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Abstract

Background: In India, owing to multiple factors, such as insufficient laboratory capacity,

poor reporting systems due to limited access to healthcare facilities and limited disease
surveillance programmes, the actual disease burden of meningitis is unknown and may be
largely under-reported.

Objective: A systematic literature review was performed to describe: (a) the prevalence of
meningitis; and (b its etiological pathogen across different regions, age groups and patients
with comorbidities.

Method: A systematic literature search was conducted between 1990 and 2020 using PubMed
and Google Scholar databases to identify Indian studies reporting the prevalence rates and
etiology of meningitis. A total of 51 studies were included in the final analysis.

Results: A total of 38 studies reported prevalence of meningitis and 21 studies reported data
on the etiology of meningitis in India. These studies included mixed patient populations: (a)
pyogenic meningitis; (b) meningitis in sick or hospitalized patients with tuberculosis, acute
febrile encephalopathy syndrome, septicaemia, invasive pneumococcal disease or respiratory
compromise; and (c) meningitis patients with comorbidities. The prevalence of confirmed
bacterial meningitis in the pediatric population (0-14years) ranged between 0.5% and 61.8%.
A total of seven studies reported the prevalence of meningitis in patients of all age groups
(0-75years), with prevalence ranging between 8.68% and 78.85%. Cryptococcal meningitis
was predominant in patients with positive HIV/AIDS, with a prevalence ranging between 2.09%
and 53.1%. Streptococcus pneumoniae was found to be the predominant pathogen causing
meningitis across different regions of India, with a frequency ranging from 4% to 61.8% in
patients of all age groups.

Conclusion: This systematic literature review displayed the possible range of frequency of
bacterial meningitis pathogens across a wide variety of age groups in different regions of
India. Further studies are warranted to monitor meningitis cases, which may facilitate the
development of prevention and treatment strategies in India.
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Introduction

Meningitis, an inflammatory condition involving
the meninges and the spinal cord, is a devastating
disease with a high mortality rate.!> Even in the
survivors, meningitis is associated with significant
long-term sequelae, and thus is regarded as a

major global public health challenge. Outbreaks
of meningitis have been considered as a global
threat that warrant immediate attention.?
Meningitis can be caused by several different
pathogens including bacteria, viruses, fungi and
other parasites; the highest global burden reported
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for meningitis has been caused by bacteria.3*
Cryptococcal meningitis caused by fungi is a
common meningitis with increasing significance
among adult patients with positive HIV.# Besides
infectious causes, non-infectious factors, such as
certain medications, malignancy and autoim-
mune diseases, may also cause meningitis.?

As per the 2016 Global Burden of Disease (GBD)
Study, the incident cases of meningitis have
increased globally from 2.50 million (2.19-2.91)
in 1990 to 2.82 million (2.46-3.31) in 2016.1:2
Over 1.2 million people are affected by bacterial
meningitis each year across the globe.5 In the
United States of America, an estimated 4100
cases of bacterial meningitis were reported annu-
ally between 2003 and 2007.° In Europe, the
yearly incidence of bacterial meningitis is 2.6—6.0
cases per 100,000.7 With a much higher disease
burden,?? resource-poor countries may exhibit
even a 10-fold higher incidence of meningitis ver-
sus resource-rich countries.”>® According to the
World Health Organization, approximately
290,000 patients lost their lives due to meningitis
in 2015.2 The meningitis-associated mortality
rate varies based on region, country, age, patho-
gen, etc., and may climb up to 70% without treat-
ment.> Despite attenuation in the overall
meningitis-related mortality rate by 21% from
1990 to 2016, the overall burden of meningitis
remains high. Besides a high mortality rate, poten-
tially life-threatening infections, such as bacterial
meningitis, may cause significantly high disability
in the survivors.1%-12 One in five survivors of bac-
terial meningitis may be left with permanent
sequelae and prolonged neurological sequelae,
such as cranial nerve palsies, hydrocephalus, sei-
zures, hemiparesis and visual and hearing impair-
ment. This may have a detrimental impact on the
quality of life of the survivors.5-10 Qut of the 5.6
million disability-adjusted life years globally
caused by meningitis, 98% of the cases occur in
low-income and middle-income countries.!?

Before the development of immunization pro-
grammes, bacterial meningitis was predominantly
caused by Streprococcus pneuwmoniae, Neisseria men-
ngitidis and Hemophilus influenzae type b (Hib).13:14
Meningitis ranks among the top 10 causes of
death in children younger than 14years in high-
income countries.!? The mortality rate associated
with meningitis caused by S. pneumoniae and N.
memngitidis was 30% and 7%, respectively, in

high-resourced countries.!> Post-introduction of
Hib and S. pneumoniae vaccines, high-income
nations have witnessed a significant reduction in
bacterial meningitis caused by these bacteria.
However, the scenario is different in low and mid-
dle-income countries (LMICs), where bacterial
meningitis continues to be a major concern.
Inadequate vaccine coverage or lack of availability
of these vaccines in the national immunization
programmes are some of the factors responsible
for this menace.!3 The detrimental impact of men-
ingitis in terms of mortality and morbidity is more
profound among children under 5years of age,
especially in settings that lack proper implementa-
tion of vaccination as per national immunization
programmes for H. influenzae type b, S. pneumo-
miae and N. meningitidis.!> Efforts to reduce mor-
tality associated with meningitis lags substantially
compared to that for other vaccine-preventable
diseases (VPDs) such as measles, tetanus and
diarrheal diseases.?

Cryptococcal meningitis is predominantly obser-
ved in adults with HIV. Unlike high-income coun-
tries, despite the widespread availability of
antiretroviral therapy (ART), the prevalence of
cryptococcal infection remains unaltered in
LMICs. The estimation of regional as well as the
national burden of cryptococcal meningitis is
essential to devise optimal preventive and man-
agement strategies.*

In India, as a result of multiple factors, such as
inadequate laboratory capacity, poor reporting due
to the lack of access to the healthcare system and
limited disease surveillance programmes, the actual
disease burden of meningitis is unknown and may
be largely underestimated.!® Considering the wide
variability in the prevalence and causative patho-
gens of bacterial meningitis across regions, a com-
prehensive differentiation between them is essential
for optimum management.!4 The accurate estima-
tion of meningitis disease burden and its causative
pathogens in Indian settings may assist policy-mak-
ers to consider the inclusion of necessary vaccines
under the national immunization programme.!3
This will also help in the uniform expansion and
distribution of these vaccines in the remote areas of
the country. With that outlook, a comprehensive
literature search was performed to describe: (a) the
disease burden of meningitis; and (b) its etiological
pathogens across different regions, age groups and
patients with comorbidities.
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Methods

This systematic literature review was conduc-
ted per the preferred recording items for systema-
tic reviews and meta-analysis (PRISMA).!7
Publications on meningitis disease burden and
the etiology of meningitis in India were consid-
ered eligible for inclusion based on the eligibility
criteria.

Eligibility criteria for studies

All human studies published from 1 January 1990
to 30 September 2020 in the English language
that evaluated Indian patients of all age groups,
and reported the prevalence of meningitis and the
etiology for meningitis were eligible for inclusion.

Exclusion criteria for studies

Non-consecutive case series, series with incom-
plete reporting of results, case reports, newslet-
ters, editorials, non-Indian data, and publications
before 1990 were excluded from the list. Review
articles and other publications citing data from
more than one study were excluded from the final
review. However, those articles were used to
identify individual studies that had not already
been identified in the literature search.

Measurements

The primary outcome of this study was to report
the prevalence of different types of meningitis; i.e.
bacterial, viral, or fungal in India. The secondary
outcome was to determine the etiological patho-
gens across different regions, age groups and
patients with comorbidities in India. Comorbidity
was defined as the presence of one or more addi-
tional underlying medical conditions co-occur-
ring with the primary condition (meningitis).

Search strategy

A systematic literature search was conducted
using PubMed and Google Scholar database using
search terms, such as ‘meningitis AND epidemiol-
ogy AND India,” ‘meningitis AND prevalence
AND India,” ‘meningitis AND disease burden
AND India,’ for identifying epidemiological stud-
ies. The literature search was further extended
using search engines, such as ‘pneumococcal
meningitis AND India,” ‘Hemophilus influenzae
AND meningitis AND India,” ‘viral meningitis

AND India,’ ‘meningitis AND Streprococcus pneu-
moniae AND India,” ‘meningitis AND group B
Streprococcus agalactiae AND India,” ‘meningitis
AND Staphylococcus aureus AND India,” ‘menin-
gitis AND Escherichia coli AND India,” ‘meningitis
AND Listeria monocytogenes AND India,” ‘menin-
gitis AND Neisseria meningitidis AND India,” to
identify relevant articles. The search was per-
formed after applying constant filters based on
these additional search criteria: article types — clin-
ical study, clinical trial, phase III, phase IV, com-
parative study, controlled clinical trial, evaluation
study, meta-analysis, multicenter study, observa-
tional study, randomized controlled trial; language
— English; publication date — 1 January 1990 to 30
September 2020; species — humans. A biblio-
graphic search was also performed while assessing
the full-text articles.

Data extraction

Literature searches were performed and retrieved
publications were evaluated for eligibility by two
independent reviewers in a two-phase screening
process according to the predefined eligibility cri-
teria. Data were extracted from the final list of
publications that were considered relevant for
this systematic literature review. The study char-
acteristics extracted included authors’ details,
year of publication, the title of the study, the place
of study and type of study. Any disagreements
among reviewers were resolved by discussion.

Our study did not require an ethical board appro-
val because it did not contain human or animal
trials.

Results

Literature selection

The primary literature searches in PubMed and
Google Scholar yielded 706 relevant articles. Ten
more articles were added after a bibliographic
search. After the removal of 344 duplicate titles
and abstracts, 372 articles (200 articles for epide-
miology and 172 articles for meningitis etiology)
were screened. Following a precise screening and
review of the articles, a total of 321 studies were
excluded and the remaining 51 studies were
included in the systematic review. Figure 1 repre-
sents the flowchart of articles included in the
analysis.
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Figure 1. Flowchart for study inclusion.

Findings of the analysis

Out of the total 716 unique records screened, a
total of 51 studies reported data on either disease
burden or etiology or both across different regions
and different age-group populations.

Epidemiology/burden of meningitis in India across
different regions, age groups and in patients with
comorbidities. Out of the total 51 studies
included, a total of 38 studies reported the preva-
lence of meningitis in India. These studies
included mixed patient population: (a) pyogenic
meningitis; (b) meningitis in sick or hospitalized
patients with tuberculosis, acute febrile encepha-
lopathy syndrome, septicaemia or invasive pneu-
mococcal disease (IPD); and (c) meningitis
patients with comorbidities. Table 1 shows the
prevalence of meningitis in individual studies. A
total of 18 studies conducted across various
regions of India reported data exclusively on the
pediatric population.!3:18-34 Among these, a total
of seven studies were conducted in northern
India,!8-24 whereas a total of four, two and four
studies were conducted in the southern
region,13:25-27 western region?%:2° and multiple cit-
ies/states30-33 of India, respectively. One study was

conducted in north-east India.3* The age of the
study participants ranged from one day to
14 years. Two studies reported hospital-acquired
meningitis in neonates/newborns, with a preva-
lence of 5.41% and 10%, respectively.1822 Studies
conducted in multiple states demonstrated the
prevalence of confirmed bacterial meningitis in
the range of 0.5% (15 cases out of 2904 study
participants) to 35% (78 cases out of 226 study
participants).30-33 The prevalence of bacterial
meningitis ranges from 3% (four cases out of 147
study participants) to 21.81% (484 cases out of
2219 study participants) in north India.!8-24 This
included two studies that exclusively reported
tubercular meningitis in pediatric patients, with a
prevalence of 7.9% (12 cases out of 151 patients
with acute febrile encephalopathy syndrome) and
20.97% (13 cases out of 62 patients with tubercu-
losis), respectively.1%:2! In the western and south-
ern regions, the prevalence of meningitis ranged
from 12% to 20.25%282° and 8.28% to 38%,13:25-27
respectively. Three studies included patients with
IPD from the southern region, multiple states and
north-east India, with a reported prevalence of
pneumococcal meningitis of 21.81%,%7 35%33
and 61.8%,3* respectively. The data for patients
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belonging to all age groups were reviewed from
seven studies.?>-41 Unlike the majority of the stud-
ies that reported the predominance of bacterial
meningitis, Yerramilli ez al.,37 in an observational
study, reported a high prevalence of aseptic/viral
meningitis (39%). The majority of the studies
reported bacterial meningitis. In a prospective
surveillance study, conducted in 1037 adult sub-
jects with a suspected invasive bacterial infection,
34.3% of the patients were diagnosed with men-
ingitis.*2 In a prospective, laboratory-based study,
comprising 408 adults with IPD, the prevalence
of meningitis was reported to be 24.3%.43

The systematic review included a total of 10 stud-
ies that demonstrated the prevalence of meningitis
in AIDS/HIV-positive patients.**53 The preva-
lence of meningitis, especially cryptococcal men-
ingitis is high in this patient population, ranging
from 2.09% to 53.1%. One of these studies
included HIV patients with diabetes mellitus
(DM) and the prevalence of cryptococcal menin-
gitis in this patient population was 19%, which
was higher than patients with HIV but no DM
(16%).7> A total of five studies reported mixed-
pathogen meningitis in patients with comorbidi-
ties.47-495254 QOne retrospective study included
792 renal allograft recipients with neurological
complications; 10% (79 patients) of them had
central nervous system (CNS) complications, and
among them 15.19% of the patients (12 patients)
were diagnosed with cryptococcal meningitis.>*

Etiology

Out of the total 51 studies included, 21 studies
reported data on the etiology of meningitis. These
studies included mixed patient populations: (a)
pyogenic meningitis; and (b) meningitis in sick
patients with fever, tuberculosis hydrocephalus or
respiratory compromise. Of the total 21 stud-
ies,13:28,32,33,36,40,41,46,55-67 12 gtudies reported data
on the pediatric population,!3:28:32:33,55-62 whereas
eight publications reported data on patients belong-
ing to all age groups including neonates, older chil-
dren, adolescents and adults.36:40:41,63-67 Tyble 2
highlights all the studies that reported the etiology
of meningitis. The commonest cause of meningitis
in these studies was S. pneumoniae, across different
regions of India, with a frequency (in percentage)
ranging from 12% to 82.9% in children and 4% to
61.8% in patients of all age groups. Out of the 12
studies in the pediatric population, a total of eight
studies reported S. pneumoniae as the causative

pathogen.13:32:33,55-57,59,61 'The second commonest
causative pathogen in the pediatric population was
H. influenzae, predominantly type b, reported in
nine studies,!3:32:33:55-59,61 with a frequency ranging
from 4.5% to 70%. In one study, conducted in
25 children with aseptic meningitis, enterovirus
was found to be the causative pathogen in 56% of
the cases.®® One of the studies found group B
Streprococcus as a causative pathogen in more than
49% of the children aged between one and
59months.32 In a retrospective study in 100 chil-
dren with group A meningococcal infection, 67%
of children had meningococcal meningitis.2*

In studies reporting data on patients belonging
to all age groups, apart from S. pneumoniae,
Staphylococcus aureus (seven studies; frequency
range 1.8-41.38%),30:41:63-67 N, meningitidis (five
studies; frequency range 1-27.59%),36:41,63,65,67
Kilebsiella pneumoniae (five studies; frequency range
5.5-20.7%),36-40:41,63,64,:66 Escherichia coli (five stud-
ies; frequency range 4.76—27.08%),36:40:41,64,66 [
nfluenzae (four studies; frequency range 1.8—
19.4%),41:63:66,:67 etc, were the other causative path-
ogens. Table 3 lists all the major etiological bacteria
responsible for causing meningitis.

Discussion

This systematic literature review provides an
overview of the meningitis disease burden (1990—
2020) and the etiology of meningitis across differ-
ent age groups and regions in India. To our
knowledge, this is the first systematic review of
meningitis in India that focused on all forms of
meningitis instead of limiting only to bacterial,
viral or fungal meningitis. For this review, we
considered published results from studies that
were randomized controlled, cross-sectional, pro-
spective cohort or observational. Non-consecutive
case series, series with incomplete reporting of
results, case reports, newsletters, editorials and
non-Indian data were excluded in the systematic
literature review.

Owing to the immense heterogeneity of the articles
and study design, analyzing the true prevalence of
meningitis was highly challenging. A total of 38
studies reported the prevalence of meningitis and
21 studies reported data on the etiology of menin-
gitis in India. These studies included mixed patient
populations: (a) pyogenic meningitis; (b) meningi-
tis in sick or hospitalized patients with tubercu-
losis, acute febrile encephalopathy syndrome,
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septicaemia, invasive pneumococcal disease or res-
piratory compromise; and (c) meningitis patients
with comorbidities. In the current review, the prev-
alence of confirmed bacterial meningitis in the
pediatric population suspected of meningitis
ranged between 3% and 61.8%, whereas in studies
reporting patients of all age groups, the prevalence
ranged between 8.68% and 78.85%. This sheds
light on a crucial aspect that meningitis is not a
disease confined to children and can equally affect
the adult population.

This systematic literature review demonstrated
that S. pneumoniae is the predominant pathogen
that causes bacterial meningitis in the pediatric
population as well as in patients belonging to
all age groups across different regions of India.
H. influenzae is the second major pathogen that
causes meningitis in the pediatric population. Our
report on the predominance of S. pneumoniae in
the pediatric population is in concordance with
global systematic review and meta-analysis data
that demonstrated S. preumoniae as the most pre-
dominant pathogen responsible for 25.1-41.2% of
all bacterial meningitis cases.!* A systematic review
comprising 23 studies involving 36,714 South-
East Asian children demonstrated S. pneumoniae
as the predominant pathogen for causing invasive
bacterial disease including meningitis, with a fre-
quency of 12.8% and 28% in population-based
and retrospective hospital-based studies, respec-
tively.®® Another systematic review and meta-anal-
ysis, comprising 21 studies, reported S. pneumoniae
as the predominant causative pathogen for menin-
gitis in adults and children, responsible for causing
25% of the total bacterial meningitis cases.%°

Unlike global meta-analyses where N. meningitidis
was found to be the second most prevalent patho-
gen responsible for bacterial meningitis,!* in the
current systematic review analysis, it was observed
that N. menmingitidis is the seventh predominant
pathogen that causes bacterial meningitis in India.
In developed countries, meningococcal meningi-
tis is one of the leading causes of bacterial menin-
gitis.’ Out of 13 serogroups of meningococci,
five serogroups (A, B, C, W135 and Y) are mostly
responsible for invasive diseases.’®%7! While in
Europe, including England, and the US the pre-
dominance of serogroup B and serogroup Y,
respectively, was observed, in parts of Asia,
including India, the predominance of meningo-
coccal A serogroup was observed.”! However,
immunization targeting multiple serogroups may

be the optimum strategy to confer protection
against this disease.”®

In this current literature review, viral meningitis
was reported in only two studies, with a preva-
lence of 39% in one study®’ and 56% in a study
on children suspected of aseptic meningitis.®® In
the pediatric study, most of the affected children
were boys. A similar trend was observed in a
meta-analysis reporting nation-wide data from
five countries.’”? A wide range of viruses are
responsible for the occurrence of meningitis, yet
there are limited treatment options, which limits
its effective management. Intravenous acyclovir is
widely used for the treatment of viral meningitis
due to its associated benefits, such as the low risk
of complications and mortality rate.”> No vacci-
nation is available for viral meningitis (except
treatment for meningitis caused by the herpes
virus).”* Extensive research is warranted in this
field to reduce the burden of viral meningitis.

The current literature review has demonstrated
the high prevalence of fungal meningitis in the
adult patient population ranging between 3% and
9.62%. Cryptococcal meningitis was predomi-
nant in patients with HIV/AIDS, with a preva-
lence ranging between 2.09% and 53.1%.
According to the Joint United Nations Program
on AIDS/HIV (UNAIDS) 2014 country-level
estimates of the global incidence and cases of
HIV infection data, the annual global burden of
cryptococcal meningitis in HIV-positive patients
was 223,100 [95% confidence interval (CI)
150,600-282,400] with 73% of cases reported
from sub-Saharan Africa, followed by 19% of
total global cases from Asia.* Despite being
responsible for 15% of AIDS-related global mor-
tality, cryptococcal meningitis remains a neglected
condition. Cryptococcal meningitis may cause
the failure of HIV treatment strategies.* However,
the adoption of available preventive strategies
may confer survival benefits and aid in attenuat-
ing the potentially fatal CNS infection in HIV
patients.®7> Rapid and accurate diagnoses is also
essential to initiate an appropriate therapy.”®
Robust screening of cryptococcal antigenemia
along with pre-emptive fluconazole therapy needs
to be an integral part of the routine HIV care
package.*

As S. pneumoniae is the predominant pathogen
responsible for bacterial meningitis globally as
well as in India; we would like to emphasize the

journals.sagepub.com/home/tai

21


https://journals.sagepub.com/home/tai

Therapeutic Advances in Infectious Disease 8

burden of pneumococcal meningitis and the
required preventive action in India. Bacterial
meningitis continues to be a significant cause of
morbidity and mortality.%7® S. pneumoniae and N.
meningitidis are the two predominant pathogens
responsible in these cases, with the former being
accountable for two-thirds of cases in Europe and
the US. Globally, bacterial meningitis continues
to be a significant cause of morbidity and mortal-
ity.%7% S. pneumoniae and N. meningitidis are the
two predominant pathogens responsible in these
cases, with the former being accountable for two-
thirds of cases in Europe and the US.77

In the past two decades, post-implementation of
vaccination strategies, an enormous change in the
epidemiology of bacterial meningitis has been
observed in the US. Owing to the administration of
routine H. influenzae vaccines, a massive eradica-
tion of Hib-caused meningitis was evident among
infants and children.”®7® Post-implementation of
pneumococcal serotype vaccine, a similar declining
trend was witnessed in terms of the incidence of
pneumococcal meningitis among the pediatric
population in the US.8 However, in the current
scenario, bacterial meningitis predominantly affects
adults more than children and infants,’® and
S. pneumoniae is the predominant causative patho-
gen for bacterial meningitis in the US.%%7881 In
high-income countries, despite immense advance-
ment in medical science, pneumococcal meningitis
continues to be a serious disease among adults,
with a high fatality rate and neurological sequelae
ranging from 16% to 37% and 30% to 52%,
respectively.15:82-85

Unlike developed countries, bacterial meningitis
continues to be a matter of grave concern in
LMICs. An inadequate level of vaccine coverage
or unavailability of these vaccines in the respec-
tive national immunization programmes could be
the attributing factors for this continual menace.
Not only in the pediatric population, but pneu-
mococcal diseases are also associated with a high
mortality rate among older adults in India.4%43
Invasive pneumococcal disease demonstrated a
26% rise in mortality among adults aged over
66 years from 1993 to 2008 in India.*? Recently, a
study published by Nandi ez al.8¢ evaluated the
associations of Hib vaccination on cognitive
functioning and schooling attainment outcomes
in Indian children (age groups 11-12 and 14—
15years). The study found that Hib-vaccinated
children scored higher on the English test

(»p<0.001) and mathematics test (p<<0.001),
and attained more schooling grades (p<<0.05)
than Hib-unvaccinated children, indicating cog-
nitive benefits.8¢ India has witnessed a declining
trend in Hib-caused meningitis in children.8¢ The
Hib vaccine has been privately available in India
since 1997.86 In 2011, the government of India
introduced Hib immunization as part of the pen-
tavalent vaccine in combination with vaccines for
diphtheria, tetanus, pertussis and hepatitis B.8¢
This has led to S. pneumoniae being the most
common causative pathogen for bacterial menin-
gitis.13 Choosing an appropriate antibiotic is key
to the optimum management of bacterial menin-
gitis.>13 However, emerging multidrug resistance
in S. pneumoniae has raised a global concern,
including in India,!3#3 and has had a significant
impact on its management. This signifies the
necessity for the implementation of vaccination
programmes for the prevention of the disease.>13

Vaccines are the cornerstone of prevention and
control of bacterial, especially pneumococcal,
meningitis.> For adults, two vaccines, i.e.
pneumococcal conjugate vaccine 13 (PCV13)
and pneumococcal polysaccharide vaccine 23
(PPSV23), may confer protection against pneu-
mococcal disease including meningitis. PCV13
and PPSV23 protect against 13 serotypes and 23
serotypes of pneumococcal bacteria, respec-
tively.87 PPSV23 has been available in the Indian
market since the early 1980s but is not too effec-
tive in infants.®8 In the mid-2010s, PCV13 was
launched in India.8® In India, pneumococcal con-
jugate vaccine for adults is recommended for all
healthy and at-risk adults (>50years old) by the
Indian Association of Occupational Health,%° the
Indian Medical Association®! and the Association
of Physicians in India.?2 Sadly, despite being rec-
ommended by several regulatory bodies, the rou-
tine use of adult pneumococcal vaccines is limited
due to the paucity of data on the pneumococcal
disease burden and its serotype distribution.!3 In
India, currently two meningococcal conjugate
vaccines (MCVs) are licensed: (a) quadrivalent
meningococcal polysaccharide-protein conjugate
vaccine (A, C, W135,Y) licensed in 2012 for use
among persons aged 2-55years; and (b) menin-
gococcal group A conjugate vaccine licensed
in 2009 for individuals 1-29years of age.®3
Therefore, the estimation of bacterial meningitis
disease burden along with its predominant etio-
logical pathogen is indispensable in a setting such
as India, where an adult vaccination programme
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is yet to be established and implemented as a
national immunization programme for broader
public health benefit. Considering the high mor-
tality rate and associated complications in the sur-
vivors of bacterial, viral, or fungal meningitis,
there is a need for active disease surveillance sys-
tems that help in the accurate estimation of the
disease burden. Furthermore, the development
and implementation of locally available guide-
lines are warranted for the optimum management
of meningitis in India.

Limitations of the study

The study limitations include the lack of quality
assessment of included studies, the potential for
publication bias related to high variability among
the studies selected and study period (1990-2020;
present data not included). India is a large hetero-
geneous country with limited surveillance for
meningitis in spite of considerable disease bur-
den. Owing to the lack of diagnostic and treat-
ment facilities; there is a lack of reporting of
the study population. The study populations in
most of the included studies were poorly defined,
which further complicated the review analysis.
Considering the wide heterogeneity of the patient
population as well as the inclusion criteria (most
of the studies included patients with suspected
meningitis) in the selected published articles,
concluding the true meningitis burden in India
was challenging. However, we tried to minimize
the concerns through our precise adherence to
the PRISMA model in selecting studies for inclu-
sion. Also, due to the heterogeneity of the studies
and mixed population groups, obtaining a pooled
analysis was not feasible.

Further studies are required to monitor meningi-
tis cases to facilitate preventive measures such as
the implementation of vaccine programmes for
tackling the meningitis disease burden in the
Indian subcontinent.

Conclusion

This systematic literature review displayed the
possible range of frequency of bacterial meningi-
tis pathogens across a wide variety of age groups
in different regions of India. A predominance in
the frequency of bacterial meningitis caused by
different etiological pathogens, especially S. pneu-
moniae, was evident in this analysis. Continual
robust monitoring is essential to estimate the

disease burden along with the distribution and
variety of pneumococcal serotypes to assess fur-
ther the emerging antibiotic resistance pattern in
India. Wider implementation of adult immuniza-
tion programmes may hold substantial potential
for reducing the pneumococcal meningitis bur-
den in India. Further studies are warranted to
monitor meningitis cases, which may facilitate the
further development of prevention and treatment
strategies in India.
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