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Abstract: Pertussis continues to be a significant public health concern. We aimed to examine the
epidemiological characteristics of pertussis in Vojvodina, which accounts for almost a third of Serbia’s
population. Our aim was to determine the overall and age-specific incidence and mortality rates of
pertussis in Vojvodina from 1948 to 2023, as well as the coverage of immunization against pertussis from
1960 to 2023. In the period 1948-2023, 42,259 cases of pertussis were reported. Following the introduction
of the DTwP vaccine (1960) in Serbia, the reported incidence of pertussis began to decline. In 2001, for
the first time since introduction of pertussis surveillance in Vojvodina, no pertussis cases were reported.
Since 2012, the reported incidence of pertussis has once again increased, and peaked (41.1/100,000) in
2023, approaching the incidence rates recorded shortly after the introduction of DTwP vaccine. A shift in
the age profile of pertussis from children aged 0-6 years to school-aged children (7-14 years) occurred
between 2012 and 2023, when 48.3% of pertussis cases occurred in this age group. Although the incidence
rates of pertussis among individuals aged 20 years and older were significantly lower than among
younger age groups, there is evidence of an increasing trend in pertussis cases, particularly among
those aged 4049 years, since 2012. Based on the findings of this study, it is imperative to introduce
additional booster doses of the aP vaccine for individuals aged 14 years, along with implementing
maternal immunization strategies targeting women of childbearing age.
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1. Introduction

Pertussis (whooping cough) is a highly contagious infectious disease that affects the
respiratory tract of patients, with the potential complications, including death. Worldwide
vaccination against pertussis began in the 1950s. The widespread implementation of
immunization against pertussis has resulted in a significant reduction in pertussis-related
childhood mortality. Pertussis can present as a severe condition in infants, leading to
significant morbidity. However, in adolescents and adults, it commonly manifests as
a mild respiratory illness, and frequently goes unrecognized [1]. Despite the fact that
pertussis is a vaccine-preventable disease, it is endemic worldwide, with cyclical epidemics
every 3-5 years [1,2]. In addition, pertussis remains among the least-controlled vaccine-
preventable diseases in European Union/European Economic Area (EU/EEA) countries,
as well as across the broader European region, including Serbia [3]. One of the possible
reasons for the re-emergence of pertussis worldwide in the last decade is waning immunity
after immunization, highlighting the need to determine the optimal timing for booster
doses [4,5].

The aim of this paper was to observe the epidemiology of pertussis in Vojvodina
(northern Serbian Province) between 1948 and 2023, with the ultimate goal of updating
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public health recommendations and providing evidence for the urgent implementation of
additional booster doses of the pertussis vaccine in our country.

2. Materials and Methods
2.1. National Reporting System in Serbia

In Serbia, the official notification of pertussis, based on clinical criteria, has been
mandatory since 1948. Since 2012, in the Autonomous Province of Vojvodina (Vojvodina),
an improved pertussis surveillance was introduced based on the Global Pertussis Initiative
(GPI) recommendations (specific clinical case definitions and laboratory confirmation of
pertussis) [6,7].

The database for this analysis included all reported cases of pertussis, as well as
deaths due to pertussis from 1948 to 2023 in Vojvodina (~1.7 million inhabitants, which
corresponds to almost one-third of the population of Serbia), reported to the Centre for
Disease Control and Prevention, Institute of Public Health of Vojvodina (IPHV), as part of
the routine surveillance of communicable diseases.

Data from 1948 to 2011 were obtained through passive surveillance using the case
definition of pertussis that was based on clinical diagnosis; i.e., according to a clinical
assessment and the physician’s opinion, using a culture confirmation or without laboratory
confirmation of pertussis, and the pertussis vaccination history and epidemiological data.
In addition, due to issues with tracking, recognizing, and reporting, the number of pertussis
cases during the period 1948-1953 was lower than in the second part (1954-1960) of the
pre-vaccine era. Similar problems were recognized regarding the reported deaths related
to pertussis in our territory [7-9]. In contrast to the data obtained by passive surveillance
of pertussis from 1948 to 2011, data from 2012 to 2023 were collected based on the results
of improved pertussis surveillance system, which has, so far, been introduced only in
Vojvodina. This surveillance is case-based and relies on the GPI clinical case definitions of
pertussis and the implementation of laboratory confirmation for pertussis [6].

2.2. National Immunization Program in Serbia

Mandatory vaccination against pertussis in Serbia started in 1960, and a whole-cell
pertussis vaccine as a component of DTwP vaccine (along with diphtheria and tetanus
toxoids) was introduced. This was followed by a significant reduction in the incidence of
pertussis. The primary series of vaccination against pertussis is conducted with three doses
of vaccines for all children starting at the age of 2 months, and should be completed by
6 months with a minimum interval of 4 weeks between subsequent doses. Revaccination
is performed (first booster) one year after the third dose of vaccine from primary series.
The second booster of the DTwP vaccine for children aged 4 years was introduced in 1981,
and it was left out in 1985, and from 1986 to 2001, a monovalent pertussis vaccine was
administered to children in the same age group [8-10].

In 2015, the DTwP vaccine was officially replaced by the DTaP-IPV-Hib vaccine,
which combines protection against diphtheria, tetanus, pertussis, polio, and Haemophilus
influenzae type b. DTaP-IPV-Hib vaccine was also available on the private market in Serbia,
between 2001 and 2014. Following a period without a second pertussis booster dose in
Serbia (between 2002 and 2021), a second booster against pertussis was reintroduced in
2022 in a combined diphtheria—tetanus—acellular pertussis—polio vaccine (DTaP-IPV) for
children aged 6-7 years. Boosters against pertussis for adolescents, adults, pregnant women,
or healthcare workers (HCWs) were introduced to the Serbian National Immunization
Program, but the vaccines are not currently available [7,10,11].

We collected and analysed the data on pertussis immunization coverage with three
doses of pertussis containing vaccines during the first year and revaccination during the
second year of life in Vojvodina from 1960 to 2023.
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2.3. Laboratory Procedures

Samples from patients suspected of pertussis in the period 2012-2023 were tested at
the Centre for Microbiology, IPHV, Novi Sad. According to the GPI propositions [6], the
choice of sample and laboratory method (PCR or serology tests) was contingent upon the
duration of cough symptoms and the patient’s age, as elaborated previously [7].

2.4. Statistical Analysis

Data on pertussis incidence and mortality rates in Vojvodina during the period 19482023,
along with DTw/aP3 vaccination and DTw /aP revaccination coverage rates, were obtained
from annual reports of the Centre for Disease Control and Prevention, IPHV, spanning the entire
period. Incidence and mortality rates of pertussis were calculated using the annual number of
registered cases as the numerator and the population of Vojvodina, according to the census, as the
denominator [12], multiplied by 100,000. The case fatality rate was expressed as the proportion of
pertussis-related deaths to all reported pertussis cases. Administrative immunization coverage
data represent the number of vaccine doses administered to the designated population or the
number of immunized individuals within that population within one calendar year. The target
population groups differ among countries, and are contingent upon the national immunization
schedule. Coverage estimates derived from the administrative method may be subject to bias
stemming from inaccurate numerators or denominators. [13]. Despite this disadvantage, the
administrative method was utilized to present the annual coverage of immunization (DTw/aP3
vaccine and DTw /aP revaccine) as the annual percentage of immunized children out of the total
number of children in birth cohorts in Vojvodina.

All annual data were collected in collaboration between the IPHV and six IPHs located
in each of six districts of Vojvodina, based in Subotica, Sombor, Panéevo, Sremska Mitrovica,
Kikinda, and Zrenjanin.

3. Results

Figure 1 summarizes the number of cases and incidence rates of pertussis in Vojvodina
during the 1948-2023 period, as well as the type of pertussis vaccine and year of its introduction.
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Figure 1. Reported cases and incidence rate of pertussis, per 100,000 population, in Vojvodina,
1948-2023. Legend: wP: whole-cell pertussis vaccine; aP: acellular pertussis vaccine; the red verti-
cal line indicates the separation between the period of introduction of surveillance and its wider
implementation across Vojvodina.
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In the pre-vaccine era, thousands of pertussis cases were reported every year, with the
highest incidence rate (242.1/100,000 population) reported in 1959. After the introduction
of the DTwP vaccine, the reported incidence of pertussis sharply declined, but remained
above 50/100,000 during the 1960s, with epidemics in 1963-1964 and 1967-1968. In the
1970s and 1980s, the incidence of pertussis continued to decline, ranging from 1.4,/100,000
(in 1989) to 31/100,000 (in 1970) and, during the 1990s, only sporadic pertussis cases were
registered. In 2001, there were no reported pertussis cases, and between 2002 and 2011,
only 14 cases of pertussis were recorded. Since 2012, the reported incidence of pertussis
has increased again, and peaked in 2014, 2018, and 2023. From 2012 to 2023, a total of
1949 pertussis cases were reported. In 2023, the incidence rate of pertussis has reached
41.1/100,000, approaching the incidence observed in 1961 (45.4/100,000), one year after the
introduction of vaccination against pertussis.

During the pre-vaccine era (1948-1960), a total of 136 deaths due to pertussis were
registered, with the highest mortality rate reported in 1954 (1.4/100,000). In the vaccine
period (1961-2023), a total of 11 deaths due to pertussis were notified. Most of them (n
= 9) were registered in the period 1961-1970. The average mortality rate of pertussis in
the pre-vaccine period was 0.6/100,000, while in the vaccine period, it was 0.01/100,000
(Figure 2).
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Figure 2. Reported deaths and mortality rate of pertussis, per 100,000 population, in Vojvodina,
1948-2023. Legend: the red vertical line indicates the separation between the period before and after
introduction of immunization against pertussis in Vojvodina.

Throughout the study period, the highest number (50) of deaths related to pertussis
was recorded among infants under 1 year of age. More precisely, out of the total number
of deaths due to pertussis in the period 1948-2023, 34%, 25.9%, and 20.4% were recorded
among infants, followed with the children aged 1 year, and those aged 2 years, respectively.
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Case fatality rates in three mentioned ages were 1.03%, 0.62%, and 0.54%. Only one death
was recorded among patients aged > 10 years in 1950 (Table 1).

Table 1. Number of reported cases, deaths due to pertussis and case fatality ratio (CFR) of pertussis
in Vojvodina by age, 1948-2023.

Age/Age Group Variables Period 1948-1960 Period 1961-2023 Total

0 No of cases/deaths 3243/46 1626/4 4869/50
CFR 1.42 0.24 1.03

1 No of cases/deaths 4091/34 2063/4 6154/38
CFR 0.83 0.19 0.62

5 No of cases/deaths 4221/30 1299/0 5520/30
CFR 0.71 - 0.54

3 No of cases/deaths 3825/10 984/0 4809/10
CFR 0.26 - 0.21

4 No of cases/deaths 3525/9 934/1 4459/10
CFR 0.26 0.11 0.22

5 No of cases/deaths 2912/4 985/0 3897/4
CFR 0.14 - 0.10

6 No of cases/deaths 2313/1 1049/1 3362/2
CFR 0.04 0.09 0.06

7.9 No of cases/deaths 2996/1 2744/1 5740/2
CFR 0.03 0.04 0.03

~10 No of cases/deaths 802/1 2647/0 3449/1
CFR 0.12 - 0.03

Total No of cases/deaths 27,928/136 14,331/11 42,259/147

CFR 0.49 0.08 0.35

Legend: CFR: case fatality ratio.

The highest age-specific mortality rates in infants aged under 1 year (26.9,/100,000),
children aged 1 year (23.4/100,000), and in children aged 2 years (20.1/100,000) were regis-
tered in 1954. Between 1971 and 2014, there were no registered deaths related to pertussis.
In 2015 and 2020, deaths due to pertussis were registered in infants aged 2.5 months and
14 days, respectively (Figure 3).

During the observed period, a total of 42,259 cases of pertussis were reported. Out
of total number of cases, 78.3% (33,070/42,259) were recorded in preschool-aged children
(0-6 years of age). Between 2012 and 2023, a total of 1949 pertussis cases were registered.
In 2023, for the first time, the number of pertussis cases (n = 385) among children aged
10-14 was 12.4 times higher than in infants under 1 year (n = 31).

Since 2012, when improved surveillance of pertussis was implemented, cyclical epi-
demics of pertussis were observed in 2014, 2017/2018, and 2023.

Immunization coverage with primary series and revaccination against pertussis varied
over the study period. Since the introduction of vaccination against pertussis, the lowest
value (29%) of DTwP3 coverage was measured in 1967 and, thereafter, it continuously
increased until 1990. It was consistently above 95% from 1990 to 2019. Coverage for DTaP3
between 2020 and 2023 ranged from 91% (in 2021) to 94% (in 2020). Coverage for the first
booster reached >95% in 1974, and remained at that level until 2014. During the period
of 2015-2023 it dropped and ranged from 82% (in 2022) to 93% (in 2015 and 2019). In the
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period of 2012-2023, the average coverage of the DTaP3 vaccine was 95%, and the average
coverage of DTaP booster vaccine was 90% (Figure 4).
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Figure 3. Mortality rate of pertussis, per 100,000 population, in Vojvodina, 1948-2023. Legend:
the red vertical line indicates the separation between the period before and after introduction of
immunization against pertussis in Vojvodina.
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(1960-2023) in Vojvodina.
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The age-specific incidence rates of pertussis in preschool-aged children are shown in
Figure 5. Between 1948 and 1959, the incidence rates of pertussis among infants under
1 year of age ranged from 64 to 1471 per 100,000 infants, but higher peaks of incidence
rates were observed among children aged 1, 2, and 3 years. During the same period, the
highest incidence rates of pertussis for children aged 1, 2, and 3 years were 1835.1/100,000
(in 1957), 1985.6,/100,000 (in 1959), and 2109.2/100,000 (in 1959), respectively. Following
the introduction of the pertussis vaccine, the incidence rates of pertussis dramatically
declined in preschool-aged children. Between 2012 and 2023, there was only an increase
in the incidence among the youngest population (infants aged under 1 year), but it was
significantly lower than during the pre-vaccine period.
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Figure 5. Incidence rate of pertussis, per 100,000 population, among preschool children in Vojvodina,
1948-2023.

Regarding the distribution of pertussis among children aged 7-9, 10-14, and
15-19 years, it is evident that pertussis was more frequently registered among children
aged 7-9 years compared to the other two age groups. A higher incidence rate of pertussis
in the 7-9 age group, compared to 10-14 and 15-19 years, was also registered during the
vaccine period, with the peak of incidence rate (725.2/100,000) seen in 1963. Between 2012
and 2023, an increase in incidence across all three age groups was registered, but the higher
rates were among children aged 10-14 and adolescents aged 15-19 years than among those
aged 7-9 years (Figure 6). In 2023, the incidence rate of pertussis in the 10-14 age group was
450.8/100,000, marking the highest incidence rate within this age group throughout the
entire study period. This rate was also 2.4 times higher than the incidence rate of pertussis
among infants (186.3/100,000) in 2023.
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Figure 6. Incidence rate of pertussis, per 100,000 population, among school-aged children and
adolescents (aged 7-19 years) in Vojvodina, 1948-2023.

Figure 7 summarizes the age-specific distribution of pertussis among adults aged 20
years and older. Although the incidence rates of pertussis in the adult population were
significantly lower compared to younger individuals, after 2012, an increasing trend of
pertussis was recorded across all observed age groups, especially among persons aged 40—
49 years. In 2014, 2018, and 2023, incidence rates of 7.3, 13.8, and 17.4/100,000, respectively,
were recorded for those aged 40—49 years. These respective rates were even higher than
those observed during the pre-vaccine era.
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Figure 7. Incidence rate of pertussis, per 100,000 population, among persons aged 20 years and older
in Vojvodina, 1948-2023.
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4. Discussion

Before the widespread introduction of vaccination, pertussis was primarily considered
a childhood disease. For example, in the USA, more than 95% of officially registered
pertussis cases during the pre-vaccine period were in children under 10 years of age [14].
Following the development and implementation of immunization with vaccines containing
a pertussis component, the incidence of the disease was significantly reduced. On the other
hand, after the widespread introduction of immunization and achieving high coverage of
vaccination against pertussis, the age distribution of the disease has shifted from infants to
adolescents and adults [2,5,6,15,16]. The results of our study have also confirmed that the
introduction of the pertussis vaccine and routine vaccination programs in Serbia in 1960 led
to a decline in the overall incidence and mortality rates of pertussis. In 2001, forty-one
years after the introduction of immunization against pertussis, no cases of pertussis were
reported in Vojvodina. It is worth noting that the second dose of the pertussis vaccine
was administered in Serbia between 1981 and 2001 [9], which had an additional effect
on the optimal reduction of pertussis cases in our territory. However, due to insufficient
diagnostic capabilities by PCR or serology until 2012, cases in older age groups remained
unrecognized and, therefore, underreported.

In order to better assess changes in the epidemiology of pertussis over time, it is
important to improve surveillance using clinical case definitions and laboratory diagnosis
of pertussis [1,3,6]. Given that the officially reported number of pertussis cases may not
accurately reflect the true extent of the disease, and considering that pertussis is often
underrecognized, particularly among adolescents and adults, since 2012, the GPI case
definition of pertussis concurrently with the increasing capabilities of laboratory testing
and confirmation were implemented in Vojvodina, as previously described in detail [7].
Closely after the implementation of improved pertussis surveillance in Vojvodina, an
increasing trend of pertussis incidence was recorded.

Findings of a comprehensive study conducted across 15 European countries between
2010 and 2017 suggests that pertussis immunization, whether recommended or mandated,
along with the administration of boosters in adolescents, indeed impacts the incidence rate
of pertussis. However, it does not alter the cyclic pattern of pertussis occurrence [17].

The purpose of vaccination against pertussis is to reduce the severity of and mortality
related to pertussis [1]. The results of our study have shown a decline in number deaths
related to pertussis in vaccine era. More precisely, total of 136 deaths related to pertussis
were reported in the pre-vaccine period (1948-1960), while in the vaccine era (1961-2023), a
total of 11 deaths due to pertussis were recorded in Vojvodina. After 1970, and after 45 years
without registered deaths due to pertussis, the last cases of pertussis deaths registered in
Vojvodina were one in 2015, and another in 2020.

The age distribution of pertussis is characterized by the disease occurrence, regardless
of the patient’s age. Nevertheless, older children, adolescents, and adults typically present
with less severe symptoms, whereas infants, pregnant women, and the elderly are at higher
risk of experiencing pertussis complications. [18]. Additionally, infants (mainly those less
than 3 months old) have the highest mortality rate [1,19]. The burden of this disease in
Vojvodina was significant, in which the highest mortality rate was recorded among infants
and 34% of the total number of deaths in the period 1948-2023 were recorded among the
youngest age group. On the other hand, only one pertussis related death was recorded
among patients aged >10 years.

In the context of the global and regional immunization profile for 2022, vaccine
coverage of three doses of DTw/aP in the first year of life ranged between 85% and 86%
in most countries. Additionally, many countries included a pre-school and an adolescent
booster in their national immunization programs [20]. In addition, the global coverage
of DTP (both DTwP and DTaP) ranged from 86-90% for the first dose, and from 81-86%
for the third dose in the period from 2008 to 2021. The global coverage of the pertussis
contained vaccines decreased in the period from 2020 to 2022, compared to the period
2012-2019, probably as a consequence of the COVID-19 pandemic [21]. Immunization
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coverage with the primary series and revaccination against pertussis in Vojvodina has
been high during most of the study period. The lowest level of DTwP3 coverage (29%)
was recorded in 1967, probably due to consequences of catastrophic floods in Serbia and
the cessation of vaccine supplies [22]. Thereafter, DTw /aP vaccination and revaccination
coverage continuously increased. During the COVID-19 pandemic years, coverage for the
third dose vaccine against pertussis ranged from 91% (in 2021) to 94% (in 2020). Coverage
for the first booster during the period from 2015 to 2023 ranged from 82% (in 2022) to 93%
(in 2015 and 2019). Non-pharmaceutical interventions have helped curb the transmission of
the COVID-19, but have also disrupted many health care services, including immunization.
During the pandemic, vaccination appointments were often missed due to fear of visiting
health facilities [23]. Consequently, global coverage with three doses of pertussis containing
vaccines dropped from 86% in 2019 to 83% in 2020, as a result of public health crises caused
by the pandemic [20,23].

Despite widespread coverage with DTw /aP4 or DTw /aP5 in many countries, pertussis
remains endemic, with the peak age of infection seemingly transitioning from infants and
young children to adolescents. There are at least two recognized reasons for this. First,
high DTP4 coverage has led to a change in the age distribution of pertussis, characterized
by a shift in the peak age of infection away from infants to young children. Second,
the implementation of a booster dose administered at school entry age has additionally
contributed to the transition of the peak age of pertussis infection towards adolescents and
adults [24,25]. For instance, results from the sentinel surveillance study in Japan showed
a change in the age-specific proportion of cases between 2000 and 2015. In 2001, 27% of
the cases were aged 6-11 months and 3% were aged 20 years and older, while by 2010,
the proportion of cases among patients aged 20 years and older increased to 48%, and
those 6-11 months accounted for only 4% [26]. Similarly, we found that ~78% of pertussis
cases in Vojvodina occurred among preschool-aged children (aged 06 years) in the period
1948-2023. A shift in the age profile of pertussis patients occurred between 2012 and 2023,
when over 48% of cases were registered in the school-aged children (aged 7-14 years).
In 2023, for the first time since the introduction of pertussis surveillance in Vojvodina,
the number of pertussis cases among children aged 10-14 was higher (12.4 times) than
among infants.

Despite the resurgence of pertussis in many countries, it remains an under-estimated
disease worldwide. There are numerous reasons for this phenomenon, including the
variability in case definitions of pertussis used worldwide, the diverse clinical presenta-
tions of disease across age groups, alterations in clinical characteristics of diseases due
to immunization, limited access to laboratory confirmation of the disease, a low index of
suspicion among many physicians, and the occurrence of mixed infections [6,7]. As a result
of improved surveillance of pertussis in Vojvodina from 2012 to 2023, in parallel with an
increase in the incidence of pertussis, the age-specific incidence peaked among children
aged 10-14 and adolescents aged 15-19 years. In addition, during 2023, the incidence rate
of pertussis among the 10-14 age group was the highest during the entire 76-year period.

However, despite the implementation of improved surveillance since 2012, we have
provided evidence that many cases were still unrecognized. In the seroprevalence study
conducted using serum samples collected between 20 January 2016, and 15 June 2017, from
participants residing in the city of Novi Sad (the main administrative centre of Vojvodina),
our findings indicate that the actual number of pertussis cases is significantly greater than
those officially reported. Specifically, the prevalence of pertussis unrecognized infection
within one year was 3.4%, equivalent to 9242 cases, while only 200 cases were officially
registered (ratio 46:1). Interestingly, we have additionally identified unrecognized recent
pertussis infections or reinfections following waning immunity among young or future
parents, as well as among other elderly family members [27]. Due to the implementation
of non-pharmaceutical measures against the COVID-19 pandemic (such as movement
restrictions, closures of schools, kindergartens, and faculties, physical distancing, wearing
properly fitted masks, practicing hand hygiene, and prohibiting visits to secondary and
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tertiary healthcare institutions as well as nursing homes) [28], there has been a decline in
the number of officially registered pertussis cases. Namely, during 2020-2022 in Vojvodina,
44, 3, and 5 pertussis cases were recorded, respectively. In the same period, vaccination
coverage for the DTaP3 vaccine was 94%, 91%, and 93%, while for DTaP revaccination in
the second year of age, it was 87%, 85%, and 82%, respectively. After these three (2020-
2022) years, similarly to the other settings [29,30], a sudden increase in the number of
pertussis cases across all age groups in Vojvodina was recorded. Possible reasons for
this include the lower circulation of SARS-CoV-2 in the population and, consequently,
the relaxation or absence of measures focused on controlling the spread of respiratory
infections; decreased coverage of pertussis immunization during the pandemic years;
accumulation of a susceptible population who did not come into contact with Bordetella
pertussis (B. pertussis) during the first three pandemic years; and regression of immunity in
previously vaccinated individuals, as well as increased public awareness and laboratory
testing for pertussis following the COVID-19 pandemic. Taking into account that pertussis
has cyclical epidemics every 3-5 years, it is noteworthy that in the last decade, pertussis
has appeared as an epidemic in Vojvodina in 2014, 2017/2018, and 2023. However, the
highest number of cases was recorded in 2023, which is consistent with the aforementioned
reasons. Finally, although the incidence rates of pertussis among individuals aged 20 years
and older were significantly lower than among younger age groups, an increasing trend
in pertussis cases has been observed in adult populations since 2012, particularly among
those aged 4049 years. A similar epidemiological situation was observed in neighbouring
Croatia, where the number of pertussis cases in 2023 exceeded the annual number reported
over the past 40 years [31]. Specifically, Croatia reported 6261 cases of pertussis from
1 January 2023 to 15 March 2024. Among these cases, 67% occurred in youths aged
10-19 years. Additionally, Denmark reported 1229 cases in 2023, marking the highest annual
number reported since 2007 [32]. Owing to disparities in surveillance systems, diagnostic
techniques, and reporting protocols, the reported incidence of pertussis has exhibited
considerable variation across European countries over the last 15 years. Nonetheless,
there is substantiated evidence indicating pertussis circulation among adolescents and
adults in Europe. While pertussis-associated morbidity and mortality are highest in infants,
individuals aged over 50 years are also at increased risk [24].

For example, in a hospital-based surveillance study conducted in Portugal between
2000 and 2015, 94% of hospitalized pertussis cases were infants under 1 year old, with a
case fatality rate (CFR) of 0.8%. Conversely, among hospitalized adult cases of pertussis, the
CFRs were 11.5% in patients aged 18-64 years and 17.4% for those aged over 65 years [33].
In our study, CFR was the highest (1%) among infants under 1 year, and during the 76-year
period, only one death related to pertussis among adults was recorded (in 1950).

Numerous other factors contribute to the increasing incidence of pertussis globally,
including the lower efficacy of the DTaP vaccine compared to the DTwP vaccine. Natural
infection and immunization with the DTwP vaccine induce a strong T-helper 1 and Th17
cell response, whereas the DTaP vaccine is associated with the induction of Thl and a
higher Th2 response, which is not as effective against B. pertussis infection. Additionally,
studies in a baboon model have shown that the acellular vaccine does not fully protect
against pertussis infection, although it does prevent symptoms [24,30]. Other factors, such
as waning immunity following acellular vaccination, strain changes in the presence of
vaccine-induced immunity, local collections of unvaccinated and, therefore, susceptible
children, the improvement of laboratory capacity for polymerase chain reaction (PCR)
confirmation of B. pertussis, and the emergence of non-vaccine type strains, also contribute
to the resurgence of pertussis [24,30,34-36].

The prevailing consensus suggests that traditional vaccination strategies alone are
insufficient in effectively managing the resurgence of pertussis. Hence, there is a pressing
need for novel, targeted prevention and control strategies that account for the evolving
epidemic dynamics and transmission patterns of the disease [29,30]. Until such measures
are implemented, the World Health Organization continues to recommend the use of
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whole-cell pertussis (WP) vaccines. Countries that have switched to acellular pertussis (aP)
vaccines are encouraged to implement supplementary measures. These may include the
introduction of additional booster doses, and strategies such as maternal immunization,
as well as the “cocooning” strategy. Given that immunity against pertussis declines over
time, maternal immunization demonstrates particular efficacy in preventing pertussis-
related deaths among infants. This outcome is likely primarily attributed to the direct
protection provided by the transfer of maternal antibodies, along with a reduction in
the risk of transmission due to the decreased likelihood of peripartum pertussis in the
mother. For individuals aged 7 years and older, vaccines containing only acellular pertussis
components should be administered [1,30]. There is substantial evidence indicating that
additional booster doses provide direct protection against pertussis within the targeted
age groups [37-39]. Consistent with this, a comprehensive Norwegian study covering the
period between 1998 and 2019 has demonstrated that the introduction of booster vaccines
for 7-8-year-olds and 15-16-year-olds influences a decrease in the incidence rate of pertussis,
as a result of direct protection among the targeted age groups. Additionally, as a result of
the introduction of booster doses for 7-8 and 15-16-year-olds, the authors of this study also
found a decrease in pertussis incidence among adults (indicating indirect protection), but
not among infants [40].

The resurgence of pertussis has been noted across both developed and developing
countries globally [17,36,41]. However, despite evidence indicating an increasing number
of pertussis cases in Vojvodina, the incidence rates remain significantly lower than those
observed before the introduction of immunization, except in adults.

This study had some limitations. First, due to the passive nature of surveillance,
there is a likelihood of underreporting pertussis cases in Vojvodina, especially during the
period from 1948 to 2011, and particularly during the initial phase (1948-1953) of pertussis
surveillance in Vojvodina. Diagnosis of pertussis in passive surveillance relies on clinical
suspicion in the absence of laboratory confirmation, resulting in many cases in both children
and adults going undiagnosed. Second, we did not collect data on individual patients’
vaccination history against pertussis, and there was only annual immunization coverage
by cohorts vaccinated against pertussis in Vojvodina. Additionally, there was no annual
coverage of the second booster dose for children aged 4 years during the period from 1981
to 2001. Given the declining trend of annual pertussis incidence rates during this period,
it appears that the coverage of revaccination was high. Third, hospitalization rates were
not calculated, due to the insufficient data about hospitalization over the study period.
Fourth, data on the time between pertussis symptom onset and date of sampling in period
from 2012 to 2023 were incomplete, as well as data on negative test results. Given the
recommendation that serology should not be used during the first year after pertussis
vaccination [6,7,25,42], and the lack of vaccination history data for the cases, the possibility
of false positive serological results among vaccinated infants cannot be ignored. Despite
the potential limitations outlined above, we posit that they did not significantly influence
the main findings of our study, particularly given the long follow up period of pertussis
surveillance in Vojvodina.

5. Conclusions

Despite the introduction of immunization and decades of high vaccination coverage,
pertussis in Vojvodina remains endemic, especially in adults, and reported cases have
been increasing.

Yet, over the last decade of the study period, we observed an increase in incidence
rates of pertussis in all age groups, particularly among 10-14-year-olds, in parallel with a
decrease in immunization coverage. Furthermore, we noted a rise in officially reported per-
tussis cases among individuals aged 2049 years. Based on these findings, it is imperative
to enhance and maintain immunization coverage with pertussis-containing vaccine during
the first and second years of life, as well as before entry school, and to introduce an addi-
tional booster dose of the aP vaccine for individuals aged 14 years. Additionally, maternal
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immunization strategies targeting women of childbearing age should be implemented, and
boosters in adults should be considered.
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