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ABSTRACT

Pertussis, caused by Bordetella pertussis, remains
one of the most widespread, contagious, and
vaccine-preventable diseases. It results in
notable morbidity and mortality as well as sev-
ere medical, social, and economic burden.
Despite high global vaccine coverage, pertussis
continues to be a significant epidemiologic

problem, with outbreak episodes every few years
just as in the pre-vaccination era. In Türkiye,
there is a lack of comprehensive data on the
current burden of pertussis in different age and
risk groups, leading to underdiagnosis and
underreporting of the disease, especially in
adults who are often not considered at risk.
Available data from Türkiye also reveal inade-
quate levels of protective antibodies in preterm
newborns, emphasizing the need for additional
preventive measures. Authors stated that
improving physician awareness of pertussis
symptoms in patients with prolonged cough,
increasing access to routine pertussis tests, and
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conducting surveillance studies would aid in
accurate diagnosis and reporting in Türkiye. As
the Turkish Ministry of Health Antenatal Care
Management Guide suggests routine second
and third pregnancy check-up visits at weeks
18–24 and 28–32 correspondingly, this period
can be considered the ideal vaccination time for
Türkiye. Introducing a booster dose of Tdap at
around 10 years of age or during national mili-
tary service would reduce transmission and
protect susceptible individuals. Identifying
individuals at high risk of severe pertussis and
prioritizing them for a booster dose is also cru-
cial in Türkiye. Enhancing surveillance systems,
increasing healthcare professionals’ awareness
through training, and organizing catch-up visits
for missed vaccinations during the COVID-19
pandemic are mentioned as additional strate-
gies to improve pertussis prevention in Türkiye.
This review focuses on the global and regional
burden of pertussis and obstacles to effective
prevention and evaluates existing strategies to
achieve lifelong pertussis prevention. Literature
and current strategies were also discussed from a
Turkish national standpoint.

Keywords: Pertussis; Epidemiology; Burden;
Vaccination; Life-long prevention

Key Summary Points

Pertussis, a respiratory disease, poses a
significant threat to newborns and
vulnerable populations despite the
availability of vaccines, particularly in
low- and middle-income countries where
underreporting is common.

While both wP and aP vaccines are safe
and effective, they do not confer lifelong
immunity, leading to a shift in pertussis
cases to older age groups and emphasizing
the ongoing public health importance of
the disease.

The World Health Organization (WHO)
and the Global Pertussis Initiative
recommend implementing additional
strategies like maternal immunization,
cocooning, and booster doses in specific
groups to enhance pertussis prevention
and reduce outbreaks.

Despite vaccination efforts, pertussis
continues to cause mortality and
morbidity in countries like Türkiye,
necessitating increased awareness and
further initiatives. Vaccinating pregnant
women is considered a cost-effective
strategy to prevent disease in infants who
are too young to be immunized.

To achieve lifelong pertussis prevention in
Türkiye, it is recommended to incorporate
maternal immunization into the national
immunization program and consider
administering booster doses.

INTRODUCTION

Pertussis (whooping cough) is a severe respira-
tory infection caused by a highly contagious
bacterium, Bordetella pertussis. Due to its high
prevalence and severity, pertussis has been
considered a serious epidemiologic problem for
decades. The whole-cell pertussis (wP) vaccine
was developed in the 1910s, and it became
widely used in the 1930s. In the late 1940s, wP
was combined with tetanus and diphtheria
toxoids to develop the Diphtheria-Tetanus-Per-
tussis [DTP) vaccine [1]. Pertussis vaccination
then became widely available with the launch
of the Global Expanded Program on Immu-
nization (EPI), significantly reducing pertussis-
related childhood mortality [2]. However, due
to the possibility of adverse events, particularly
neurologic problems thought to be caused by
the pertussis component of the vaccine, many
countries suspended pertussis vaccination in
the 1980s, and these concerns led to the
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development of the acellular pertussis vaccine
[1]. Recent concerns include waning immunity
following wP vaccination and an increase in
adult-to-infant transmission despite a decrease
in child-to-child transmission. These concerns
emphasized the importance of booster vaccine
doses for older children and adults, which were
not possible with the wP vaccine because of its
reactogenicity [2]. To avoid reactogenicity and
side effects, the acellular pertussis (aP) vaccine
was introduced, and DTP vaccines containing
an acellular pertussis component (DTaP) were
licensed for infant use in the early 1990s [1].
DTaP-containing combination vaccines are
widely used in almost all developed countries,
while wP vaccines are still used in low-income
countries [3].

Despite high global vaccination coverage,
pertussis epidemics occur approximately every
3–4 years, with varying patterns across countries
[4]. Therefore, it is critical to keep infants,
children, adolescents, pregnant women, and
adults safe through optimal and prompt use of
accessible vaccines to reduce the severe disease
and mortality, especially in the early infantile
period during which nearly all pertussis deaths
occur.

This review article primarily aimed to inves-
tigate the global burden of pertussis, highlight
obstacles in pertussis prevention, and evaluate
existing strategies to achieve lifelong pertussis
prevention. The secondary aim was to provide a
regional perspective on Türkiye in each section
as well as to interpret the current literature and
strategies from a national standpoint.

METHODS

An Expert Group Advisory Committee Meeting,
involving eight experts in related fields (public
health [2], pediatrics [1], pediatric infectious
diseases [3], infectious diseases [1], obstetrics
and gynecology [1]) from Türkiye was convened
to identify the scope of the literature search and
to evaluate the resources. Each expert was either
a member of an academic association or had
contributed to development of guidelines on
the subject or published articles on pertussis
prevention. Prior to that meeting, a literature

review was performed to highlight the epi-
demiology of pertussis, burden of the disease,
and obstacles to prevention and recommenda-
tions for effective pertussis prevention from a
global and regional Turkish perspective. To
identify relevant articles, we searched the
MEDLINE� (via the PubMed interface), Web of
Science, Google Scholar, and EMBASE data-
bases. An electronic search of the literature
published from 1 January 2000 to 28 February
2023 was conducted in these databases by using
MeSH (Medical Subject Heading, Medline) and
EMBASE terms, as well as free text words. The
search included the terms ‘‘pertussis epidemi-
ology,’’ ‘‘burden of pertussis,’’ ‘‘pertussis immu-
nization,’’ and ‘‘pertussis and Türkiye.’’ The
inclusion criteria were: (1) peer-reviewed arti-
cles and scientific reports; (2) original articles,
review articles, and conference papers, includ-
ing information about gene therapy for pertus-
sis; (3) publication between 2000 and 2021. The
exclusion criteria were: (1) articles not pub-
lished in either English or Turkish and (2) case
report(s). The reference lists of all manuscripts
were manually reviewed for additional eligible
articles. Most recent and up to date publications
were chosen. Relying upon this literature
review, experts created a national perspective
and developed brief recommendations for a
future immunization landscape in Türkiye to
achieve lifelong pertussis prevention. This arti-
cle is based on previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors.

RESULTS

Epidemiology of the Disease

A global modeling study estimated that there
were 24.1 million pertussis cases and 160,700
deaths from pertussis in children \ 5 years in
2014, with the largest proportion in Africa.
Global and regional epidemiologic data for
pertussis have been summarized in Table 1.
Globally, 21% of the estimated cases and 53% of
the estimated deaths were in infants\ 1 year
old [5]. Between 2008 and 2016, substantial
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pertussis outbreaks were reported in many
countries including the USA, Canada, Australia,
Japan, UK, Sweden, Poland, Malaysia, Argen-
tina, Brazil, Colombia, and Mexico [6–9].
Although no extensive outbreaks have been
reported since 2016, several smaller local out-
breaks have been reported. In 2019, a pertussis
outbreak was announced in an early-years
school in England among 7–11-year-old stu-
dents who had their last booster dose at the age
of 40 months. Vaccination coverage was found
to be lower than the national average in this
school and considered to be the main reason for
the high transmission [10].

Since December 2019, a pandemic caused by
novel coronavirus SARS-CoV-2 disrupted rou-
tine childhood immunization by reducing the
use of healthcare facilities and increasing the
risk of vaccine-preventable diseases including
pertussis [11]. In 2021, 25.0 million children
had not completed the three-dose DTP series
worldwide, of whom 18.2 million (73%) had
received no doses, and 6.8 million (27%) were
incompletely vaccinated with DTP. This is
almost 50% higher compared to the numbers in
2019. According to the World Health Organi-
zation (WHO) and UNICEF reports, global DTP1
coverage reduced from 90% in 2019 to 87% in
2020 and 86% in 2021, which is the lowest rate
since 2005. The highest fall in first (DTP1) and
third dose DTP (DTP3) coverage between 2019
and 2021 was in the Southeast Asia Region
(from 94 to 86% for DTP1 and from 91 to 82%
for DTP3) [12].

US and Canada
While approximately 4000 pertussis cases were
reported annually in the US in the 1980s,

reported cases increased to 25,827, 27,500, and
48,277 cases in 2004, 2010, and 2012, respec-
tively [13]. From 2000 to 2016, 339,420 pertus-
sis cases were reported in the USA. Throughout
all age groups, almost 10% were hospitalized,
and the mortality rate was 0.1%. Infants had the
highest incidence of mortality (75.3/100,000
population), accounting for almost 90% of
deaths. Incidence gradually rose, and this
increase were observed for all groups except the
age groups 0–12 months and 19–64 years [14].
Another study from the USA revealed that
11,378 pertussis cases were identified from 2006
to 2015. Adjusted pertussis incidence was 15.55
cases per 100,000 person-years. Although
infants and children were the most affected
population, around 60% of total cases were
adolescents or adults [15].

A total of 33,481 pertussis cases were repor-
ted in Canada between 2005 and 2019 with an
average annual incidence rate of 6.4 cases per
100,000 population. The highest average age-
specific incidence rate was among infants \ 1
year of age (n = 68.7 cases per 100,000 popula-
tion). Hospitalization rates were almost eight-
fold higher in infants under the age of 3 months
compared to those between 4 to 11 months of
age [16]. However, there was a significant
decrease in the incidence of pertussis during the
pandemic. In British Columbia, one of the lar-
gest provinces of Canada, annual incidence of
pertussis was found to be the lowest since 1990
in 2020 and 2021 (3/100,000 in 2020 and\1/
100,000 in 2021) [17].

European Countries
Surveillance data from Europe have shown that
35,627 cases of pertussis were reported in 30

Table 1 Number of reported pertussis cases in different regions [17, 37]

2010 2012 2014 2016 2018 2020

USA 27.55 48.277 32.971 17.972 15.609 18.617

Europe 28.212 57.539 53.213 69.937 57.219 16.475

Africa 4.929 16.839 10.098 1.435 14.001 2.266

Southeast Asia 42.826 45.847 54.953 43.141 17.532 12.712
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European Union/European Economic Area (EU/
EEA) countries in 2018; 72% of total European
cases were reported from five countries includ-
ing Germany, The Netherlands, Norway, Spain,
and UK. Consistent with the previous years, 8.2
cases were reported per 100,000 population in
2018 whereas 62% of total cases were C 15 years
of age. Infants younger than 12 months were
the most affected age group, with the highest
rate 44.4 per 100,000 population (and three
deaths reported), followed by the children
between 10 to 14 years old [18]. A study funded
by European Centre for Disease Prevention and
Control evaluated the pertussis seroprevalence
among adults of reproductive age (20–39 years)
in 14 European countries. There was a note-
worthy diversity in the ratio of samples with
anti-PT IgG C 100 IU/ml, illustrating a recent
infection varying from 0.2% in Hungary to
5.7% in Portugal. However, the countries with
the top reported incidences did not have the
greatest degree of seroprevalence. In Portugal,
the seroprevalence rate was 5.7%, whereas the
incidence was only 0.1–2.2 per 100,000 people.
Thus, many cases may have been underdiag-
nosed [19]. The pertussis incidence and hospi-
talization rate have been increasing in Spain
with the highest rate in children under
12 months of age. However, vaccination has
remarkably decreased hospital admissions; fol-
lowing the vaccination of pregnant women
hospitalization rates showed a 20% reduction
[20].

The number of pertussis cases remarkably
reduced during the COVID-19 pandemic; a
national Swedish cohort study showed that the
average number of infant cases declined from
21 to 1 per quarter of a year during the pan-
demic [21]. Similarly, pertussis incidence
decreased in England in all age groups, espe-
cially in infants younger than 12 months of age
during the pandemic (0.50/100,000 during July
2020 to June 2021 compared to 24.49/100,000
from July 2014 to June 2019) [22].

Asia-Pacific Region
The WHO estimated that among children
younger than 60 months of age, pertussis was
the fourth most common vaccine-pre-
ventable disease after measles, diphtheria, and

mumps, and the most prevalent one in the Asia-
Pacific region [7]. The highest number of per-
tussis cases in the past 5 years in the Asia-Pacific
region was reported in 2019 (63,483), whereas
the lowest number of reported cases occurred in
2017 (27,624) [7]. Although surveillance sys-
tems are poor in some Asian countries, it has
been reported that the burden of pertussis in
children remains high in many Asian countries
[25]. A recent surveillance study in Asian chil-
dren and teenagers aged 10–18 years from
China, India, Japan, South Korea, Sri Lanka,
Taiwan, and Thailand (N = 1802) from July
2013 to June 2016 revealed that 4.8% had anti-
PT IgG levels C 62.5 IU/ml, which was inter-
preted as B. pertussis infection within the pre-
vious 12 months. Among the seropositive ones,
83.9% had minimum three doses of DTP vacci-
nation before the age of 6 years [9, 23].

Middle East
While the surveillance data are insufficient in
the Middle East, there was an alteration in
reported pertussis cases in 2019 including nine
in the United Arab Emirates, 78 in Lebanon, 242
in Iran, and 302 in Syria [24]. Data from the
Middle East region suggest that pertussis is an
extensive concern and that it might be affecting
older age groups [24]. A few countries in the
Middle East region administer a Tdap booster
for adolescents. Israel was the only country with
population health data that delivers Tdap, and
the results showed that the utilization of the
adolescent booster dose led to a remarkable
drop in pertussis among children between 5 and
14 years of age [25].

Türkiye
In Türkiye, diphtheria and pertussis immu-
nization was initiated in 1937; routine child-
hood pertussis immunization with wP (DTP)
was started in 1968, and aP (DTaP-IPV/Hib) has
been given since 2008 [26]. The pertussis vac-
cine has been administered in the 2nd, 4th, and
6th months of age, and in combination with a
booster dose administered in the 18th month,
in accordance with the childhood vaccination
schedule. Since 2010, a single-dose diphtheria,
tetanus toxoid, acellular pertussis, and
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inactivated polio vaccine (DTaP-IPV) has also
been applied to children at 7 years of age (Sup-
plementary Fig. 1) [27]. After 2020, the DTaP-
IPV dose was moved to the age of 48 months
(Supplementary Table 1). In 2005, pertussis
incidence decreased (0.38 per 100,000) com-
pared to 1986 (2.03 per 100,000). However, the
proportion of the patients C 15 years of age
increased from 6.5 to 16.9% within that period
[28]. According to the data from national
authorities, pertussis incidence decreased 99.5%
with the vaccination from 1980 to 2014 [29]. In
2010, the number of pertussis cases was 48, the
incidence of pertussis was 0.07 per 100,000
population, and no deaths due to pertussis were
reported in Türkiye [30]. In a study conducted
by Oksuz et al. in Istanbul, the largest city in
Türkiye, in a sample of 410 nasopharyngeal
aspirates taken from children who exhibited
symptoms of whooping cough from 2010 to
2014, the Bordetella polymerase chain reaction
(PCR) positivity rates were 36% in 2010 and
gradually decreased as 29% in 2011, 15% in
both 2012 and 2013. Since the initiation of
DTaP-IPV vaccination at age 7 in 2010, pertussis
has not been detected in the 5–9-year-old age
group [31]. In another study from Türkiye, 214
adolescents and adults who had a cough lasting
[2 weeks were investigated for the presence of
B. pertussis. Three (1.4%) patients were B. per-
tussis culture-positive; 15 (7%) were B. pertussis
PCR-positive (including the culture-positive
patients), and 11 (5.1%) were Bordetella spp.
PCR-positive [32]. In another study, nasopha-
ryngeal specimens were collected from 101
children between the age of 7–18 years with
prolonged cough, and 19.8% were PCR positive
for B. pertussis. Children who had their last
vaccine dose [ 5 years ago had a 6.13-fold
higher risk of PCR-confirmed pertussis than
those who were vaccinated within 5 years.
Paroxysmal cough, whooping, and post-tussive
vomiting were observed in approximately 30%,
15%, and 25% of the PCR-positive children,
respectively [33]. Although pertussis is known
to present generally with prolonged cough,
prevalence of pertussis was found to be 3.5%
among 115 adult patients with acute cough in a
recent study from Türkiye [34].

In a seroprevalence study from Türkiye, high
levels of anti-pertussis IgG (anti-PT IgG) (C 100
EU/ml) were detected in 9.7% (52/538) of the
patients between 18 and 87 years who had a
prolonged cough. Among cases with high anti-
body levels, age, gender, education level, vac-
cination, and smoking history or average daily
cigarette consumption did not significantly
differ [35]. Among a convenience sample of 228
adults who were admitted to the emergency
departments without any respiratory problems,
40% were anti-PT IgG positive, 60% were neg-
ative. Anti-PT IgG positivity was increasing by
age, as 26% at both 19–35 years and 36–50 years
and 48% in the 51–65-year group, which may be
illustrating a recent history for a typical or
atypical pertussis infection [36].

In 2019, both DTP1 and DTP3 coverages
were significantly high with a 99% rate in Tür-
kiye [37]. A cross-sectional online survey study
from Türkiye revealed that vaccination rates in
Ankara, the capital city, fell 2–5% during the
pandemic, with the highest drop in the vaccines
administered after 18 months of age [38]. The
pandemic has led to concern about other global
health areas being neglected, including the
delivery of vaccination and immunization pro-
grams particularly in low-income countries and
among vulnerable populations.

Burden of Disease

Infants under 12 months of age, particularly
those between 0 and 6 months, have the high-
est burden of pertussis disease [39]. According to
Swiss National Surveillance Data, hospitaliza-
tion rates were significantly higher (38.8 per
100,000 population) than the rate in patients\
16 years (2.6 per 100,000) [40]. During the 2010
outbreak in the US, although pertussis was
detected in all age groups, the greatest inci-
dence and hospitalization were seen in
infants\ 6 months old [41]. From 2010 to
2017, pertussis was reported in 27,370 infants
aged\12 months; 9199 cases (33.6%) occurred
among infants aged\2 months. Among the
7731 infant pertussis hospitalizations within
that 8-year period, a total of 3928 (50.8%) were
among infants aged \ 2 months. Meanwhile,
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69% of pertussis deaths were recorded in infants
\ 2 months old [42]. Similarly, during the per-
tussis resurgence in the UK in 2012, the highest
incidence of pertussis was seen in
infants\ 3 months old whereas a remarkable
rise was also reported in the age cohort
of[ 15 years [43]. In Spain, infants\3 months
of age accounted for almost 60% of hospital-
izations due to pertussis, and [ 90% of hospi-
talized patients were infants\1 year of age [44].
Mortality rates in infants\3 months old were
the highest in all these epidemics [45]. In
addition, the most recent data show that per-
tussis remains an important cause for deaths in
infants and young children [20, 44]. Thus, when
implementing elimination plans for pertussis, it
is essential to develop routes that stop pertussis
dissemination among both newborns and
young infants.

Main symptoms of pertussis are cough with
or without paroxysms, cyanosis, apnea,
tachypnea, and difficulty in breathing. Pertussis
can also cause important complications, par-
ticularly in infants who are too young to be
vaccinated. In a study from Türkiye, pertussis
was found in 44 (25.6%) of the 172 infants
diagnosed with acute bronchiolitis and as a co-
infection with respiratory viruses in 27 (61.4%)
infants. Of those 44 pertussis-positive infants,
only 17 (38.6%) had a paroxysmal cough, 13
(29.5%) experienced whooping, and 15 (34.1%)
had post-tussive vomiting [46].

Pertussis can cause especially severe disease
in newborns and unvaccinated infants [44]. A
study conducted in Türkiye reviewed 18
patients in a pediatric intensive care unit with a
diagnosis of pertussis, all of whom were
unvaccinated. The median age was 40 (38–47.5)
days. All patients had respiratory distress, 14
patients had cough (77.7%), 4 patients had
fever (22.2%), and 3 patients had seizures
(16.6%). Seven patients required mechanical
ventilation. Three patients died because of
multi-organ failure and cardiogenic shock
despite extracorporeal life support [47]. A ret-
rospective study from Singapore between 2007
and 2016 revealed that key risk factors for
intensive care unit (ICU) admission included
age \ 3 months, positive contact history,

underlying comorbidity, prematurity, and
being unvaccinated [48].

Although pertussis is often considered a
childhood disease, approximately 32% of all
notified pertussis cases in England in 2019 were
in people aged C 45 years [49]. While adoles-
cent and adult infections remain underrecog-
nized and undiagnosed, they can be a source of
transmission to higher risk groups, including as
neonates and the patients with chronic diseases
[24]. Although 1.4–7.5% of individuals 10–-
19 years of age and 3.5–5.7% of individu-
als C 20 years of age required hospitalization,
older individuals may require longer hospital-
ization. While death from pertussis occurs in *
0.1% of cases among patients [ 10 years old,
complications of pertussis are not rare in adults
and adolescents [50]. As the general population
ages, the disease burden is therefore predicted
to rise [51, 52].

Patients with respiratory and other systemic
comorbidities—including chronic obstructive
pulmonary disease (COPD) and asthma—may
have an elevated chance of experiencing severe
pertussis infections [53, 54]. Both human
immunodeficiency virus (HIV) infection and
exposure were also associated with greater per-
tussis incidences and rates of hospitalization
and mortality [55].

In a study from the Philippines, the most
frequent complications from pertussis disease
were pneumonia requiring intubation (64%),
acute respiratory distress syndrome (ARDS)
(28%), seizures (21%), nosocomial pneumonia
(11%), and myocarditis (11%) [56]. While the
most common are pulmonary complications
including both interstitial and alveolar pneu-
monia and, in serious cases, respiratory failure,
neurologic and nutritional complications have
also been observed. Cough paroxysms and
related hypoxia may cause acute encephalopa-
thy and/or cerebral hemorrhage, which may
result in epilepsy or permanent brain damage
[57]. Other pertussis-related complications
include urinary incontinence, headache, sleep
disturbances, rib fractures, fainting, sinusitis,
and otitis media [24].
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Obstacles in Pertussis Prevention

The primary goal of pertussis vaccination is to
decrease the possibility of serious disease in
infants and young children. Despite the success
of widespread mass vaccination schemes, per-
tussis causes a noteworthy health burden in
various countries. Furthermore, actual pertussis
incidence is estimated to be considerably higher
than the reported incidence [3]. The resurgence
of pertussis reporting in the recent years may be
partially attributable to improved recognition,
reporting, and diagnosis of pertussis. Although
the culture has 100% specificity, the sensitivity
is very poor, and it is difficult because of the
fastidious nature of the organism [58]. As the
nasopharyngeal cultures should be collected in
the first 15 days, diagnosis of pertussis may be
missed because of its non-specific symptoms.
Moreover, isolation of the bacterium can be
affected by the antibiotic usage. Molecular
techniques, including real time-polymerase
chain reaction (rt-PCR), are currently exten-
sively accessible allowing rapid diagnosis of
pertussis with a higher sensitivity (70–99%) in
the early stages of infection [59, 60]. Moreover,
to verify the infection after this stage, serologic
methods detecting anti-PT IgG in serum and
saliva have been established [3]. Both PCR and
serologic test applications may cause a relative
increase in pertussis recognition. In Canada,
clinical application of a sensitive PCR assay was
related to an accompanying fivefold rise in the
detection of pertussis-positive cases [61]. A
comparison of diagnostic tests for pertussis is
shown in Table 2.

Waning immunity is an important concern
regarding pertussis prevention. Neither natural
infection nor immunization with wP and aP
vaccines gives life-long immunity [52]. A
10-year study of pertussis immunity in the UK

showed that the protection afforded by vacci-
nation remained effective in 85% of children
during the first 4 years post-vaccination but
declined to 50% within 3 years. A meta-analysis
of 11 studies showed that during each year fol-
lowing administration of DTaP, the risk of per-
tussis rose 1.33-fold; consequently, 8.5 years
after their last aP dose, only 10% of children
were still immune against pertussis [62]. A
comparison study of adolescent booster doses
revealed that upon completion the absolute
effectiveness of the full six-dose aPV series was
estimated to be 85% but declined by 11.7% each
year thereafter. At 18 years of age, protection
was reduced to 28.2% of immunized patients
[63]. This rapidly declining effectiveness indi-
cates that additional booster doses are necessary
to ensure continuing protection.

After the introduction of wP and aP vaccines,
genetic mutations have been widely observed in
the circulating strains of B. pertussis. The dele-
tion of pertactin (PRN), over-expression of PT,
as well as, in a few cases, deletion of PT or fila-
mentous hemagglutinin have been docu-
mented [64]. PRN-deficient strains have become
prevalent in Australia, Israel, and the USA
[65–67]. From 2008 to 2012, during an impor-
tant outbreak of pertussis in Australia, 30% (96/
320) of B. pertussis isolates did not have PRN
[65]. The pertussis flare-up in Israel was also
related to the increased prevalence of PRN-
negative strains [66]. Such mutant strains may
evade a vaccine-induced immune response but
not necessarily cause more disease or reduced
vaccine efficacy.

Regional differences in the vaccination cov-
erage, due to the varying national immuniza-
tion schedules and vaccine hesitancy, may also
foster pertussis resurgence. Although mean
global DTP3 coverage was 81% in 2021, regional

Table 2 Comparison of the diagnostic tests for pertussis [58–61]

Test Sensitivity Specificity Optimal timing

Culture 12–64% 100% In 2 weeks time from the onset of cough

PCR 70–99% 86–100% In 4 weeks time from the onset of cough
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coverage levels vary extensively, ranging from
71 to 94%, depending on the country [12].

Strategies for Effective Pertussis
Prevention

As pertussis remains an important global con-
cern, to address the potential barriers for per-
tussis control and provide better prevention,
several immunization strategies have been
developed. These are maternal immunization
during pregnancy, immunization of family and
close contacts of newborns (cocooning), uni-
versal immunization of adolescents and adults,
and immunization of healthcare workers. These
should be carried out together with the appli-
cation of a fourth or fifth booster dose for all
pre-school children (4–6 years of age) and
advancement of current infant and children
immunization plans.

Maternal Immunization
Pertussis is a remarkable cause of morbidity and
mortality in children, particularly in infants \
6 months of age via transmission from a relative
in close contact [20, 44]. Generally, the initial
pertussis vaccine is given at the age of 6 or
8 weeks but can be delayed up to 3 months in
several countries [1]. Although the initial dose
provides partial protection against severe dis-
ease, higher rates of immunity (80–90%) can be
produced after the third dose [1, 3, 52]. The
approaches to further decrease infant mortality
from pertussis have therefore focused on sup-
portive action plans such as maternal immu-
nization during pregnancy and cocooning.

In the UK, pertussis-including vaccines have
been delivered in infancy since 1957, at 2, 3,
and 4 months of age since 1990, a preschool
booster at 40 months of age, and aP vaccine
since 2004. Although good disease control was
achieved, a national rise in pertussis was recor-
ded in late 2011, first limited to adolescents and
adults, and then spread through younger chil-
dren in 2012 [43]. As a response to this, in 2012
a five-component acellular-pertussis-containing
vaccine was offered to all women between 28
and 38 weeks of pregnancy. There was a 78%
fall in the number of confirmed cases and 68%

drop in hospital admissions in infants \
3 months old. Vaccine effectiveness was 90%
when the analysis was narrowed to cases \
2 months of age [43]. Pertussis vaccination in
pregnancy was available in all regions of Spain
in early 2016. While the national mean of death
from pertussis was 5.1 per year between 2007
and 2015, annual mortality rate fell to 2.5 per
year between 2016 and 2019 [44].

Since the introduction of maternal immu-
nization in the US in 2012, the incidence of
pertussis in infants \ 6 months of age reduced
from 169.0 per 100,000 population in 2014 to
57.2 per 100,000 in 2018. The number of deaths
in infants \ 12 months was 16 in 2012 and
decreased to 4 in 2018 [13]. An ecologic study
using the largest all-payer pediatric inpatient
database in the US revealed that pertussis hos-
pitalizations decreased from 5.06 to 2.15 per
100,000 infants with maternal Tdap vaccination
[68]. A study from Brazil also showed that
maternal pertussis vaccination reduced disease
incidence in infants \ 12 months of age, pre-
dominantly in those who are in their first
2 months of life [69]. Costa Rica implemented a
dose of postpartum Tdap in 2007 and replaced it
with intrapartum Tdap administration in 2011,
which led to a significant decrease in both
infant hospitalizations and deaths due to per-
tussis. Since 2011, there have been only four
infant deaths associated with pertussis in Costa
Rica [70]. Tdap vaccination has been recom-
mended for pregnant women since November
2017 in Singapore. Based on a study performed
in 2018–2019, maternal pertussis vaccination
was 97.62% and 98.17% effective in protecting
unvaccinated and partially vaccinated infants
from pertussis retrospectively. Maternal Tdap
vaccination was also found to be[70% effec-
tive in preventing pertussis-related intensive
care unit (ICU) admission in both unvaccinated
and partially vaccinated infants [71].

Regarding the safety of Tdap immunization
during pregnancy, there is no evidence of an
elevated risk of serious adverse events or still-
birth [72–74]. A retrospective cohort study from
Canada also showed that prenatal Tdap expo-
sure was not related to any adverse health
problems in early childhood while it was asso-
ciated with a decreasing trend in upper
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respiratory infections, gastrointestinal infec-
tions, and medical care requirement [75].

Babies of vaccinated women were found to
have higher transplacental antibodies against
pertussis in the first 2 months of life [74]. A
study comparing the immune responses against
maternal immunization between preterm and
term infants revealed that equal cord geometric
mean concentrations (GMCs) of Ig G levels were
observed in both groups. Preterm infants also
profit from the maternal vaccination, whereas a
longer period between maternal vaccination
and delivery provided higher cord blood
immunoglobulin levels in preterm [76].

In a seroprevalence study from Türkiye,
antibodies against PT and FHA in maternal and
cord blood samples were analyzed in 100 pre-
term infants and mothers and in 100 term
infants and mothers. Anti-pertussis antibody
levels were insufficient to protect infants until
their vaccination schemes had been completed.
Transplacental anti-pertussis antibody trans-
mission and antibody levels were lower in the
cord blood of preterm infants, predominantly
the ones\32 weeks of gestational age. Placental
transfer ratios for anti-PT and anti-FHA in pre-
terms were 68% and 72% and were 107% and
120% in term infants, respectively [77]. In
another study, anti-pertussis antibody levels
were found to be low in pregnant women in
Türkiye, and only 34.6% of infants had suffi-
cient anti-pertussis antibody titers (C 10 EU/ml)
at birth [78]. As pertussis vaccination in preg-
nancy is currently not in practice in Türkiye,
these findings support the need for maternal
Tdap immunization during pregnancy.

Timing of the maternal vaccination is
important to achieve optimal protection.
Although surveillance data from England
showed that vaccine effectiveness did not differ
in infants with mothers vaccinated at different
periods of pregnancy except in those with
mothers vaccinated between 7 days before and
41 days after delivery, most of the studies
showed that early third trimester Tdap vacci-
nation provides the highest newborn immunity
against pertussis [79–83]. A prospective study
from Australia revealed that newborns had sta-
tistically significantly higher concentrations of
high and very high avidity anti-PT IgG when

their mothers were vaccinated 5–12 weeks
before delivery compared to the ones whose
mothers received vaccines within 4 weeks
before delivery [84]. In another study from the
USA, GMCs of PT antibodies were found to be
highest when pregnant women had Tdap vac-
cine between the 27th and 30th weeks of preg-
nancy. Peak levels were obtained with
vaccination at week 30 (57.3 IU/ml [95% CI
44.0–74.6]), and antibody levels decreased
when mothers were vaccinated after 30 weeks
[85].

Interference between maternal immuniza-
tion and infants’ immune responses to their
vaccines is another concern. Several meta-anal-
ysis studies revealed that lower IgG levels were
recorded against both pertussis and diphtheria
after their immunization in infants whose
mothers received Tdap vaccine during preg-
nancy compared with infants of unimmunized
mothers [86, 87]. Timing of maternal vaccina-
tion was not found effective against this inter-
ference [86]. While there are no available
surveillance data to show the clinical impact of
this interaction, further burden of disease data
are needed to accurately assess the true clinical
significance of this interaction as the cohort of
infants born to pertussis-vaccinated women
increases [87].

Vaccination of pregnant women is impor-
tant as the most cost-effective supplementary
approach to stop disease in infants too young to
be vaccinated and seems to be more successful
and beneficial than cocooning. Based on the
evidence, The Global Pertussis Initiative (GPI)
advices maternal vaccination during pregnancy
as the primary approach to prevent pertussis
disease [45, 88]. The Advisory Committee on
Immunization Practices (ACIP) also suggests
that women have a dose of Tdap during each
pregnancy, ideally in the early stages of gesta-
tion as 27–36 weeks [89].

Cocooning
Cocooning is based on vaccinating the ones
close to infants to provide secondary protec-
tion. Cocooning is immunologically feasible, as
the antibody-mediated immunity after the
vaccination is fast, and 88–94% of vaccinated
individuals develop high levels of antibody in
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the following 2 weeks. However, there will still
be a 2-week period during which infants can be
at risk of pertussis infection; therefore, vacci-
nation should be performed before the last
month of pregnancy [90]. A study assessing the
impact of maternal vaccination during the
postpartum period on infant pertussis infection
revealed that vaccinating only postpartum
mothers did not decrease infection in
infants B 6 months of age [91]. Another study
from Australia analyzed the association between
parental vaccination status and incidence of
pertussis in infants\4 months old. Both the
mothers and fathers of infants with pertussis
were less likely to have been immunized at 22%
vs. 32% and 20% vs. 31%, respectively. Parental
cocooning was shown to reduce the risk of
pertussis by only 51% in the infants [92]. Sev-
eral simulation studies also showed that the
cocoon strategy is not efficient and would be
difficult to implement and expensive as many
individuals would need to be vaccinated [45]. A
mathematical modeling study predicted that
maternal immunization during pregnancy is
more cost-effective than cocooning and also
decreases the number of the cases by 33% (vs.
20% for cocooning), hospitalizations by 38%
(vs. 19% for cocooning), and deaths by 49% (vs.
16% for cocooning) [93]. Moreover, the number
needed to vaccinate (NNV) is very high to
achieve effective cocooning. According to a
study evaluating all pertussis reports (confirmed
and clinical/probable) in Québec and British
Columbia from Canada between 1990 and
2010, the NNV for parental immunization was
calculated as not less than 1 million to prevent
one infant death, approximately 100,000 to
prevent intensive care admission, and at least
10,000 to prevent hospitalization [94].

Adolescent/Adult Booster Doses
Several countries have included pertussis vacci-
nation of adolescents in their national immu-
nization programs. The Consensus on Pertussis
Booster Vaccine in Europe (COPE group) sug-
gested that adolescents between 10 and 17 years
of age should have a combined Tdap vaccine
instead of a Td vaccine, without considering the
previous vaccination status [43]. A retrospective
analysis of pertussis cases reported in the US

between 1990 and 2009 illustrated that the
application of Tdap for adolescents in 2005 led a
significant reduction in the number of cases in
those 11 to 18 years of age [95]. In Western
Australia, Tdap was applied to all high school
students in the 2008–2009 outbreak; a decrease
was observed in not only adolescent but also
infant pertussis cases [96]. It was also reported
that adolescent boosters are cost-effective;
immunization of adolescents in the US would
prevent 0.7–1.8 million pertussis cases and save
$0.6–$1.6 billion over a decade [97].

While adolescent boosters do not provide a
life-long immunity, adults may also be suscep-
tible to pertussis and become the source of
infection. In a study performed in Türkiye, 90%
of adult patients had no immunity against
pertussis in an unrelated medical outpatient
cohort [98]. Therefore, it is recommended that
further doses of the vaccine should be admin-
istered after adolescence. In a prospective study,
95% of 15–65 years individuals who received
Tdap were shown to have a sufficient immunity
against pertussis [99]. However, this immunity
wanes gradually, and renewing these boosters is
recommended. Although kinetic antibody
studies reveal that a booster interval of 10 years
seems to be suitable, clinical protection may be
more transient [100].

Geriatric Population
Pertussis is increasingly infecting the elderly,
and a significant percentage of older people
affected with pertussis may have remarkable
morbidity and mortality. Therefore, the ACIP
advises a single dose of Tdap for adults,
including unvaccinated older adults [101].

Healthcare Workers
The COPE group and GPI recommend a single
dose of Tdap instead of a Td, especially for
healthcare workers who can be the source of
disease for non-immune individuals under a
high risk of severe pertussis [102]. Tdap is sug-
gested for health care professionals without
considering the administration time of the last
Td containing vaccine in the USA [103].

Infect Dis Ther (2023) 12:2495–2512 2505



Interpretation of Literature and Strategies
from a Turkish National Perspective

While a nation-wide reporting system is in place
and a few cross-sectional epidemiologic data are
available in Türkiye, the current active disease
and disease burden of pertussis in different age
and risk groups are not well known [31, 47].
Physicians may miss the diagnosis of pertussis
especially in the adult patient population
because of the misperception that pertussis is a
childhood disease. Increasing physicians’
awareness of pertussis symptoms in patients
with prolonged cough and improving the
availability of routine pertussis tests (PCR for
newborns and serology for infants and older
children) may contribute to adequate levels of
pertussis diagnosis and reporting. Additionally,
surveillance studies may provide a faster data
generation opportunity in Türkiye regarding
the challenges in executing seroprevalence
studies [77].

The WHO states that the primary goal of
pertussis immunization is to protect newborns
and infants from severe complications of this
disease [2]. Data from Türkiye showed that anti-
pertussis antibody levels of preterm newborns
were not sufficient to protect infants, and most
infants did not have protective anti-pertussis
antibody levels at birth [74]. Additionally, per-
tussis immunization during pregnancy is the
most successful approach to protect infants \
6 months old who have not completed their
primary course of vaccinations. The Infectious
Diseases and Clinical Microbiology Specialty
Society of Türkiye 2019 guideline recommends
Tdap only as a suitable option to Td [104].
Although many countries recommend Tdap
vaccination in each pregnancy preferably dur-
ing 27–36 weeks of pregnancy, some countries
recommend earlier than the 27th week, in dif-
ferent time frames and as early as 16 weeks.
Health authority in UK recommends during
16–32 weeks, Ireland during 16–36 weeks, and
Australia 20–32 weeks [81, 82, 105, 106].

As the estimated preterm birth rate is around
10% in Türkiye, to allow enough time for anti-
body production and to ensure the protection
of these babies, pregnant women should have a
dose of Tdap at the 2nd or 3rd routine

prengancy check-up visit before the 32nd week.
As the Turkish Ministry of Health Antenatal
Care Management Guide suggests a routine 2nd
and 3rd antenatal care visit in weeks 18–24 and
28–32 correspondingly, this period can be con-
sidered the ideal vaccination time in Türkiye
[107]. The second antenatal care visit should be
preferred, especially in high-risk pregnancies, to
cover premature births as much as possi-
ble. During the third antenatal care visit, Tdap
vaccination status should be checked, and if the
vaccination is missed at the second visit, it
should be completed. This recommendation for
Turkey will be also compatible with the state-
ment of WHO advising increasing routine
immunization coverage by reducing missed
opportunities for vaccination [108].

The last dose of DTaP-IPV in Türkiye’s vac-
cination scheme has been administered at
48 months of age since 2020. Considering
available data, a booster dose of Tdap just after
10 years of age would decrease the transmission
to unprotected subjects at high risk of severe
pertussis [26, 32, 98]. Alternatively, a booster
Tdap at the age of national military service duty
would also be a practical way to immunize the
young male population but would not provide
immunization of females. Identification of
individuals with high risk of severe pertussis is
also vital to prioritize them for a booster Tdap in
Turei.

In addition to all these suggested strategies,
functioning of the surveillance systems should
be enhanced, awareness of health care profes-
sionals should be increased by trainings, and
catch-up visits should be organized for those
who missed the opportunity to be vaccinated
during the COVID-19 pandemic.

CONCLUSION

Pertussis is a respiratory disease with serious
consequences for newborns and vulnerable
populations such as pregnant women and the
elderly. Even after the introduction of vaccines,
pertussis remains a major cause of death and
morbidity, particularly in low- and middle-in-
come countries. As there is a lack of active
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surveillance in many countries, the true fig-
ures may be higher than reported [51].

Although both wP and aP vaccines have a
high level of safety, efficacy, and effectiveness,
neither provides lifelong immunity. After the
introduction of childhood vaccination pro-
grams, pertussis disease has shifted to older age
groups involving adolescents and adults, and
pertussis has remained an important public
health issue [52].

Additional strategies, such as maternal
immunization, cocooning, and booster doses
for adolescents, adults, and different risk
groups, should be implemented to improve
pertussis prevention and reduce outbreaks, as
recommended by the WHO and the Global
Pertussis Initiative [2, 45].

Despite widespread vaccination, pertussis
continues to cause mortality and morbidity in
Türkiye, as it does in many other developing
countries; therefore, additional efforts to raise
awareness are required. Vaccination of pregnant
women is probably the most cost-effective
additional strategy for preventing disease in
infants too young to be vaccinated; thus,
maternal immunization should be incorporated
into the national immunization program, and
booster dose administration should be consid-
ered to achieve lifelong pertussis prevention in
Türkiye.

Limitations and Implications for Further
Studies

The present study has all the limitations arising
from the nature of a narrative review. General
trends in pertussis incidence are also difficult to
ascertain because of the heterogeneity of epi-
demiologic data. However, we believe this
comprehensive review provided a broad per-
spective on this important topic and sufficiently
synthesized the available literature to evaluate
the current strategies to achieve lifelong per-
tussis prevention.
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27. Türkiye Sağlıkta Dönüşüm Programı Değerlendirme
Raporu [press release].

28. Dilli D, Bostanci I, Dallar Y, Buzgan T, Irmak H,
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