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SUMMARY

We estimated the incidence of pertussis in patients consulting general practitioners (GPs).
Between July 2009 and April 2011, we conducted a prospective cohort study of patients
attending 78 general practices (158863 persons overall). We included patients aged 53 years,
with cough lasting 2–15 weeks, who gave informed consent. GPs interviewed eligible patients,
collected a blood specimen, and a nasopharyngeal swab. At follow-up 30–60 days after the
initial visit, physicians collected a second blood specimen and conducted patient interview.
Cases were confirmed by specific IgA and/or IgG antibody titre exceeding significantly the
general population background level or detection of bacterial DNA by real-time PCR. During
the study period, 3864 patients with prolonged cough consulted the participating GPs, of
those 1852 met the inclusion criteria, 1232 were recruited, and 288 were confirmed as pertussis
cases (4% by PCR, 96% by serology). The adjusted incidence rate was 201·1/100000 person-years
[95% confidence interval (CI) 133·9–302·0], ranging from 456·5 (95% CI 239·3–870·8) in the
15–19 years group to 94·0 (95% CI 33·4–264·5) in the 25–29 years group. The reporting ratio
was 61, ranging from 4 in those aged 3–5 years, to 167 in those aged 65–69 years. The study
confirmed high incidence of pertussis in all age groups in the general population, in particular in
adults, not appropriately documented by the existing surveillance system.
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INTRODUCTION

Pertussis (whooping cough) is an infectious respirat-
ory disease caused by the bacterium Bordetella
pertussis [1, 2]. It causes severe disease in infants and

young children and prolonged cough in adolescents
and adults [2, 3]. The disease can also lead to serious
complications in adults with predisposing conditions,
especially in the elderly [2, 3]. The immunization
of infants and toddlers against pertussis, initiated
worldwide in the early 1960s, reduced severe disease,
complications and deaths in young children [4–6].
In previous decades, countries with a long history
of vaccination reported increased pertussis rates in
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adolescents and adults [6, 7]. This can lead to in-
creased exposure of young infants [5, 8]. To some
degree, this increase might also reflect the improved
awareness and reporting by physicians or introduction
of new diagnostic tests.

In 1960, Poland started mass vaccination with
whole-cell component (DTwP) vaccine. Initially, a
four-dose schedule was used (at 2, 3–4, 5–6, 18–24
months). The high vaccine coverage reduced reported
pertussis rates, especially in the younger age groups
[9]. In the mid-1990s, physicians reported more cases
in all age groups [10]. Consequently, in 2004 Poland
implemented an additional booster dose for young
children at age 6 years with an acellular pertussis
vaccine.

The aim of this study was to estimate pertussis inci-
dence in patients with cough lasting >2 weeks present-
ing to their general practitioner (GP), and to compare
the obtained estimates to the national reporting rates
from the corresponding period.

METHODS

Between July 2009 and April 2011, we followed a co-
hort of patients registered to randomly selected GPs.

Study sites selection

We used a two-stage sampling procedure. First, we
selected a random sample of 180 healthcare units,
stratified by province and residence type (village,
town <20000 town 20-100000 town >100000 inhabi-
tants), weighted on population in each stratum. We
obtained the list of primary healthcare units from
the register maintained at the Centre for Healthcare
Information Systems (www.rejestrzoz.pl). The eligible
units: (i) included at least one GP practice; (ii) had
access to centrifuge and freezer; (iii) were able to
identify persons registered to particular GPs; (iv) had
permission of the unit director; (v) met the ethical
requirements, and accepted compliance assurance pro-
cedures; (vi) had aminimum of 1000 patients registered
at the practice. We selected up to three physicians in
one healthcare unit, if they agreed to participate. We
trained the GPs in the study procedures, and the
nurses in specimen collection procedures.

Case definitions

We used a case definition compatible with the WHO
pertussis definition (see Supplementary online

material) [11]. We defined a suspected pertussis case
as a person aged 53 years, visiting his/her GP due
to a persistent cough lasting 514 days with at least
one of the following symptoms: paroxysms of cough-
ing, inspiratory whooping or post-tussive vomiting
without other apparent cause, who gave informed
consent for participation in the study. We defined a
confirmed pertussis case as a suspect case, not vacci-
nated against pertussis in the previous 6 months,
in which positive paired serology or detection of
B. pertussis DNA by PCR from a nasopharyngeal
swab confirmed recent pertussis infection.

Data collection

The GPs identified all suspected cases and listed them
in a log forwarded each week to the study coordina-
tors. The GPs interviewed each suspect case. The
information on vaccination status was validated with
official immunization records. The nurse collected a
nasopharyngeal swab and a blood specimen. Thirty
days following the initial visit, GPs scheduled a con-
trol visit, during which they re-evaluated the suspected
cases and collected a second blood specimen.

The blood specimens were collected in EDTA-
coated tubes. After centrifugation, plasma was placed
in transport tubes. Plasma specimens and swabs were
stored locally at –20 °C and transported at 4-month
intervals to the Department of Bacteriology,
National Institute of Public Health (NIPH), serving
as the National Reference Centre for pertussis diag-
nostics in Poland.

Serological investigations

Specimens were transported to the central laboratory
at −70 °C. We determined the concentration of IgG
and IgA antibodies against a mixture of B. pertussis
toxin (PT) and filamentous haemagglutinin (FHA)
by a commercial enzyme-linked immunosorbent
assay (ELISA) [NovaLisa Bordetella pertussis IgG
(ref. BOPG0030) and NovaLisa Bordetella pertussis
IgA (ref. BOPA0030); manufactured by NovaTec,
ImmunDiagnostica, Germany] in accordance with
the manufacturer’s instructions. We diluted plasma
specimens at 1:101. We tested cut-off calibrator and
control specimens in duplicate. We divided the optical
density (OD) of the specimen by the mean OD of the
cut-off calibrator, and multiplied by 10. We adjusted
the cut-off levels for the classification of pertussis sero-
positivity based on a validation sub-study of 160
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age-stratified specimens collected from healthy indi-
viduals, as published elsewhere [12]. We considered
as positive the ELISA result when IgA and/or IgG
antibody concentration exceeded by 3 s.D. the arith-
metic mean of the respective antibody titre in the
above-mentioned healthy individuals. To improve the
reliability of serological testing, we detected antibodies
in two classes: IgA as an indicator of recent infection,
especially in adults; and IgG as indicator of immune
status due its long persistence in blood. We carefully
interpreted the antibody response in recently immu-
nized patients. The high threshold for antibody titre
was chosen due to the possibility of unspecific re-
actions, as well as individual differences in IgA and
IgG response following infection and vaccination.

Molecular investigations

We isolated B. pertussis DNA from the naso-
pharyngeal swabs using a High Pure PCR Template
Preparation kit (Roche, Germany) according to the
manufacturer’s protocol. We detected DNA using real-
time PCR as described by Kösters et al. [13]. We used a

Rotor-Gene Probe PCR kit (Qiagen, Germany) to pre-
pare the PCR reaction mix, and the Rotor-Gene
instrument (Qiagen) for the PCR reaction.

Denominator populations

To obtain the denominators for the incidence rates, we
aggregated the number of persons registered in parti-
cipating practices by sex and age group (status on
31 December 2009). We assigned to each member of
the population 1 person-month of exposure for every
month of practice participation. For the national
reported pertussis rates, we used Poland’s 2010 mid-
year population estimates [14].

Data analysis

We calculated pertussis incidence rates in the studied
population. For the numerator, we used laboratory-
confirmed cases of pertussis. We compared the
age-specific pertussis rates estimated in our study
population with the annual rates of pertussis cases
aged 53 years reported to the Polish national surveil-
lance from July 2009 to April 2011.

Statistical adjustments

Because not all eligible patients who met the inclusion
criteria were tested, we first corrected the observed
pertussis case counts for under-ascertainment. To
do this we estimated the probability of testing in
eligible patients with a logistic regression model. The
model included fixed covariates for age, sex, region,
and urbanization category and a random intercept
for each GP. Cases were categorized by these factors,
and the adjusted number of cases in each category was
estimated by summing the reciprocals of the estimated
probabilities from the model. For this analysis, we
used the ‘xtmelogit’ command in Stata [15].

To adjust our estimates to Poland’s population
structure and the two-stage sampling scheme, we
used the following weighting procedure. First, we
computed the sampling weights for each region by
multiplying the reciprocals of the proportion of medi-
cal units recruited and the proportion of GPs par-
ticipating in each unit. These sampling weights were
then ‘raked’ so that weighted totals would match cen-
sus totals for regions, urbanization categories, and age
by sex categories [16]. For this analysis we used the
‘survwgt’ command in Stata [17].

To get the final esimate of pertussis inci-
dence (events/100000 person-years), we employed

180

Discontinued unit or no 
contact possible (n=28)

Storage of specimen
not possible (n=44)

No consent from manager
or employed staff (n=69)

Unit employ more than 3
GPs and patients not registered
to specific physicians (n=5)

152 (84·4%)

83 (46·1%)

39 (21·7%)

34 (18·9%)

Randomly sampled
health units

Health units included 
in the study

Fig. 1. Sampling of the study sites, Polish Pertussis Study,
July 2009–April 2011.
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survey-weighted Poisson regression of the weighted
case counts. Standard errors and confidence intervals
were based on variation between the 34 medical
units, which were the first-stage clusters in the design.

Protection of human subjects

GPs provided detailed information about the study to
all eligible subjects and obtained consent from the
participants. For patients aged 418 years, GPs
obtained informed consent from their legal guardians.
The hard copies of the consent forms were stored in
GP practices with the medical documentation. Refer-
ring physicians were informed of laboratory inves-

tigation results. The materials sent to the laboratory
and the investigation forms sent to the coordination
centre were de-identified to maintain the patients’
privacy. The study protocol was approved by the
Ethical Committee of the National Institute of Pub-
lic Health –National Institute of Hygiene.

RESULTS

Study site selection

We selected 34 of 180 sampled health units (Fig. 1)
and recruited 78 general practitioners in the selected
units. We followed the cohort of 158863 persons for

Table 1. Studied population in relation to the general population of Poland, by age group, sex and urbanization
degree, July 2009–April 2011

Characteristic

Population of Poland
(N=36954352
inhabitants >3 years)

Observed study population
(N=197955 person-years) Patients with cough (N=3864)

Inhabitants %
Person-
years % n %

GP visits/100
person-years

Age (years)
3–5 1121700 3·04 9310 4·71 366 9·48 393·1
6–9 1414229 3·83 10744 5·43 378 9·79 351·8
10–14 1976891 5·35 13522 6·84 276 7·15 204·1
15–19 2418066 6·54 15626 7·90 307 7·95 196·5
20–24 2850276 7·71 14158 7·16 189 4·89 133·5
25–29 3290233 8·90 14536 7·35 198 5·13 136·2
30–34 3081213 8·34 13807 6·98 218 5·64 157·9
35–39 2727569 7·38 12591 6·37 230 5·96 182·7
40–44 2348393 6·35 11320 5·72 190 4·92 167·8
45–49 2443818 6·61 12554 6·35 228 5·90 181·6
50–54 2914321 7·89 13985 7·07 318 8·23 227·4
55–59 2856502 7·73 13889 7·02 285 7·38 205·2
60–64 2326577 6·30 14154 7·16 257 6·65 181·6
65–69 1355471 3·67 11139 5·63 162 4·19 145·4
>70 3829093 10·36 16620 8·40 262 6·78 157·6

Sex
Male 17802290 48·17 94667 47·86 1654 42·83 17·5
Female 19152062 51·83 103288 52·22 2210 57·22 21·4

Region
Central 7520646 20·35 20372 10·30 483 12·51 23·7
Southern 7691095 20·81 29720 15·03 757 19·60 25·5
Eastern 6502110 17·59 26467 13·38 227 5·88 8·6
North-Western 5913681 16·00 34311 17·35 637 16·49 18·6
South-Western 3789180 10·25 43224 21·85 531 13·75 12·3
Northern 5537640 14·99 43861 22·17 1229 31·82 28·0

Urbanization (township size)
<20000 19206928 51·97 107237 54·21 1430 37·03 13·3
20000–100000 7164520 19·39 26066 13·18 348 9·01 13·4
>100000 10582904 28·64 64652 32·69 2086 54·01 32·3
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variable periods, starting at the first recruited practice
on 20 July 2009 and ending with the last unit on
30 April 2011. The follow-up period was 197955
person-years. Compared to the 2009 census data, the
study population reflected well the Polish population
in terms of age and sex distribution, but underrepre-
sented inhabitants of medium-sized towns (Table 1).

Pertussis case ascertainment

During the observation time, 3864 patients with cough
consulted the participating physicians (1·95 visits/100
person-years). Of those, 1852 (48%) were suspect
cases. Of those, 1232 (67%) were recruited and tested
(1144 by both PCR and serology, 79 only by serology
and nine only by PCR (Fig. 2)). Patients were less fre-
quently recruited and tested in the youngest age
groups and in inhabitants of medium-sized towns
(Table 2). Of the 1232 patients recruited, 993 attended
the control visit at 30–60 days. We confirmed 288 per-
tussis cases (278 only by serology, eight only by PCR,
and two by both serology and PCR). Of 1232 patients
recruited, 344 (28%) were vaccinated against pertussis
according to GP documentation and 231 (19%) were
current smokers. Compared to patients testing
negative, pertussis cases had similar demographic
and clinical characteristics, but were less frequently
vaccinated and more commonly current smokers
(Table 3). Pertussis cases confirmed by PCR had

shorter average duration of cough than those
confirmed by PCR (Table 3).

3864

Excluded as not meeting
inclusion criteria (n=2012)

Participating physician
not available for
interview (n=330)

No consent from patient
or legal guardian (n=255)

No sample could be 
collected or sample lost
during transport (n=35)

1852 (47·9%)

1522 (39·4%)

1267 (32·8%)

1232 (31·9%)

Patients consulting GP
with chronic cough

Patients recruited
and tested

Fig. 2. Recruitment of study participants, Polish Pertussis
Study, July 2009–April 2011.

Table 2. Comparison of patients recruited to the study with patients who
declined to participate, by age group, sex and urbanization degree, Poland, July
2009–April 2011

Patients meeting
inclusion criteria

Declined to
participate

Recruited and
tested

N % N % N %

Age group (years)
3–19 576 31·1 247 39·8 329 26·7
20–39 432 23·3 102 16·5 330 26·8
40–59 517 27·9 179 28·9 338 27·4
560 327 17·7 92 14·8 235 19·1

Sex
Male 734 18·2 273 44·0 461 37·4
Female 1118 27·7 347 56·0 771 62·6

Urbanization (township size)
<20000 817 44·1 219 35·3 598 48·5
20000–100000 278 15·0 181 29·2 97 7·9
>100000 757 40·9 220 35·5 537 43·6

Total 1852 100·0 620 100·0 1232 100·0
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Pertussis incidence

The crude incidence rate was 145·5/100000 person-
years (Table 2). The highest rates were in patients
aged 55–59 years (244·8), and lowest in those aged
3–5 years (43·0). Out of 288 pertussis cases, 11 (4%)
were referred to hospital and seven (2%) were reported
to surveillance.

The adjusted incidence rate was 201·1/100000
person-years [95% confidence interval (CI) 133·9–
302·0]. The highest adjusted rates were in the 15–19
years group (456·5, 95% CI 239·3–870·8), and the low-
est in the 25–29 years group (94·0) (Table 4). The
highest incidence was in females compared to males
(218·5 vs. 180·5, respectively), and in inhabitants of
large towns compared to inhabitants of medium
towns (237·2 vs. 173·8, respectively).

Extrapolating the obtained results to the Polish
population aged >3 years, we estimated 74319

pertussis cases (201·1 cases/100000*36954352). Con-
sidering the confidence levels, the estimated number of
pertussis cases could be as low as 49497 and as high as
111598.

Ratios to national surveillance

During the study period, Polish physicians reported
2254 pertussis cases aged >3 years (annual reported
rate of 3·3/100000 inhabitants). The highest re-
ported rates were in those aged 3–5 years (35·8)
and 10–14 years (28·8). Hospital physicians reported
897 cases.

Comparing the adjusted pertussis rate with the
reported incidence, we obtained an overall reporting
ratio of 61. The age-specific reporting ratios ranged
from 4 in those aged 3–5 years to 167 in those aged
65–69 years (Fig. 3).

Table 3. Selected demographic and clinical characteristics of tested patients, by
laboratory confirmation status, Poland, July 2009–April 2011

Negative
(n=944)

Confirmed by
PCR (n=10)

Confirmed by
ELISA (n=278)

Age group (years), n (%)
3–19 265 (28·1) 3 (30·0) 61 (21·9)
20–39 267 (28·3) 5 (50·0) 58 (20·9)
40–59 250 (26·5) 0 88 (31·7)
560 162 (17·2) 2 (20·0) 71 (25·5)

Sex, n (%)
Male 347 (36·8) 0 114 (41·0)
Female 597 (63·2) 10 (100·0) 164 (59·0)

Duration of cough in days,
mean (S.D.)

31·9 (18·4) 26·4 (22·5) 35·4 (19·3)

Type of cough, n (%)
Paroxysms 916 (97·0) 10 (100·0) 264 (95·0)
Mainly at night 522 (55·3) 6 (60·0) 161 (57·9)
Whoops 140 (14·8) 1 (10·0) 62 (22·3)
Apnoea 283 (30·0) 4 (40·0) 85 (30·6)

Concomitant symptoms, n (%)
Fever 206 (23·4) 1 (10·0) 59 (22·5)
Accompanied by vomiting 132 (15·0) 0 36 (13·7)
Wheezing 173 (19·6) 0 55 (21·0)
Aphagia 82 (9·3) 0 24 (9·2)
Anorexia 36 (4·1) 0 14 (5·3)

Vaccinated against pertussis, n (%)
>10 years before symptom onset 88 (10·0) 1 (10·0) 31 (11·8)
5–10 years before onset 33 (3·7) 0 13 (5·0)
<5 years before onset 156 (17·7) 2 (20·0) 20 (7·6)

Current smoker, n (%)
<10 cigarettes/day 71 (8·0) 1 (10·0) 25 (9·5)
10–20 cigarettes/day 72 (8·2) 0 31 (11·8)
>20 cigarettes/day 23 (2·6) 0 8 (3·1)
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DISCUSSION

Summary of key findings

This is one of the largest population-based studies
of pertussis to date, comprising almost 200000
person-years of observation in primary care. Because
of random sampling of the practice populations form-
ing the observed cohort, we were able to follow a
sample of Poland’s population representative in
terms of age, sex, region of residence and urbanization

level. We estimated an annual incidence of 201·1 per-
tussis cases/100000 person-years. Based on extra-
polation of the present study results to the entire
Polish population, we estimated the annual number
of 74319 patients with pertussis consulting GPs
which is 61 times higher than the annual number of
1228 cases reported to surveillance in the corres-
ponding period. The reporting ratio ranged from
4 in those aged 3–5 years, to 167 in persons aged
65–59 years.

Table 4. Univariable and multivariable analysis of pertussis testing results in the studied cohort, Poland, July 2009–
April 2011

Characteristic
Population

Tested for pertussis Pertussis cases

Person-years N Testing rate N (% positive) Crude IR Adjusted IR 95% CI

Overall 197955 1232 622·4 288 (23·38) 145·5 201·1 133·9–302·0
Age (years)

3–5 9310 79 848·6 4 (5·06) 43·0 124·7 24·2–641·9
6–9 10744 84 781·8 10 (11·90) 93·1 161·6 48·6–537·8
10–14 13522 76 562·1 16 (21·05) 118·3 162·1 66·1–397·3
15–19 15626 90 576·0 34 (37·78) 217·6 456·5 239·3–870·8
20–24 14158 81 572·1 22 (27·16) 155·4 162·3 92·3–285·4
25–29 14536 83 571·0 11 (13·25) 75·7 94·0 33·4–264·5
30–34 13807 72 521·5 11 (15·28) 79·7 104·0 46·9–230·4
35–39 12591 94 746·6 19 (20·21) 150·9 174·5 102·3–297·7
40–44 11320 71 627·2 13 (18·31) 114·8 105·0 53·1–207·7
45–49 12554 79 629·3 21 (26·58) 167·3 240·5 138·9–416·6
50–54 13985 82 586·3 20 (24·39) 143·0 189·2 103·3–346·4
55–59 13889 106 763·2 34 (32·08) 244·8 346·4 203·0–591·2
60–64 14154 111 784·2 30 (27·03) 212·0 381·1 174·7–831·0
65–69 11139 53 475·8 20 (37·74) 179·6 284·4 135·6–596·6
>70 16620 71 427·2 23 (32·39) 138·4 129·8 54·3–310·5

Sex
Male 94667 461 487·0 114 (24·73) 120·4 180·5 115·1–283·2
Female 103288 771 746·5 174 (22·57) 168·5 218·5 144·1–331·2

Urbanization (township size)
<20000 107237 598 557·6 148 (24·75) 138·0 191·4 110·7–330·8
20000–100000 26066 97 372·1 18 (18·56) 69·1 173·8 45·9–657·8
>100000 64652 537 830·6 122 (22·72) 188·7 237·2 120·0–468·9

Month of onset
January 20105 142 706·3 31 (21·83) 154·2 227·1 121·1–426·0
February 19800 131 661·6 31 (23·66) 156·6 241·8 132·7–440·4
March 19017 166 872·9 36 (21·69) 189·3 270·0 121·8–598·7
April 18896 119 629·8 21 (17·65) 111·1 136·3 76·8–241·8
May 12114 49 404·5 4 (8·16) 33·0 57·7 9·2–362·7
June 12164 27 222·0 8 (29·63) 65·8 79·8 21·3–299·4
July 10342 38 367·4 15 (39·47) 145·0 230·5 124·7–426·0
August 8505 33 388·0 8 (24·24) 94·1 161·8 53·5–489·5
September 17169 106 617·4 33 (31·13) 192·2 325·0 172·9–611·2
October 20152 139 689·8 44 (31·65) 218·3 256·5 138·1–476·4
November 19975 143 715·9 34 (23·78) 170·2 172·5 110·8–268·5
December 19716 139 705·0 23 (16·55) 116·7 161·7 86·1–303·4

IR, Incidence rate; CI, confidence interval; rates calculated/100000 person-years.
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Comparison with previous studies

Our estimates should be compared with caution to
previous studies estimating the incidence of sympto-
matic pertussis in general population [18–23]. Most
of the above-mentioned papers had a sampling design
that would exclude the external validity of obtained
results. The sample sizes of the above-mentioned
studies were limited, recruiting from 153 [19] to 356
[20] patients with cough. The observed population
samples consisted of either a sentinel network of
GPs [22, 23], patients of 10 clinics [21], patients
referred to one GP practice [20], a convenience sample
consisting of members of a health plan [19], or house-
hold contacts of vaccine recipients [18]. Based on
the above-mentioned studies, the incidence of sympto-
matic pertussis requiring medical attention ranged
from 66 [22] to 508 [23] cases/100000 person-years.
Our estimate is in the same range; however, it had a
lower uncertainty range due to the larger sample size
and screening of a wide range of age groups.

Only one study performed on 212 persons aged
10–49 years living in Minnesota permitted estima-
tion of age-specific incidence rates of symptomatic
pertussis, establishing the highest rate in those aged
10–19 years (997 cases/100000 person-years) [21].
This was in agreement with the European Sero-
Epidemiology Network (ESEN) study, which ascer-
tained higher titres of anti-PT antibodies indicative
of recent infection in children and adolescents than
adults [24, 25].

We compared the pertussis estimates to the routine
surveillance data. We observed important under-
reporting, especially in persons aged 555 years.
Lower reporting ratios in children may indicate
much higher awareness of pertussis by patients and
physicians in younger age groups. As in other
countries [3, 7, 23], Polish physicians may still con-
sider pertussis as a disease of childhood and rely on
typical symptoms when referring for testing. Since
the cost of the laboratory testing has to be covered
by the reporting physician, GPs are commonly not
referring suspect pertussis cases for testing, especially
uncomplicated adult cases. With such low surveillance
sensitivity, it will be difficult to adapt the immuniz-
ation schedule to changing pertussis epidemiology,
or track potential reasons for waning immunity [26].

Study limitations

The case definition criteria allowed only recruitment
of patients with cough lasting >14 days. This criterion
prevented efficient use of PCR for pertussis diagnosis,
as this method is most reliable in the first 3 weeks of
cough [27, 28]. We could miss patients with the most
severe symptoms and rapid progression, especially in
small children and persons with chronic diseases,
who would consult their physician within the first
2 weeks of cough.

Potential loss to follow-up could result from unmo-
nitored changes in the study population, e.g. moving
some patients to older age groups during the study
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Fig. 3. Comparison of age-specific pertussis incidence estimated in the study population (black line) with reported
incidence (grey line), with reporting ratios displayed for each age group, Poland, July 2009–April 2011.
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period. Moreover, physicians registered new patients
and unregistered others, e.g. those who moved away
or died. We could not assure a detailed monitoring
of changes in the study population as some practices
maintained paper registers of patients. Since the
median duration of follow-up was 14 months, we
assumed that changes in the population structure
were balanced and would not lead to important biases
of our estimates. Loss to follow-up could also occur if
patients did not consult the GP practice, for example
visiting another GP while on holiday or going directly
to a hospital emergency department. However, due to
the organization of healthcare in Poland, where
patients are linked with one practice in relation to all
basic services, we assumed that GPs would be informed
about any important health events, and would include
them in the screening logs. We addressed the potential
loss to follow-up by thorough training and weekly
monitoring of screening logs maintained in each prac-
tice. Differences in study site performance were
addressed bymonitoring visits of the lowest and highest
performing sites throughout the study period, during
which time we reviewed with local investigators the
screening log procedures and inclusion criteria.
Additionally, the multivariable analysis allowed
adjustment of results for under-ascertainment of
patients meeting the inclusion criteria.

We used a commercial ELISA for diagnosis of per-
tussis cases. As documented in a comparative study,
ELISA tests have limited reliability, and do not
allow comparisons of results obtained in different
populations, as they often give positive results in
healthy subjects [29]. We decided to use the laboratory
method applied routinely in surveillance because our
primary goal was to estimate reporting ratios for
Poland. To avoid false-positive results, we adjusted
the cut-off values for particular classes of antibodies
to the Polish population background antibody con-
centrations [12]. Since surveillance reports are often
based on single serological tests and commercial
cut-off values, false-positive reporting could result in
underestimation of our reporting ratios. Moreover,
our estimates and surveillance figures cannot be
directly compared to pertussis rates reported in other
countries, which use heterogeneous microbiological
methods for pertussis confirmation [30].

CONCLUSIONS

Despite the important limitations discussed above, our
study enabled the establishment of precise age-specific

estimates of pertussis incidence in the general popu-
lation of Poland. Due to the unknown proportion of
adults visiting their GPs with symptoms of cough,
these estimates should be considered as minimal per-
tussis rates. The results of our study point to the uni-
dentified burden of pertussis in adults and highlight
the need to improve current surveillance systems and
clarify the role of different adult age groups in pertus-
sis transmission to children, as this could have impor-
tant implications for vaccination policies.

SUPPLEMENTARY MATERIAL
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