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Objective: Immune response against pertussis
can be induced by infection and/or vaccination and
vaccine induced immunity is known to wane within
the decade following vaccination. Our aim was to
assess the pertussis immune response among ado-
lescent girls in the province of Edirne in Turkey.
In addition we determined the relationship be-
tween the immune response and age, residence,
and vaccination status.

Material and methods: Serum samples were col-
lected from 359 adolescent girls, 12 to 17 years old.
The subjects were selected by systematic randomi-
sation from school rosters and sampled by age and
urban-rural residence strata proportional to the
corresponding distributions in the Edirne popu-
lation. Pertussis immunity was determined by an
in-house quantitative ELISA method for anti-PT
and anti-FHA antibodies. 

Results: Protective levels of antibody (>10
EU/ml) for anti-pertussis toxin and anti-filamen-
tous heamagglutinin were found in 95.3% and
97.2% of the overall study group respectively. In
12- to 14-year-olds protective levels were shown
in 94.1% and 97.0%, in 15- to 17-year-olds in
97.5% and 97.5%, in rural areas in 96.7% and
97.5%, and in urban areas in 94.5% and 97.5%, re-
spectively (p >0.05). 

Conclusion: The high percentages of protective
levels of antibodies in our study population might
be an indicator of previous infections, which are a
threat to infants who have not completed primary
immunisation. In this respect, adult immunisation
should be considered.
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Pertussis is caused by Bordetella pertussis and 
all age groups are susceptible to this respiratory in-
fection. However, the consequences are more se-
vere in young children and infants [1]. It is esti-
mated that more than 20–40 million cases and
200,000–400,000 deaths occur every year world-
wide and case fatality rates in developing countries
may be as high as 4% in infants [2]. To prevent this
disease, vaccination is effective. Development of
antibodies following vaccination with whole cell
vaccine is proportionate to the number of doses ad-
ministered, and the duration of immunity after
vaccination is about 2–5 years. The efficacy of the
vaccine varies with the content of the vaccine ad-
ministered, and more than 80% of children re-
spond to three doses of diphtheria, tetanus and
whole cell pertussis (DPwT) vaccine [3]. In
Turkey, whole cell pertussis vaccine is being ad-

ministered in the 2nd, 3rd, and 4th months of life, in
combination with a booster dose administered
between the 18th and 24th months. If the booster 
is delayed, it can be administered to children
younger than six years old. After participation in
the Expanded Programme on Immunisation of the
The World Health Organization (WHO), immu-
nisation was accelerated with Turkey’s “National
Vaccination Campaign” in 1985. As a result of this
campaign DPwT vaccination increased from
20–30% to 83%. This increased coverage of the
primary pertussis vaccination decreased the inci-
dence of disease in Turkey dramatically, from 21
cases per 100,000 in 1970 to 0.27 per 100,000 in
2001 [4, 5].

In spite of the incidence decline, the circula-
tion of B. pertussis has not been eliminated, and a
change in the clinical spectrum and age-related in-
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cidence of the disease has been observed [6]. There
has been consistent data from a large number of
countries showing an increase in the incidence of
pertussis in school children, adolescents, and
adults. These groups act as a source of infection for
young infants who have not yet completed their
primary immunisation [7, 8]. These facts led to dis-
cussions about adolescent/adult vaccination with
acellular pertussis vaccines by International Con-
sensus Group on Pertussis Immunisation, and also
many country’s public health policy makers [9].
Developing effective strategies for reducing the
burden of pertussis must be made on a country-by-

country basis, balancing need with an assessment
of local circumstances.

In this study, our aim was to determine the
protective antibody prevalence against two major
antigens of B. pertussis, ie pertussis toxin (PT) and
filamentous heamagglutinin (FHA), among a rep-
resentative group of adolescent girls in the
province of Edirne in order to provide local epi-
demiological data. This study, together with other
national studies, was initiated to supply informa-
tion vital in the discussion about adult vaccination
in Turkey. 

Material and methods

Study population and design

The serum samples were collected from healthy
Turkish adolescent girls, aged 12 to 17, living in rural and
urban areas in the province of Edirne in 2001. In 2000, the
total population of Edirne was 380,000. 3.6% were ado-
lescent girls aged 12 to 17, of whom the majority (91.4%)
attended different primary and high schools [10]. In order
to determine the precision of the estimation of the preva-
lence of pertussis seropositivity in adolescent girls, the
sample size was calculated by considering reported preva-
lence values using the Epi Info Program [11]. In some pre-
vious studies, the prevalence of pertussis seropositivity
among adolescents varied from 35% to 80% [7, 12–14].
In our study, the prevalence of pertussis seropositivity, dif-
ference and confidence interval were found to be 70%, 
±5 and 95%, respectively. According to our calculation, a
sample size of 320 subjects was required for the measure-
ment of pertussis seroprevalence. However, 370 subjects
were chosen to ensure accurate seropositivity measure-
ments.

The sample size for the study was determined by a
multistage sampling method that included stratification
according to age (12 to 17 years) and living area and by
systematic randomisation of the school rosters. The “rural
areas” represented the villages and countryside, whereas
the “urban areas” represented towns and the city centre.
According to the population census for the year 2000, 34%
of adolescent girls lived in rural areas, whereas 66% lived
in urban areas [10]. All primary and high schools, in both
rural and urban areas, were included in the study, and the
number of students that were selected from each school
was determined according to the total number of students
of each school by the following formula; [(number of stu-
dents per school / total number of students in Edirne) �
sample size]. The next step was selecting the adolescent
girls from the schools, according to their age by the fol-
lowing formula; [(he number of students in a particular age
group / total number of adolescent girls) � sample size se-
lected from a particular school]. Finally, the classrooms
were chosen on a systematic random basis, and each ado-
lescent girl was chosen from the selected classrooms by
using a random number table. In each classroom, substi-
tutes were selected (by a random number table), represent-
ing 50% of the number of selected adolescents. They
joined the study to replace any non-participating girl from
the main list of participants. The subjects were classified
into two age groups: 12–14-year-olds in primary school
and 15–17-year-olds in high school.

Blood samples were obtained from participants and
the serum samples were stored at –20 °C until assayed. 

Screening procedure and questionnaire

Following approval of the study protocol by the fac-
ulty ethics committee, the head teachers of the schools,
and the local public health and education authority, ado-
lescent girls and parents were informed about the study.
Informed consent and questionnaires were obtained from
both adolescent girls and their parents. The question-
naires included name, date of birth, and some demo-
graphic data such as medical history (any chronic illness
or pertussis diagnosis by physician) and vaccination status.
Vaccination histories were categorized into three groups;
vaccinated, unvaccinated, and unknown. 

Laboratory tests

ELISA tests were performed in the Refik Saydam Na-
tional Hygiene Centre in 2004. 359 of the 370 serum sam-
ples were tested. 11 sera were excluded due to incorrect or
insufficient serum sampling  or to loss during transporta-
tion. An in-house  ELISA for anti-PT and anti-FHA IgG
antibodies was conducted using 96-well flat-bottom plates
(Greiner, 655001, Frickenhausen, Germany). Purified PT
10 µg PN/ampoule  (JNIH-5, Biken, Japan) and Purified
FHA 10 mg PN/ampoule  (JNIH-4, Biken, Japan) were
used for coating the plates (100 ml at 0.1 mg PN/ml for
PT and 0.04 mg PN/ml for FHA in 0.05 M carbonate-
bicarbonate buffer, pH 9.6), which were kept in a refrig-
erator in humid atmosphere for 48 hours. On the test day
the plates were blocked by adding 125 ml of blocking buffer
(PBS containing 0.5% BSA) and incubated for one hour
at 37 ºC on an Incubator/shaker (Labsystem iEM8,
Helsinki, Finland). This shaker was used for every incu-
bation period. After every step, plates were washed three
times with PBS containing 0.05% Tween 20 (PBS-T).
Eight two-fold serial dilutions of test sera and reference
serum (anti-Pertussis Reference human sera IgG [250
ELISA Unit (EU) for anti-PT IgG, 400 EU for anti-FHA
IgG, Biken, Japan]) in PBS containing 0.5% BSA and
0.05% Tween 80 were added and the following steps,
which were Fc-specific alkaline phosphatase-conjugated
goat anti-human IgG (Seikagaku, Kogyou, Tokyo, Japan)
diluted in PBS-T; P-Nitrophenyl phosphate (Wako,
Tokyo, Japan) diluted in diethanolamine buffer (1 mg/ml,
pH 9.6) and 3M NaOH for stopping, were again incubated
at 22 °C for one hour. Plates were read at A405/630 on an
ELISA reader (Labsystem, Multi Skan EX, Helsinki, Fin-
land) and the anti-PT and anti-FHA IgG antibody titers
were calculated by the parallel line assay (p = 0.05) [15, 16].
A serum with known antibody titer was included in each
test run for quality control. The limit of detection for both
antibodies was 1.0 EU/ml. 
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Evaluation

Although general agreement on the protective levels
of these antibody titers measured by ELISA has not been
established according to WHO, the minimum antibody
level expected from vaccination is 4 EU/ml. In some other
reports, 10 EU/ml was tentatively considered as the
threshold, based on the lowest measured antibody titer
among children recovering from pertussis [13, 17–19]. In
our study, the antibody titers ≥ 10 EU/ml were accepted to
be protective levels. Additionally, ≥ 100 EU/ml for anti-
PT antibody was considered as recent infection [19, 20].

On the other hand, it has been shown that passively
acquired anti-PT and anti-FHA antibodies have a half-life
of 36 and 40 days, respectively. The geometric mean titers

in cord sera were shown to be more than 150% of mater-
nal delivery values for both of the antibodies considered
[17, 21]. From this it is estimated that titers of 30 EU/ml
are sufficient in mothers to protect their newborns until
the first dose of vaccine is administered at 2-month-old
babies in Turkey. 

Statistical analysis

Statistical analysis was done using a Chi-square test
in order to compare the existence of a preventive level of
antibody by age group, residence and vaccination status.
All calculations were performed using the Epi Info 6.04
(CDC, USA) statistical package p <0.05 was considered as
statistically significant. 

Results

This study was conducted among 370 adoles-
cent girls, attending 79 different secondary and
high schools in Edirne, Turkey. We took blood
samples from 95 selected substitutes because the
subjects from the main list did not want to partic-
ipate in the study, or suffered from a chronic ill-
ness; renal failure (2),  malignancy (2), Type 1 Di-
abetes Mellitus (2), severe asthma (3) and Bruton
agammaglobolinaemia (1). Eleven of the 370
blood samples were discarded and could not be
analysed due to incorrect serum sampling (ie
haemolysis) , insufficient serum sampling or loss

during transportation. The final sample of this
study included 359 adolescent girls, representing
97% of the original sample.

According to the in-house ELISA results, the
antibody titers ranged between 2.35 EU/ml–
1000.00 EU/ml for anti-PT and 1.40 EU/ml–
1000.00 EU/ml for anti-FHA. Existence of <10
EU/ml and <30 EU/ml antibody titers for both of
the antibodies varied according to the age of the
subjects; the totals were 17 (4.7%) and 112 (31.2%)
subjects, respectively for anti-PT antibody and 10
(2.8%) and 39 (10.9%) subjects for anti-FHA an-

Figure 1

The distribution 
of pertussis anti-PT
and anti-FHA anti-
body titers by age
among adolescent
girls in  the province
of Edirne in 2001.
The antibody titers
were grouped as 
<10 EU/ml, 10–
29 EU/ml, 30–49 EU/ml,
50–99 EU/ml 
and ≥ 100 EU/ml. 
a: Distribution of

anti-PT antibody
titer (%).

b: Distribution of
anti-FHA antibody
titer (%). a

b
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tibody, respectively (figure 1). The existence of
≥ 100 EU/ml antibody titer for anti-PT antibody
was 81 (22.5%).

The evaluation of the results of anti-PT and
anti-FHA antibodies according to some demo-
graphic parameters is shown in table 1. The anti-
PT and anti-FHA antibody titers reached protec-
tive levels in 95.3% (n = 342) and 97.2% (n = 349)
of the serum samples, respectively (p >0.05). It was
observed that anti-PT antibody in protective lev-
els were lower in primary school students (94.1%)
than in high school students (97.5%), but the dif-
ference was not statistically significant (p >0.05).
Similarly, urban and rural residents had no statis-

tically significant difference, although the per-
centages were 94.5% and 96.7%, respectively 
(p >0.05). Protective levels of anti-FHA antibodies
were found in more than 97% in both age and res-
idence groups (p >0.05) (table 1).

When the vaccination status of the subjects
was evaluated, three subjects had not been vacci-
nated in the past. However, they all showed pro-
tective levels of antibodies (100%). These subjects
had no history of either having a pertussis infec-
tion or a chronic disease diagnosed by a physician.
Protective levels of anti-PT and anti-FHA anti-
bodies among the vaccinated girls were 94.8% and
97.2%, respectively (p >0.05).

Discussion

Although pertussis infection has been con-
trolled by mass vaccination in infancy and early
childhood, there has been a shift in the age distri-
bution of infection. Moreover, clinical symptoms
have changed because of the limited duration of
protective levels of antibody following vaccina-
tion. Passively acquired maternal antibodies pro-
tect infants, but waning levels of antibody may in-
crease the vulnerability of infants. Infection of ado-
lescents and adults can then become a threat for
infants who have not completed their primary
pertussis immunisation series [17, 21]. In order to
take appropriate preventive health care measures
against pertussis, including vaccination by acellu-
lar vaccine, there is a need to determine the inci-
dence of pertussis in each country. 

Our study examined the antibody levels in
adolescent girls in the province of Edirne by using

an in-house ELISA to determine the prevalence of
anti-PT and anti-FHA antibodies, quantitatively.
ELISA tests are widely used for detection of anti-
bodies against PT and FHA [13, 16, 19–21]. The
procedure of the in-house ELISA test performed
in this study was compared to a Ball ELISA
(Takeda Chemical Industries, LTD., Osaka, Japan)
which has previously been studied and found to be
reliable. The correlation coefficients between the
two methods were 0.776 and 0.729 for anti-FHA
and anti-PT, respectively, and regression coeffi-
cients were 0.639 and 0.623, respectively (unpub-
lished data) [22–23]. Consequently, the results
have been applied to a seroepidemiological study
in the province of Samsun, Turkey, and the distri-
butions of the antibodies have been found to be
reasonable [12]. In this study protective levels of
anti-PT and anti-FHA antibodies were found in

Parameters Antibody Level (ELISA Unit/ml)

Anti-PT Anti-FHA Total   

Non-protective Protective p Non-protective Protective p
Level (<10) Level ( ≥ 10) Level (<10) Level ( ≤ 10)

N %* N %*  N %* N %*  N %**  

Age group  

12–14 14 5.9 223 94.1  7 3.0 230 97.0  237 66.0  

15–17 3 2.5 119 97.5 0.23 3 2.5 119 97.5 1.00† 122 34.0

Residence

Rural 4 3.3 119 96.7 4 3.3 119 97.5 123 34.3

Urban 13 5.5 223 94.5 0.48 6 2.5 230 97.5 0.74 236 65.7

Vaccination status‡

Vaccinated 15 5.2 272 94.8 8 2.8 279 97.2 287 80.0

Unvaccinated – – 3 100.0 1.00† – – 3 100.0 1.00† 3 0.8

Unknown 2 2.9 67 97.1 2 2.9 67 97.1 69 19.2

Total 17 4.7 342 95.3 10 2.8 349 97.2 359 100.0

*: Row percentage
**: Column percentage
†: Fisher’s Chi-square
‡: Statistical analyses have been performed between vaccinated and unvaccinated groups. 

Table 1

Anti-PT and anti-
FHA antibody levels
according to age,
residence and vacci-
nation status (Edirne,
2001).
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more than 95% and 97% of the study population,
respectively [12]. Additionally, the three unvac-
cinated subjects in our study also had protective
levels of antibodies (table 1). The latter is difficult
to explain by immunisation when the vaccination
route in Turkey is taken into consideration. Fur-
thermore, the percentage of anti-PT ≥ 100 EU/ml
was 22.5% and indicated recent infection [19, 20].
The findings suggest natural contact with B. per-
tussis. Although infection is mild in adults and there
is a small number of susceptible subjects in this
study group, the circulation of the organism caries
a risk for newborns who should be protected
against a life-threatening pertussis infection. Ac-
cording to our results, nearly 1⁄3 of expected moth-
ers will have babies with low titers of passive im-
munity and subsequently, may become infected
(figure 1). On the other hand, antibody titers of
young mothers that were vaccinated during their
adolescence may be too low to protect their infants
prior to completion of the routine vaccination se-
ries. In order to overcome such problems, some
authors suggest vaccination during pregnancy, and
others suggest immunisation of household con-
tacts, including siblings [21, 24, 25]. In addition,
some experts suggest that maintenance of pertus-
sis immunity requires additional boosters for ado-
lescents and adults to lower the incidence of dis-
ease and to prevent further spreading of the dis-
ease [9, 24, 26, 27]. Conversely, the use of addi-
tional doses needs to be evaluated to determine the
cost-benefit ratio and the impact on the epidemi-
ology of pertussis, especially on the age distribu-
tion of the disease. The additional resources re-
quired and the likelihood of continued availability
of these resources should be carefully analysed prior
to implementing such schedules [17]. 

Results of similar epidemiological studies
from other countries have demonstrated a discrep-
ancy of protective levels of antibodies between
35% and 90%, which is in accordance with our re-
sults [7, 13, 14, 26]. In the province of Samsun,
Turkey, anti-PT and anti-FHA antibodies higher
than ≥ 10 EU/ml in adolescents were 77.4% and
77.4% respectively [12]. The difference in per-
centages may be due to a lower frequency of the
circulation of the organism.

Other similar studies found no statistically sig-
nificant difference between males and females.
This suggests that our data could be interpreted
for the entire adolescent population in Edirne [14,
26].

In conclusion, this study demonstrated the oc-
currence of natural pertussis exposure among ado-
lescent girls and highlighted the threat of infection
among infants. Additional vaccination of adoles-
cents and adults for the prevention of infant infec-
tions needs to be considered. 
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