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ABSTRACT

Implementing vaccination programmes at the
national level is key to managing vaccine-
preventable diseases (VPDs) in the overall pop-
ulation. Although paediatric immunization

programmes have significantly reduced the
burden of VPD, disease burden in adults still
poses a substantial challenge, particularly in
low- and middle-income countries such as those
within the Middle East and North Africa
(MENA) region. Invasive bacterial diseases
(IBDs) are an important public health concern
within this region, although vaccines are avail-
able to prevent the three most common causa-
tive organisms associated with IBD: Neisseria
meningitidis (NM), Streptococcus pneumoniae (SP),
and Haemophilus influenzae (HI). For this review,
three separate PubMed searches were used to
identify English-language publications describ-
ing the epidemiology of NM, SP, and HI in
adults within the MENA region. Of the 161 total
publications retrieved among all 3 literature
searches, 39 were included in this review (NM:
8 publications; SP: 27 publications; HI: 4
publications). Publications describing epidemi-
ology in paediatric or overall populations
were excluded. Overall, these studies generally
observed a high burden of IBD among adults in
this region. Although NM, SP, and HI are com-
municable diseases in several countries, the
surveillance systems in the MENA region are
largely inadequate, resulting in poor responses
to outbreaks and hindering improvement in
outcomes of communicable diseases. Improving
IBD surveillance would provide necessary esti-
mates of disease burden, resulting in better
vaccination strategies and improved outcomes.
In conclusion, the present review provides a
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summary of the available information on the
epidemiology of vaccine-preventable IBD in
adults within the MENA region and highlights
the need for increased disease surveillance and
preventive strategies in these countries.

Keywords: Epidemiology; Haemophilus influen-
zae; Invasive bacterial disease; Middle East and
North Africa (MENA); Neisseria meningitidis;
Streptococcus pneumoniae

Key Summary Points

Invasive bacterial diseases, such as
Neisseria meningitidis, Streptococcus
pneumoniae, and Haemophilus influenzae,
are important public health concerns in
many countries

Most countries in the Middle East and
North Africa region have insufficient or
no surveillance systems in place to
monitor invasive bacterial diseases

Implementing national vaccination
strategies, based on improved and
comprehensive surveillance data, could
contribute to reducing the burden of
invasive bacterial diseases within the
region

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.14055101.

INTRODUCTION

Globally, vaccination is an important public
health intervention that has cost-effectively
averted approximately 2.5 million annual
deaths in children younger than 5 years [1]. In

many nations, routine vaccination programmes
target infants and children, with fewer coun-
tries providing recommendations specifically
for adults [2]. Although paediatric immuniza-
tion programmes have successfully lowered
the overall burden of many vaccine-pre-
ventable diseases (VPDs), the adult population
accordingly represents a substantial disease
burden [3–5]. With an ageing global population,
adult disease burden is predicted to increase
substantially in the coming years [3]. As vacci-
nation uptake among adults is typically lower
compared with younger age groups [4], a
growing need exists to focus on sufficiently
protecting this population. This is particularly
critical in low- and middle-income countries, as
vaccination policies for adults are not widely
implemented [2], and VPDs remain a significant
health burden [4]. This disparity is partly due to
poor access to health facilities, insufficient
funding for vaccination programmes, and gen-
eral economic challenges for patients [6, 7].

The Middle East and North Africa (MENA)
region comprises countries of varying socioe-
conomic status, including multiple low- and
middle-income countries [8, 9]. Although cer-
tain countries in MENA are eligible for assis-
tance from Gavi, the Vaccine Alliance (e.g.,
Syria and Yemen), the majority of countries in
this region face economic hurdles for vaccine
procurement. An understanding of adult disease
burden within MENA can also be limited or
underestimated, as surveillance reporting on
VPD in this large geographic area can vary by
country in part because of differing socioeco-
nomic constraints [10]. Therefore, a critical
need exists for understanding the epidemiology
of adult VPD in MENA to guide vaccination
strategies and reduce disease burden.

Of the vaccine-preventable causes of disease,
three can result in invasive bacterial disease
(IBD), namely Neisseria meningitidis (NM),
Streptococcus pneumoniae (SP), and Haemophilus
influenzae (HI), which are important public
health issues in many countries, particularly
among those at the extremes of ages [11–14].
Septicaemia and meningitis are the most
common manifestations of IBD; they have a
high mortality rate and can cause permanent
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sequelae, including amputation, neurological
effects, tissue damage, and organ failure [11].

In the context of the importance of ascer-
taining the epidemiology of VPD, this narrative
review summarizes available information on
vaccine-preventable IBD among adults in the
MENA region. These data are then considered in
the context of current national vaccination
policies and surveillance strategies for IBD in

MENA, and recommendations for future study
and programme implementations are provided.

METHODS

Three PubMed searches identified English-lan-
guage publications describing the epidemiology
of NM, SP, and HI among adults in MENA using
the search terms outlined in Table 1. The

Table 1 Search strings

Search Search string

N. meningitidis ((((((‘‘Neisseria meningitidis’’ OR ‘‘N meningitidis’’ OR ‘‘IMD’’ OR ‘‘Invasive meningococcal disease’’))

AND (‘‘Algeria’’ OR ‘‘Bahrain’’ OR ‘‘Djibouti’’ OR ‘‘Egypt’’ OR ‘‘Iran’’ OR ‘‘Iraq’’ OR ‘‘Jordan’’ OR

‘‘Kuwait’’ OR ‘‘Lebanon’’ OR ‘‘Libya’’ OR ‘‘Morocco’’ OR ‘‘North Africa’’ OR ‘‘Northern Africa’’ OR

‘‘Middle East and North Africa’’ OR ‘‘Oman’’ OR ‘‘Palestine’’ OR ‘‘Qatar’’ OR ‘‘Saudi Arabia’’ OR

‘‘Syria’’ OR ‘‘Tunisia’’ OR ‘‘Turkey’’ OR ‘‘United Arab Emirates’’ OR ‘‘UAE’’ OR ‘‘Yemen’’)) AND

(‘‘Epidemiology’’ OR ‘‘Burden’’ OR ‘‘Prevalence’’ OR ‘‘Incidence’’ OR ‘‘Mortality’’ OR ‘‘Morbidity’’

OR ‘‘Death’’ OR ‘‘Fatality’’ OR ‘‘Fatalities’’ OR ‘‘Cases’’ OR ‘‘CFR’’ OR ‘‘Surveillance’’ OR

‘‘Notification’’ OR ‘‘Outbreak’’ OR ‘‘Antibiotic resistance’’ OR ‘‘Antimicrobial resistance’’ OR

‘‘resistance’’ OR ‘‘antibiotic’’ OR ‘‘antimicrobial’’ OR ‘‘AMR’’)) AND Adult) AND

English[Language]) AND (‘‘2010/01/01’’[Date—Publication]: ‘‘3000’’[Date—Publication])

S. pneumoniae ((((((‘‘Pneumococci’’ OR ‘‘Pneumococcus’’ OR ‘‘S pneumoniae’’ OR ‘‘Streptococcus Pneumoniae’’))

AND (‘‘Algeria’’ OR ‘‘Bahrain’’ OR ‘‘Djibouti’’ OR ‘‘Egypt’’ OR ‘‘Iran’’ OR ‘‘Iraq’’ OR ‘‘Jordan’’ OR

‘‘Kuwait’’ OR ‘‘Lebanon’’ OR ‘‘Libya’’ OR ‘‘Morocco’’ OR ‘‘North Africa’’ OR ‘‘Northern Africa’’ OR

‘‘Middle East and North Africa’’ OR ‘‘Oman’’ OR ‘‘Palestine’’ OR ‘‘Qatar’’ OR ‘‘Saudi Arabia’’ OR

‘‘Syria’’ OR ‘‘Tunisia’’ OR ‘‘Turkey’’ OR ‘‘United Arab Emirates’’ OR ‘‘UAE’’ OR ‘‘Yemen’’)) AND

(‘‘Epidemiology’’ OR ‘‘Burden’’ OR ‘‘Prevalence’’ OR ‘‘Incidence’’ OR ‘‘Mortality’’ OR ‘‘Morbidity’’

OR ‘‘Death’’ OR ‘‘Fatality’’ OR ‘‘Fatalities’’ OR ‘‘Cases’’ OR ‘‘CFR’’ OR ‘‘Surveillance’’ OR

‘‘Notification’’ OR ‘‘Outbreak’’ OR ‘‘Antibiotic resistance’’ OR ‘‘Antimicrobial resistance’’ OR

‘‘resistance’’ OR ‘‘antibiotic’’ OR ‘‘antimicrobial’’ OR ‘‘AMR’’)) AND Adult) AND

English[Language]) AND (‘‘2010/01/01’’[Date—Publication]: ‘‘3000’’[Date—Publication])

H. influenzae ((((((‘‘H influenzae’’ OR ‘‘Haemophilus influenzae’’ OR ‘‘Hib’’)) AND (‘‘Algeria’’ OR ‘‘Bahrain’’ OR

‘‘Djibouti’’ OR ‘‘Egypt’’ OR ‘‘Iran’’ OR ‘‘Iraq’’ OR ‘‘Jordan’’ OR ‘‘Kuwait’’ OR ‘‘Lebanon’’ OR ‘‘Libya’’

OR ‘‘Morocco’’ OR ‘‘North Africa’’ OR ‘‘Northern Africa’’ OR ‘‘Middle East and North Africa’’ OR

‘‘Oman’’ OR ‘‘Palestine’’ OR ‘‘Qatar’’ OR ‘‘Saudi Arabia’’ OR ‘‘Syria’’ OR ‘‘Tunisia’’ OR ‘‘Turkey’’ OR

‘‘United Arab Emirates’’ OR ‘‘UAE’’ OR ‘‘Yemen’’)) AND (‘‘Epidemiology’’ OR ‘‘Burden’’ OR

‘‘Prevalence’’ OR ‘‘Incidence’’ OR ‘‘Mortality’’ OR ‘‘Morbidity’’ OR ‘‘Death’’ OR ‘‘Fatality’’ OR

‘‘Fatalities’’ OR ‘‘Cases’’ OR ‘‘CFR’’ OR ‘‘Surveillance’’ OR ‘‘Notification’’ OR ‘‘Outbreak’’ OR

‘‘Antibiotic resistance’’ OR ‘‘Antimicrobial resistance’’ OR ‘‘resistance’’ OR ‘‘antibiotic’’ OR

‘‘antimicrobial’’ OR ‘‘AMR’’)) AND Adult) AND English[Language]) AND (‘‘2010/01/01’’[Date—

Publication]: ‘‘3000’’[Date—Publication])

PubMed search conducted on January 12, 2020
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countries/states in the search were the com-
bined ones included in the United Nations
International Children’s Fund (UNICEF) and
World Bank MENA definitions, with the exclu-
sion of Israel and Malta, which are part of the
World Bank definition but are defined as
advanced economies by the International
Monetary Fund [15–17]. The literature search
was limited to English-language publications
from 2010 to January 12, 2020.

Publications were reviewed to identify those
reporting NM, SP, and/or HI epidemiology data
in adults within a MENA country (e.g., inci-
dence, prevalence, mortality). Information on
antimicrobial resistance (AMR) was not consid-
ered as part of the literature review. Publications
not reporting epidemiological data specifically
in adults (i.e., instead reporting data in the
general population or only in paediatrics) were
excluded, as were publications reporting these
data in special populations, in pilgrims, or from
case reports or clinical studies.

The article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

BACKGROUND

Neisseria meningitidis

Despite the availability of vaccines against the
most common disease-causing meningococcal
serogroups (i.e., A, B, C, W, Y) [13], invasive
meningococcal disease (IMD) remains a global
health concern [18]. Worldwide,[1.2 million
annual cases of IMD are reported [18]. The
overall case fatality rate (CFR) for IMD is 5–10%
but can be as high as 9.1–26.4% in nonindus-
trialized regions. Furthermore, mortality is
generally highest in adults aged C 65 years [19].
In MENA, NM is considered a leading cause of
bacterial meningitis [10], one of the most
common clinical presentations of IMD [18].
IMD epidemiology in the region is influenced
by multiple factors, including seasonal weather
patterns and its geographic proximity to the
sub-Saharan African meningitis belt [10], and
represents the highest worldwide burden of

meningococcal meningitis [20]. Importantly,
meningococcal disease is dynamic, with the
prevalence of each meningococcal serogroup
varying geographically and over time. A recent
review of global IMD surveillance from 2010 to
2016 indicated that serogroups W and B are
predominant in Africa and Europe; notably, the
majority of countries in the MENA region were
not included in this review [21].

Streptococcus pneumoniae

Pneumococcal infections affect all ages, but
older adults and infants are generally most at
risk [22, 23]. Following pneumococcal conju-
gate vaccine (PCV) introduction, alterations in
the age distribution of invasive pneumococcal
disease (IPD) have been observed. For example,
before 2000 in the USA, IPD incidence was
highest in children aged\5 years and had a
smaller peak in adults aged C 65 years [22]. By
2017, IPD was most common in individuals
aged C 50 years, with incidence and mortal-
ity rates steadily increasing from 16.6 and 1.86
per 100,000, respectively, in those aged
50–64 years, to 41.8 and 9.56 per 100,000 in
those aged C 85 years, with a smaller peak of
disease present in infants (incidence and mor-
tality rates of 11.6 and 0.72 per 100,000,
respectively) [24]. IPD is also currently a major
cause of morbidity and mortality in adults aged
18 to 64 years with underlying chronic or
immunocompromising conditions [25, 26].

Haemophilus influenzae

In the era preceding introduction of HI serotype
B (Hib) vaccination, Hib was the most frequent
cause of nonepidemic bacterial meningitis in
children globally [27]. The impact of vaccina-
tion has been immense; in countries achieving
high coverage with three- or four-dose Hib
vaccine schedules in the infant national
immunization programme (NIP), the overall
incidence of invasive Hib disease has fallen
by[ 90%. Studies have also shown that the
prevalence of Hib carriage in children has
decreased to\1% in the vaccine era [28]. Fur-
thermore, substantial shifts in the epidemiology
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of invasive HI disease have been observed, with
nontypeable HI (NTHi) becoming the main
pathogenic lineage in post-Hib vaccination set-
tings [29–31]. In contrast to Hib, which in the
prevaccine era caused invasive disease mostly in
healthy children aged\5 years, invasive NTHi
infections occur mainly in neonates and the
elderly and commonly in the presence of pre-
disposing medical conditions [32].

RESULTS

Neisseria meningitidis

Of the 30 articles retrieved in the NM literature
search, 8 were included in the analysis (2 pub-
lications each from Iran [33, 34] and Turkey
[35, 36] and single publications from Egypt [37],
Kuwait [38], Saudi Arabia [39], and Yemen [40])

(Fig. 1; Table 2). Of the identified publications,
two were based on national surveillance
[38, 39], with the remaining being smaller
studies (e.g., hospital/school based) [33–37].
Five studies reported on disease epidemiology
[33, 37–40] and three on carriage epidemiology
[34–36] for NM among adults in MENA.

The two national studies identified in the
literature search from Kuwait and Saudi Arabia
are most informative regarding the epidemiol-
ogy of meningococcal disease within the MENA
region [38, 39]. In the first study, whereas infants
and children represented the largest percentages
of meningococcal disease cases occurring from
1987 to 2003 in Kuwait, those aged C 14 years
were also at considerable risk, with nearly one-
third of cases occurring in this age group [38].
This study found an 82% decreased incidence in
meningococcal disease across the entire popu-
lation over the prior 27 years, corresponding to
implementation of national surveillance activi-
ties. Routine meningococcal vaccination of
children and vaccination of pilgrims and
labourers were thought to contribute to this
reduction.

In the second national study, which evalu-
ated the epidemiology of IMD in Saudi Arabia
from 1995 to 2011, epidemiological effects fol-
lowing a change in the Kingdom’s vaccination
policy in response to two serogroup W IMD
outbreaks in 2000 and 2001 were evaluated [39].
Specifically, in 2002, individuals aged C 2 years
living in Mecca and Medina or attending the
Hajj, as well as healthcare workers and govern-
ment personnel serving pilgrims, were to receive
the quadrivalent meningococcal (MenACWY)
polysaccharide vaccine; the policy was revised in
2010 to include a MenACWY conjugate vaccine
for those aged 2–55 years encompassing these
same general populations. Before the outbreak,
the mean annual IMD incidence was 0.20 per
100,000; this increased to 1.32–1.42 per 100,000
in the outbreak [39]. Following initiation of the
vaccination policy, the mean annual incidence
was B 0.06 per 100,000. Men aged 15–64 years
were at higher risk than women of the same age
range (cumulative incidence: 1.8 vs. 0.6 cases
per 100,000, respectively). Whereas children
aged\4 years had the highest disease incidence
among citizens and residents, the mean age ofFig. 1 Summary of literature search results
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Table 2 Summary of studies for Neisseria meningitidis

Country References Study date Population Summary

Egypt Mobarak

et al.

[37]

1997–2006 1210 meningitis cases at Alexandria

Communicable Diseases Hospital

N. meningitidis was the causative pathogen in

43% and 50% of cases aged 18–60 and[ 60

years, respectively

Iran Heydari

et al.

[33]

2007–2010 36 adults with confirmed diagnosis of

community-acquired meningitis treated

at Tehran University of Medical Sciences

N. meningitidis isolated from 27.8% of sterile

isolates

Sadeghi

et al.

[34]

Oct 2017–

March

2018

335 male students at Kerman University of

Medical Sciences

Carriage rate: 6.9%

Carriage rate highest in those aged 22 years

(21.7%); 70% of carriers were aged 19–22 years

43.5% of carriage isolates were MenC; remaining

were indeterminate

Cigarette smoking significantly associated with

carriage (multivariate analysis) with a fivefold

increased risk compared with nonsmokers

estimated (OR, 5.02; 95% CI, 1.89–13.35)

Kuwait Husain

et al.

[38]

1987–2013 National population-based surveillance data 293 cases reported

Mean annual incidence: 0.5 per 100,000

Adults aged C 20 years accounted for 26% of all

cases; 30% of cases in individuals aged[ 14

years

Saudi

Arabia

Memish

et al.

[39]

1995–2011 All IMD cases in the national surveillance

data

Mean annual incidence in the general population

(per 100,000): 0.20 (1995–1999; before

outbreak), 1.32–1.42 (2000–2001;

outbreak), B 0.06 (2002–2011; following

MenACWY vaccination policy)

Mean age of cases (1995–2011): 25.8 years

Most common serogroups (aged C 15 years): W,

45%; A, 42%

CFR: aged[ 45 years, 32.57%; aged 15–45

years, 19.41%

668 Infect Dis Ther (2021) 10:663–685



all cases over the study period showed adults to
be at highest risk of IMD (mean age, 25.8 years).
The most common serogroups in adults
aged C 15 years were W (45% [160/353]) and A
(42%; [149/353]). The CFR was highest in adults
aged[45 years (32.6%), followed by those aged
15–45 years (19.4%) and was lowest in infants
(6.8%).

The remaining studies describing the epi-
demiology of meningococcal disease among
adults in MENA contained small sample sizes,
thereby limiting interpretation; however, these
are generally supportive of the considerable
burden of meningococcal disease among adults
in the region [33, 37, 40]. These studies assessed
adults with meningitis, with NM identified as
the causative pathogen in 17–50% of patients or
isolates.

Acquisition ofmeningococci in thenasophar-
ynx is the initial step required for development of
IMD, which arises in some colonized individuals
[41, 42]. Three studies reported on meningococ-
cal carriage in adult populations in MENA, with
carriage rates between 0.6 and 9.1% [34–36]. The
most commonly identified meningococcal car-
riage serogroups included serogroup B (5 of 6
carriage isolates) in one study and serogroup C

(43.5%) and indeterminate in the remaining
study (56.5%) [34, 35]. Two studies identified
cigarette smoking andbeing ahousehold contact
of pilgrims as associated with being a carrier
[34, 36].

Streptococcus pneumoniae

Of the 96 articles retrieved in the SP literature
search, 27 included data in adults in MENA and
were thus included in the analysis (Fig. 1;
Table 3). Across these publications, data were
provided for Algeria (n = 1) [43], Egypt (n = 5)
[43–47], Iran (n = 2) [48, 49], Kuwait (n = 3)
[50–52], Lebanon (n = 3) [53–55], Morocco
(n = 2) [43, 56], Oman (n = 1) [57], Saudi Arabia
(n = 2) [51, 58], Tunisia (n = 6) [43, 59–63],
Turkey (n = 5) [64–68], and Yemen (n = 1) [40].

Only five studies reported population-based
epidemiological data regarding SP in adults
[50–52, 55, 57]. The most recent was a study
from Oman from 2014 to 2016 using data on
IPD cases from the national pneumococcal
surveillance programme [57]. Notably, the
13-valent PCV (PCV13) was introduced in the
NIP for infants in 2012, with the 23-valent
polysaccharide pneumococcal vaccine (PPSV23)

Table 2 continued

Country References Study date Population Summary

Turkey Kadayifci

et al.

[35]

June

2012–Dec

2013

1000 healthy subjects aged 0–79 years in

Istanbul

Carriage rate: 0.6% (all in subjects aged 21–40

years)

Serogroup B most common (5/6)

Tekin et al.

[36]

Jan

2015–May

2015

1518 individuals aged 10–24 years from 12

provinces

Carriage rate: 6.3% (overall); 4.9% (age 10–14

years); 6.4% (age 15–17 years); 4.6% (age

18–20 years); 9.1% (age 21–24 years; P\ 0.05

vs. other age groups)

Rates of being household contacts in age 21–24

years group higher for carriers vs. noncarriers

(16.2% vs. 5.7%; P\ 0.05)

Yemen Abdulrab

et al.

[40]

Jan

2006–Dec

2007

121 patients aged C 15 years treated for

bacterial meningitis at Al-Thawra

Teaching Hospital

N. meningitidis identified in 20 patients, of

which 4 cases were fatal

CFR case fatality rate, IMD invasive meningococcal disease, MenA meningococcal serogroup A, MenACWY quadrivalent meningococcal

vaccine, MenB meningococcal serogroup B, MenW meningococcal serogroup W, OR odds ratio
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offered to adults at high risk for pneumococcal
disease. In this period, adults aged[50 years
had the highest rates of IPD (45.5%) and mor-
tality (21.7%) compared with individuals
aged B 5 years (26.5% and 14.2%, respectively)
and aged 6–50 years (28.8% and 8.1%). Addi-
tionally, serotype 3 was the most common in
this age group and was not observed in other
age groups; serotypes 12 and 15 were the most
common overall.

Three of the population-based studies were
from Kuwait and included a series of publica-
tions by Mokaddas and colleagues spanning
data from 2003 to 2016 assessing IPD according
to implementation of paediatric PCV pro-
grammes in the country (PCV7 introduced
in 2006 and PCV13 in 2010 for children
aged\2 years with catch-up programmes for
those aged 2–5 years) [50–52]. The most recent
of these publications provided consolidated
data over this time period, with 42% of IPD
isolates in Kuwait from 2003–2016 found to
occur in adults aged C 51 years [51]. In indi-
viduals aged 51–65 years, progressive decreases
over time were seen in the frequency of PCV7
serotypes (4.00, 2.00, and 0.62, isolates/year,
respectively) and the six unique PCV13
serotypes (2.00, 1.50, and 0.62, isolates/year)
from before PCV introduction to after PCV7 and
then PCV13 introduction, while the frequency
of non-PCV13 serotypes decreased after PCV7
introduction and then increased after PCV13
introduction (2.00, 1.25, and 1.87 isolates/year).
In those aged[ 65 years, progressive decreases
in the frequency of PCV7 serotypes were seen
over the three time periods (2.00, 1.00, and 0.31
isolates/year), while the frequency in the six
unique PCV13 serotypes (0.33, 1.50, and 0.78
isolates/year) and of non-PCV13 serotypes
(0.67, 3.25, and 2.49 isolates/year) increased
after PCV7 introduction and subsequently
decreased after PCV13 introduction. A similar
trend was observed in children aged\2 years
(i.e., the target age group for vaccination, 3.00,
4.25, and 2.49 isolates/year, respectively).

In this most recent publication by Mokaddas
and colleagues, invasive pneumococcal isolates
collected between 2000 and 2015 from hospital
clinical laboratories in Saudi Arabia were also
assessed [51]. However, only data from 2011 to

2015 included adult populations, which corre-
sponded with PCV13 introduction into the NIP
for children aged\2 years and with a catch-up
programme for those aged 2–5 years. In the
period after PCV13 implementation, the annual
frequency of invasive pneumococcal iso-
lates was 7.40, 12.20, and 10.40 isolates/year in
those aged 40 to 49, 50 to 59, and C 60 years,
respectively, compared with rates of 13.60,
18.40, and 0.00 in those aged 0 to 2, 3 to 5, and
6 to 39 years, respectively.

The final population-based study included
national surveillance data on invasive pneu-
mococcal isolates in Lebanon [55]. The study
included data from a 6-year period (2005–2011).
Mortality was highest among the eldest subjects
([60 years, 25%), and the most common
serotypes were 3, 9 V/A, 19F, and 19A. In this
age group, PCV7, PCV10, and PCV13 coverage
was 35%, 45%, and 68%, respectively, and was
comparable to that in younger adults (aged 21
to 60 years).

The high burden of pneumococcal disease in
adults observed in these national surveillance
studies is generally supported by findings from
smaller assessments of adults in the MENA
region identified in the literature search
[40, 43–47, 49, 51, 53, 54, 57–68]. Collectively,
these data support the high burden of pneu-
mococcal disease in MENA, particularly among
older adults.

Haemophilus influenzae

Of the 35 articles retrieved in the HI literature
search, 4 described HI epidemiology in adults
and were thus included in the analysis (Fig. 1;
Table 4) [37, 40, 69, 70]. This included two
publications from Turkey [69, 70] and single
publications from Egypt [37] and Yemen [40].
None of the identified publications was popu-
lation based [37, 40, 69, 70].

In a study of confirmed meningitis cases in
an Egyptian hospital from 1997 to 2006, the
percentage of cases attributed to Hib decreased
throughout the study period and completely
disappeared by 2004–2005 and reappeared in
2006 [37]. In individuals aged 18–60 years, 2.2%
of cases were attributed to Hib, whereas no cases

Infect Dis Ther (2021) 10:663–685 675



were observed in those[ 60 years old. Another
hospital-based study was conducted from
2006–2007 and included patients
aged C 15 years in Yemen admitted for acute
bacterial meningitis [40]. HI was detected in 6 of
59 patients who received lumbar puncture for
cultures; the CFR in these 6 patients was 16.6%.

A study from Turkey of sterile and noninva-
sive HI isolates collected from outpatients from
2011 to 2013 found that 56.6% were from adult
and 20.9% from elderly patients [69]. Another
study from Turkey conducted in 2010 assessed
conventional bacteriological culture and multi-
plex polymerase chain reaction (PCR) method-
ologies to determine the associated pathogen in
adult patients hospitalized with community-
acquired pneumonia (CAP) [70]. Using con-
ventional methods, 22% of patients were
determined to have HI-associated CAP, and

multiplex PCR detected HI in 12% of patients.
SP concomitant with HI was found in 36% of
patients.

DISCUSSION

From the information analyzed in this literature
review, adults in the MENA region appear to
have a high burden of NM, SP, and HI disease.
In addition, some consistencies with epidemi-
ological data from other regions were noted. For
instance, the limited data on meningococcal
carriage that were identified are generally con-
sistent with publications of other countries
outside of the MENA region, with carriage rates
between 1.4 and 14.2% reported across all ages
in low- and middle-income countries of the
Americas and Asia and up to 2% in Africa

Table 4 Summary of studies for Haemophilus influenzae

Country References Study date Population Summary

Egypt Mobarak

et al.

[37]

1997–2006 1210 meningitis cases at Alexandria

Communicable Diseases Hospital

Percentage of Hib cases across all ages

decreased over time

Hib was the causative pathogen in

2.2% and 0% of cases aged 18–60

and[ 60 years, respectively

Turkey Soyletir

et al.

[69]

2011–2013 Clinical respiratory isolates from

outpatients

56.6% (192/339) of H. influenzae
isolates were from adults, and 20.9%

(71/339) were from elderly patients

Çağlayan

Serin

et al.

[70]

Feb–Dec

2010

55 patients aged C 18 years hospitalized

with CAP at Ege University Faculty of

Medicine; diagnosis by conventional (i.e.,

standard bacteriological culture) and

multiplex PCR compared

H. influenzae: conventional methods,

22%; PCR methods, 12%

36% of patients had concomitant H.
influenzae and S. pneumoniae

Yemen Abdulrab

et al.

[40]

Jan 2006–

Dec 2007

121 patients aged C 15 years treated for

bacterial meningitis

H. influenzae was detected in 6/59

patients who had CSF evaluation of

cultures

CFR in patients with H. influenzae
was 16.6%

CAP community-acquired pneumonia, CFR case fatality rate, CSF cerebrospinal fluid, Hib H. influenzae type B, PCR
polymerase chain reaction
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[71, 72]. Additionally, studies from western
regions and sub-Saharan Africa have also
reported an association between smoking and
carriage [73–75].

Importantly, this literature review highlights
the wide variability in the quality and paucity of
data regarding the epidemiology of adult IBD in
the MENA region. Elucidating the burden of
adult VPD in MENA is necessary to guide vac-
cination strategies, reduce disease burden, and
improve outcomes. The majority of countries in
this region face significant hurdles related to
implementation of vaccine programmes [8, 9].
Critical to the understanding of adult disease
burden within MENA is comprehensive and
contemporary surveillance of VPD; however,
such activities as well as vaccination pro-
grammes within MENA are variable and often
limited, as described below [10].

Existing Surveillance Programmes for IBD
in the MENA Region

Unfortunately, few MENA countries have
mandatory IMD surveillance, with such activi-
ties largely focused on pilgrimages to the area
[10, 76]. In Algeria, meningococcal disease is
notifiable and microbiological information is
collected by the Algerian Pasteur Institute using
network laboratories [76]. In Kuwait, the Min-
istry of Health initiated national surveillance of
meningococcal disease in 1987 [38]. In
Morocco, IMD surveillance is in partnership
with the French Pasteur Institute [76]. Begin-
ning in 1994, the Saudi Ministry of Health
mandated the anonymous reporting of con-
firmed IMD cases [39]. Whereas meningitis
cases in Lebanon are reported to the Ministry of
Public Health, approximately 35% of cases in
2019 were unspecified [77]. Although there is
mandatory reporting of meningococcal disease
in Tunisia, a national surveillance network is
not currently in place [76]. In Jordan, meningo-
coccal disease is reported to the Ministry of
Health [78]. Additionally, in the Abu Dhabi
Emirate, meningitis reporting is mandatory,
and electronic notification is required [79].
Accordingly, limited publicly available

information is available on endemic epidemi-
ology and burden of IMD in MENA.

The authors are not aware of mandatory
surveillance programmes for pneumococcal and
HI disease in the MENA region, which con-
tributes to the challenges faced in measuring
the true burden of disease in this region and in
ascertaining rational preventive strategies [80].

Existing Vaccination Programmes for IBD
in the MENA Region

Vaccines targeting the most common disease-
causing meningococcal serogroups are currently
available, including monovalent, bivalent, and
quadrivalent polysaccharide and conjugate
vaccines against serogroups A, C, W, and/or Y
and protein-based vaccines against serogroup B
[13, 14]. No vaccines are available currently
to protect against serogroup X, which is a cause
of epidemics in sub-Saharan Africa [81]. As
of 2019, meningococcal vaccines are only
included in the immunization schedules of
Bahrain, Egypt, Iran, Kuwait, Oman, Qatar,
Saudi Arabia, Syria, and the United Arab Emi-
rates (UAE; Table S1) [14, 82]. No countries
within the MENA region currently have routine
adult IMD vaccination policies. However, high-
risk individuals (e.g., pilgrims or travellers) are
included in the schedules of Bahrain, Egypt,
Oman, Qatar, Saudi Arabia, and the UAE. For
instance, the Saudi Arabian government man-
dates pre-Hajj meningococcal vaccination
10 days before arrival at the ritual area for
domestic individuals who have not been vacci-
nated in the last 5 years and for international
pilgrims [82].

Two main types of pneumococcal vaccine
are currently available: the PPSV23 and PCVs
targeting 10 or 13 serotypes (PCV10 and PCV13;
although PCV13 is the only PCV with indica-
tions for adults), the latter two vaccines replac-
ing PCV7 [27, 83]. PPSV23 induces relatively
short-term protection against IPD and is not
effective in children aged\2 years, whereas
PCVs stimulate a longer-term immune response
and are effective from 6 weeks of age [25,
84, 85]. An important additional benefit of
PCVs is reduced carriage rate of vaccine-type
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strains, which provides indirect protection to
unvaccinated individuals [84]. However,
replacement of vaccine serotypes with nonvac-
cine serotypes has been observed following PCV
introduction [27]. PCVs are recommended by
the World Health Organization (WHO) for use
in infants worldwide [27], and some countries
also recommend PCVs for older adults and
adults with certain underlying conditions
[14, 86]. According to WHO data through most
of 2018, PCV had been introduced in 145
countries, with an estimated global coverage of
47% for 3 vaccine doses [87]. PPSV23 is recom-
mended in many countries for use in individu-
als with specific underlying medical conditions
and in adults C 65 years of age, either alone or
in series with PCV vaccination.

Of the MENA countries/states included in
this review, Algeria, Bahrain, Djibouti, Iraq,
Kuwait, Lebanon, Libya, Morocco, Oman,
Palestine, Qatar, Saudi Arabia, Turkey, the UAE,
and Yemen have included PCV in their infant
NIP (Table S2) [14, 51, 53, 57, 88–96]. In addi-
tion to immunization of infants, PCV is pro-
vided in Qatar for adults aged[50 years and
individuals at high risk of disease, in the Saudi
Arabian NIP for adults aged C 50 years and for
high-risk individuals aged[6 to \50 years,
and in the UAE to high-risk groups [14, 93, 97].
Iran provides PCVs to high-risk groups only
[14]. Several countries also provide PPSV23 to
older adults and/or high-risk groups includ-
ing Bahrain (adults C 65 years and high-risk
groups C 2 years), Kuwait (high-risk adults),
Qatar (high-risk groups C 2 years), Saudi Arabia
(various high-risk populations individually or as
part of a regimen with PCV13), and the UAE
(high-risk groups) [14, 97].

Several monovalent and combination Hib
polysaccharide conjugate vaccines are available;
recommended schedules start as early as
6 weeks of age and may include three primary
doses, two primary doses plus booster, or three
primary doses plus booster [27]. Unvaccinated
individuals aged C 5 years who do not have
high-risk conditions are generally immune to
Hib disease and do not require catch-up vacci-
nation, and with the exception of a small
number of specific situations, vaccinated indi-
viduals at increased risk for Hib disease do not

require further vaccine doses [28]. According to
WHO data, Hib vaccination had been intro-
duced in 191 countries by the end of 2018 and
had an estimated global coverage of 72% for
three vaccine doses [98]. As of December 2019,
all of the MENA countries included in this
review provided Hib vaccination as part of their
infant immunization schedule (Table S3)
[14, 88].

Knowledge Gaps and Guidance for Future
Surveillance and Management Activities

Although the limited contemporary data on
the epidemiology of the three vaccine-pre-
ventable IBDs among adults in MENA are dis-
appointing, they do emphasize the importance
of improved surveillance for these diseases
within the region. Comprehensive and con-
temporary surveillance activities are needed to
identify emergence of new invasive strains
including the emergence of new predominant
serogroups or serotypes, to ascertain the direct
and indirect effects of vaccination programmes,
and to implement appropriate prevention and
treatment strategies based on the unique needs
and disease profile within the region.

Some methods to improve surveillance activ-
ities include mandating surveillance activities
through healthcare authorities, utilizing elec-
tronic medical records and linking surveillance
systems to quickly and accurately capture data,
thoroughly training medical personnel on the
importance of surveillance, and linking labora-
tory data with public health agencies. For the
timely interpretation and consolidation of the
increased data that will be accordingly accumu-
lated, information and knowledge management
systems would need to be implemented. Critical
components of improved surveillance activities
are commitment and cooperation both logisti-
cally andfinancially from local governments, the
private sector, and global organizations, the lat-
ter of which should be directed at both low- and
middle-income countries.

Another issue regarding the prevention of
IBD among adults is that few low- and middle-
income countries have included older adults in
their vaccination programmes [2]. In addition,
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current WHO guidance on vaccination focuses
on paediatric populations, and few recommen-
dations exist regarding vaccination of adults.
Even in high-income countries, adult vaccine
uptake is low. This is despite the acknowledged
benefits of vaccination of older adults, includ-
ing decreasing burden of disease, improving
AMR rates (as described further below), and
targeting difficult-to-treat disease strains. Nota-
bly, implementation of vaccination pro-
grammes in adult populations will need to
consider the necessary uptake of the vaccine,
which will be affected by the specific vaccine,
the target disease, characteristics of the popu-
lation, and potential herd protection from
existing paediatric programmes.

Health economic evaluations are a critical
component in the implementation of vaccina-
tion programmes [2, 6]. However, compared
with evaluations among paediatric populations,
health economic assessments of adult vaccina-
tion programmes beyond high-income coun-
tries are lacking, and existing assessment
approaches might not capture outcomes of rel-
evance to this population (e.g., economic ben-
efits to the individual, household, and society)
[2]. Herd protection of adult populations also
complicates health economic evaluations of
vaccination programmes. Developing guidance
for assessing direct and indirect costs of pre-
venting VPDs that disproportionately affect
older adults is urgently needed.

For countries in the MENA region, providing
affordable vaccines to at-risk populations can be
challenging [8]. For instance, in MENA, there is
fragmented demand and procurement, and
only some countries qualify for Gavi funding.
In addition, lower-middle-income countries
face other financial challenges because of
decreased sources of healthcare aid compared
with low-income countries [6]. Although asso-
ciated with paediatric vaccinations, UNICEF has
been working in the region to improve access to
affordable vaccines including pooled procure-
ment tenders [8]. If successful, implementation
of a similar strategy for adult vaccines might
help address the financial and access constraints
of such vaccination programmes.

Another critical component of vaccine uptake
is the attitudes and choices of stakeholders,

including the public, physicians, and healthcare
authorities [4]. As public awareness of vaccine-
preventable diseases can be low, which is associ-
ated with provision of inconsistent advice and
recommendations by healthcare providers
regarding the benefits of immunization of adults
[4, 9], clearly addressing these gaps, such as by
continually emphasizing the importance of vac-
cination, might improve vaccination rates. Such
educational approaches can be broad or localized
and should be tailored to the needs and charac-
teristics of the particular region [2, 4]. Consider-
ation of the contribution of the private sector to
these activities is needed, as private sector con-
tribution to vaccination activities in the MENA
region is limited or underreported [9]. Establish-
ing vaccination advocates, increasing the focus
of healthcare systems on the ageing population,
and obtaining political commitment for vacci-
nation have also been suggested as approaches to
improve vaccine uptake [2].

Antimicrobial resistance is also a concern in
the MENA region, including multidrug-resistant
(MDR) organisms; for instance, a national-based
assessment of AMR conducted in Oman found
that MDR rates were highest in the youngest
(B 5 years) and oldest ([ 50 years) age groups
[57]. AMR within the MENA region is thought
to be attributed to inappropriate use of antimi-
crobials, lack of infection control measures, and
mobilization of populations due to socioeco-
nomic crises and armed conflicts [99]. Effective
and widely implemented vaccination policies
are also critical to address the problem of AMR,
which is an increasing worldwide concern for
many infectious diseases that are prevalent in
healthcare and community settings [100]. In
fact, inadequate measures to control and pre-
vent the spread of infections contribute to
increasing AMR rates. Vaccines not only
decrease disease prevalence but also reduce the
need for antimicrobial treatment, thus indi-
rectly impacting AMR rates. The WHO accord-
ingly prioritized AMR control through measures
that include improved surveillance and control
and prevention of infections. Whereas vaccine
use in low-income countries, which are at
highest risk of AMR, could lead to significant
benefits, a paucity of data is available on the
impact of vaccination on AMR in adults from
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low-income countries [2]. Therefore, commit-
ment to assessing the effect of vaccination on
AMR among adults in low-income countries,
including those within the MENA region, is
urgently needed.

Adequately addressing the issue of AMR also
requires tackling barriers to implementation of
these strategies. In the MENA region, this
includes individual and healthcare system bar-
riers [99]. For instance, individual barriers can
include physician educational gaps on appro-
priate antibiotic use and physician reluctance to
use unfamiliar antimicrobials. Healthcare sys-
tem barriers in the MENA region include
financial constraints and lack of sufficient
administrative and management support for the
implementation of antimicrobial stewardship
programmes. Other countries, such as South
Africa, have created programmes and policies to
combat AMR and the increasing burden of
infectious diseases [101]. Lessons from this
South African approach emphasize the impor-
tance of enhanced surveillance, antimicrobial
stewardship, and preventive approaches such as
increased vaccination uptake and infection
prevention and control.

Strengths, Limitations, and Future
Directions

To the best of our knowledge, this is the only
contemporary publication to broadly consider
the epidemiology of vaccine-preventable IBD in
adults within the MENA region. A limitation of
our analysis is the scope of the literature search,
which was restricted to English-language arti-
cles within databases accessed by PubMed. In
addition, any literature published locally by
government or healthcare authorities was not
captured by this search strategy. However, it
should be emphasized that the PubMed litera-
ture search likely included much of the data
available on the epidemiology of NM, SP, and
HI in adults in the MENA region, particularly
those from large, contemporary, and popula-
tion-based studies.

It is also important to emphasize that the
comparison of data among countries and stud-
ies is limited because of differences among

studies that could affect results such as popu-
lations assessed, sampling techniques, and time
periods within the study as well as differences in
vaccination policies, healthcare systems, and
type of surveillance activities (if any) employed
in each country. These differences and the small
number of studies and sample sizes limited
comparisons among studies and countries. This
was particularly notable for HI, in which no
population-based studies were identified, and
the included studies had small sample sizes and
varied in the types of end points assessed
[37, 40, 69, 70].

In this context, future studies within the
region that utilize a structured design, popula-
tion-based assessments, and sensitive detection
methods are needed. In addition, future studies
within the MENA region should focus on over-
use and abuse of antibiotics, use of PCR as a tool
to diagnose infections earlier, and investigation
of the effect of vaccination programmes on
MDR.
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