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Abstract

Background Despite vaccine availability, Pertussis remains a global public health challenge, especially

among infants. The Eastern Mediterranean Region (EMR) presents a diverse epidemiological landscape with varying
vaccination coverages and healthcare infrastructures. This systematic review aimed to assess the burden of pertussis
in infants < 1 year of age in the EMR and evaluate the use and impact of pertussis vaccination during pregnancy.

Methods Following PRISMA guidelines, we conducted a systematic search of Scopus, Embase, CINAHL Ultimate,

and PubMed from inception until April 30, 2024. Studies included reported on pertussis burden in infants or maternal
vaccination. Data extraction and quality assessment were performed in duplicate, focusing on incidence, age distribu-
tion, disease severity, and vaccination uptake and impact when data were available.

Results Thirty-six studies were included, the majority from Iran (N=11), Morocco (N=5), Tunisia (N=5), and Oman
(N=3), with underrepresentation of other EMR countries. The incidence of PCR-confirmed pertussis among children
with suspected pertussis varied significantly, from 6.7% to 8.9% (Morocco 2018-2019) to 50.4% and 51.6% (Palestine
2004-2008) among children <12 and <6 months, respectively, and between 16.3% (Tunisia 2007-2016) to 73.0%
(Morocco 2013-2015) in children <2 months. Age distribution data indicated the highest burden was in infants < 2
months regardless of the population studied. High hospitalization rates and severe complications, including sei-
zures and the need for ventilatory support, were frequently reported in infants <6 months of age. Only one

study from Saudi Arabia addressed maternal pertussis vaccination, reflecting low vaccine uptake and awareness
among pregnant women.

Conclusions This review underscores the substantial burden of pertussis among infants in the EMR and the lack
of data on maternal immunization. The findings emphasize the need for enhanced surveillance and targeted pub-
lic health interventions to reduce disease incidence. Future research should prioritize underrepresented countries
to ensure comprehensive data for informed public health strategies.
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Background

Pertussis, commonly known as whooping cough, remains
a significant public health challenge globally despite the
availability of vaccines for over half a century [1, 2]. The
disease, caused by the bacterium Bordetella pertussis, is
particularly severe in infants, who are at high risk of com-
plications, hospitalization, and death [1]. Recent studies
continue to highlight the resurgence of pertussis in many
parts of the world, including regions with high vaccina-
tion coverage [3-5], underscoring the need for ongoing
surveillance and vaccination efforts.

Maternal vaccination against pertussis during preg-
nancy has been recommended by experts [6] and imple-
mented in several countries to protect infants in their
first months of life before they are eligible for their own
vaccinations [7, 8]. This strategy leverages the transfer
of maternal antibodies to the fetus, providing early pro-
tection against pertussis. Studies have demonstrated the
significant effectiveness of maternal vaccination in pre-
venting around 70-90% of pertussis disease, up to 91%
of pertussis hospitalizations, and 95% of pertussis-associ-
ated deaths in young infants < 3 months of age [9].

Despite the proven benefits of maternal pertussis vacci-
nation, its implementation in the Eastern Mediterranean
Region (EMR), has been limited. The EMR is character-
ized by diverse socioeconomic and healthcare systems,
varying levels of vaccination coverage, and differing epi-
demiological patterns of infectious diseases [10, 11]. It
faces unique challenges, including weak healthcare infra-
structure, limited access to healthcare services in cer-
tain areas, and differing levels of public health awareness
[10-12]. The COVID-19 pandemic has further strained
healthcare resources and disrupted routine vaccination
programs, potentially affecting pertussis control efforts
[13].

The burden of pertussis among infants in the EMR
and the impact of maternal vaccination on infant per-
tussis outcomes have not been systematically reviewed.
Understanding the epidemiological patterns of pertussis
and evaluating the effectiveness of preventive strategies,
such as maternal vaccination, are crucial for informing
public health policies and interventions in this region.
This systematic review aims to address two primary
objectives: [1] to assess the burden of pertussis in infants
under one year of age in the EMR, including measures
such as prevalence, incidence, disease severity, complica-
tions, mortality, and economic impact, and [2] to evalu-
ate the extent to which maternal pertussis vaccination is
utilized during pregnancy, including variations in cov-
erage and uptake, and its effects on key infant pertussis
outcomes such as disease prevention, severity reduction,
and associated health care costs. By synthesizing avail-
able data, this study seeks to provide a comprehensive
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understanding of pertussis epidemiology in the EMR and
inform future public health strategies to combat this pre-
ventable disease.

Methods

We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) Guidelines
(see Additional file 1). The protocol for this systematic
review is published on PROSPERO (CRD42024573471).

Literature search

We conducted a systematic search in Scopus, Embase,
CINAHL Ultimate, and PubMed covering studies pub-
lished from the earliest date available in each database
until 30 April 2024. The search string was developed
and adapted based on the two primary objectives of this
study. The search string was further tailored to suit the
specific requirements of each database. We used MeSH
terms and relevant keywords related to pertussis, infants,
burden of disease, pertussis vaccination, pregnant
women, and the World Health Organization (WHO) list
of countries in the EMR (see Additional file 2). Addition-
ally, we reviewed the reference lists of included studies
and topic-related reviews. We did not restrict our search
to specific languages.

Study selection

Pairs of reviewers screened citations and abstracts, and
full texts, in duplicates and independently, using a pre-
defined screening guide. Reviewers conducted a calibra-
tion exercise by piloting a sample of 20 abstracts and
full-text articles and by comparing their results. If the
discrepancy rate was >5%, the reviewers examined the
discordant documents and with the advice of a content
expert, modified the screening guide to ensure standardi-
zation of the screening process. Reviewers repeated the
calibration exercise until achieving>95% concordance
rate.

For objective 1, we included studies involving infants
under one year of age in the EMR who were diagnosed
with pertussis (either clinically or through laboratory
testing) and reported at least one measure of pertussis
burden, such as prevalence, incidence, disease severity,
complications, mortality, or economic impact (includ-
ing direct healthcare costs like hospitalizations, medica-
tions, and doctor visits). We excluded studies that only
focused on patients over one year of age or did not have
confirmed pertussis diagnoses.

For objective 2, we included studies on mothers in the
EMR who received pertussis vaccination at any point
during their pregnancy and reported at least one out-
come related to infant pertussis or the uptake rate or
effects of the vaccine. We excluded studies that focused
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only on mothers who did not receive pertussis vaccina-
tion during pregnancy or did not correlate pertussis
vaccination during pregnancy with pertussis disease or
vaccine outcomes.

For information on excluded studies and the reasons
for their exclusion, refer to Additional file 3.

Data extraction

Two reviewers independently and in duplicate, abstracted
data on study characteristics, including study design,
period, setting, recruitment and sampling procedures,
and inclusion criteria (e.g., case definition, sample size).
Data extraction was tailored to align with the study’s two
primary objectives:

1. Assessing the burden of pertussis in infants: Data
extracted included measures such as the number
and frequency of confirmed pertussis cases (over-
all, by age, and by vaccination status), rate of com-
plications (hospitalization, hospital stay duration,
need for intensive care, seizures, ventilatory sup-
port, and death), and other relevant indicators like
disease severity and economic impact. Information
on population baseline characteristics (e.g., age, sex,
and vaccination status) and confirmatory laboratory
methods was also recorded to provide context to the
burden estimates. Where available, information on
antibiotics administered before sampling and popula-
tion characteristics relevant to vaccination status was
also captured.

2. Evaluating the impact and pattern of maternal
vaccination use: Extracted data included maternal
vaccination coverage rates, timing of vaccine admin-
istration during pregnancy, and maternal vaccination
uptake. Outcomes assessed included the effect of
vaccination on infant pertussis cases, complications,
and severity.

Additionally, information on conflicts of interest and
funding sources was extracted to ensure a comprehensive
evaluation of study quality and reliability.

Quality assessment

Two reviewers assessed the risk of bias in duplicate
and independently, using the Newcastle-Ottawa Qual-
ity Assessment Scale (NOS) for cohort studies [14]. The
NOS evaluates studies based on three domains: Selec-
tion, Comparability, and Outcome/Exposure. Each
domain has a set of criteria that are scored to a maximum
of nine stars: Selection (up to 4 stars), Comparability (up
to 2 stars), and Outcome/Exposure (up to 3 stars). To
categorize the studies into good, fair, and poor quality,
we applied the following thresholds for converting NOS
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scores to Agency for Healthcare Research and Quality
standards:

o Good: 3 or 4 stars in the Selection domain AND 1 or
2 stars in the Comparability domain AND 2 or 3 stars
in the Outcome/Exposure domain.

o Fair: 2 stars in the Selection domain AND 1 or 2 stars
in the Comparability domain AND 2 or 3 stars in the
Outcome/Exposure domain.

o Poor: 0 or 1 star in the Selection domain OR 0 stars
in the Comparability domain OR 0 or 1 star in the
Outcome/Exposure domain.

In addition to the NOS, the quality of cross-sectional
and surveillance studies was assessed using the Joanna
Briggs Institute (JBI) Critical Appraisal Checklists for
Cross-Sectional Studies [15] and Prevalence Studies
[16]. These JBI tools provided a systematic framework
for appraising studies’ validity, reliability, and overall
relevance, ensuring that the conclusions drawn were
grounded in high-quality evidence. For this review, we
applied the following thresholds to categorize studies:

o Good: Studies that received a “Yes” response for at
least 80% of the applicable criteria.

o Fair: Studies that received a “Yes” response for
60—79% of the applicable criteria.

o Poor: Studies that received a “Yes” response for less
than 60% of the applicable criteria.

We performed a calibration exercise among reviewers,
as conducted for the screening process, until reaching a
concordance rate of >95% between reviewers. The results
of the quality assessment are summarized in Additional
file 4.

Data analysis

We organized the incidence data from each study based
on age groups: < 12 months, < 6 months, and <2 months.
Additionally, we aggregated the age distribution of per-
tussis cases for <12 months, < 6 months, < 3 months,
and <2 years. For each study, we calculated summary
statistics for each age group and vaccination status where
appropriate. We standardized incidence rates and age
distributions to common metrics to ensure comparabil-
ity across studies. This included converting reported per-
centages to absolute numbers or vice versa, as needed,
and ensuring consistency in the units of measurement
used across different studies.

To synthesize the results, we used a narrative syn-
thesis approach. This method was chosen because it
allows for the inclusion and comparison of studies with
diverse methodologies and reporting standards, which
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is essential given the varied nature of the data. We tabu-
lated the results of individual studies in summary tables,
which included key variables such as incidence rates, age
distribution, disease severity, complications, and vac-
cination status to allow for a structured comparison of
data across studies. Due to the heterogeneity in how the
results were reported in each study, a meta-analysis was
not feasible. Instead, we grouped studies by country, type
of study, population studied, method of diagnosis, and
age distribution and vaccination coverage to explore pos-
sible causes of heterogeneity among study results.

Results

Search results

A total of 36 studies met the inclusion criteria: 35 stud-
ies evaluated the epidemiological burden of pertussis in
infants in the EMR (Objective 1), and one study reported
on the use of maternal vaccination against pertussis
within the same region (Objective 2) (Fig. 1).

Characteristics of included studies

The majority (m=11) of the 35 included studies on the
epidemiological burden of pertussis in infants used a pro-
spective design. Among these, nine were hospital-based,
one was community-based, and one was data-registry-
based. Additionally, 10 studies were retrospective hos-
pital or clinic-based studies. Furthermore, eight were
country or province-wide surveillance studies, two of
which represented the same cohort from Iran, and the
remaining eight used a hospital-based cross-sectional
design (Table 1).

The included studies represented twelve EMR coun-
tries. Iran was the most represented with 11 studies
[17-27], followed by Morocco [28-32] and Tunisia [33—
37] with five studies each, and Oman with three studies
[38—40]. Saudi Arabia [41, 42], Pakistan [43, 44], and Iraq
[22, 45, 46] each had two studies, and there was one study
from each of Jordan [47], Palestine [48], Sudan [49], Syria
[50], and Egypt [45].

The majority of studies focused on patients with sus-
pected pertussis or pertussis-like syndrome (PLS) [17-
25,27-31, 33, 34, 43, 45, 48-50], using the WHO criteria
to define clinical or suspected pertussis. While the review
targeted infants under one year, several included studies
presented broader age ranges that incorporated this tar-
get group. Two studies included hospitalized and non-
hospitalized individuals with confirmed pertussis [41,
46], and another two included hospitalized children with
confirmed pertussis [35, 38]. In addition, two country-
wide surveillance studies [26, 40] and one retrospective
study [39] included patients with probable and confirmed
pertussis. One study followed healthy infants [44],
while five studies evaluated hospitalized children with
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community-acquired pneumonia (CAP) [51], confirmed
viral respiratory tract infection [42], fever and/or respira-
tory symptoms [47], severe acute respiratory failure [37],
or individuals of all ages hospitalized with symptoms
indicative of respiratory infections [32]. Most studies
reported a predominance of males, with only seven stud-
ies reporting more than 50% of females in their popula-
tion [27, 32, 35, 37, 39, 45, 50].

The included studies used various methods to confirm
B. pertussis infection. More than half used polymerase
chain reaction (PCR) (N=19) [18, 20, 22, 28-38, 42, 44,
47, 48, 51], one study relied on culture and/or PCR [39],
seven studies considered any positive result by either cul-
ture or PCR as confirmation [19, 23-26, 40, 41], three
studies relied solely on culture [17, 27, 45], and another
relied on culture followed by PCR [43]. Three stud-
ies from Iran [21], Syria [50], and Sudan [49] relied only
on clinical diagnosis. Additionally, one study relied on
serodiagnosis by recognizing “Pertussis-specific IgM” in
serum samples [46].

Nine studies reported antibiotic use by some or all of
the population at presentation or before completion of
the sampling [18, 19, 22, 29, 30, 33, 34, 36, 47]. An addi-
tional five studies reported antibiotic use by patients;
however, they did not specify the timing of administra-
tion in relation to the sampling [17, 24, 31, 35, 38].

In 2023, a cross-sectional hospital-based study was
conducted in the Taif region of Saudi Arabia, repre-
senting the only identified study focusing on mater-
nal vaccination against pertussis in the EMR [52]. To
our knowledge, this is the only study on mothers in the
EMR who received pertussis vaccination at any point
during their pregnancy. The study included 401 preg-
nant women over the age of 18 and aimed to assess their
knowledge and acceptance of the pertussis vaccine dur-
ing pregnancy, which was introduced into the national
immunization program in Saudi in June 2019 [52]. Addi-
tionally, it aimed to determine the proportion of women
who were vaccinated during pregnancy [52]. The major-
ity of the sampled women (57.4%) were highly educated
and unemployed housewives (73.1%). Most were in their
third trimester of pregnancy (57.1%), while 27.2% and
15.7% were in their second and first trimesters, respec-
tively [52].

No studies included data on the economic impact of
pertussis in infants, such as direct healthcare costs (hos-
pitalizations, medications, and doctor visits). While eco-
nomic outcomes were part of the selection criteria, no
relevant data were identified during the review.

The majority of studies were of good quality, with only
five rated as fair quality [17, 22, 44, 46, 49], and two as
poor quality [25, 42]. The main reasons for low-quality
scores included the lack of an appropriate approach and
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review process [18]. Regarding funding, fifteen studies
did not report any details on funding received. Ten stud-
ies explicitly stated they received no financial support,
while six studies reported financial backing from univer-
sity funds, with five based in Iran [18, 20-22, 24, 26] and
one in Jordan [47]. Two studies acknowledged support
from the pharmaceutical industry [30, 31], and two oth-
ers were funded by nonprofit foundations [19, 44]. Addi-
tional details are available in Additional file 5.

Incidence of Pertussis Infection in healthy infants
Three surveillance studies reported the incidence of per-
tussis infection in the population of infants in Iran [26],
Oman [40], and Pakistan [44]. In Iran, a country-wide
surveillance study reported the mean annual rates of cul-
ture or PCR-confirmed pertussis cases in infants under 2
months as 293 per 100,000 population during 2008-2011
[26]. This decreased to 103 per 100,000 population in
infants aged 2—12 months [26]. In Oman, a country-wide
surveillance study found that the incidence of pertussis in
infants under 3 months was 4,702 per 100,000 population
in 1997 [40]. By 2013, the incidence had decreased to 1,390
per 100,000 population in infants under 2 months [40].
The community surveillance study from Pakistan was
the only study to prospectively follow healthy infants
with a median age of 20 days until 18 weeks of age [44].
Eight (0.4%) out of 2021 followed cases developed pertus-
sis [44]. This translated to an incidence of 3.96 (95% con-
fidence interval (CI), 1.84—7.50) per 1000 infants, with a
median (IQR) age at diagnosis of 18 (14—26.5) days [44].

Population-specific proportion of Pertussis infection
Proportion of pertussis infection in infants with respiratory
tract infections

Four studies reported on the proportion of pertussis infec-
tion in infants with respiratory tract infections not limited to
PLS [28, 37,42, 51]. The first, a cross-sectional hospital-based
study conducted in Egypt, examined previously healthy chil-
dren under 5 years of age hospitalized with CAP and found
that 7.7% of infants under 4 months had confirmed pertussis
[51]. The second study, conducted in Saudi Arabia, focused
on infants under 90 days old who were admitted with con-
firmed viral respiratory tract infections [42]. In this cohort,
2.5% of the cases were confirmed as pertussis [42]. The third
study, from Tunisia, found that all infants under 3 months of
age admitted to the pediatric Intensive care unit (PICU) for
severe acute respiratory failure had confirmed pertussis, with
100% of the 10 cases testing positive [37]. The fourth study,
conducted in Morocco, reported that the proportion of B.
Pertussis was 6.7% in children under 12 months and 8.9% in
children under 6 months with severe bronchiolitis, respira-
tory distress, pneumonia, Influenza-like illness in immuno-
compromised children, and PLS [28].
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Proportion of Pertussis Infection in infants with PLS

Nine studies, including three from Tunisia [33, 34, 36],
two from Iran [23, 24], and one each from Palestine [48],
Sudan [49], Pakistan [43], and Iraq [45], reported on the
incidence rate of B. Pertussis in infants aged 1 year and
under presenting with PLS. In studies using PCR for
diagnosis, the proportion of pertussis cases varied, rang-
ing from 16.4% in hospitalized children in Tunisia [33] to
50.4% in Palestine [48]. A study from Iraq also reported
a proportion of 50.4% in children under one year of age,
despite using only culture for diagnosis [45] (Table 2).

A total of eight studies, four from Iran [19, 22, 24, 25],
and one from Tunisia [33], Pakistan [43], and Palestine
[48] reported the proportion of B. Pertussis in infants
aged 6 months or younger with PLS. The rates varied
in studies using PCR only for diagnosis, ranging from
16.6% in hospitalized children in Tunisia [33] to 51.6% in
infants in a multi-hospital retrospective study from Pal-
estine [48] (Table 2).

Regarding infants aged 2 months or younger with PLS,
two countrywide surveillance studies from Iran reported
the proportion of pertussis: 2.0% (culture-confirmed)
[17], and 10.5% (confirmed by either culture or PCR)
[23]. Six additional hospital-based studies from Morocco
[30, 31], Tunisia [33, 34], Palestine [48], and Iran [27]
reported proportions ranging between 6.7% in Iran (cul-
ture-confirmed) and 73.0% in Morocco (PCR-confirmed)
[30] (Table 2).

Moreover, a cross-sectional hospital-based study in
Iran reported that 15 out of 45 children under 5 years of
age (mean age: 3.2+ 2.5 months) with PLS had confirmed
pertussis [18]. The mean age of those with confirmed
pertussis was 2.8 months (+ NA) [18]. Additionally, a hos-
pital-based study in Pakistan among vaccinated children
aged 1 month to 7 years reported 22 culture-confirmed
pertussis cases out of 700 with suspected whooping
cough [43]. The incidence rates were 4.5%, 4.5%, and
13.6% in children aged 6 months, 10 months, and 12
months, respectively [43].

Age distribution

Country/Province-wide surveillance studies

Seven surveillance studies reported on the age distribu-
tion of pertussis cases, five in Iran [17, 20, 21, 23, 26], two
reported on the same population [20, 21], one in Oman
[40], and another in Iraq [46]. In Iran, between 2009 and
2010, 25.0% of confirmed pertussis cases were in infants
under 2 months [17]. From 2011 to 2013, 41.4% of con-
firmed cases were in infants under 2 months and 74.9%
were under 1 year [23]. Between 2008 and 2011, 13.7%
of clinically reported cases were under 2 months and
37.7% were under 1 year [26]. Additionally, out of all sus-
pected cases of pertussis registered in the Department
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Table 2 Proportion of B. Pertussis infection in infants with PLS < 1 year, 6 months, and 2 months
Author, year: study type Population studied Confirmatory test N (%) of cases per age category
country, period
<12mo <6 mo <2mo

Countrywide surveillance
G. Ghorbani et al., 2016 [23] Individuals with PLS (hospitaliza- Culture or PCR 179/2274(79) - 99/939 (10.5)
[ran: 2011-2013 tion status NA)
F. Shahcheraghietal., 2012[17]  Individuals with PLS (hospitaliza- Culture - - 3/152 (2.0)
[ran: 2009-2010 tion status NA)
M. Hajia et al., 2012 [25] Children with PLS (hospitalization  Culture or PCR - 11/138 (8.0) -
[ran: Oct 2008-Mar 2011 status NA)
Hospital-based cohorts
A. Lamrani Hanchi et al., 2021 Children with severe bronchiolitis,  PCR 27/406 (6.7) 26/292 (8.9) -
[28]: Retrospective (1 hospital) respiratory distress, pneumonia, ILI
Morocco: Jan 2018-Dec 2019 in immunocompromised children,

and PLS (hospitalized)
K. Katfy et al., 2020 [31]: Cross- Children with PLS (hospitalized) PCR - - 64/111 (57.7)
sectional (multi-hospital)
Morocco: Nov 2015-Oct 2017
1. Ben Fraj et al., 2019 [33]: Pro- Children with PLS (hospitalized) PCR 299/1821 (164) 286/1719(16.6) 191/1169 (16.3)
spective (1 hospital)
Tunisia: Mar 2007-Mar 2016
S. Mahmoudi et al., 2018 [22]: Children with PLS (hospitalized) PCR - 16/66 (24.2) -
Cross-sectional (1 hospital)
Iran: Aug 2014-Aug 2015
K. Dumaidi et al., 2018 [48]: Retro- Children with PLS (hospitalized) PCR 113/220(51.4)  110/213(51.6)  68/137 (49.6)
spective (multi-hospital)
Palestine: Sep 2004-Jun 2008
K. Katfy et al., 2017 [30]: Prospec-  Children with PLS (hospitalized) PCR - - 65/89 (73.0)
tive (1 hospital)
Morocco: Jan 2013- Jun 2015
A. Zouari et al., 2012 [36]: Pro- Children with or without PLS PCR 108/599 (18.0) - -
spective (1 hospital) (hospitalized and not hospitalized)
Tunisia: Mar 2007-Mar 2011
A. Zouari et al., 2011 [34]: Pro- Children with PLS (hospitalized) PCR 30/74 (40.5) - 17/44 (38.6)
spective (1 hospital)
Tunisia: Mar 2007-Mar 2008
G. Noel et al., 2021 [19]: Prospec-  Children with PLS (most hospital-  Culture or PCR - 40/199 (20.1) -
tive (2 hospitals) ized)
Iran: Nov 2016-May 2019
M. Bahri etal., 2013 [27]: Cross- Children with PLS (hospitalized) Culture - - 4/60 (6.7)
sectional (1 hospital)
Iran: Apr 2008-Jul 2012
J. Shojaei et al., 2014 [24]: Retro-  Children with PLS (hospitalized) Culture or PCR 19/118 (16.1) 12/83 (14.5) -
spective (1 hospital)
Iran: Mar 2008-Apr 2012
A. Mughal et al., 2012 [43]: Pro- Vaccinated children with PLS (hos-  Culture followed by PCR NA/NA (13.7)  NA/NA (4.5) -

spective (2 hospitals)

Pakistan: NA

K. Al-Bargish, 1999 [45]: Cross-
sectional (1 hospital)

Iraqg: Jun 1996-Dec 1996

B. Abdalla et al., 1998 [49]: Pro-
spective (1 hospital)
Sudan: Jul 1989-Aug 1990

pitalized and not hospitalized)

Individuals with PLS (most hospi-
talized)

Children with PLS (hospitalized)

Culture

NA

18/35(51.4)

1/10(10.0)

Abbreviations: /LI Influenza-like iliness, PCR Polymerase chain reaction, PLS Pertussis-like syndrome, Mo months, NA Not available
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of Vaccine-preventable Diseases in the Iranian Ministry
of Health, around 63% were under 1 year of age between
2012 and 2018 [20, 21]. In Oman, a surveillance study
reported that around 45.5% of pertussis cases were in
infants under 2 months, and 79.6% were under 1 year
between 2011 and 2015 [40]. In Anbar Province, Iraq, a
province-wide surveillance study reported that 26.0% of
confirmed pertussis cases were 1 year or younger between
2009 and 2019 [46]. However, this study relied on serodi-
agnosis of pertussis, not culture or PCR [46] (Table 3).

Age distribution across all-age group cohort studies

Three cohort studies focused on the percentage of con-
firmed pertussis cases in infants within the entire patient
population [32, 41, 45]. In Iraq in 1996 and Saudi Arabia
between 1996 and 2004, cases in infants under 1 year of
age accounted for 42.3% and 57.1% of confirmed cases,
respectively [41, 45]. In Morocco between 2021 and 2023,
cases in infants under 3 months constituted 78.2% of
confirmed cases among individuals hospitalized with res-
piratory infections [32] (Table 3).

In Syria, a study from the HealthySyriaTB program
reported 9 cases of pertussis with a median age of 0.8
years (min-max: 0.3-8 years), with infants being the most
affected group. However, laboratory tests did not confirm
the diagnosis [50].

Age distribution in cohort studies of children aged < 7-10
and 15 years

Six studies, three from Morocco [29-31] and one from
Oman [39], Iran [27], and Sudan [49], reported on the
age distribution of pertussis cases among hospitalized
children under 15 years with PLS. Confirmed cases in
infants under 2 months of age ranged between 33.3%
in Oman [39] to 73.9% in Morocco [30]. Additionally,
around 95.8-100% of the cases were under 5 months in
a study from Morocco [29] and Oman [39], respectively.
The study from Sudan only reported clinically diagnosed
pertussis cases, of which around 19.0% were under 1 year
of age (Table 3).

Similarly, two studies from Tunisia [33] and Egypt [51]
reported on the age distribution of pertussis cases among
hospitalized children under 7-10 years old with PLS or
CAP. Approximately 62.4% of confirmed cases were in
infants under 2 months in Tunisia [33], and 100% were in
infants under 6 months in Egypt [51].

Age distribution in cohort studies of children aged < 2 years

Four studies, from Iran [22], Jordan [47], Morocco [28],
and Tunisia [35], reported on the age distribution of per-
tussis cases among children under 2 years. In Iran and
Morocco, 88.9% [13] and 83.9% [28] of confirmed cases
were under 6 months of age, respectively. In Jordan, 100%
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of cases were in infants aged 2 months or younger among
children hospitalized with fever and/or respiratory symp-
toms [47]. In Tunisia, almost all cases of critical pertus-
sis were under 1 year of age, with around 52.9% being
younger than 2 months [35] (Table 3).

Age distribution in cohort studies of children aged < 6 months
and < 1 years

Three studies reported on the age distribution of per-
tussis in children<1 year. In Iran, around 63.2% of cases
were in infants<6 months among children hospitalized
with PLS [24]. In Tunisia, infants <2 months constituted
around 48.3-56.7% of confirmed cases of pertussis [34,
36]. Additionally, two studies reported on the age distri-
bution in children<6 months. In Oman, 52.9% of cases
were in infants <2 months, 89.2% were <4 months [38],
and in Iran, around 77.5% of the cases were under 3
months [19] (Table 3).

Distribution by vaccination status

Various studies highlight the occurrence of pertussis in
both vaccinated and unvaccinated individuals, though
the distribution varies by age group and vaccination sta-
tus. In Iran, studies found that only 24.4-46.0% of con-
firmed pertussis cases were in unvaccinated individuals
[17, 23, 26]. In Iraq, a study conducted in 1999 revealed
that 81.0% of B. Pertussis cases were among vaccinated
individuals [45] (Table 4).

When examining the age distribution and vaccina-
tion status, studies reported that a large proportion
(50.0-83.3%) of pertussis cases in the under 15 years
age group were unvaccinated [29-31, 39]. Similar trends
were observed in studies on children under 2 years of age
and children under 1 year of age, where the majority of
cases were unvaccinated, and a significant portion were
only partially vaccinated (i.e., received one or two doses
but had not completed the full vaccination schedule)
[22, 24, 34-36, 47]. Studies on infants under 6 months
revealed that around 50% of the cases were in unvacci-
nated infants, while the other half were only partially vac-
cinated [19, 38] (Table 4).

Hospitalization
Table 5 presents data on the impact of pertussis, par-
ticularly among children. Most studies, including hos-
pitalized and non-hospitalized patients, reported high
hospitalization rates, especially among infants and young
children [19, 26, 36, 40, 41, 45]. Studies have found that
infants under 6 months old are particularly vulnerable,
with nearly all cases in this age group resulting in hospi-
talization [19, 36, 41].

In addition to the two studies on cases admitted to the
PICU [35, 37], multiple studies have also reported the need
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Table 3 Age distribution of confirmed B. Pertussis cases
Author, year: Population N of cases Age distribution of confirmed B. Pertussis cases
type studied N per age group (% out of total confirmed cases)
country, period mean+SD age,

months <2mo <3 mo <6 mo <1y Other
Country/Province -Wide surveillance
Y. Alimohamadi Individuals 7775 - - - 4872 (62.7) -
etal., 2020 (20,  with PLS (hospi-
21): Country- talization status
wide NA)
Iran: Feb 2012-23
Mar 2018
G. Ghorbani Individuals 2394 99 (41.4) - - 179 (74.9) +1-5y:21(8.8)
etal., 2016 [23]:  with PLS (hospi- <6-10y:16 (6.7)
Country-wide talization status +>10y:23(9.6)
Iran:2011-2013  NA)
F. Shahcheraghi Individuals 128 3(25.0) - - - +2mo-2y:6(50.0)
etal.,, 2012 [17]:  with PLS (hospi- +2-10y:2(16.7)
Country-wide talization status +>10y:1(83)
Iran: 2009-2010  NA)
M. Saffaretal., Individuals 518 (only 45 71 (13.7) - - 196 (37.7) -
2014 [26): with PLS or per-  confirmed)”
Country-wide tussis (hospitali-
Iran: 2008-2011  zation status NA)
S. Al Awaidy, Individuals - 1997:694 +2013:168 (56.0) «1997:490 (70.6) 2011-15:566 2011-15:625 -
2018 [40]: with PLS or per-  +2013:300 +2011-15: +2011-15:486 (72.1) (79.6)
Country-wide tussis (hospitali-  +2011-15: 7854 357(45.4) 61.9)
Oman: zation status NA)
1981-2015
E. Moham- Individuals 607¢ - - - 158 (26.0) -
med Abdullah  with confirmed
etal. [46],2021:  pertussis
Province-wide (hospitalized
Irag: 2009-2019  and not hospital-

ized)
Cohort studies
Individuals of all ages
K. Al-Bargish, Individuals 428 - - - 18 (42.3) -
1999 [45]: with PLS (most
Cross-sectional (1 hospitalized)
hospital)
Irag: Jun-Dec
1996
J. Al-Tawfiq Individuals 156" - - 81(51.9) 89 (57.1) 1-4y:13(83)
etal., 2007 [41]:  with confirmed 5-9y:8(5.1)
Retrospective pertussis 10-19y:24 (15.4)
(company-oper-  (hospitalized >20y:22 (14.1)
ated/privately and not hospital-
contracted clin-  ized)
ics/hospitals)
Saudi Arabia: Jan
1996-Dec 2004
R.Bennaietal., Individuals 55 - 43 (78.2) - - +3-5mo:2(3.6)
2024 [32]: with respira- +5-19mo: 2 (3.6)
Retrospective (1 tory infections +19-61 mo: 3 (5.5)
hospital) (hospitalized) +61-180 mo: 0

Morrocco: Jan
2021-Jun 2023

+>180 mo: 5 (9.1)
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Table 3 (continued)
Author, year: Population N of cases Age distribution of confirmed B. Pertussis cases
type studied N per age group (% out of total confirmed cases)
country, period mean+SD age,

months <2mo <3 mo <6 mo <ly Other
Children< 15 years
K. Katfy et al., Children 87 64 (73.5) 73 (83.9) - - 3-14mo:12(13.8)
2020 [31]: Cross-  with PLS (hospi-
sectional (multi-  talized)
hospital) <14y
Morocco: Nov
2015-Oct 2017
A.Rabietal., Children 24 14 (58.3) 22(91.7) - - +3-5mo:1(4.2)
2019 [29]: Letter  with PLS (hospi- +5mo-12y:0(0)
to the editor talized) +>12-<14y: 1
of a Prospective <14y 4.2)
study (1 hospital)
Morocco: Jan
2018-Mar 2019
K. Katfy et al., Children 88 65 (73.9) - - - 2mo-14y: 23 (26.1)
2017 [30]: with PLS (hospi-
Prospective (1 talized)
hospital) <14y
Morocco: Jan
2013-Jun 2015
A. Al Maani Children 124 4(333) - 12 (100) 12 (100) 2-4mo:7 (58.3)
etal.,, 2017 [39]:  with PLS or per-
Retrospective (2 tussis (hospital-
Hospitals) ized)
Oman:Jan 2012- <13y
Dec 2013
M. Bahri et al., Children 78 4(57.1) - - - 2mo-12y:3(42.9)
2013 [27]: with PLS (hospi-
Cross-sectional (1 talized)
hospital) <14y
Iran: Apr 2008-Jul
2012
B. Abdalla Children 42° - - - 8(19.0) <1-5y:12(286)
etal, 1998 [49]:  with PLS (hospi- +>5y:22(524)
Prospective (1 talized)
hospital) <15y
Sudan: Jul 1989-
Aug 1990
Children<7-10 years
I. Ben Fraj Children 306 191 (62.4) - 286 (93.5) 299 (97.7) < 1-5y:5(1.6)
etal, 2019 [33]:  with PLS (hospi- +5-10y:2(0.7)
Prospective (1 talized)
hospital) Median (IQR): 2
Tunisia: Mar (1-3)
2007-Mar 2016 Range: few days

after birth — 10y
N.R. El Basha Children 8 - - - - <4 mo: 8 (100)
etal., 2019[51]:  with CAP (hospi-
Cross-sectional (2 talized)
hospitals) 13.8+15.5mo

Egypt: Aug 2015-
Sept 2017

Range: 2-84 mo
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Table 3 (continued)
Author, year: Population N of cases Age distribution of confirmed B. Pertussis cases
type studied N per age group (% out of total confirmed cases)
country, period mean+SD age,
months <2mo <3 mo <6mo <ly Other
Children <2 years
S. Mahmoudi Children 18 - - 16 (88.9) - -
etal, 2018 [22]:  with PLS (hospi-
Cross-sectional (1 talized)
hospital) <2y
Iran: Aug 2014-  55+=NAmo
Aug 2015
M. Jayyosi Children 2 2 (100) - - - -
etal., 2015 [47]:  with fever and/
Prospective (1 or respiratory
hospital) symptoms (hos-
Jordan: pitalized)
2010-2012 <2y
A. Lamrani Children 31 - - 26 (83.8) 27 (87.1) >1y:4(129)
Hanchi et al., with severe
2021 [28]: bronchiolitis, res-
Retrospective (1 piratory distress,
hospital) pneumonia,
Morocco: Jan ILI'in immuno-
2018-Dec 2019 compromised
children, and PLS
(hospitalized)
Mean (median):
17.6 (4) mo
A.Borgi, 2014 Children 17 9(52.9) - - 16 (94.1) >1y:1
[35]: Retrospec-  with pertussis
tive (1 hospital)  requiring MV
Tunisia: Jan-Oct  (hospitalized)
2013 Median (range):
50 (24-630) d
Children< 1 year
J.Shojaeietal., Children 9" - - 12(632) 19 (100) -
2014 [24]: with PLS (hospi-
Retrospective (1 talized)
hospital) <ly
Iran: Mar 2008-
Apr 2012
A.Zouarietal., Children 30 17 (56.7) - - - 2-11mo: 13 (43.3)
2011 [34]: with PLS (hospi-
Prospective (1 talized)
hospital) Range: 1d-11mo
Tunisia: Mar
2007-Mar 2008
A.Zouarietal., Children 120 58 (48.3) - 114 (95.0) - -
2012 [36]: with or without
Prospective (1 PLS
hospital) (hospitalized
Tunisia: Mar and not hospital-
2007-Mar 2011 ized)
Range: 1d-11mo
Children <6 months
G. Noel et al., Children 40" - 31(77.5) 40 (100) - -
2021 [19]: with PLS (most
Prospective (2 hospitalized)
hospitals) Median (IQR): 2.0

Iran: Nov 2016~
May 2019

(1.3-2.8) mo
Range: 8 d-6 mo
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Table 3 (continued)
Author, year: Population N of cases Age distribution of confirmed B. Pertussis cases
type studied N per age group (% out of total confirmed cases)
country, period mean+SD age,

months <2mo <3 mo <6 mo <1y Other
F.Birruetal., Children 157 83(52.9) - - - 2-4 mo: 57 (36.3)
2021 [38]: with confirmed
Retrospective (2 pertussis (hospi-
hospitals) talized)
Oman: Jan 2013-  Median: 8 (IQR
Dec 2018 5-12) wks
Unspecified Age range
K. Dumaidi Children 130 68 (52.3) - 110 (84.6) 113 (86.9) «>12mo:7
etal., 2018 [48]:  with PLS (hospi- « Unknwon: 10
Retrospective talized)

(multi-hospital)
Palestine: Sep
2004 and Jun
2008

Abbreviations: CAP Community-acquired pneumonia, d days, /LI Influenza-like iliness, IQR Interquartile range, Mo Months, MV Mechanical Ventilation, NA Not available,

No. Number, PLS Pertussis-like syndrome, Wks weeks, y years

A: Confirmed by culture or PCR; B: Confirmed by culture; C: Sero-diagnosis by recognition of "Pertussis-specific |gM” in serum sample; D: Clinically diagnosed and not

confirmed by Laboratory

for intensive care among hospitalized individuals with
pertussis, with rates ranging from 0 to 59.2% [29, 36, 38,
39, 51]. The duration of hospital stays often extends sev-
eral days (most reporting around five days [18, 38, 41, 47]),
and longer stays are linked with severe cases and younger
patients, particularly those requiring intensive care [38].

Serious medical complications and death

Thirteen studies provided data on the mortality rate
among pertussis cases. Five studies reported no deaths
[24, 26, 39-41], while eight reported mortality rates rang-
ing from 0.6 to 90.0% [19, 29, 35-38, 44, 49]. The studies
conducted on infants admitted to the PICU showed par-
ticularly high mortality rates [35, 37].

Serious complications were primarily observed in
studies involving children under the age of 2 years. This
included seizures occurring in 1.9-40.0% of cases, as
reported by six studies [24, 32, 35-38], and the need for
ventilatory support and mechanical ventilation in 5.5—
100.0% of the cases, as reported in five studies [32, 35—
38]. In some cases, advanced respiratory support, such
as high-frequency oscillation ventilation, was required.
Other reported complications included pulmonary
hypertension, use of inotropes, and exchange transfusion
among others (Table 5).

Maternal pertussis vaccination

The cross-sectional study from Saudi Arabia found that
only 3.7% of the women reported taking the pertus-
sis vaccine during previous pregnancies, and 7.0% were

recommended to take the vaccine by their healthcare
providers. Furthermore, 44.9% of the women agreed
to receive the vaccine during pregnancy if it was avail-
able for free. The regression analysis showed that age
(P=0.026; 95% CI: 0.088—1.363) and educational level
(P<0.001; 95% CI: 0.574—1.652) are the only predictors
for the total awareness score about pertussis disease and
acceptance of its vaccination during pregnancy [52].

Discussion

This systematic review of observational studies highlights
the significant burden of pertussis among infants in the
EMR, particularly those under six months of age. The
high hospitalization rates observed in this age group indi-
cate the severe nature of the disease. These findings align
with global patterns, where infants under two months of
age are the most vulnerable due to their incomplete vac-
cination status and reliance on maternal antibodies for
protection [5, 9, 53-55]. The consistent identification of
infants under six months as the most affected age group
across studies highlights the reliability of this finding and
its critical importance for public health interventions.

To explore the potential causes of heterogeneity
among the study results, we grouped the studies by
country to assess the influence of geographic location
on pertussis incidence and severity in infants. Substan-
tial variability in incidence rates across EMR countries
was evident, emphasizing the complex interplay of fac-
tors influencing pertussis epidemiology [56, 57]. Differ-
ences in healthcare infrastructure, diagnostic practices,
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Table 4 Vaccination status of confirmed B. Pertussis cases
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Author, year: type
country, period

Population studied
mean =SD age, months

N pertussis cases
with a vaccine
status

Vaccination distribution of confirmed B. Pertussis

cases

N per group (% out of total confirmed cases)

Vaccinated Unvaccinated Not fully vaccinated

Countrywide surveillance

S. Al Awaidy, 2018 [40]
Oman: 1981-2015

G. Ghorbani etal., 2016 [23]
Iran: 2011-2013

F. Shahcheraghi et al., 2012 [17]
Iran: 2009-2010

M. Saffar et al., 2014 [26]
[ran: 2008-2011

M. Hajia et al., 2012 [25]
Iran Oct 2008-Mar 2011

Hospital-based cohorts
Individuals of all ages

K. Al-Bargish, 1999 [45]: Cross-
sectional (1 hospital)
Irag: Jun-Dec 1996

J. Al-Tawfiq et al., 2007 [41]: Ret-

rospective (company-operated/pri-

vately contracted clinics/hospitals)
Saudi Arabia: Jan 1996-Dec 2004

Children < 15 years

K. Katfy et al., 2020 [31]: Cross-
sectional (multi-hospital)
Morocco: Nov 2015-Oct 2017

A. Rabi et al., 2019 [29]: Letter
to editor of a Prospective study (1
hospital)

Morocco: Jan 2018-Mar 2019

K. Katfy et al., 2017 [30]: Prospec-
tive (1 hospital)
Morocco: Jan 2013-Jun 2015

A. Al Maani et al., 2017 [39]: Retro-

spective (2 Hospitals)

Oman: Jan 2012-Dec 2013

M. Bahri etal., 2013 [27]: Cross-
sectional (1 hospital)

Iran: Apr 2008-Jul 2012

Children <7-10 years

A. Mughal et al., 2012 [43]: Pro-
spective (1 hospitals)

Pakistan: NA

N.R. El Basha et al., 2019 [51]:
Cross-sectional (2 hospitals)
Egypt: Aug 2015-Sept 2017

Children <2 years

S. Mahmoudi et al., 2018 [22]:
Cross-sectional (1 hospital)

Iran: Aug 2014-Aug 2015

M. Jayyosi et al., 2015 [47]: Pro-
spective (1 hospital)

Jordan: 2010-2012

Individuals with PLS or pertussis
(hospitalization status NA)

Individuals with PLS (hospitalization
status NA)

Individuals with PLS (hospitalization
status NA)

Individuals with PLS or pertussis
(hospitalization status NA)

Children with PLS (hospitalized
and not hospitalized)

Individuals with PLS (most hospital-
ized)

Individuals with confirmed pertussis
(hospitalized and not hospitalized)

Children with PLS (hospitalized) < 14
y

Children with PLS (hospitalized) < 14
y

Children with PLS (hospitalized) < 14
y

Children with PLS or pertussis (hos-
pitalized) <13y

Children with PLS (hospitalized)
<14y

Vaccinated children with PLS (hospi-
talized and not hospitalized) Range:
1-84 mo

Children with CAP (hospitalized)
13.8+15.5mo, Range: 2-84mo

Children with PLS (hospitalized) < 2
y, 5.5£NA mo

Children with fever and/or respira-
tory symptoms (hospitalized) <2 y

1997: 6944
239
128

454

428

1347

87

24

88

10¢

7B

22°

45(18.8)

8 (66.7)

34 (81.0)

47 (35.1)

22(100.0)

1997: nearly all - -
unvaccinated

110 (46.0) 84 (35.1)
4(33.3) -

11 (24.4)

11(100.0) -

48 (35.8) 39(29.1)
64 (73.5) 12(13.8)
20(83.3) 3(125)
65 (73.9) -

5 (50.0) 5 (50.0)
4(57.1) -

- 8(100.0)
- 16 (88.9)
2 (100) -
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Author, year: type
country, period

Population studied
meanSD age, months

Vaccination distribution of confirmed B. Pertussis
cases

N pertussis cases
with a vaccine

status N per group (% out of total confirmed cases)
Vaccinated Unvaccinated Not fully vaccinated

A. Borgi et al., 2014 [35]: Retrospec-  Children with pertussis requiring MV 17 - 12 (70.6) 5(294)
tive (1 hospital) (hospitalized)
Tunisia: Jan-Oct 2013 Median (range): 50 (24-630) d
Children< 1 year
J. Shojaei et al., 2014 [24]: Retro- Children with PLS (hospitalized) < 1y 19A 4(21.0) 15 (78.9) -
spective (1 hospital)
Iran: Mar 2008-Apr 2012
A. Zouari et al., 2011 [34]: Prospec-  Children with PLS (hospitalized) 30 6(20.0) 23(76.7) 1(333)
tive (1 hospital) Range: 1d-11mo
Tunisia: Mar 2007-Mar 2008
A. Zouari et al., 2012 [36]: Prospec-  Children with or without PLS 115 13(11.3) 91 (79.1) 11(9.6)
tive (1 hospital) (hospitalized and not hospitalized)
Tunisia: Mar 2007 and Mar 2011 Range: 1d-11Tmo
Children <6 months
G. Noel et al., 2021 [19]: Prospective Children with PLS (most hospital- 401 1(2.5) 20 (50.0) 19 (47.5)
(2 hospitals) ized)
Iran: Nov 2016-May 2019 Median (IQR): 2.0 (1.3-2.8) mo

Range: 8 d-6 mo
F. Birru et al., 2021 [38]: Retrospec-  Children with confirmed pertussis 146 8(5.5) 67 (45.9) 71 (48.6)
tive (2 hospitals) (hospitalized)
Oman: Jan 2013-Dec 2018 Median: 8 (IQR 5-12) wks
Children <3 months
A. Bouziri et al., 2010 [37]: Retro- Infants < 3 mo admitted to the PICU 10 - 10 (100.0) -

spective (1 hospital)
Tunisia: 2006-2008

for severe acute respiratory failure.

Abbreviations: CAP Community-acquired pneumonia, d days, /QR Interquartile range, Mo Months, MV Mechanical Ventilation, NA Not available, No. Number, PICU

Pediatric Intensive Care Unit, PLS Pertussis-like syndrome, Wks weeks, Y years

A: Confirmed by culture or PCR. B: Confirmed by culture. C: Confirmed by culture and/or PCR. D: Confirmed by culture followed by PCR

and reporting mechanisms contribute to this variability
[56]. Similar patterns of variability are observed glob-
ally, with countries employing different surveillance sys-
tems and diagnostic criteria [5]. For instance, countries
with robust surveillance and reporting systems, such
as those in Western Europe, often report higher inci-
dence rates due to more comprehensive case detection
[4, 5]. In the EMR, countries such as Iran and Morocco
reported higher incidence rates, likely reflecting better
case detection and reporting mechanisms. The EMR
countries can benefit from adopting standardized diag-
nostic and reporting practices, which would facilitate
better comparison and more accurate assessment of the
disease burden. Tailored public health strategies that
consider each country’s unique epidemiological patterns
and healthcare contexts are essential.

The studies included in this systematic review covered a
range of EMR countries, but not all were represented. The
majority of the studies came from Iran, Morocco, Tunisia,

and Oman. There were fewer studies from Saudi Arabia,
Pakistan, Iraq, Jordan, Palestine, Sudan, Syria, and Egypt,
and no studies from other countries, especially those with
significant healthcare challenges. This uneven representa-
tion emphasizes the need for more comprehensive data
collection across the region to better understand and
address the burden of pertussis. Countries that are under-
represented in the current literature should be prioritized
in future research efforts to ensure that accurate and com-
plete data inform public health strategies.

We also organized the incidence data into specific
age groups to identify age-related patterns. The highest
burden of pertussis was consistently observed in infants
under two months of age, with decreasing incidence in
older age groups. This age group also experienced the
highest rates of severe complications, including sei-
zures and the need for ventilatory support. Seizures
and the need for ventilatory support were frequently
reported, underscoring the critical nature of pertussis
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Table 5 Rate of hospitalization, medical complications, and death among pertussis cases

Author, year:type  Population studied N of cases Hospitali-zation Death Seizure Ventilatory Other

country, Period mean =SD age, N (%) N (%) (N%) support N (%)
months N (%)

Countrywide surveillance

M. Saffar etal., 2014 Individuals with PLS 518 (45 confirmed)® 243 (46.9) 0 - - -

[26] or pertussis (hospi-

[ran: 2008-2011 talization status NA)

S. Al Awaidy, 2018 Individuals with PLS ~ 2011-15: 785" Almost all hospital- 0 - - -

[40] or pertussis (hospi- ized

Oman: 1981-2015 talization status NA)

Hospital-based cohorts

Individuals of all ages

K. Al-Bargish, 1999  Individuals with PLS 428 10/18 (55.6) - - - -

[45]: Cross-sectional  (most hospitalized) <1y were hospital-

(1 hospital) ized

Irag: Jun-Dec 1996

J.Al-Tawfigetal,  Individuals with con- 156" 65 (41.7) 0 - - -

2007 [41]: Retrospec-  firmed pertussis Median (range):

tive (company- (hospitalized 5(2-21)d

operated/privately and not hospital- 63 (96.6) <6mo

contracted clinics/ ized)

hospitals)

Saudi Arabia: Jan

1996-Dec 2004

R.Bennai et al., Individuals with res- 55 55 (100.0) - 2(3.6) 3(5.5) -

2024 [32]: Retrospec-  piratory infections

tive (1 hospital) (hospitalized)

Morrocco: Jan 2021-

Jun 2023

Children < 15 years

A. Al Maani etal., Children with PLS 124 12 (100.0) 0 - - -

2017 [39]: Retrospec-  or pertussis (hospi- PICU: 1 (8.3)

tive (2 Hospitals) talized) HDU: 5 (41.7)

Oman:Jan 2012-Dec <13y

2013

A.Rabietal., 2019 Children with PLS 24 24 (100.0) 1(4.2) - - -

[29]: Letter to editor  (hospitalized) EU:8(33.3)

of a Prospective <14y PICU: 3 (12.5)

study (1 hospital)

Morocco: Jan 2018-

Mar 2019

B. Abdalla et al., Children with PLS 4P 42 (100.0) 4(9.5) - - -

1998 [49]: Prospec- (hospitalized) (1 infant)

tive (1 hospital) <15y

Sudan: Jul 1989

to Aug 1990

Children <7-10 years

N.R. El Basha Children with CAP 8 8(100.0) - - - -

etal., 2019 [51]: (hospitalized) PICU:0

Cross-sectional (2 13.8+15.5 (Range:

hospitals) 2-84)mo

Egypt: Aug 2015-

Sept 2017

Children <5 years

A. Shamsizadeh Children with PLS 15 15(100.0) - - - -

etal.2023[18]: < 5y (hospitalized) Mean (range):

Cross-sectional 48 (3-7)d

Iran: Jul 2018-Jul
2019
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Author, year:type  Population studied N of cases Hospitali-zation Death Seizure  Ventilatory Other
country, Period mean =SD age, N (%) N (%) (N%) support N (%)
months N (%)
Children< 2 years
M. Jayyosi et al., Children with fever 2 2 (100.0) - - - -
2015 [47]: Prospec-  and/or respiratory Mean (range):
tive (1 hospital) symptoms (hospital- 5(0-26)d
Jordan:2010-2012  ized)<2y
A.Borgietal.2014  Children with per- 17 17 (100.0) 4(23.6) 1(5.9) - MV: 17 (100.0) «Inotropes: 4 (23.5)
[35]: Retrospective (1 tussis requiring MV PICU: 17 (100.0) «HFV: 1(5.9) « Nitric oxide: 2 (11.7)
hospital) (hospitalized) - Exchange transfu-
Tunisia: Jan-Oct 2013 Median (range): 50 sion: 5(29.4)
(24-630) d
Children <1 year
J. Shojaei et al. 2014 Children with PLS 194 19 (100.0) 0 1(5.3) - -
[24]: Retrospective (1 (hospitalized)
hospital) <ly
Iran: Mar 2008-Apr
2012
A.Zouarietal., Children 120 108 (89.2) 8(6.6) 3% MV: 18 (15.0) Pulmonary hyperten-
2012 [36]: Prospec- with or without PICU: 71 (59.2) All <6 mo sion: 1 (0.8)
tive (1 hospital) PLS (hospitalized
Tunisia: Mar 2007- and not hospi-
Mar 2011 talized). Range:
1d-1Tmo
Children <6 months
G. Noel etal., 2021  Children with PLS 40" 39(97.5) 1(2.5) - - -
[19]: Prospective (2 (most hospitalized)
hospitals) Median (IQR): 2.0
Iran:Nov 2016-May  (1.3-2.8) mo. Range:
2019 8 d-6 mo
F. Birru et al., 2021 Children with con- 157 157 (100.0) 1(0.6) 3(1.9) MV:9 (5.7) « Pulmonary hyperten-
[38]: Retrospective (2 firmed pertussis Median (IQR): sion: 1 (0.6)
hospitals) (hospitalized) 5(3-8)d «Inotropes: 7 (4.5)
Oman: Jan 2013-Dec  Median: 8 (IQR 5-12) PICU: 19 (12.1) « Hyperhydration: 3
2018 wks Median (IQR): (1.9
6 (4-16)d « Exchange transfu-
sion: 4 (3.3)
Children <3 months
A.Bouziri et al., Infants <3 10 10 (100.0) 9(90.0) 4(400)  +MV:10(100.0) + Pneumomediasti-
2010 [37]: Retrospec-  mo admitted PICU: 10 (100.0) - HFV: 3 (30.0) num: 1 (10.0)
tive (1 hospital) to the PICU - Nitric oxide: 6 (60.0)
Tunisia: 2006-2008 for severe acute
respiratory failure.
S.Omeretal.,, 2016  Infants enrolled 8 0 1(12.5) - - -

[44]: Prospective
Pakistan: Feb 2015-
Apr2016

atages up to 10 wks
and infants born

to women enrolled
on or after 27 wks’
gestation or moth-
ers who gave birth

within the prior 72 h;

followed through 18
wks of age.

Abbreviations: CAP Community-acquired pneumonia, d days, EU Emergency unit, HDU high dependency unit, HFV High-frequency ventilation, IQR Interquartile range,
Mo Months, MV Mechanical Ventilation, NA Not available, No. Number, PICU Pediatric Intensive Care Unit, PLS Pertussis-like syndrome, Wks weeks, Y years

A: Confirmed by culture or PCR. B: Confirmed by culture. C: Confirmed by culture and/or PCR. D: Confirmed by culture followed by PCR
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in infants, which is consistent with global reports of
critical pertussis in infants who have not yet com-
pleted their primary vaccination series [58—60]. These
complications lead to significant healthcare resource
utilization, including extended hospital stays and inten-
sive care unit admissions [61, 62]. The financial and
logistical burden on healthcare systems is substantial,
emphasizing the importance of preventive measures
such as vaccination. High mortality rates were observed
in infants admitted to the PICU with pertussis. The
predominance of severe outcomes in hospital-based
studies further emphasizes the need for enhanced pre-
ventive strategies targeting this high-risk population.

The high hospitalization rates observed in the EMR
align with data from other regions, such as North Amer-
ica and Europe, where infants under six months also
experience the highest rates of hospitalization and com-
plications from pertussis [53, 55, 63]. This vulnerabil-
ity is attributed to the incomplete vaccination status of
infants in this age group, who rely heavily on maternal
antibodies for protection [64]. Extended hospital stays
and intensive care admissions place a substantial burden
on healthcare systems, both financially and logistically.

A major finding of this review is the lack of research
and implementation of maternal pertussis vaccination
programs in the EMR, with only one study from Saudi
Arabia addressing this issue. This gap is concerning,
given the proven effectiveness of maternal vaccination in
reducing pertussis incidence and severity in infants, as
demonstrated in countries such as the United States, the
United Kingdom, and Australia [7]. The single study from
Saudi Arabia underscores the low awareness and accept-
ance of maternal vaccination in the EMR, which contrasts
with higher uptake rates in regions where maternal vacci-
nation programs are well-established [65]. This highlights
the need for targeted public health campaigns to educate
healthcare providers and pregnant women about the
benefits of vaccination during pregnancy. Implementing
successful models from other regions could significantly
reduce the disease burden in the EMR.

Countries that have implemented comprehensive vac-
cination programs, including maternal vaccination, have
seen a reduction in these severe outcomes, including the
death of infants from pertussis [7, 66]. Efforts in other
regions have shown that enhancing pertussis vaccination
coverage, including maternal vaccination during preg-
nancy, can significantly reduce disease burden among
infants [7, 55, 64, 66, 67] underscoring the need for simi-
lar efforts in the EMR.

We categorized the studies by their design to determine
the impact of study design on the reported outcomes.
Cohort studies generally provided more comprehen-
sive data on incidence and vaccination status than other
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study types. We investigated differences in pertussis
incidence and outcomes based on the populations stud-
ied, such as general populations versus high-risk groups,
including hospitalized infants. High-risk groups often
exhibited higher incidence rates and more severe disease
outcomes. The predominance of hospital-based studies
highlights the severe complications often associated with
pertussis in this vulnerable age group, including respira-
tory distress, seizures, and mortality.

Additionally, studies were grouped based on reported
vaccination coverage rates to examine the impact of
vaccination on pertussis incidence and severity. Areas
with higher vaccination coverage generally reported
lower incidence rates and less severe disease outcomes,
although this was not universally consistent.

The study has a number of strengths. To the best of
our knowledge, this is the first comprehensive system-
atic review in the EMR that evaluates the impact of per-
tussis on infants. It fills a significant gap in the existing
literature and provides a basis for future research and
public health initiatives. The study used a thorough and
systematic search strategy across multiple databases,
ensuring that a wide range of studies was included, which
increased the reliability of the findings. Additionally,
by highlighting the substantial gap in studies on mater-
nal pertussis vaccination in the EMR, this review draws
attention to an important area for future research and
intervention. This finding is crucial for guiding public
health efforts to promote maternal vaccination.

However, the review also faced several limitations that
should be acknowledged. First, the variability in study
designs among the included studies, such as prospective,
retrospective, and cross-sectional, may have introduced
heterogeneity in the findings. Studies based on hospital or
clinic-based data are more likely to overrepresent severe
cases, potentially skewing the understanding of pertus-
sis epidemiology in the region. Second, while some stud-
ies relied on confirmatory diagnostic methods such PCR
or culture, others were based solely on clinical diagnosis,
which may have led to under- or overestimation of pertussis
cases. This inconsistency may also affect comparisons across
studies and the overall synthesis of findings. Third, there
is potential for selection bias. Many of the included stud-
ies focused on hospitalized patients, which excludes mild
or asymptomatic cases of pertussis that are often managed
in outpatient settings or remain undiagnosed. Additionally,
countries with more robust healthcare systems and diag-
nostic capabilities may have higher reported incidence rates,
creating regional disparities in the data. Publication bias may
also have impacted the findings of this study. Relevant stud-
ies published in non-indexed journals or in languages other
than English may have been missed despite comprehensive
search strategies. Moreover, data from several countries in
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the EMR are lacking, limiting the generalizability of the find-
ings. Finally, the lack of economic data represents a critical
limitation. While this study aimed to examine the economic
burden of pertussis and the effect of maternal pertussis vac-
cination, no relevant data were identified in the included
studies. This highlights a significant gap in the literature and
underscores the need for future research on the financial
impacts of pertussis and the cost-effectiveness of preventive
strategies such as maternal vaccination.

Despite these limitations, this systematic review provides
valuable insights into the burden of pertussis and maternal
vaccination practices in the EMR, laying the groundwork
for future research and public health initiatives.

Conclusion

This systematic review underscores the substantial burden
of pertussis among young infants in the EMR and the nota-
ble lack of data on pertussis vaccination during pregnancy.
The findings indicate the need for improved surveillance,
targeted public health interventions, and research to address
these gaps and protect vulnerable infant populations.
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