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Introduction

Pertussis is an infectious disease caused by B. pertussis. Typical 
pertussis disease in infants lasts 2 to 6 wk and consists of three 
stages: catarrhal (1–2 wk), paroxysmal (1–6 wk) and convales-
cence (1–2 wk).1 The clinical characteristics of pertussis differ 
between infants, young people and adults. Infants have cough 
≥2 wk and at least one of the following symptoms: paroxysmal 
cough, inspiratory whoop, posttussive vomiting or apnea. Young 
people and adults have mild symptoms, usually only long, per-
sistent cough.2 The epidemiology of pertussis shows a cyclic pat-
tern, with epidemic peaks every 3–5 y.3-7

Pertussis is highly transmissible in the catarrhal stage, result-
ing in frequent outbreaks that are difficult to detect and control.8 
Outbreaks typically occur in schools (high, middle or elemen-
tary) or other institutions when vaccine protection against per-
tussis begins to wane.8

Poland et al.9 reported varying reasons for increases in per-
tussis outbreaks in the USA, including waning immunity, new 

B. pertussis circulating strains, various (and confusing) recom-
mendations for DTaP vaccination and high transmissibility. In 
Europe, as in North America, the reasons for the increasing inci-
dence of pertussis are not clear, but may include the change from 
DTwP to DTaP, the introduction of better diagnostic analyses, 
and changes in B. pertussis populations.10

The aim of this study was to analyze pertussis outbreaks from 
1997 to 2010 in Catalonia according to the characteristics of the 
index case.

Results

Between 1997 and 2010, 230 outbreaks were reported. The 
outbreak rate was 2.43 × 10−6 persons-year (p-y). The median 
outbreak size was 2 (range 2–32), the median outbreak duration 
was 18 d (range 0–150) and the median hospitalization duration 
was 8 d (range 1–59). There were 771 cases and the incidence rate 
was 0.8 x10−5p-y. Of the 771 cases, 287 (37.2%) were correctly 
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In Catalonia, pertussis outbreaks must be reported to the Department of Health. This study analyzed pertussis out-
breaks between 1997 and 2010 in general and according to the characteristics of the index cases. The outbreak rate, 
hospitalization rate and incidence of associated cases and their 95%CI were calculated. Index cases were classified in two 
groups according to age (<15 years and ≥15 years) and the vaccine type received: whole cell vaccine (DTwP) or acellular 
vaccine (DTaP). During the study period, 230 outbreaks were reported. The outbreak rate was 2.43 × 10−6 persons-year, 
and outbreaks ranged from 2 to 32 cases, with a median duration of 18 days. There were 771 associated cases, with an 
incidence rate of 0.8 × 10−5 persons-year.

After classifying outbreaks according to the age of the index case, 126 outbreaks (1.3 × 10−6 persons-year) had an index 
case aged <15 y and 87 (0.87 × 10−6 person-year) had an index case aged ≥15 y (RR = 1.44, 95%CI 1.10–1.90; P = 0.007).

Between 2003 and 2010, after the introduction of the acellular vaccine, the index case was vaccinated with DTwP vac-
cine in 25 outbreaks (0.43 × 10−6 persons-year) and with DTaP vaccine in 32 outbreaks (0.55 × 10−6 person-year) (RR = 0.78, 
95%CI 0.46–1.31; P = 0.35).

Of cases, 37.2% were correctly vaccinated, suggesting waning immunity of pertussis vaccine protection and endog-
enous circulation of pertussis. A greater number of outbreaks had an index case aged <15 y . No changes in the disease 
incidence, associated cases and hospitalization rate were observed after the introduction of DTaP.
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vaccinated, 20 (2.6%) were poorly vaccinated, 152 (19.7%) had 
an unknown vaccination status and 312 (40.5%) were unvacci-
nated. Of unvaccinated cases, 149 were born before 1981 and 94 
cases were non-preventable due to an age <2 mo.

A total of 147 cases were hospitalized (rate: 1.55 × 10−5 p-y), of 
which 43 (29.2%) were correctly vaccinated, 4 (2.7%) were poorly 
vaccinated, 8 (5.4%) had an unknown vaccination status and 92 
were unvaccinated (1 born before 1981 and 91 non-preventable).

The primary attack rate was 57.57% (± 22.32%) and the sec-
ondary attack rate was 35.55% (± 18.96%).

The incidence rates in males and females by age group are 
shown in Table 1. There was one death during the study period 
(in 2004); the mortality rate was 0.01 × 10−5 p-y.

The setting of the outbreak was the family in 211 outbreaks 
(91.7%), the school in 16 (7.1%) and other (holiday camp or 
mountain refugee) in 3 (1.2%).

A total of 204 (88.7%) outbreaks were microbiologically 
confirmed, 20 (8.7%) were not confirmed microbiologically, 2 
(0.9%) outbreaks were suspected and in 4 (1.7%).

In microbiologically-confirmed outbreaks, the laboratory test 
used to diagnose cases was PCR in 159 (69.7%) outbreaks, com-
bined PCR and culture in 44 (19.3%), culture in 14 (6.1%), and 
serology in 7 (3.1%) outbreaks. In 4 outbreaks, no information 
was available.

One-hundred-and-sixty-six outbreaks occurred during the 
warm season, and 64 during the cold season (P < 0.001).

Figure 1 shows the annual rate of cases, hospitalizations and 
outbreaks.

Figure 2 shows cases according to age group (<1 y, 1–4 y, 5–9 
y, 10–14 y, 15–24 y, 25–44 y and ≥45 y).

Classification of outbreaks according to the age of the index 
case showed that 126 outbreaks (1.3 × 10−6 p-y) had an index 
case aged <15 y and 87 (0.87 × 10−6 p-y) had an index case aged 
≥15y (RR = 1.44, 95%CI; 1.10–1.90; P = 0.007). The size of 
the outbreak was 413 cases (0.4 × 10−5 p-y) in outbreaks with an 
index case aged >15 y and 256 cases (0.3 × 10−5 p-y) in outbreaks 
with an index case aged ≥15 y (RR = 1.61, 95%CI 1.38–1.85; P 
< 0.001). The hospitalization rate was 0.6 × 10−5 p-y and 0.1 × 
10−5p-y in outbreaks with an index case aged <15 y and ≥15 y, 
respectively (RR = 8.28, 95%CI 3.78–18.15; P < 0.001). The 
outbreak duration was 13 d (range 0–103) and 24 d (range 

4–150) in outbreaks in which the index case was aged <15 y and 
≥15 y, respectively (P < 0.001).

The index case was vaccinated with DTwP in 25 outbreaks 
(0.43 × 10−6 p-y) and DTaP vaccine in 32 outbreaks (0.55 × 10−6 
p-y) (RR = 0.78, 95%CI 0.46–1.31; P = 0.35). There were 75 
associated cases in outbreaks with index cases vaccinated with 
DTwP (0.13 × 10−5 p-y) and 92 (0.16 × 10−5 p-y) in outbreaks 
with index cases vaccinated with DTaP (RR = 0.16; 95%CI 
0.60–1.10; P = 0.18). There were 17 hospitalized cases (0.029 
× 10−5 p-y) in outbreaks with index cases vaccinated with DTwP 
and 16 cases (0.027 × 10−5 p-y) in outbreaks with index cases 
vaccinated with DTaP (RR = 1.06, 95%CI 0.53–2.10; P = 0.86).

Discussion

The results of this study show that pertussis outbreaks have 
increased significantly in Catalonia between 1997 and 2010, 
especially from 2003 onwards. Increases were also observed in 
the incidence of outbreak-associated cases and outbreak-associ-
ated hospitalization rates. The incidence of pertussis increased 
between the beginning and the end of the study period in all age 
groups, with the biggest increase being in the <1 y age group. 
These results are in agreement with other studies performed in 
the last decade.11-17

Changes in the pertussis vaccination schedule in Catalonia 
occurred during the study period, similar to those occurring in 
other countries, such as Sweden, Italy and Finland.18-21 These 
changes and changes introduced in the pertussis surveillance sys-
tem in Catalonia make it difficult to interpret the data.

Our results show a high percentage of cases correctly vacci-
nated. This may be explained by waning immunity, as suggested 
by other reports.22-24

From 2003 onwards, the age distribution of affected cases 
show highest incidence in infants aged <1 y. Before 2003, the 
incidence according to age groups showed a different pattern. In 
New South Wales (Australia), the age pattern found was similar 
to ours, with the highest incidence being found in the <1 y age 
group between 2004 and 2009.25

The rate of outbreaks was higher in the warm season (April to 
September) in our study. Likewise, in a study performed in the 
US, the incidence of pertussis and hospitalizations was higher in 

Table 1. Associated cases rate by age group and sex. Catalonia, 1997–2010

Affected Incidence rate* (95%CI)

Age group Total Male Female RR P

<1 y 19.08 (16.42–22.05) 19.63 (15.93–23.92) 18.49 (14.79–22.84) 0.94 (0.70–1.27) 0.743

1–4 y 2.58 (2.09–3.15) 1.91 (1.35–2.64) 3.29 (2.51–4.24) 1.72 (1.12–2.67) 0.011

5–9 y 1.91 (1.53–2.37) 1.86 (1.34–2.52) 1.97 (1.42–2.66) 1.06 (0.67–1.66) 0.881

10–14 y 1.45 (1.11–1.85) 1.32 (0.89–1.88) 1.58 (1.10–2.21) 1.20 (0.71–2.03) 0.545

15–24 y 0.26 (0.17–0.37) 0.15 (0.07–0.29) 0.37 (0.23–0.57) 2.46 (1.08–6.10) 0.030

25–44 y 0.47 (0.40–0.55) 0.31 (0.23–0.41) 0.65 (0.52–0.79) 2.08 (1.47–2.99)  < 0.001

>45 y 0.11 (0.08–0.15) 0.08 (0.05–0.14) 0.13 (0.09–0.19) 1.55 (0.79–3.13) 0.226

*Per 100 000 person-year; CI, confident interval; RR, Rate Ratio.
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the summer months of July, August and September.26 However, 
a Canadian study found a greater number of pertussis outbreaks 
during the winter (November to March).23

Our results show differences according to sex in some age 
groups. The 25–44 y age group included a higher percentage of 
women who had recently been mothers or who had continuous 
contact with infants. This suggests a need to vaccinate this spe-
cific group of subjects and was the rationale to include the vac-
cination of pregnant women in the third trimester of pregnancy 
(weeks 27–36) in Catalonia in early 2014.27

Outbreaks with an index case aged <15 y had a higher out-
break rate, a higher incidence of associated cases and a higher 
hospitalization rate than outbreaks with an index case aged ≥15 
y, although the duration of outbreaks was shorter. This may be 
due to surveillance: it seems that more rapid and effective surveil-
lance is related to outbreaks where the index cases are aged <15 
y, resulting in a higher number of cases and hospitalizations. In 
contrast, outbreaks in which the index cases were aged ≤15 y had 
a longer duration due to the mild clinical symptoms, which make 
it more difficult to discover the outbreak and result in fewer cases 
testing positive.

Difficulties in performing laboratory tests may have affected 
the study results.28 In Catalonia, serology tests which, according 
to the Centers for Disease Control of the USA, are the best tests 
to carry out in cases with cough of between 2 and 8 wk, are not 
included in the routine analysis of pertussis.29 These cases repre-
sent adults and adolescents in whom the only symptom is a cough 

of long duration. As a result, outbreaks with an index case aged 
≥15 y are more difficult to detect and secondary cases harder to 
identify. The importance of the test was shown by Elomaa et al21 
in Finland, where serology was performed in 82% of suspected 
cases of pertussis of all ages; however, in infants aged <2 y, 86% 
of cases were tested using PCR/culture.

After the introduction of a new vaccine, some changes in 
the incidence of pertussis were expected. In Australia, the 
change from DTwP to DTaP occurred between 1999 and 2000. 
Although one study shows differences in hospitalizations after 
the introduction of DTaP, this change was not followed by dif-
ferences in pertussis notifications.18

In Sweden, a study performed after the introduction of DTaP 
in 1996 found a decrease in pertussis incidence in children under 
school age and a reduction in the hospitalization rate.19 The study 
ended in 2000, three years after the introduction of DTaP and 
the results were, at first, inspiring. However, Sweden was in an 
unusual situation with respect to pertussis vaccination: DTwP 
was withdrawn in 1979 and there had been no pertussis vaccina-
tion until the inclusion of DTaP in 1996.30 In Catalonia, whole 
vaccines were not withdrawn, but were replaced by acellular vac-
cines in 2002. Between 2003 and 2010, outbreaks occurred in 
Catalonia in which the index cases were vaccinated with one type 
of vaccine and others whose index cases were vaccinated with the 
other type of vaccine. After analyzing whether DTaP affected the 
behavior of pertussis outbreaks, our results show a higher out-
break rate and a higher incidence of associated cases in outbreaks 

Figure 1. Pertussis outbreaks, associated cases and hospitalization rates by year. Catalonia, 1997–2010.
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where index cases were vaccinated with DTaP, although the 
results were not significant.

Our study had some limitations. Some cases were unvac-
cinated because they were born before 1981 when the routine 
schedule had not been introduced. Likewise, the changes intro-
duced in pertussis surveillance in 2003 in Catalonia may also 
have influenced the results observed.

The recent inclusion of pregnant women in the vaccination 
schedule might result in changes in the epidemiology of pertussis 
in Catalonia in the near future, and therefore more research will 
be needed.

In conclusion, our results show an increase in the rate of per-
tussis outbreaks, the incidence of outbreak-associated cases and 
the outbreak-associated hospitalization rate between 1997 and 
2010. As nearly 40% of cases were correctly vaccinated, the 
results suggest waning immunity of pertussis vaccine protec-
tion. No reduction was observed in pertussis incidence after the 
introduction of DTaP. In outbreaks in which the index case is 
aged ≥ 15 y, rapid intervention is recommended in order to detect 
further cases which are in the earliest phase of the disease and 
thereby immediately break pertussis transmission.

Methods

Catalonia is a region in the northeast of Spain with more 
than 7.5 million inhabitants. Pertussis vaccine was introduced in 
Catalonia in 1965, but in 1981 DTwP was introduced in the rou-
tine vaccination schedule at 3, 5, and 7 mo. In 1999, the schedule 
changed to 2, 4 and 6 mo of age and two booster doses were 
included at 18 mo and 4–6 y. In 2000, DTaP appeared and, in 
2002, replaced the previous vaccine. In 2012, the last booster 

dose of vaccine was replaced by an acellular vaccine with less anti-
genic charge (Tdap).27,31

Pertussis outbreaks must be reported to the epidemiology sur-
veillance system since 1997 in Catalonia. Epidemiologists must 
fill in a specific report for each case or outbreak, with information 
about the pertussis case or index case and contact cases in out-
breaks. The PCR test became available in 2003, when a pilot pro-
gram introduced improvements in pertussis surveillance. Since 
2005, all samples are sent to a pertussis reference laboratory.32

We made a descriptive study of pertussis outbreaks between 
1997 and 2010. All outbreak reports received by the Department 
of Health of the Generalitat of Catalonia were reviewed. For each 
index case and associated case, the following variables were col-
lected: sex, age, hospitalization, vaccination status, type of vac-
cine received, disease duration, outbreak duration, number of 
infected cases, number of exposed persons, outbreak setting, type 
of laboratory test and outbreak starting date. The number of sec-
ondary cases was collected in order to calculate the attack rate.

Years were divided into the warm months (April to September) 
and the cold months (October to March). The incidence rate of 
outbreaks, cases associated with outbreaks and hospitalized cases 
in the whole period and yearly, attack rates and the mortality 
rate were calculated. The rate ratios (RR) and their 95%CI were 
calculated globally and by sex.

The index case, defined as the first case with clinical symp-
toms, which was taken as the origin of the outbreak, was identi-
fied for each outbreak.

Outbreaks in which the index case was unknown were not 
included. Outbreaks were classified according to the age of the 
index case (<15 y and ≥15 y) and according to the type of vaccine 
received by the index case.

Medians were compared using the Mann-Whitney test. Age 
groups were compared 
using the rate ratios 
(RR) and their 95%CI. 
Outbreaks were studied 
according to the type 
of vaccine received by 
the index case between 
2003 and 2010: index 
cases were classified as: 
vaccinated with DTwP 
(born before 2002) or 
with DTaP (born in 2002 
and after). Statistical sig-
nificance was established 
as P < 0.05. Data were 
analyzed using the SPSS 
v.18 and R programs. The 
denominators used for 
the incidence rates were 
taken from the estimated 
population of Catalonia 
provided by Idescat 
(Statistical Institute of 
Catalonia).33

Figure 2. Pertussis cases associated with reported outbreaks by age group and year. Catalonia, 1997–2010.
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