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ABSTRACT

Reducing invasive meningococcal disease (IMD)
through MenACWY immunization is a critical
healthcare strategy in the Kingdom of Saudi
Arabia (KSA). Robust IMD surveillance is essen-
tial to help assess the need for additional
immunization initiatives in target populations.

This is particularly important in KSA, where
mass gatherings accompanying Hajj/Umrah
pilgrimages have been associated with IMD
outbreaks within the local KSA population, and
subsequent intercontinental spread via return-
ing pilgrims. This narrative review of the pub-
lished literature describes the changing
epidemiology of IMD in KSA to provide a per-
spective on the impact of current immunization
strategies and potential gaps. As recent pub-
lished surveillance data are lacking, we also
evaluated publicly reported data from the KSA
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Ministry of Health (MoH) for 2012–2019 to
inform more recent IMD trends. Between 1995
and 2011, national surveillance data indicate
that 1103 IMD cases were reported in KSA: 60%
in 2000–2001, involving two (mainly MenW)
outbreaks involving KSA citizens/residents and
pilgrims focused in Mecca and Medina. Across
2002–2011, 184 cases of IMD were reported,
with a higher proportion occurring in KSA citi-
zens/residents, and with less focus within pil-
grimage centers than apparent in previous
years. Our analysis of MoH data found that,
between 2012 and 2019, 44 IMD cases were
reported, all in KSA citizens/residents, and
chiefly in children or infants. No pilgrimage-
associated outbreaks have occurred since 2001.
Serogroup data were available for 62.5% of all
cases for 2002–2011; MenW (40.0%), MenA
(35.7%), and MenB (16.5%). Serogroup data for
2012–2019 remain incompletely reported, and
the existing surveillance system could be
improved, as some element of underestimation/
underreporting of IMD may exist. While exist-
ing MenACWY immunization strategies for KSA
citizens/residents and visiting pilgrims have
been successful in reducing IMD due to specific
serogroups, disease due to MenB remains a
potential risk, and additional immunization
strategies should be considered.

Keywords: Bacterial meningitis; Epidemiology;
Hajj; Kingdom of Saudi Arabia; Mass gathering;
Meningococcal disease; Neisseria meningitidis;
Outbreaks; Surveillance

Key Summary Points

Why carry out this study?

Immunization against invasive
meningococcal disease (IMD) using the
MenACWY vaccine is a key public health
strategy in the Kingdom of Saudi Arabia
(KSA). National surveillance to monitor
epidemiologic trends is important to help
identify benefits and unmet needs in
current immunization strategies.

This narrative review describes the
epidemiology of IMD in KSA drawn from
previously published national surveillance
data, supplemented by an appraisal of
more recent data for 2012–2019.

What was learned from the study?

Introduction of MenACWY immunization
has led to substantial declines in IMD
since 2002, both in the local population
and in visitors on Hajj/Umrah
pilgrimages. From 2002–2011, 184 cases of
IMD were reported, chiefly due to MenW,
MenA, and MenB. Between 2012–2019, 44
cases were reported. Although serogroup
data are limited, sporadic disease due to
MenB and MenW is reported.

Appraisal of available surveillance data
indicates that the existing surveillance
system could be strengthened. As disease
due to MenB remains a potential risk,
additional immunization strategies
should be considered.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14636118.

INTRODUCTION

Invasive meningococcal disease (IMD) due to
Neisseria meningitidis infection is a leading cause
of bacterial meningitis, with the annual global
burden estimated to be 1.2 million cases, with
approximately 335,000 deaths [1, 2]. While 12
encapsulated serogroups have been identified
[3], 6 serogroups are responsible for the great
majority of IMD: serogroups A, B, C, W, X, and
Y, with the relative importance of specific
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serogroups showing substantial geographic and
temporal variation [1, 2, 4].

Development and subsequent introduction
of meningococcal vaccines in global immu-
nization strategies and country national
immunization programmes (NIPs) has resulted
in substantial reductions in IMD and have also
contributed to shifts in predominant disease-
causing serogroups in different countries and
regions [1, 5–9]. A broad range of vaccines are
available, including those directed against sin-
gle specific serogroups (MenA, MenC) and
quadrivalent vaccines (MenACWY vaccine),
providing broader protection [1, 6]. More
recently, protein-based vaccines (4CMenB and
MenB-FHbp) against a range of subcapsular
antigens conferring protection against MenB
are now in use, [1, 10, 11], with putative pro-
tection against other meningococcal strains
[12]. In addition to direct protection of vaccine
recipients, conjugated MenA, MenC, and
MenACWY vaccines may reduce acquisition of
nasopharyngeal carriage and so provide some
degree of indirect or herd protection to the
broader population [6, 13], although recent data
question the degree of indirect protection seen
with MenACWY vaccines [14].

Knowledge of local epidemiology through
surveillance is essential to help identify where
further immunization initiatives are necessary
to provide a broader and more effective pro-
tection to the local populations. Many coun-
tries across Europe, the Americas, and
elsewhere, e.g., Australia, have robust surveil-
lance systems with the capacity to evaluate IMD
cases and incidence rates, and to respond to
changing IMD epidemiology in adopting more
robust, clinically relevant immunization strate-
gies [15–22]. However, the strength of IMD
surveillance and the availability of published
epidemiological data vary considerably world-
wide. Most global reviews, including regional
reviews from the Global Meningococcal Initia-
tive, highlight limited recent epidemiological
data available from many countries in Asia, and
from the Middle East and North African (MENA)
regions. [1, 2, 23–25].

This is also apparent for the Kingdom of
Saudi Arabia (KSA), the focus of the present
manuscript, where IMD epidemiology has an

added complexity, as the country experiences a
substantial influx of overseas visitors each year,
attending the annual Hajj pilgrimage held at a
specific date each year (from the 8th to the 13th
day of the 12th month, ‘‘Dhu al-Hijjah’’, in the
Islamic calendar), or those making the Umrah
pilgrimage which can take place at any time
throughout the year, although with a peak
during the month of Ramadan (almost
2 months before the Hajj season) [26, 27]. More
than 2 million visitors enter the KSA for Hajj
each year, and a far greater number for Umrah
(7.2 million in 2019) [28]. Mass gatherings that
accompany the Hajj and Umrah pilgrimages
have been associated with a number of Hajj-re-
lated IMD outbreaks within the local KSA pop-
ulation: notably, those due to MenA in 1987
and 1992 [29, 30], and two outbreaks due pre-
dominantly to MenW in 2000 and 2001
[31, 32]. In addition to the local impact, these
outbreaks, and particularly those due to MenW,
have been associated with intercontinental
spread through pilgrims acting as vectors for
outbreaks in the pilgrims’ homelands on their
return [33, 34].

Much of the recent relevant literature from
KSA focuses on the pilgrimage aspects of IMD
and associated meningococcal immunization
policies [26, 35–38]. However, while more
specific national surveillance data have been
fully reported for a period spanning the years
1995–2011 [39, 40], and more recent data
reported by the KSA Ministry of Health (MoH)
are available [41], a clear presentation of more
recent trends in epidemiological data are lack-
ing. A more complete understanding of IMD
within KSA can provide a valuable perspective
on the benefits and unmet needs of current
vaccination strategies. It also provides an
important benchmark to evaluate the country’s
progress and contribution towards the World
Health Organisation’s global aim to eliminate
meningitis worldwide by 2030 [42, 43].

In this narrative review, we describe the
changing epidemiology in KSA, drawing from
previously reported surveillance data for
1995–2011 [40], updated with the more recent
data reported by the KSA MoH [41]. For context,
we also describe relevant aspects of IMD
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surveillance and existing immunization
strategies.

DATA SOURCES

To inform this review, we used two comple-
mentary approaches; first, reviewing the rele-
vant previously published literature, and,
second, evaluating recent national data for-
mally reported by the KSA MoH [41]. As a
starting point, we performed a comprehensive
literature review searching PubMed electronic
databases using search terms relating to
meningitis and meningococcal disease in KSA
and the Hajj and Umrah pilgrimages (Supple-
mentary data). Note that, while comprehensive,
our literature search was not systematic. The
purpose was to identify relevant publications
reporting IMD epidemiology to help present a
coherent picture of the IMD disease burden in
the KSA population, the vaccine policy, and
pertinent aspects of IMD in pilgrims, rather
than to catalogue and perform a critical
appraisal of the published literature per se
(although some general observations could be
and have been made).

Our search and subsequent appraisal identi-
fied gaps in recent published literature on IMD
epidemiology in the KSA. While comprehensive
surveillance data have been fully reported for a
period spanning the years 1995–2011 [39, 40],
there is a lack of more recent published epi-
demiology. As such surveillance data are pub-
licly reported by the MoH as part of its annual
reports on health statistics, we examined the
available data on all meningitis, and in partic-
ular IMD, and extracted all relevant statistics for
the period 2012–2019 [41]. For context, this
included the absolute number of all reported
meningitis cases per year stratified by causative
organism [IMD, pneumococcal meningitis,
Haemophilus influenzae type b (Hib) and ‘other’]
and their respective annual incidence per
100,000 inhabitants. For IMD, we also evaluated
case numbers and annual incidence for the
overall population, and also stratified by age
group, gender/sex, resident status (Saudi or
non-Saudi national), and case distribution by
region.

In compliance with ethical guidelines, we
wish to state that this article is based on previ-
ously conducted studies and reported data, and
does not contain any studies with human par-
ticipants or animals performed by any of the
authors.

SURVEILLANCE ASPECTS

Before reporting on IMD epidemiology, some
description of the IMD surveillance system in
KSA, population characteristics, and immu-
nization policies can help place these data in
context.

IMD surveillance in KSA

IMD surveillance in KSA is based on immediate
mandatory reporting of all clinically suspected
meningitis cases to the regional health author-
ity, which is responsible for immediate preven-
tive measures (antibiotic prophylaxis of close
contacts through contact tracing), and which
oversee clinical and laboratory confirmation.
Case confirmation for bacterial meningitis is on
the basis of isolation of a causative organism (N.
meningitidis, S. pneumoniae, H. influenzae, etc.)
from the cerebrospinal fluid (CSF) or by blood
culture, and/or detection of bacterial antigens
in the CSF via latex agglutination. Increasingly,
polymerase chain reaction (PCR) technologies
are used to identify organisms from CSF and
blood samples (particularly useful in culture-
negative samples). For IMD, causative ser-
ogroups are determined using latex agglutina-
tion and PCR. For each case, all relevant clinical,
microbial, and demographic aspects (age, gen-
der, resident status, etc.) are recorded on a case-
reporting form, and then shared by the regional
health authority with the MoH [40]. These data
form the basis of data published by the MoH in
their statistical yearbooks [41]. While these
datasets are publicly available, there are some
limitations to the data. For example, while the
surveillance parameters outlined above clearly
allow for identification and categorization of
different clinical forms (i.e., meningococcal
meningitis, meningococcal bacteremia/sep-
ticemia, or meningococcal meningitis plus

2038 Infect Dis Ther (2021) 10:2035–2049



bacteremia) and rarer presentations (e.g., septic
arthritis), such information is not reported in
the statistical yearbooks.

Population characteristics

Over the past 25 years, there have been sub-
stantial increases in the overall population of
KSA, rising from 18.5 million in 1995 to 27.5
million in 2011 [40], and to 35.2 million in
2019 [41]. Illustrative population demographics
are shown in Tables S1 and S2. A substantial
number of residents are non-Saudi nationals
living and working in KSA, representing
30–40% of the overall population, and
accounting for 38% of the total population in
2019 [41]. While the Saudi national population
comprises similar numbers of males and
females, there are approximately twice the
number of resident (non-Saudi) males than
females, and so at present males constitute
approximately 58% of the overall KSA popula-
tion [41].

In 2019, individuals aged from 15 to 64 years
constitute 72.3% of the population, 16.2% are
aged from 5 to 14 years and 8.3% are chil-
dren\5 years of age [41]. At present, 25.3% of
the population reside in Riyadh; other impor-
tant regional population centers are Jeddah
(14.3%), Mecca (7.2%), and Medina (6.5%)
(Table S2).

IMD immunization in KSA

Immunization strategies implemented by the
KSA MoH have been heavily influenced by dis-
ease epidemiology within KSA itself (including
IMD outbreaks associated with the Hajj pil-
grimage), and also by the development and
introduction of available vaccines. These
strategies address protection in the local KSA
resident population and also for pilgrims
entering KSA for Hajj or Umrah purposes. The
evolution of IMD immunization approaches
and key policy changes has been comprehen-
sively reviewed by Yesli and colleagues, from
which we describe the key developments [35].

Initially, immunization was introduced in
response to an outbreak of MenA disease in

1987, after which mandatory immunization
with the bivalent MenAC vaccine was intro-
duced for all pilgrims attending the Hajj, along
with vaccination initiatives directed towards
KSA residents in the major pilgrimage sites of
Mecca and Medina. For those pilgrims attend-
ing from the high-risk Sub-Saharan meningitis
belt, an additional step was compulsory use of
oral ciprofloxacin on arrival in KSA in order to
reduce N. meningitidis nasopharyngeal carriage.
A broader protective policy was implemented in
2002, following significant outbreaks due to
serogroup W in 2000 and 2001, again associated
with Hajj gatherings (both within KSA and in
pilgrims returning to their country of origin),
with compulsory vaccination with the polysac-
charide quadrivalent MenACWY vaccine
required by all citizens/residents in and around
Mecca/Medina and all Hajj pilgrims C 2 years of
age, as well as immunization of all healthcare
workers, and personnel involved in pilgrimage
activities. In 2010, the use of conjugated
MenACWY vaccine was introduced within KSA
for use in individuals aged 2–55 years, while the
polysaccharide ACWY vaccine remains valid for
older citizens/residents and all external pilgrims
[35]. Since 2013, the NIP has included infant
vaccination with conjugated MenACWY vac-
cine (at 9 and 12 months), and more recently
has since 2020 recommended a single dose to be
given at 18 years of age [44, 45]. Vaccination
against other important causes of infant
meningitis (S. pneumoniae and H. influenzae) is
also included in the NIP (with pneumococcal
immunization given at 2, 4, 6, and 12 months
of age, and Hib at 2, 4, 6, and 18 months) [45].
Although infant MenACWY vaccination cover-
age is not reported within the publicly available
MoH datasets, the uptake of other recom-
mended infant vaccines is reported to be high
([95%) in recent years for hexavalent (diph-
theria, pertussis, tetanus, Hib, hepatitis B, and
polio) pneumococcal and measles–mumps–ru-
bella vaccines [41]; one might assume that
infant MenACWY coverage is also high.

At the present time, external pilgrims are
required to show evidence of prior meningo-
coccal vaccination before entry into the country
(within the past 5 years for those immunized
with conjugated MenACWY vaccines, and
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within the past 3 years for polysaccharide
MenACWY vaccines) [46]. Similar requirements
also apply to all citizens/residents in Mecca/
Medina, all internal pilgrims, and all staff
working with the pilgrims; compliance is facil-
itated by annual vaccination campaigns offer-
ing primary and booster dosing as necessary
[35]. While MenB vaccines are now available
and used in a number of other countries in their
national immunization schedules [1, 10, 11],
Men B vaccination is not included in current
immunization strategies in KSA, or for individ-
uals entering the country for the Hajj and
Umrah pilgrimages [36, 46, 47].

EPIDEMIOLOGY OF IMD IN KSA

IMD surveillance 1995–2011

Two key surveillance studies have reported on
IMD within KSA across this period, each of
which is based on data reported in MoH sour-
ces. The first study reported on all IMD cases for
the years 1999–2002, a period covering disease
outbreaks due to serogroup W associated with
overseas pilgrims attending for Hajj or Umrah
in 2000 and 2001 [39]. A subsequent and more
comprehensive review by Memish et al. evalu-
ated surveillance across a broader period, from
1995 to 2011 [40], from which we describe key
aspects.

Over this 1995–2011 period, 1103 IMD cases
were reported, of which 645 occurred in KSA

citizens or residents (Fig. 1). Note that no dis-
tinction between the different clinical forms of
IMD (meningococcal meningitis, septicemia, or
meningitis plus septicemia) was reported. For
KSA citizens/residents, the highest cumulative
incidence across 1995–2011 was seen in chil-
dren\5 years of age (12/100,000); cumulative
incidence was 2/100,000 in those aged
5–14 years, and approximately 1/100,000 in
both the 15–64 and C 65 years age-groups.

Looking at specific timeframes; 265 cases
occurred between 1995 and 1999 [of which 139
(52.4%) occurred in KSA citizens or residents],
654 cases in the 2000–2001 period which
included the Hajj-related IMD outbreaks [372
(56.9%) in KSA citizens/residents), and 184
cases from 2002 to 2011 [134 (72.8%) in KSA
citizens/residents] [40]. In the 2002–2011 per-
iod, while approximately 50 cases were reported
in KSA residents in 2002 and 2003, in later years
the annual case numbers declined to around 10
cases each year. Surveying the population-ad-
justed annual incidence rates for KSA citizens/
residents for these periods, between 1995 and
1999, the mean annual incidence in the overall
population was 0.20/100,000, rising to 1.42/
100,000 and 1.32/100,000 in the peak 2000 and
2001 years, respectively, and then declining
from 0.21/100,000 in 2002 to 0.01/100,000 in
2010 [40].

From a geographical perspective, approxi-
mately 49% of all cases in 2000 occurred in
Mecca and Medina during Hajj (and approxi-
mately 31% of all cases in 2001), while, in the

Fig. 1 IMD in KSA (1995–2011). Case numbers and
prevalence of N. meningitidis serogroups in KSA across 3
different periods; 1995–1999, 2000/2001 (which includes
outbreaks associated with Hajj), and 2002–2011. a All

reported IMD cases. b Serogroup cases. c Serogroup
distribution by age strata (1995–2011). Adapted from
previously reported data [40]. IMD invasive meningococ-
cal disease; KSA Kingdom of Saudi Arabia
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2002–2011 period, these cities together
accounted for only 8.1% of reported cases
occurring during the Hajj seasons [40]. This
would seem to reflect the decreasing impact of
outbreaks associated with mass gatherings, with
no IMD outbreaks occurring within KSA since
2001.

To some extent, the age-related epidemiol-
ogy across this period reflects the age demo-
graphics of at-risk populations, where broadly
speaking the mean age of non-Saudi nationals is
higher than Saudi national citizens and higher
still in visiting pilgrims. The mean age of IMD
cases across the entire 1995–2011 period was
lowest in Saudi national citizens (9.6 years),
higher in non-Saudi national residents
(14.4 years), and much higher in Hajj-pilgrims
(48.9 years). In addition, the mean age of IMD
cases was also higher during Hajj seasons, and,
in cases occurring in Mecca and Medina com-
pared to other times of the year or regions, in
part reflecting the influence of cases in (gener-
ally) older pilgrims. Finally, the general pattern
across this whole period was that of a decrease
in the age of IMD cases, falling from a mean age
of 31 years in 1995–1999 to 18 years in
2002–2011, which in part reflects the increasing
contribution of KSA citizens/residents to the
total IMD case numbers and the relative decline
in case numbers in pilgrims.

Mortality due to IMD was high, with 198
deaths across 1995–2011, and an overall case
fatality rate (CFR) of 18.0% [40]. The majority of
deaths (125, 63.1%) occurred in external pil-
grims visiting for Hajj or Umrah, and the CFR
was substantially higher (28.9%) in external
pilgrims than in KSA citizens/residents (10.4%);
CFRs were also higher in IMD cases occurring
during the Hajj season (28.6%) than at other
times (10.0%). This in part may reflect delay in
diagnosis and medical care in patients on pil-
grimage, and also the generally greater age of
pilgrims. Looking at age-related IMD mortality,
most occurred in older age groups, with 85
deaths in those aged[45 years and 72 deaths in
those aged 15–45 years; 8 IMD deaths occurred
in children\1 year of age, 20 deaths in those
aged 1–4 years, and 13 in those aged 5–14 years.
Higher CFRs were seen with increasing age,
being lowest in infants\1 year (6.8%), 9.4% in

individuals aged between 1 and 4 years, 9.3% in
those aged 5–14 years, 19.4% in those aged
15–45 years, and 32.6% in those[45 years.
However, this pattern also changed over time.
While the annual mean CFR in chil-
dren\5 years of age was relatively similar in
1995–1999 and in 2002–2011 (13.6% and
12.4%, respectively), the CFR in patients
aged C 5 years fell from 20.7% in 1995–1999 to
8.7% in 2002–2011 [40], which may reflect the
generally lower mean age of non-infant cases in
this latter period that we outline above.

For the complete 1995–2011 period, a total
of 656 cases (59.5%) had serogroup data [40]. Of
these cases, 11.3% occurred in infants\1 year,
21.8% in those aged 1–4 years, and 13.1% in
those aged 5–14 years. The greatest number of
cases were due to MenW (57.2%) and MenA
(29.4%), while MenB accounted for 10.1% of
cases. However, serogroup distribution varied
across this period (Fig. 1). Between 1995 and
1999, MenA and MenB were the most prevalent
serogroups, while in 2000–2001, the high
numbers of MenW and MenA cases reflect the
impact that the disease outbreaks in these years
associated with the Hajj (chiefly a MenW out-
break, although a MenA outbreak also occurred
in 2000). Subsequently, between 2002 and
2011, of the 115/184 IMD cases (62.5%) with
serogroup data, 40.0% were MenW, 35.7% were
MenA, and 16.5% were due to MenB, with a few
cases due to other serogroups (i.e., MenY,
MenX, and MenZ). There were no notable dif-
ferences in CFRs associated with the principal
causative serogroups: MenA (21.8%), MenB
(21.2%), and MenW (19.7%), although a higher
CFR was seen in the small number of cases due
to MenY (33.3%) [40].

Updated surveillance 2012–2019

Our updated surveillance data for subsequent
years are outlined as follows. Between 2012 and
2019, there was a total of 2050 meningitis cases
reported by the MoH [41]. Of these, the great
majority were categorized as ‘other’, a group
that includes culture-negative disease and viral
and ‘aseptic’ meningitis, accounting for 1875
cases (91.5%) (Table 1; Fig. 2a). Looking at
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specific years in this period, more cases were
reported in 2017 than other years, with 415
meningitis cases due to any cause, with the
highest numbers of identifiable bacterial
meningitis cases also reported in 2017 (Fig. 2a).
The majority of all meningitis cases due to any
cause occurred in children and adoles-
cents\15 years of age (62.5%); approximately
one-third of all cases occurred in
infants\1 year of age (Fig. 2b). A total of 175
confirmed bacterial meningitis cases were
reported for 2012–2019, and the most common

identifiable pathogen was S. pneumoniae (99
cases; 56.6% of all bacterial meningitis cases),
followed by N. meningitidis (44 cases; 25.1% of
all bacterial meningitis cases), and H. influenzae
(32 cases; 18.3% of all bacterial meningitis
cases) (Table 1; Fig. 2c). As described earlier,
while such information is captured during
surveillance, reporting limitations preclude
reporting on the relative prevalence of different
clinical forms of IMD (meningococcal menin-
gitis or meningococcemia sepsis, or both toge-
ther). Across 2012–2019, of the 44 IMD cases

Table 1 Epidemiology of meningitis and IMD in KSA (2012–2019)

2012 2013 2014 2015 2016 2017 2018 2019 2012–2019

All meningitis

Meningococcal 4 2 4 6 6 10 9 3 44

Pneumococcal 3 3 2 5 14 39 27 6 99

H. influenzae 1 3 1 3 2 8 9 5 32

Other 215 293 189 171 243 358 187 219 1875

Total 223 301 196 185 265 415 232 233 2050

IMD

Incidence/100,000 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.01 0.02

Demographics

Age-strata

\1 year 1 – 1 1 – 3 1 – 7

1–4 years – 1 – 2 1 – 2 1 7

5–14 years 1 1 2 3 1 3 2 2 15

15–44 years 2 – 1 – 2 1 2 – 8

C 45 years – – – – 2 3 2 – 7

Gender

Male 2 2 3 4 5 6 3 2 27

Female 2 – 1 2 1 4 6 1 17

Status

Saudi national 2 2 4 1 6 7 8 1 31

Non-Saudi resident 2 – – 5 – 3 1 2 13

Data represent those cases reported by the Ministry of Health [41]
IMD invasive meningococcal disease; KSA Kingdom of Saudi Arabia
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reported, the greatest number of IMD cases
occurred in 2017 (n = 10) and 2018 (n = 9),
while 65.9% occurred in children and

adolescents\15 years of age and 31.8% in
children\5 years of age. Most cases were
reported in Saudi citizens (n = 31) with 13 cases
reported in non-Saudi residents, and 27 cases
occurred in males; these latter numerical dif-
ferences are generally consistent with the pop-
ulation demographics outlined above. The
mean IMD incidence rate in the overall popu-
lation for 2012–2019 was 0.02/100,000 (Table 1;
Fig. 2c–e). The highest number of reported IMD
cases was recorded in Medina (n = 11) and
Riyadh (n = 10), while four cases were reported
from Mecca (Fig. 3). No specific seasonal pattern
to IMD cases was apparent (Fig. S1).

A limitation of reporting from this more
recent MoH yearbook data for IMD is the lack of
information on causative serogroup or mortal-
ity, while recent serogroup data reported from
other sources are limited. Although Yesli et al.
have reported that disease due to MenW, MenA,
MenB, and MenY have all been reported to the
MoH in the years 2012–2015, absolute numbers
are lacking [26].

Fig. 2 Meningitis in KSA (2012–2019). a Annual num-
ber of meningitis cases by type (meningococcal, pneumo-
coccal, H. influenzae, and ‘other’. b Age distribution of all
meningitis cases (2012–2019). c Number of vaccine-
preventable meningitis cases. d Incidence of

meningococcal, pneumococcal, and H. influenzae menin-
gitis. e Age distribution of IMD cases. Data represent those
cases reported by the Ministry of Health [41]. IMD
invasive meningococcal disease; KSA Kingdom of Saudi
Arabia; VPD vaccine-preventable disease

Fig. 3 Regional distribution of IMD cases in KSA
(2012–2019). Data represent those cases reported by the
Ministry of Health [41]. IMD invasive meningococcal
disease; KSA Kingdom of Saudi Arabia
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DISCUSSION

Our narrative review encompasses previously
reported data complemented by our descriptive
analysis of more recent national surveillance
data from the KSA MoH. From these data, a
broad pattern may be seen, with a higher inci-
dence of endemic disease prior to the intro-
duction of immunization strategies, disease
outbreaks associated with the Hajj pilgrimage
(in 1987, 1992, 2000 and 2001), and then a
subsequent substantial decline in case numbers
and incidence rates, with no outbreaks since
2001. Clearly the implementation of compul-
sory immunization with the quadrivalent
ACWY vaccine in 2002 at a local level (in Mecca
and Medina) and for all Hajj pilgrims has had
some impact in reducing Hajj-related IMD out-
breaks, and in reducing the IMD burden in KSA
citizens/residents. These benefits have been
sustained with the broader policy of MenACWY
immunization throughout KSA of individuals
aged 2–55 years in 2010, and subsequent inclu-
sion of infant vaccination within the NIP in
2013, supplemented by adolescent vaccination
at 18 years since 2020.

This overall pattern, and the relatively low
number of cases we report in our analysis of the
more recent 2012–2019 MoH data, provide
support for the existing immunization strate-
gies implemented both in the KSA population
and for visiting pilgrims. Nevertheless, immu-
nization gaps exist in the current NIP: infant
MenACWY vaccination at 9 and 12 months
leaves younger infants unprotected, and earlier
immunization could be considered. Similarly,
younger adolescents remain unprotected until
their scheduled immunization at 18 years (and
with potential for transmission to unvaccinated
younger infants). Earlier infant and adolescent
immunization could potentially reduce the
disease burden in these age groups. The absence
of any requirement for visiting external pilgrims
aged\2 years to be vaccinated with conjugated
MenACWY is another consideration.

Other aspects of the current surveillance
system, disease burden, and existing immu-
nization strategies are worth further
consideration.

One important point is that some level of
underreporting for IMD in KSA may exist, a
feature also apparent in other surveillance
studies in the MENA regions [25, 48, 49]. We
suggest this for two reasons. First, the high level
of all meningitis cases in the 2012–2019 period
categorized as ‘other’ (more than 90%) may in
part reflect antibiotic therapy implemented
prior to a more complete diagnostic evaluation,
and also inconsistent diagnostic approaches
within KSA. In addition, it is worth comment-
ing here on certain inconsistencies in IMD cases
reported by the MoH and those reported in
independent publications. A striking example is
a recently published study evaluating inflam-
matory/immunological signals in patients
admitted with febrile illnesses to a major hos-
pital in the Jazan region, which reported on 52
cases of IMD in adults between January 2014
and December 2017, with disease due to N.
meningitidis confirmed via bacterial culture [50].
All the patients were adults C 18 years (median
45 years, range 18–75 years; 61.5% male). From
the published data, it is not possible to confi-
dently report on the number of cases each year,
and no serogroup data were reported. While
clinical data are limited, there were no IMD
fatalities [50]. However, as we report above,
there have been only 44 confirmed IMD cases
reported nationwide in the 2012–2019 period,
29 of which occurred in children and adoles-
cents aged\15 years. Furthermore, at the
national level, only 26 IMD cases were reported
across 2014–2017, and in Jazan no cases of IMD
occurring across 2014–2017 were reported (and,
indeed, just a single case from Jazan was repor-
ted by the MoH over the 2012–2019 period,
which was in 2012, with none reported from
2013 onwards). It would seem, therefore, that
these cases reported from Jazan have not been
included in the data reported by the MoH.

A second point is the scarcity of recent ser-
ogroup data. A more complete appraisal of IMD
causative serogroups is necessary to fully assess
the benefit of existing immunization strategies
and to identify unmet needs such as strategies
to prevent IMD due to MenB [36]. As we
describe above, MenB was responsible for 16.5%
of IMD cases between 2002 and 2011, and,
albeit limited, data suggest it remains an
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important causative serogroup in more recent
years [26]. Furthermore, as we describe below,
carriage of MenB among pilgrims entering KSA
is well documented [51].

These observations (potential underreport-
ing, and limited serogroup data) would suggest
that the present surveillance system for IMD in
KSA and its reporting could be strengthened,
echoing comments made previously by others
evaluating KSA national surveillance data and
regional surveillance systems [40, 52].
Strengthening existing surveillance, to include
earlier notification of clinically suspected cases,
use of standardized clinical and diagnostic cri-
teria, greater application of molecular diagnos-
tics, and more complete serogroup
determination (and antibiotic susceptibility
testing) can all contribute to improved diag-
nostic yield and aid clinical management. These
could generate a more robust surveillance sys-
tem to more accurately reflect the current epi-
demiology and epidemiological trends.
Documentation of specific clinical presenta-
tions and forms of IMD (meningitis, bac-
teremia, or both) would also have value, and
reporting of immunization coverage and also
linkage of IMD cases to immunization status are
also important, as is reporting of mortality data.
While such data may be currently collected, the
collection is not uniform, and these data are not
reported in the publicly available MOH datasets.

While the focus of the present review is
principally on IMD within KSA (and in the KSA
citizen/resident population) a final considera-
tion remains the broader relevance of the Hajj
and Umrah pilgrimages. The impact and role of
pilgrimages on global and local IMD epidemi-
ology has been comprehensively reviewed in a
number of recent publications and editorials
[26, 35–38], and a detailed review is beyond the
scope of the current manuscript. However, one
broad theme that has emerged is that, while the
existing vaccination policies (for external pil-
grims and for the KSA population) have had
substantial benefits, sporadic cases of IMD still
occur, some of which may be due to other ser-
ogroups, such as MenB, and also less common
serogroups (MenX and MenZ), none of which
are covered by existing recommended vaccines.
The introduction of N. meningitidis into local

and pilgrim populations is one concern. Some
data indicate that MenB is the dominant ser-
ogroup carriage in pilgrims. A prospective
cohort study evaluating carriage in Hajj pil-
grims arriving in Jeddah in 2014 reported
meningococcal carriage in 36/1055 (3.4%) of
pilgrims, and in 8.9% of those from sub-Saharan
Africa; 66.7% of isolates were MenB (the
remainder being ungroupable) [51]. With
approximately 2 million Hajj pilgrims and 8
million Umrah pilgrims entering the KSA
annually, if these carriage rates were extrapo-
lated to the overall pilgrim population, even if
at a highly conservative manner, then it seems
that there is a risk of substantial carriage of
MenB into KSA. The role of pilgrims acting as a
reservoir and transmission vector on their
return home, and the development of antibi-
otic-resistant strains in returning pilgrims also
remain a threat [33, 53, 54]. The recent emer-
gence in Europe of IMD due to a ciprofloxacin-
resistant non-groupable Neisseria strain has
been linked to immigrants or residents return-
ing from overseas travel, including two cases
from 2019 in Umrah pilgrims returning from
Mecca [55]. While non-groupable strains are not
covered by the quadrivalent MenACWY vacci-
nes, limited genomic data suggest that some
may be covered by subcapsular protein-based
MenB vaccines [55].

This, along with our own observations, pro-
vides some support for MenB vaccination to be
considered as an additional component to the
existing vaccine policy in KSA, and for those
participating in Hajj and Umrah pilgrimage
events.

Finally, as the present coronavirus disease
2019 (COVID-19) global pandemic continues,
there are as yet very limited data on its impact
on IMD in KSA. A promising sign is that there
seems to be little if any effect on vaccine uptake
for those infant vaccinations with coverage
reported by the MoH (all infant vaccines except
MenACWY), with[95% coverage for all in
2020 [56] These data report only 115 cases of
any form of meningitis in 2020, of which there
was only a single case of IMD (occurring in a
child aged 1–4 years) [56]. These most recent
data from the MoH for 2020 were reported
during manuscript revision and form no part of
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the analyses we present. However, while we
should be cautious about drawing any conclu-
sions on any impact of the COVID-19 pandemic
at this early stage, it would seem that the impact
is minimal if any in terms of IMD.

CONCLUSIONS

Preventive measures implemented by the KSA
MoH, chiefly MenACWY vaccination targeted
initially towards KSA residents at greatest risk
along with all pilgrims entering KSA, with a
subsequent broader national policy has led to
substantial declines in IMD within KSA, with no
significant pilgrimage-associated outbreaks.
However, IMD remains a threat, with sporadic
cases, mainly in infants and children\15 years,
and some level of endemic disease (which may
be underestimated). Assessing the true IMD
burden requires strengthening of the existing
surveillance system to monitor changing epi-
demiology due to specific serogroups and to
measure vaccine uptake. This can help facilitate
evaluation of existing MenACWY vaccine
impact. At present, disease due to MenB
remains a concern, both within KSA and in
visiting pilgrims, and additional immunization
strategies could be considered.
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