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AKSAKAL, F.N., ÇÖPLÜ, N., CEYHAN, M.N., SÖNMEZ, C., ÖZKAN, S., ESEN, B., ILHAN, 
M.N. and AYGÜN, R.  High Incidence of Pertussis among Schoolchildren with Prolonged 
Cough in Turkey.  Tohoku J. Exp. Med., 2007, 211 (4), 353-358 ── Older children, ado-
lescents and adults with prolonged cough should be screened for pertussis, because they 
can be a major source of transmission for infants who are not yet fully immunized.  This 
study aimed to estimate the incidence of pertussis among schoolchildren of 6-14 years old 
with prolonged cough attending two government primary schools in central Ankara.  A 
questionnaire and an informed consent form were sent to the parents of 1,859 schoolchil-
dren.  The former comprised questions regarding sociodemographics, and the presence and 
duration of cough.  Parents of 1,698 (91.3%) schoolchildren returned the questionnaire.  
Three hundred and eighty three (22.6%) of the schoolchildren had cough for more than 
two weeks, and 307 (80.2%) of them, whose parents gave consent, were included in the 
study.  Their blood samples were collected twice, with a two-week interval.  Anti-pertussis 
toxin IgG levels were measured by enzyme-linked immunosorbent assay (ELISA).  Fifty-
one children (16.6%) had evidence of recent pertussis infection documented by either a 
titer ≥ 100 ELISA Unit (EU)/ml in one of two serum samples or seroconversion in paired 
sera.  None of the schoolchildren who had attended health care facilities for cough had 
been diagnosed as pertussis by a physician.  In conclusion, pertussis is evident among 
older children and adolescents in Turkey, and in order to control the disease, priority 
should be given to strengthen primary immunization services along with the implementa-
tion of booster vaccinations beyond childhood. ──── pertussis; incidence; school 
children; Turkey
© 2007 Tohoku University Medical Press

Bordetella (B.) pertussis causes 50 million 
infections and 300,000 deaths annully, with an 
estimated fatality rate of 4% in infants (WHO 
2003).  In Turkey, in 2004, the surveillance sys-
tem for pertussis was renewed, using both clini-
cally-suspected and laboratory-confirmed case 
definitions (Guideline for Standardized Diagnosis, 

Surveillance and Laboratory 2004).  In 2005, 
there were 200 clinically-suspected cases and 72 
laboratory-confirmed cases, for overall incidence 
of approximately 0.01 per million population (The 
Annual Statistics for 2005 [2006]).  However, the 
exact figure is estimated to be higher, since clini-
cians and general practitioners may overlook per-
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parents of 207 and 176 students from the first school 
(24.0%), and second school (21.0%) respectively, report-
ed that their child was suffering from cough for more 
than two weeks with a total of 383 (22.6%).  Out of these 
children, 25 could not be located at school, 33 children’s 
parents did not give consent, 9 were excluded because of 
insufficient serum samples, and 9 were excluded because 
of chronic illness.  As a result, a total of 307 children 
(80.2% of 383) with prolonged cough whose parents 
signed the consent form were enrolled in the study and 
their blood samples were collected at the time of the first 
visit.  In order to detect the seroconversion, two weeks 
later, a second visit was performed to schools.  The sec-
ond blood samples were drawn, and a second question-
naire was sent to parents including questions about per-
sistance of the cough, attendance at any health-care 
facility and any diagnoses for cough made by a pyhsi-
cian.

Prior to all data collection, ethics approval for the 
study was obtained from the Gazi University Medical 
Faculty Ethics Committee and from the provincial health 
and education directorates of Ankara province.

Laboratory Tests
Serum IgG antibody levels against pertussis toxin 

(anti-PT) were measured by in-house enzyme-linked 
immunosorbent assay (ELISA) at the Refik Saydam 
National Hygiene Center, in the Communicable Diseases 
Research Department as described by Vatansever et al. 
(2005).   The reference antisera was included in each test 
run as quality control (Çöplü et al. 2005; Vatansever et 
al. 2005).  The limit of detection for anti-PT IgG was 1.0 
ELISA Units (EU)/ml.

tussis cases or fail to report them (Cagney et al. 
2005; Dworkin 2005).

Pertussis rarely is considered and clinically 
diagnosed in older children, adolescents and 
adults but transmission of infection to infants 
causes considerable fatality (Cherry 2005; 
Wirsing von König et al. 2005; Hu et al. 2006).  
The waning of vaccine-induced immunity after 
5-10 years is considered to be a major cause of an 
immunity gap within these age groups (Cherry 
2005).  It is argued that individuals with pro-
longed cough of more than two weeks should be 
screened for pertussis at any age (Robertson et al. 
1987; Hu et al. 2006).

The aim of the current study was to estimate 
the incidence of pertussis among schoolchildren 
of 6-14 years old with prolonged cough attending 
two primary schools in Ankara.

MATERIALS AND METHODS

Study population and design
The study was conducted in November 2004 in two 

government primary schools in central Ankara with a 
total of 1,859 students of 6-14 years old.  A questionnaire 
was sent to parents of the children, along with an 
informed consent form, asking questions about the 
sociodemographics, the presence of an infant younger 
than six months in child’s home, vaccination status 
against pertussis, history of chronic illness, and the pres-
ence and duration of cough.  From the two schools, 862 
(93.2%) and 836 (89.5%) questionnaires were returned 
by parents, for an overall total of 1,698 (91.3%).  The 

TABLE 1.  Distribution of anti-PT antibody titers                                                   in first and second samples by age groups.

Anti-PT antibody                                                   titers (EU/ml)

First samples Second samples

Age 
group (n) GMT*

< 10.0
n (%)

10.0-50.0
n (%)

50.1-100.0
n (%)

100.1-200.0
n (%)

≥ 200
n (%) GMT**

< 10.0 
n (%)

10.0-50.0
n (%)

50.1-100.0
n (%)

100.1-200.0
n (%)

≥ 200
n (%)

  6-8 (150) 24.67 30 (20.0) 77 (51.3) 24 (16.0) 11 (7.4)   8 (5.3) 26.39 28 (18.7)   77 (51.3) 23 (15.3) 15 (10.0)   7 (4.7)
  9-11 (90) 40.83 10 (11.1) 44 (48.9) 20 (22.2) 10 (11.1)   6 (6.7) 41.38 11 (12.2)   43 (47.8) 17 (18.9) 10 (11.1)   9 (10.0)
12-14 (67) 25.54   7 (10.4) 46 (68.7)   9 (13.4)   5 (7.5)      - 28.21   7 (10.4)   43 (64.2) 11 (16.4)   5 (7.5)   1 (1.5)
Total 31.25 47 (15.3) 167 (54.4) 53 (17.3) 26 (8.5) 14 (4.5) 32.27 46 (15.0) 163 (53.1) 51 (16.6) 30 (9.8) 17 (5.5)

% Row percent.
*p = 0.083, **p = 0.281.
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Evaluation of immune status and case definition
A case of pertussis was considered when four-fold 

or greater increase in anti-PT antibody level was detected 
in paired sera (WHO 2003; Versteegh et al. 2005a).  Anti-
PT levels ≥ 100 EU/ml was selected as predictive of 
recent infection with B. pertussis arbitrarily.

Statistical analysis
For the description of subjects’ characteristics, 

median and percents were calculated.  For evaluation of 
antibody titers; Geometric Mean Titers (GMTs) were cal-
culated and titers were compared between age groups by 
analysis of variance (ANOVA) after logarithmic transfor-
mation.

RESULTS

The prevalence of cough for more than two 
weeks was found to be 24.0% (207/862) and 
21.0% (176/836) at the two schools, with overall 
prevalence of 22.6% (383/1,698).  The median 
duration of cough was two weeks (range, 2 to 5 
weeks).  The numbers of children in 6-8, 9-11 and 
12-14 years age groups were 150 (48.9%), 90 
(29.3%), and 67 (21.8%), respectively (Table 1).  
The median age of the evaluated children was 9 
years, and 139 (45.3%) of them were male.  The 
vaccination status was unkown for 148 (51.4%) 
children, whereas 81 (28.1%) children were vac-
cinated and 59 (20.5%) children were not vacci-
nated due to the family history.

All of the 307 students initially tested were 
accessed and their blood were sampled during the 

second visit.  Cough was persisting in 166 (54.1%) 
of the students.  The distribution of anti-PT anti-
body titers at the time of the first and second visits 
were shown in Table 1.

A total of 49 (15.3%) children had anti-PT 
antibody levels ≥ 100 EU/ml in one or both sam-
ples.  Children with an antibody level ≥ 100 EU/
ml in one or both samples in 6-8, 9-11 and 12-14 
years age groups were 14.7, 23.3 and 8.9%, 
respectively.  There was no statistically significant 
difference between GMTs with respect to age 
group for both samples.  The rate of seroconver-
sion was 1.6% (5/307).

Fifty-one children (16.6%) had evidence of 
acute/recent infection (Table 2).  Male to female 
ratio among children with recent infection was 
24/27.  Children with acute/recent infection in 
6-8, 9-11, and 12-14 years age groups were 24 
(47.0%), 21 (41.2%), and 6 (11.7%), respectively.  
The vaccination status of 47 (92.2%) of the cases 
was documented, amongst whom only 5 (10.6%) 
had a positive history of vaccination.

Among the 307 evaluated children, 81 
(26.6%) had attended a health care facility.  None 
of them was diagnosed as pertussis by a physi-
cian.  Median age, gender distribution and clinical 
diagnoses of evaluated children with or without 
evidence of recent infection was shown in Table 2.

TABLE 1.  Distribution of anti-PT antibody titers                                                   in first and second samples by age groups.

Anti-PT antibody                                                   titers (EU/ml)

First samples Second samples

Age 
group (n) GMT*

< 10.0
n (%)

10.0-50.0
n (%)

50.1-100.0
n (%)

100.1-200.0
n (%)

≥ 200
n (%) GMT**

< 10.0 
n (%)

10.0-50.0
n (%)

50.1-100.0
n (%)

100.1-200.0
n (%)

≥ 200
n (%)

  6-8 (150) 24.67 30 (20.0) 77 (51.3) 24 (16.0) 11 (7.4)   8 (5.3) 26.39 28 (18.7)   77 (51.3) 23 (15.3) 15 (10.0)   7 (4.7)
  9-11 (90) 40.83 10 (11.1) 44 (48.9) 20 (22.2) 10 (11.1)   6 (6.7) 41.38 11 (12.2)   43 (47.8) 17 (18.9) 10 (11.1)   9 (10.0)
12-14 (67) 25.54   7 (10.4) 46 (68.7)   9 (13.4)   5 (7.5)      - 28.21   7 (10.4)   43 (64.2) 11 (16.4)   5 (7.5)   1 (1.5)
Total 31.25 47 (15.3) 167 (54.4) 53 (17.3) 26 (8.5) 14 (4.5) 32.27 46 (15.0) 163 (53.1) 51 (16.6) 30 (9.8) 17 (5.5)

% Row percent.
*p = 0.083, **p = 0.281.
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DISCUSSION

Cough is a symptom commonly encountered 
in daily life, with overall prevalence estimated 
between 15 and 26% (Chang and Powell 1998; 
Faniran et al. 1998; Cagney et al. 2005).  The 
overall prevalence of cough was found as 22.6% 
in this study which is consistent with prior 
reports.

B. pertussis infection can be diagnosed reli-
ably by means of anti-PT levels ≥ 100 EU/ml by 
ELISA as well as documentation of seroconver-
sion in paired sera (de Melker et al. 2000; WHO 
2001; Versteegh et al. 2005a).  We selected the 
same ELISA level as predictive of recent infec-
tion with B. pertussis in this study.  However, the 
drawback of this study is that the reference sera 
were not calibrated against United States-The 
Food and Drug Administration standard.  In addi-
tion, an equivalent titer for cut-off (≥ 100 EU/ml) 
as reported by European Sero-epidemoiolgy 
Network (ESEN) group (Giammanco et al. 2003) 
was not set.

In this study, acute/recent infection with B. 
Pertussis was documented by either a high level 
of antibody titer (≥ 100 EU/ml) in one sample or 
the presence of seroconversion in paired serum 
samples.  Around 17% of the children with pro-
longed cough were found to have laboratory evi-
dence of acute/recent infection with these criteria.  
A study conducted in Edirne, Turkey, among 

12-17 years old adolescents reported recent infec-
tion incidence of 22.5% (Vatansever et al. 2005).  
This figure is slightly higher than the incidence 
reported here but the difference may be attributed 
to the younger age range of our study population.  
In another study performed in a healthy popula-
tion of ages between 6 months to over 60 years 
from three different locations in Turkey, the distri-
butions of antibody levels ≥ 100 EU/ml in 6-7, 
8-9 and 10-19 years olds were 13.7%, 17.5% and 
9.3%, respectively (Esen et al. 2007).  These 
results are similar in general to our findings, 
except that children with antibody titers ≥ 100 
EU/ml in 9-11 age group is found to be higher 
than the figure reported for 8-9 year olds by Esen 
et al. (2007).  This may be because the schoolchil-
dren were encountering with the infection in older 
ages when they were around 10-11 years old.

The children recently infected with B. 
pertussis in this study did not have young infants 
in their home, but there was a baby younger than 
6 months in the home of 3 children with very low 
levels of anti-PT antibodies (< 10 EU/ml), who 
therefore are susceptible and are at risk for pertus-
sis infection in the near future.

The efficacy of the pertussis vaccine is more 
than 80% when at least three doses of vaccine are 
administered in proper conditions, but the vac-
cine-acquired immunity wanes in 5-12 years 
(WHO 2003; Cherry 2005).  In Turkey, a whole-
cell pertussis vaccine is administered at 2nd, 3rd 

TABLE 2.  Median age, gender distribution and clinical diagnoses of evaluated children with or without 
evidence of recent infection.

Children with evidence of recent 
infection (n = 51)

Children without evidence of 
recent infection (n = 256)

Median age (years) 9 9
Gender (male/female) 24/27 115/141
Clinical diagnoses (n = 59)
   Common cold 7 23
   Bronchitis 2 12
   Sinusitis 2 7
   Pneumonia 1 2
   Adenoid infection - 2
   Acute Otitis Media - 1
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and 4th months of life, with a booster dose at 
16-24 months, together with diphtheria and teta-
nus toxoids (DTwP).  No additional dose beyond 
this age is present in the schedule.  In this study, 
the vaccination status of 47 (92.2%) of the pertus-
sis cases was documented, amongst whom only 5 
(10.6%) had a positive history of vaccination.  
Although the family history of vaccination may 
be subject to recall bias, this result suggests that 
the failure in primary vaccination may be a sig-
nificant contributory factor of high pertussis inci-
dence among this age group.  The pertussis vacci-
nation coverage (three doses) has reached a level 
of about 80% among children following the 
National Vaccination Campaign of 1985 and was 
maintained around this level for the following 
years with improvement in vaccination practices 
by the Ministry of Health of Turkey (The Annual 
of Statistics for 2001 [2002]; The Annual of 
Statistics for 2005 [2006]) and waning of vaccine-
induced immunity is also likely to be the other 
cause which was reported in other studies as well 
(WHO 2003; Cherry 2005).

About one third of the evaluated children 
had attended a health care facility.  Most of them 
have been diagnosed with common cold, followed 
by bronchitis and sinusitis.  Versteegh et al. 
(2005b) have reported the most common patho-
gens in prolonged cough as rhinovirus (32%), B. 
pertussis (17%), and respiratory syncytial virus 
(11%).  The frequency of mixed infections was 
also reported to be high.  The other pathogens 
could not be reported in our study but the inci-
dence of pertussis was found to be similar to the 
figure reported although none of the cases were 
diagnosed with pertussis.  This argues that, even 
though prolonged cough is a classic symptom of 
pertussis (WHO 2003; Guideline for Standardized 
Diagnosis, Surveillance and Laboratory 2004; 
Versteegh et al. 2005b), likely many cases of per-
tussis are missed by physicians similar to what 
other investigators reported (Robertson et al. 
1987; Chang and Powell 1998; Faniran et al. 
1998; Cagney et al. 2005; Dworkin 2005; Hu et 
al. 2006).  Another contributory factor for under-
diagnosis may be the lack of access to laboratory 
confirmation.

Global Pertussis Initiative recommends main 
strategies to control pertussis which might be 
adapted to countries’ specific needs as the rein-
forcement of implementation of current immuni-
zation schedules, and the addition of extra dose of 
vaccine to current schedules for preschool chil-
dren, adolescents or some other risk groups as 
health care workers.  Poor recognition of disease 
in adolescents and adults is listed in the main 
obstacles against acceptance of these strategies 
(Forsyth et al. 2005; Wirsing von König et al. 
2005).

Our results have demonstrated that pertussis 
does occur among schoolchildren in Turkey.  In 
order to control the disease, the priority should be 
given to strengthening of the current routine 
immunization services and increasing pertussis 
vaccination coverage along with the consideration 
of implementation of booster vaccinations beyond 
childhood.  Increasing awareness among health-
care workers and the public, and improving 
access to laboratory confirmation of diagnosis and 
evaluating the feasibility of introduction of addi-
tional booster doses are also needed for an effec-
tive control.
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