme de vaccination, telle que la vaccination
antipneumococcique de la population adulte, notamment pour les groupes a haut risque.
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Introduction

Despite improvements in its treatment, bacterial meningitis continues to have high mortality and
morbidity rates worldwide. Meningitis is among the 10 most common infectious causes of death
and is responsible for approximately 135 000 deaths annually throughout the world. Significant
neurological sequelae are frequently encountered among the survivors (1). Streptococcus
pneumoniae and Neisseria meningitidis are the main pathogens of community-acquired
bacterial meningitis in adults. However, the epidemiology of bacterial meningitis continues to
shift with the ongoing introduction of vaccines against the most common pathogens of bacterial
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meningitis (2).

Bahrain is an island on the east coast of the Arabian Peninsula with a population of 1.31 million
in the year 2013. Immigrants make up about 55% of the total population (3). Bahrain has one of
the most efficient health care systems in the World Health Organization (WHO) Eastern
Mediterranean Region. Bahrain implements a comprehensive expanded immunization
programme with excellent coverage rates (> 95%) for most routine childhood vaccines,
including those against S. pneumoniae, N. meningitidis and Haemophilus influenzae. H.
influenzae vaccine was introduced in routine childhood vaccines in 1998, and bivalent
meningococcal AC vaccine was introduced in 1995 for children aged 2 years and for those
travelling for pilgrimage. However, it was replaced in 2000 by the quadrivalent meningococcal
ACYW vaccine. One year later, in 2001, the conjugated pneumococcal vaccine was introduced
for high-risk people and was incorporated into the routine childhood vaccination schedule by
2008 (4).

Epidemiological surveys are important to document the incidence of bacterial meningitis in the
periods before and after the introduction of vaccines to a country. This could allow proper
evaluation of the impact of new vaccines by considering the geographical variations in incidence
of the causative pathogens across countries. It could also help to detect a need for modification
of the vaccination protocol if the efficacy of the current protocol is inadequate (5). According to
the best of our knowledge, there have been no previous surveillance studies to monitor the
efficacy of the current vaccination protocols applied in Bahrain to prevent bacterial meningitis.
This stimulated us to conduct this study to assess the trend and the temporal relationship
between the introduction of new vaccines and the change in the incidence of bacterial
meningitis over 24 year-period 1990 to 2013.

Methods
Study design and data source

This study was a retrospective analysis of reported cases of bacterial meningitis in Bahrain from
1990 to 2013. Data were retrieved from the national surveillance system of communicable
diseases, which is managed by the Department of Public Health at the Ministry of Health of
Bahrain. The meningitis surveillance includes both passive and active surveillance systems. The
research and ethics committee of Salmaniya Medical Complex approved the study. This was a
purely record-based study with no ethical issues and no consent was taken.

Data collection

Passive surveillance includes mandatory reporting for all the clinically suspected and confirmed
meningitis cases reported from all government and private hospitals in the country. All the
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microbiology laboratories in Bahrain also report any positive cerebrospinal fluid (CSF) culture
from laboratory confirmed cases. Clinically suspected cases are defined as illness with sudden
onset of fever (> 38.5 °C) and one of the following (neck stiffness, altered consciousness, signs
of meningeal irritation or petechial/purpuric rash) or bulging fontanel in infants. Cases are then
stratified into either probable (when combined with turbid CSF) or confirmed (when
accompanied by positive CSF culture) according to WHO case definitions and laboratory criteria
(6). Active surveillance for meningitis cases was done through regular tracing and review of
medical records based on International Classification of Diseases coding for inpatients admitted
to Salmaniya Medical Complex, which is the only government tertiary care hospital concerned
with treatment of such cases in the country. In the current study, we included only the confirmed
cases. Meningitis cases were also classified by etiology into viral or bacterial and type of
bacterium.

Data analysis

Data pertaining to all cases were entered into a Microsoft Excel database. The data were
analysed separately for the trend of change in the incidence over the last 24 years using
TexaSoft WINKS SDA software 2007 (6th edition). Comparisons between the number of
meningitis cases in the periods before and after the introduction of specific vaccines into the
Bahrain vaccination programme were performed with Student t-test, with P Results

All types of meningitis

Table 1 shows the total number of cases of meningitis reported in Bahrain from 1990 to 2013
and the number of cases by etiology. The total number of meningitis cases during the study
period was 1437. Viral meningitis accounted for 1051 (73.1%) cases and bacterial meningitis for
386 (26.9%) cases. Tuberculous meningitis was the most frequent bacterial cause, detected in
122 patients (8.5%), followed by S. pneumoniae (70 cases; 4.9%), H. influenzae (52 cases;
3.6%) and then N. meningitidis (24 cases; 1.7%).

Figure 1 illustrates the trend of the viral and bacterial meningitis during the study period. The
average incidence of meningitis between 1990 and 2000 ranged from around 5 to 10 cases per
100 000 population (Figure 1). The trend was almost stable for viral and bacterial meningitis
during the study period. However, the incidence showed a marked peak in 1995 and 1996,
reaching 50 cases per 100 000 population, mostly due to viral and H. influenzae meningitis.
From 2001, there was gradual decline in the incidence of meningitis from 6.7 cases per 100 000
in 2001 to 5.0 cases per 100 000 in 2013 (Figure 1).

Bacterial meningitis

Figure 2 shows the incidence of pneumococcal, meningococcal and Haemophilus influenzae
meningitis in both adults and children over the 24-year period. Figure 3 shows the trend in the
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incidence of tuberculous and total bacterial meningitis and of pneumococcal, meningococcal
and Haemophilus influenzae meningitis in children only. The charts illustrate the decline in the
incidence of different types of bacterial meningitis after the introduction of the corresponding
vaccines.

Pneumococcal meningitis

Figure 2 shows that the incidence of pneumococcal meningitis was 1 per 100 000 population at
the beginning of study period in 1990 and dropped gradually to 0.1 per 100 000 in 2013. Figure
3 shows the trends in incidence in children only. The red arrows refer to the timing of various
stages of introduction of pneumococcal conjugate vaccine. The first arrow (2001) refers to the
introduction of the vaccine to high-risk children, while the second red arrow (2008) indicates the
expansion of the 7 valent pneumococcal conjugate vaccine to include all infants through routine
childhood vaccination (at ages 2, 4, 6 and 18 months). The third red arrow (2010) refers to
replacing the 7 polyvalent vaccines with 13 polyvalent vaccines for children. The fourth red
arrow (2013) refers to the introduction of 13 polyvalent vaccines for adults aged > 50 years.

Figure 4 shows the percentage of paediatric versus adult cases of pneumococcal meningitis.
There was significant reduction of the number of reported cases of pneumococcal meningitis
from 58 cases before the introduction of pneumococcal vaccine in 2008 to only 12 cases from
2009 to 2013 after introduction of the vaccine (Table 1). Four cases occurred in children ( Hae
mophilus meningitis

A total of 52 cases of H. influenzae meningitis were reported during the 24-year period of the
study (Table 1). Most cases of H. influenzae meningitis (44 cases) were reported before the
introduction of H. influenzae vaccine for childhood in 1998. In 1995, there were 9 cases with H.
influenzae meningitis and 3 cases with other unknown bacterial causes, while in 1996 11 cases
with H. influenzae meningitis were reported among children aged 0—4 years (15 per 100 000)
and 9 cases with other unknown bacterial causes with negative culture and no identification.

Figure 2 shows that the incidence of H. influenzae meningitis was 0.4 cases per 100 000
population in 1990, which reached a peak of 1.9 cases per 100 000 in 1996 with a cluster of
cases and a possible outbreak.

With introduction of the H. influenzae conjugate vaccine to routine childhood vaccination in 1998
(shown by the green arrow on the chart) there was a marked reduction of the incidence of
reported cases to reach zero after 2001 where there was no single reported case of H.
influenzae meningitis in Bahrain.
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Meningococcal meningitis

There were 24 cases of meningococcal meningitis reported during the study period (Table 1).
Figure 2 shows that the incidence of meningococcal meningitis was 0.83 per 100 000
population in 1990 and that this fluctuated annually until 2001.

Figure 3 showed the trend of meningococcal meningitis in children and the related decline in its
incidence related to the introduction of the corresponding vaccine. The first blue arrow (1995)
refers to the timing of introduction of meningococcal AC vaccine routinely for children at age 2
years and for hajj pilgrims, while the second blue arrow (2000) refers to the replacement of
meningococcal AC by meningococcal ACWY polysaccharide for the same target group, and the
third blue arrow (2013) indicates the change from quadrivalent meningococcal polysaccharide to
the meningococcal ACWY conjugate for children aged 2 years, hajj pilgrims and high-risk
groups. There were no reported cases of meningococcal meningitis after 2002 (1 year after the
introduction of meningococcal ACWY), except in 2010 when there 1 case of meningococcal
meningitis reported in a 44-year-old Bahraini male. Although the patient had no known risk
factor or travel history, he was working at the airport and we cannot exclude the possibility of
exposure to an infected traveller.

Discussion

The study aimed to investigate the annual trends and the effect of vaccination on the incidence
of bacterial meningitis in Bahrain. It showed a gradual decline in the overall annual incidence of
meningitis (bacterial and viral) during the study period from 1990 to 2013. The overall annual
incidence ranged from 5 to 10 per 100 000 population, which is close to the incidence in nearby
Gulf Cooperation Council (GCC) countries such as Qatar (10 per 100 000) (7) and Oman (3 to
8.4 per 100 000) (8), but much higher than observed in United Arab Emirates (1 to 2.2 per 100
000) (9).

We noted a peak number of reported confirmed cases with meningitis during 1995 and 1996,
mostly due to viral and H. influenzae meningitis. This outbreak was the stimulus to introduce the
H. influenzae type b (Hib) vaccine in 1998 as a part of the 5-antigen vaccine (against diphtheria,
tetanus, pertussis, hepatitis B and H. influenzae type b) (10).

The epidemiology of bacterial meningitis in Bahrain continues to change with the
implementation of vaccination strategies that target the most common community-acquired
pathogens. During the study period (1990-2013), the most pivotal changes were observed with
the introduction of H. influenzae vaccines in 1998 and N. meningitidis vaccine in 2000.
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Introduction of these two vaccines has been associated with a striking reduction in the incidence
of both H. influenzae and N. meningitidis, and since the year 2000 there was no single reported
case of H. influenzae and since 2002 onward there was only 1 reported case of N. meningitidis
meningitis. This temporal relationship and the marked reduction in the rate of meningitis due to
H. influenzae early after the introduction of vaccine has been also observed in other nearby
countries from the GCC region as well other developed counties (11). For example, in Kuwait,
H. influenzae was responsible for nearly half of the meningitis cases at the early 1990s, prior to
the introduction of routine Hib vaccination. However, it was replaced by S. pneumoniae as the
leading causative agent for bacterial meningitis in Kuwait after implementation of the successful
Hib vaccination policy (12). The same observation was also noted worldwide. In the United
States of America there was a significant decline in the incidence of H. influenzae meningitis
over all States from 0.10 per 100 000 population in 1997 to 0.058 per 100 000 in 2010 (13—15).
England showed also significant reduction in hospital admission rates for childhood invasive
bacterial disease including meningitis after the introduction of conjugate vaccines against

H. influenzae, N. meningitidis and S. pneumoniae (16).

N. meningitidis is responsible for serious cases of meningitis and fulminant septicaemia and is
also a concern due to the characteristic dynamic nature of the disease, both in its tendency to
occur in outbreaks and epidemics as well as the fact that the most prominent disease-causing
serogroups can change in a given region over a period of only few years (17). The current study
also revealed a great reduction in the incidence of meningococcal meningitis in Bahrain from
0.83 per 100 000 in 1990 followed by a fluctuating pattern until 2001, which then reached zero
incidence after 2002, 1 year after the introduction of meningococcal ACWY polysaccharide for
children. However, 1 case of meningococcal meningitis was reported in a 44-year-old healthy
male adult in 2010 with no history of travel or contact with sick patients with a similar illness.
Such a major reduction in the incidence of meningococcal meningitis after the introduction of
meningococcal ACWY vaccine and without changes in the meningitis control programme in our
country is an indicator of the adequacy and efficiency of the country’s vaccination policy. Similar
data in other GCC countries showed a reduction of meningococcal disease but to a lesser
degree than observed in the current study in Bahrain. Bahrain has a small population which
allows adequate implementation of the vaccination programme, with a direct impact of the
vaccine on the target population as well as an indirect protection of others due to a decrease in
the risk of disease contact, reduced transmission rate and increase herd immunity in the
community. We noted that Oman and Qatar all reported incidence rates below 2 per 100 000,
with the exception of a few higher rates in the mid-1980s (18). However, we cannot compare
our results with those from Qatar as their study included only children aged

Our study also illustrated a significant drop in the incidence of S. pneumoniae meningitis in
Bahrain from 1 per 100 000 population at the beginning of study period in 1990 to 0.1 per 100
000 in 2013. Yet it became the leading cause of bacterial meningitis (not considering
tuberculous meningitis) in Bahrain, replacing H. influenzae and N. meningitidis after the striking
reduction of these two organisms as a cause of bacterial meningitis following the introduction of
the corresponding vaccines. The age distribution of S. pneumoniae meningitis showed
significant differences between 1990 and 2013. The disease was more frequent in the
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paediatric age group (

The limitation of our study was that we did not know the serotypes of pneumococcal isolates
causing pneumococcal meningitis after incorporation of pneumococcal vaccine into the routine
childhood schedule. This would have enabled us to capture a decrease or near disappearance
of vaccine serotypes or the emergence of non-vaccine serotypes and would have informed
possible modifications to our vaccine policy.

Conclusion

The significant reduction of invasive H. influenzae meningitis since 2000, and the parallel
resurgence of S. pneumoniae as the main cause of bacterial meningitis with an increased
proportion of adult cases, provide evidence of the efficacy of the childhood vaccination
programme in Bahrain against both H. influenzae and N. meningitidis. At the same time, it
stimulates us to study the possibility of modification to the vaccination programme, such as
including pneumococcal vaccine for the adult population, especially for high-risk groups, to
prevent invasive pneumococcal disease.
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