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ABSTRACT

Purpose: To analyze epidemiological and clinical data of
individuals tested for pertussis within the framework of routine
disease surveillance

Material and Methods: We conducted a retrospective
analysis of epidemiological and clinical characteristics in 109 pa-
tients tested for pertussis from five regions in Central and North-
eastern Bulgaria. Nasopharyngeal samples were collected from all
subjects. Bacterial DNA was extracted using the SaMag Bacterial
DNA Extraction Kit (SM006, Sacace Biotechnologies, Italy) ac-
cording to the manufacturer’s instructions. DNA amplification was
performed using the Bordetella multiplex Real-TM PCR kit
(Bordetella pertussis/B. parapertussis/B. bronchiseptica Real-TM,
B84-100FRT, Sacace Biotechnologies, Italy), targeting the con-
served region of the ptxA gene and species-specific genomic re-
gions of Bordetella pertussis. Amplification and analysis were per-
formed using the CFX96 qPCR system (Biorad, USA). All posi-
tive samples demonstrated amplification of the ptxA gene and spe-
cific genomic regions of B. pertussis.

Results: Between May and December 2024, a total of 109
nasopharyngeal samples from patients with suspected pertussis
were tested at the Virology Laboratory of the Medical University
— Pleven. PCR analysis confirmed pertussis infection in 25 cases
(22.94%). The highest proportion of positive cases was observed
among children aged <1 year (n = 12) and those aged 5-9 years
(n = 4). Unimmunized individuals accounted for 12 (48%) of all
laboratory-confirmed cases. According to epidemiological classifi-
cation criteria, 16 cases (14.68%) were categorized as possible, 4
(3.67%) as probable, and 18 (16.51%) as confirmed.

Conclusion: Strengthening laboratory diagnostics,
optimizing vaccination strategies, and conducting comprehensive
epidemiological investigations are essential to enhance pertussis
surveillance and control efforts.
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INTRODUCTION

Pertussis is a highly contagious bacterial disease
of the respiratory tract caused by Bordetella pertussis or,
less frequently, Bordetella parapertussis. Despite wide-
spread immunization programs, pertussis remains a sig-
nificant public health concern in Europe and globally.
According to Commission Implementing Decision (EU)
2018/945, which defines diseases and health issues un-
der EU surveillance, the diagnosis of pertussis is based
on clinical, laboratory, and epidemiological criteria. 1/
Clinical criteria include - Any person with a cough last-
ing at least two weeks and at least one of the following:
Paroxysms of coughing, Inspiratory “whooping”, Post-tus-
sive vomiting; Any person diagnosed with pertussis by a
physician or Apnoeic episodes in infants. It is important
to note that adolescents, adults, and vaccinated children
may present with atypical or milder symptoms. 2/ Labo-
ratory criteria require at least one of the following: Iso-
lation of Bordetella pertussis from a clinical specimen,
Detection of Bordetella pertussis nucleic acid in a clini-
cal specimen, Demonstration of a specific antibody re-
sponse to Bordetella pertussis. Direct diagnosis is
optimally performed using nasopharyngeal specimens for
culture or nucleic acid detection (PCR). Indirect diagno-
sis involves serological testing, preferably ELISA using
highly purified pertussis toxin and WHO reference sera
as standards. Serological results must be interpreted in the
context of vaccination history, as recent vaccination may
influence antibody titers against pertussis toxin. 3/ Epi-
demiological criteria consist of an epidemiological link
through human-to-human transmission.
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Based on these criteria, cases are classified as: Pos-
sible case — meeting clinical criteria only; Probable case
— meeting clinical criteria with an epidemiological link;
Confirmed case — meeting both clinical and laboratory
criteria. [1]

For surveillance purposes, the European Centre for
Disease Prevention and Control (ECDC) publishes an An-
nual Epidemiological Report on pertussis, based on data
collected through EpiPulse, the EU system for communi-
cable disease surveillance. In 2023, 29 EU/EEA countries
reported 26,033 pertussis cases. Of these, 93% were clas-
sified as confirmed, 3% as probable, and 4% as possible.
The overall EU/EEA reported rate reached 6.7 per 100,000
population, representing a substantial increase compared
with rates below 1 per 100,000 population in previous
years. This was the second highest rate reported in the past
five years. [2]

Reflecting the broader European trend, Bulgaria has
experienced a marked rise in pertussis incidence. In 2024,
the reported rate reached 42.22 per 100,000 population.
Of the 2,721 registered cases, 2,588 (95%) were labora-
tory confirmed. [3] The resurgence of pertussis despite
mass immunization highlights the need for comprehen-
sive epidemiological investigations to better understand
transmission dynamics, vaccine effectiveness, and poten-
tial contributing factors.

The aim of the present study was to analyze epide-
miological and clinical data of individuals tested for per-
tussis within the framework of routine disease surveillance.

MATERIAL AND METHODS

We conducted a retrospective analysis of epidemio-
logical and clinical characteristics in 109 patients tested
for pertussis from five regions in Central and Northeastern
Bulgaria. Nasopharyngeal samples were collected from all
subjects. Bacterial DNA was extracted using the SaMag
Bacterial DNA Extraction Kit (SM006, Sacace Biotech-
nologies, Italy) according to the manufacturer’s instruc-
tions. DNA amplification was performed using the
Bordetella multiplex Real-TM PCR kit (Bordetella pertus-
sis/B. parapertussis/B. bronchiseptica Real-TM, B84-
100FRT, Sacace Biotechnologies, Italy), targeting the
conservatived region of the ptxA gene and species-specific
genomic regions of Bordetella pertussis. Amplification and
analysis were performed using the CFX96 qPCR system
(Biorad, USA). All positive samples demonstrated amplifi-
cation of the ptxA gene and specific genomic regions of
B. pertussis.

RESULTS

Between May and December 2024, a total of 109 na-
sopharyngeal samples from patients with suspected pertus-
sis were tested at the Virology Laboratory of the Medical
University — Pleven. PCR showed a positive result for per-
tussis in 25 (22,94%) of the tested samples. The patients
were predominantly from cities (67,89%) of the Pleven,
Veliko Tarnovo, Ruse, Gabrovo and Lovech regions. The
tested subjects had a mean age of 13 years (age varied be-
tween 1 month and 90 years of age). The distribution by
age group and PCR results is presented in Table 1.

Table 1. Distribution by age group and PCR results

Age group/
<1 1-4 5-9 10-14 15-19 20-29 >30
PCR test
Positive 12 3 4 0 3
Negative 18 23 14 14
Total 30 26 18 11 6 1 27
The distribution by immunization status and PCR results is presented in Table 2.
Table 2. Immunization status and PCR results

Immunization status/

PCR test Unimminized Immunized Total

Positive 12 13 25

Negative 13 71 84

Total 25 84 109

The leading clinical symptom in the tested individuals was cough, visible in Figure 1.
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Fig. 1. Clinical symptom of the tested individuals.
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The cases were registered during the months from April to December, with the highest number in November

(fig. 2).

Fig. 2. Distribution of the tested individuals by months

A working diagnosis of pertussis was suspected in
16 (14,68%) of the examined individuals and in 7 (6,42%)
contacts of pertussis. Treatment with antibiotics was car-
ried out in 51 (46,79%) of the individuals.

From the data collected for the examined individu-
als, according to the criteria for diagnosis, we can sum-
marize the following results: 16 (14.68%) meet clinical
criteria; 25 (22.94%) meet laboratory criteria, and 4
(3.67%) meet epidemiological criteria. Depending on the
case classification examined, individuals can be: Possi-
ble case (Any person meeting the clinical criteria) — 16
(14.68%); Probable case (Any person meeting the clini-
cal criteria with an epidemiological link) — 4 (3.67%) and
Confirmed case (Any person meeting the clinical and the
laboratory criteria) — 18 (16.51%).
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DISCUSSION

Pertussis is a highly contagious bacterial disease
that is preventable through vaccination. Although, in prin-
ciple, elimination through sustained immunization cov-
erage should be achievable, this goal has remained elu-
sive. In recent years, many countries with long-established

immunization programs have reported a resurgence of per-
tussis. Bulgaria is no exception, and in 2024, a high mor-
bidity rate of 42%0 was registered. Between May and De-
cember 2024, a total of 109 nasopharyngeal specimens
from patients with suspected pertussis were tested by PCR
at the Virology Laboratory of the Medical University —
Pleven. The study population was predominantly urban,
reflecting the demographic structure of Bulgaria, where
more than 70% of the population resides in urban areas.
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The mean age of the tested individuals was 13 years, with
an age range from 1 month to 90 years.

A broad age distribution was observed among the
individuals included in the study. Although pertussis has
traditionally been regarded as a paediatric disease, numer-
ous studies in the literature have documented its occur-
rence in adults, highlighting their role as a source of in-
fection. Data from the U.S. Department of Health indicate
that in 2025, the state of Minnesota reported the highest
numbers of probable and confirmed pertussis cases in the
1-6-year and 45-55-year age cohorts. [4]

Detection of pertussis in adolescents and adults is
of considerable epidemiological importance, as individu-
als in these age groups may act as asymptomatic carriers
of Bordetella pertussis, potentially transmitting the patho-
gen to unimmunized or partially immunized infants and
children. Moreover, age-related waning of immunity may
predispose individuals to pertussis despite a documented
history of complete vaccination or naturally acquired in-
fection during childhood. [5, 6, 7]

In our study, the highest proportion of positive
samples was identified among infants, a trend consistent
with observations from other European countries. Accord-
ing to data from the European Centre for Disease Preven-
tion and Control (ECDC), infants under one year of age
and adolescents between 10 and 20 years of age repre-
sent the most affected populations in Europe. [8]

The most effective strategy for pertussis prevention
remains complete immunization. Pertussis vaccines are
typically administered in combination with antigens
against diphtheria, tetanus, hepatitis B, Haemophilus
influenzae type b, and poliomyelitis. National immuni-
zation schedules differ with respect to timing and number
of doses. Globally, two types of pertussis vaccines are
used: whole-cell and acellular formulations. [9] In Euro-
pean Union countries, including Bulgaria, acellular
vaccines are predominantly administered. Although exten-
sively studied, immunity following acellular vaccination
may wane more rapidly than after whole-cell vaccination,
which may account for the occurrence of pertussis in
older, previously immunized individuals. [10, 11] Con-
sistent with this, the majority of pertussis-positive indi-
viduals in our study had a history of immunization.

Cough is the predominant clinical manifestation of
pertussis, gradually acquiring its characteristic paroxys-
mal nature. This observation was confirmed in our study.
However, in adults, clinical presentations are often atypi-
cal and mild, underscoring the importance of PCR test-
ing for accurate etiological diagnosis and timely initia-
tion of targeted antimicrobial therapy. The disease can
cause complications - pulmonary, cardiovascular,
endocrinological, [12] Immunization of adults against per-
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tussis is important to limit the risk of complications.
[13,14] It is appropriate to recommend vaccination to
health care workers who are at increased risk. [15]

Seasonality is a well-recognized phenomenon in
infectious disease epidemiology, though the mechanisms
driving seasonal variation remain incompletely under-
stood. Key determinants include pathogen survival in the
external environment, host behavioral factors, and popu-
lation immunity. [16] Numerous studies have demon-
strated that respiratory infections, including pertussis, ex-
hibit marked seasonal fluctuations. Seasonal factors can
influence pathogen transmission and survival by creating
favourable environmental conditions and affecting host
susceptibility and contact patterns. [17]

The seasonal pattern of pertussis has been reported
in various settings. [18] De Greeff et al. (2009) docu-
mented clear seasonal fluctuations during a period of low
vaccine coverage. In the United States, the peak incidence
of pertussis has been observed in August. [19] A large-
scale study in Iran (2011-2013) reported that laboratory-
confirmed cases peaked in July, whereas clinically sus-
pected cases peaked in May. In our study, the highest
number of suspected cases was recorded in November;
however, the total number of individuals tested during
spring and summer exceeded that tested in autumn and
winter. Understanding these seasonal patterns is critical
for predicting future disease trends, guiding public health
planning, establishing targeted intervention strategies,
and optimizing the allocation of healthcare resources.
[20, 21] Seasonal trends also indicate periods of increased
morbidity, thereby informing evidence-based decision-
making for epidemic control.

Finally, laboratory diagnostics play a central role
in pertussis surveillance. PCR represents the gold stand-
ard for the detection and confirmation of Bordetella per-
tussis infection. Serological testing offers an alternative,
providing information on immunological status and ac-
tive infection, but it is most informative at later stages
and may yield false-negative results during early infec-
tion. Laboratory results are influenced by multiple fac-
tors, particularly the method of sample collection, and
should be interpreted in the course of an epidemiologi-
cal study in order to take adequate measures to limit the
epidemic focus. A comprehensive approach to pertussis
research is essential for effective disease surveillance and
public health management.

CONCLUSION

Strengthening laboratory diagnostics, optimizing
vaccination strategies, and conducting comprehensive
epidemiological studies are essential to improve pertus-
sis surveillance and control efforts.
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