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Abstract

Introduction. Bordetella pertussis is a Gram-negative rod which attacks the respiratory system and causes whooping cough
disease. Despite the high percentage of childhood vaccination amongst the population an increasing number of pertussis
cases have been observed over time, especially among adolescents and young adults.
Objective. The aim of the study was to analyze the concentration of IgG anti-PT Bordetella antibodies in the serum of young
adults in the aspect of maintaining immunity. 
Materials and method. The study group consisted of 30 patients, medical students aged 21–26 years. They were interviewed
with a questionnaire, which asked about their general health, medications taken, basic information about whooping cough,
or vaccination status against B. pertussis. The anti-PT Bordetella levels were measured in the collected serum by a commercial
ELISA kit (enzyme-linked immunosorbent assay). 
Results. All patients had previously received a mandatory vaccination for pertussis as a child, and 36.6%had received a
booster dose after the age of 18. The total average antibody level was 13.977 IU/mL (range: <5.00 – 50.74) and 40% of samples
had a very low concentration (<5 IU/mL). 
Conclusions. Current findings suggest that post-vaccine immunity decreases over time, while infection susceptibility among
younger age groups who have not yet been fully immunized has increased. Methods that could prevent and enable risk
stratification of whooping cough include the screening test for anti-PT Bordetella antibody, the improvement of diagnostics,
and an additional booster dose.
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INTRODUCTION
Bordetella pertussis is a Gram-negative pathogenic bacterium
which causes pertussis, also known as whooping cough.
This respiratory disease is highly contagious, and infection
is most severe among infants and young children. Due to
many virulence factors, the pathogen can easily adhere to
and destroy cells of the respiratory epithelium. Two of the
most important bacterial biological molecules are pertussis
toxin (PT) and tracheal cytotoxin (TCT). The morbidity
and mortality of pertussis dropped off sharply after the
introduction of a vaccine to the immunization program
of the world in 1949, and of Poland in 1960. Despite the
persistently high percentage of the vaccinated population,
the incidence rates of pertussis increased in the 1990s [1].
Infections in adults and adolescents are recognized more
often by general practitioners, despite the fact that whooping
cough is commonly considered as a childhood disease [2]. In
Poland 12.9 and 17.8 cases per 100 000 were noted in 2015
and 2016, respectively, and almost half of them concerned
people aged more than 15 years [3]. Increasing numbers
of pertussis cases probably indicate decreased immunity,
the effectiveness of the vaccine, and the emergence of new
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B. pertussis strains have also been implicated [1]. Nowadays,
two types of vaccines are used to prevent whooping cough:
whole-cell vaccine and acellular vaccine. According to the
Polish Immunization Program, the whole-cell vaccine should
be given in 4 doses in the first months of life (schedule: 2, 4,
6 and around 16 months). The acellular vaccine is used for
booster vaccination at 6 and 14 years of age [4, 5]. It is also
recommended for pregnant women as well for newborns
with low birth weight. To reduce pertussis cases, a booster
dose is recommended every 10 years, given between 19 and
65 years of age [1, 5, 6].
The period of an effective immune response may be shorter
than expected. The activities that would make it possible to
prevent and stratify the risk of getting another increase in the
incidence of whooping cough seem to be control tests of antiBordetella antibodies, as well as improved diagnostics and
re-immunoprophylaxis. The aim of the study was to analyze
the concentration of IgG anti-PT Bordetella antibodies in
the serum of young adults in the aspect of maintaining
immunity.
MATERIALS AND METHOD
The study group consisted of 30 patients: 20 women (66.6%)
and 10 men (33.4%), aged 21–26. The patients who reported to
the Laboratory of Microbiology in the Chair and Department
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of Medical Microbiology at the Medical University in Lublin,
were interviewed with a questionnaire. They were asked about
their general health, medications taken, basic information
about whooping cough, vaccination status against any history
of the disease in their family members. Blood samples were
collected and centrifugated to separate the serum. The
enzyme-linked immunosorbent assay, ELISA (commercial
Euroimmun kit) was used to detect IgG anti-PT antibodies.
RESULTS
The enrolled group consisted of young people studying
medicine. 63% declared that they develop infections of the
upper respiratory tract on average once per year (p = 0.651).
Only one person had had pneumonia in the last 5 years. In
the last year, 21 people (70%) reported coughing, of whom
16 had cough for only a few days (p = 0.887). Most of the
respondents had no daily contact with school-age children
(83.33%; p = 0.93). Compulsory immunization against
whooping cough was taken by all subjects while a booster
dose as a teenager was taken by some of them. Therefore,
the students were divided into two groups: Group A- with
a booster dose after 18 years of age (11 people; 36.6%) and
Group B – without booster dose, who did not remember
vaccination status (19 people; 63.4%). Average concetration
of IgG anti-PT was 12.707 IU/mL vs. 14,712 IU/mL. No
statistically significant difference was found (p = 0.486).
The seroprevalence of pertussis was at a low level for 86.7%
(26 people) of the study group, and 13.3% (4 people) presented
with an intermediate response. In the enrolled group, 40%
(12 patients) had a result <5.00 IU/ mL (below detection). The
mean antibody titer of all subjects was 13.977 IU /mL (range:
<5.00 – 50.74; SD 15.23). Detailed results of the measurements
in the tested sera are presented in Table 1.
Table 1. Laboratory test results of anti-PT Bordetella pertussis (ELISA,
Euroimmun kit)
Anti-PT Bordetella pertissis ELISA (IgG)
N= 30

≥100 IU/mL
99–40 IU/mL
Indicate newly
vaccinated
0 (0.00%)

4 (13.3%)

<40 IU/mL
Indicate very low titer
5–39 IU/ml

<5 IU/ml

14 (46.7%)

12 (40%)

26 (86.7%)
antibody
concentration
IU/mL
[International
Units/mL]

– ––-

av. 47.699
av.12.037
(43.65–50.74) (5.063–31.189)
[SD 2.957]
[SD 9.337]

* ‘5.0 IU/ml’
values were
adopted in
the statistical
calculations

av. 8,789
(<5.00 – 31.189)
[SD 7.624]

Furthermore, subjects who had very low antibody level,
less than 5 IU/mL (12 patients) include 4 patients from the
Group A (students who declared receiving a booster dose of
vaccine after 18 years of age). No other differences were noted.

DISCUSSION
Active immunoprophylaxis by the use of vaccine is the best
method to prevent the spread of B. pertussis. The percentage
of vaccinated infants and children is kept at a high level,
which guarantees protection against infection in this age
group. However, anti-Bordetella antibodies have been shown
to last for approximately 10 years. Immunity after vaccination
in young adults is negligible and the recent surge in pertussis
cases has been identified by the Centers for Disease Control
and Prevention (CDC) as a whooping cough epidemic [6].
Over the years, many studies have been carried out in various
European countries to determine population seropositivity.
According to the data of Torzs et al., performed in Hungary
in 2014–2015, seropositivity >18 IU/mL was detected in 14.8%
of healthy adults, while in 85.2% the antibody titer was too
low and did not guarantee an effective immune response [7].
In turn, Jogi et al., scientists from Estonia, ran tests in 2012
among paediatric patients. This age group was expected to
indicate a high percentage of patients who were seropositive
due to recent compulsory vaccinations. Nevertheless, in
49% of respondents the antibody concentration was very
low, below detectable level (<5 IU / mL) [8]. Similarly, as our
own studies have shown, the percentage of people with titer
<5 IU / mL was as high as 40%, although it was a group
of young adults. It is worth mentioning that one-third of
the students from the study group declared that they had
received a booster vaccine after 18 years of age. Irrelevant
immunoglobulin titer (<5 IU / mL), but in lower percentage
(22.2%), was also observed by Palazzo et al. in an Italian
population of 20-year-olds (aged 20–29), study in 2012–2013)
[9]. According to Pavlopoulou et al., 70.7% of young adults
(aged 22–32) in Greece had antibody titer <20 FDA U/mL,
which was interpreted as seronegative. Most of the study
participants (55%) did not know their immunization status,
and 18% were unvaccinated [10]. Analysis of the collected data
of own research demonstrate that all subjects took preventive/
mandatory vaccinations in childhood, and 36.7% received a
booster dose after 18 years of age. However, according to the
tests, the mean antibodies serum concentration of them was
low and amounted to 12.07 IU/mL, and the concentration
range was wide: <5 – 43.658 UI/mL (SD: 12.79). At the same
time, no statistical significance was demonstrated in this
range.
Comparing and interpreting the results may be difficult
due to the size of the study groups, the variety of tests used
in the study, and the type of vaccine given previously to
the participants. It has also not been established whether
the determination of only IgG anti-Bordetella antibodies is
sufficient to determine the presence of protection against
infection. The immune response against pertussis is
multifactorial and involves T and B lymphocytes. However,
antibodies directed against pertussis toxin are a good marker
due to their specificity and lack of cross-reactivity with other
antigens [8].
The results obtained in many studies suggest that
immunization provides immunity among children, but that
the levels of circulating antibodies decline rapidly, thus young
adults are already susceptible to infection with B. pertussis.
This age group becomes a source of the pathogen that poses
a threat to newborns and children not yet immunized.
Providing booster doses of vaccine among adults could limit
the spread of the microorganism. Another proposed solution
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to protect infants is that women should vaccinate themselves
before/during pregnancy. The produced maternal antibodies
would significantly reduce the risk of infection in newborn
babies [9, 11, 12]. The activities that would also improve
prevention and risk stratification seem to be control screening
tests for anti-PT Bordetella, more detailed understanding
of the immune response mechanisms, as well as improved
diagnostics are needed.
CONCLUSIONS
Whooping cough caused by Bordetella pertussis is
commonly referred to as a ‘re-emerging disease’, and the
observation of own research, in correlation with the data of
other researchers, outlines the very high risk of its recurrence.
Considering adults participate in the transmission of the
pathogen, our study has shown that 86.7% of young adults
have a low antibody titer, while over one-third declared
that they had received a booster vaccination. This proves
a significant reduction of the immunoprotection period in
adulthood. It seems crucial to develop a vaccine that will
ensure an extended period of immunity after vaccination. At
the same time, additional vaccinations among adults could
limit the transmission of the microorganism.
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