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Introduction

Pertussis is an infectious disease with a high incidence in 
Catalonia, a region with more than 7.5 million inhabitants in the 
northeast of Spain. The temporal distribution of pertussis shows 
epidemic peaks every 3–4 y.1 Pertussis is more frequent and severe 
in children than in young people and adults.2 In young people 
and adults, cough ≥ 15 d is the most-frequent single symptom.

Pertussis generates a large number of hospitalized cases that 
imply substantial health costs. The whole-cell vaccine (DTPw) 
was introduced in Catalonia in 1965 and the schedule used was 3, 
5 and 7 mo. The schedule changed to 2, 4 and 6 mo in 1999 and 
two new booster doses were included, the first at 18 mo and the 
second between 4 and 6 y of age. The acellular vaccine (DTPa) 
became available in 2000 and replaced the DTPw in 2002. The 
second booster vaccine was replaced by an acellular vaccine with 
less antigenic charge in 2012.3-5

In other European countries, the vaccination schedule 
includes an additional dose administered in young people. In 
the Americas, countries such as the United States, Argentina and 
Canada include a booster dose for young people, as do Australia 
and New Zealand.6-10

Pertussis is a vaccine-preventable disease that generates a large number of cases and hospitalizations. In Catalonia, the 
vaccination schedule includes three doses of vaccine at 2, 4 and 6 mo and two booster doses at 18 mo and 4–6 y. In 
2002, DTPw was replaced by DTPa. The aim of this study was to determine how the vaccination status affects pertussis 
hospitalizations. Cases were obtained from the epidemiological surveillance system of the Generalitat of Catalonia from 
2003 to 2009. Hospitalization, immunization status and type of vaccine received in reported cases were analyzed. OR 
and 95% confidence intervals (CI) were calculated. To control the effect of age (< 6 mo and ≥ 6 mo) Mantel-Haenszel 
OR (ORMH) were calculated; statistical significance was established as p < 0.05. During the study period, 1538 cases were 
reported. Cases below vaccination age (< 2 mo) were excluded. A total of 265 cases were hospitalized: 137 (51.7%) had 
no vaccine administrated, 104 (39.2%) were correctly vaccinated according to age and 24 (9.1%) were poorly vaccinated. 
Correct vaccination protected against hospitalization (ORMH: 0.33; 95% CI: 0.23–0.47). Of hospitalized cases, 38 (14.3%) had 
received DTPw and 91 (34.2%) DTPa. Both vaccines were effective in avoiding hospitalization, and comparison showed no 
differences (ORMH: 0.73; 95% CI: 0.46–1.14). We highlight the importance of a correct follow-up immunization schedule in 
reducing the number of cases and hospitalizations.
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Pertussis incidence is higher in infants aged < 3 mo. This age 
group has received only one dose of vaccine and is not protected 
against pertussis.

The vaccination schedule has undergone various changes in 
the time of administration and the type of vaccine, and these 
changes could affect the epidemiology of the disease.

The aim of this study was to evaluate the relationship between 
pertussis vaccination and pertussis hospitalization.

Results

A total of 1538 cases were reported to the surveillance system, 
of which 244 cases aged < 2 mo were excluded. Table 1 shows 
the incidence of pertussis cases by year. There were 271 hospi-
talized cases and 1023 outpatient cases. The incidence rate of 
hospitalized cases was 0.54 per 100,000 persons/y. Of the 271 
hospitalized cases, 137 (50.6%) were unvaccinated, 24 (8.9%) 
were poorly vaccinated, 105 (38.7%) correctly vaccinated and 
in 5 cases the vaccination status was unknown. The incidence 
rate of outpatient cases was 2.06 per 100,000 persons/y. Of the 
1023 outpatient cases, 205 (22.2%) were unvaccinated, 227 
(25%) poorly vaccinated, 472 (52.5%) correctly vaccinated and 
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cases (mean = 29.56 d; SD = 36.19). The difference was statically 
significant (p < 0.001).

The reporting delay was > 45 d in 3.4% of hospitalized cases 
and 16% of outpatient cases.

Discussion

The results of this study show that the DTPa and DTPw vac-
cines are effective in preventing hospitalization due to pertussis. 
However, the incidence of pertussis has increased in recent years, 
both in Catalonia and other countries.10-13

The rate of hospitalized cases < 1 y was 39 per 100,000 
persons/y, compared with the 196 per 100,000 persons/y found 
by Somerville et al.14 or the 56 per 100,000 persons/y found by 
Elliot et al.15

In our study, 38.7% of hospitalized cases were correctly vac-
cinated, compared with the 66% found in an Australian study,15 
although another Australian study in New South Wales found 
that only 3% of hospitalized cases were correctly vaccinated,16 
and a German study found a rate of 4.5%.17 A higher percent-
age of unvaccinated cases than vaccinated cases may be expected 
to be found in hospitalized cases, as vaccination should prevent 
both infection and the severity of cases. Our findings support 
this expectation.

Of hospitalized cases, 50.8% were unvaccinated, a higher per-
centage than that of correctly vaccinated cases. Spokes et al.16 
found that only 10% of hospitalized cases were unvaccinated, a 
much lower percentage.

As found by other studies, incidence rate in hospitalized 
cases aged < 1 y was higher than incidence rate in other age 
groups,15,18-20 reflecting the fact that clinical symptoms are more 
severe in infants than in young people and adults, who require 
fewer hospitalizations. The clinical symptoms and the severity 
of cases may also justify the differences in the reporting delay 
between hospitalized and outpatient cases.

We found no differences in the incidence rate of hospitalized 
and outpatient cases according to sex, although the incidence 
rate was non-significantly higher in females, similar to other 
reports including Somerville et al.14 in Canada, O’Brien19 in New 
Zealand, and Juretzko et al.17 in Germany.

The mean length of hospital stay was 7.72 d compared with 4 
d in New Zealand19 and 6 d in Canada.14 A German study in chil-
dren aged < 16 y found a much longer hospital stay of 14.90 d.17

Our results confirm that vaccination with DTPw or DTPa 
protects against hospitalization. An Australian study found that 
vaccination prevented 37 cases of hospitalization15 and that there 
was no difference in the notification of cases between cellular and 
acellular vaccines.

Of outpatient cases, 52.5% were correctly vaccinated, sug-
gesting that vaccination confers protection against hospitaliza-
tion, as found by other studies,15 and it is also supported by the 
results obtained in the Mantel Heanszel test considering vac-
cinated and non-vaccinated cases in hospitalized and outpatient 
cases.

We also found a correlation between diagnostic delay and hos-
pital stay. The mean diagnostic delay was too long for a public 

in 119 cases the vaccination status was unknown. Figure 1 shows 
incidence rates by sex in hospitalized and outpatient cases. The 
incidence rate of hospitalized cases was the same in males and 
females: 0.27 per 100,000 persons/y. However, in outpatient 
cases, the incidence rate in females was 1.14 (566 cases), slightly 
higher than the 0.92 (457 cases) found in males.

There were 224 hospitalized cases aged < 1 y. The incidence 
rate was 39.37 per 100,000 persons/y in hospitalized and 54.66 
in outpatient cases aged < 1 y. The incidence rate was 0.78 in 
hospitalized and 9.68 in outpatient cases aged 1–4 y, 0.46 in hos-
pitalized and 5.22 in outpatient cases aged 5–9 y, 0.40 in hospi-
talized and 6.82 in outpatient cases aged 10–14 y, and 0.02 in 
hospitalized and 0.54 in outpatient cases aged > 15 y.

The mean length of stay in hospitalized cases was 7.72 d.
After analyzing the association between vaccination in hos-

pitalized cases and vaccination in correctly vaccinated and 
unvaccinated cases, the Mantel-Heanszel odds ratios (OR

MH
) 

considering two groups (aged < 6 mo and ≥ 6 mo) were 0.33 
(95% CI: 0.23–0.47; p < 0.001) (Table 2). The OR

MH
 between 

cases vaccinated with DTPw and unvaccinated cases was 0.27 
(95% CI: 0.17–0.42; p < 0.001). The OR

MH
 between cases vac-

cinated with DPTa and unvaccinated cases was 0.36 (95% CI: 
0.24–0.52; p < 0.001). The OR

MH
 between cases vaccinated with 

DPTw and with DPTa was 0.73 (95% CI: 0.45–1.17) p = 0.21.
The reporting delay was 15–21 d in 80.4% of hospitalized 

cases (mean = 19.91 d; SD = 17.71) and in 56.6% of outpatient 

Figure 1. Hospitalized and outpatient cases of pertussis according to 
sex. Catalonia, 2003–2009.

Table 1. Number of pertussis cases and incidence rates by year. Catalo-
nia, 2003–2009. 

Year

Hospitalized cases Outpatient cases

Number of 
cases

Incidence 
rate*

Number of 
cases

Incidence 
rate*

2003 30 0.45 172 2.59

2004 31 0.46 96 1.41

2005 16 0.23 59 0.85

2006 24 0.34 82 1.16

2007 63 0.87 151 2.08

2008 47 0.64 237 3.22

2009 60 0.81 226 3.05

*per 100,000 persons.
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Cases aged < 2 mo were excluded from the study because they 
were below vaccination age. Cases who had received all vacci-
nation doses corresponding to their age were classified as cor-
rectly vaccinated. Cases who had received fewer doses than those 
corresponding to their age were classified as poorly vaccinated. 
Cases who had received no dose of vaccine were classified as 
unvaccinated.

We compared different characteristics between hospitalized 
and outpatient cases. To control for the age effect in compar-
ing between two heterogenic groups, a Mantel Heanszel test was 
performed, separating cases into two age groups (< 6 mo and ≥ 6 
mo). The 95% confidence intervals (CI) were calculated.

The reporting delay was calculated in days in hospitalized and 
outpatient cases according to the date of confirmation of the case 
and the date of symptom onset. We classified the delay in differ-
ent grades from low to high (15 to 21 d; 22 to 30 d, 31 to 45 d 
and ≥ 45 d). The Students t test was used to compare the mean 
reporting delay between hospitalized and outpatient cases. The 
level of statistical significance was established at p < 0.05. The 
denominators used for incidence rates came from the population 
estimated by Idescat (Statistical Institute of Catalonia).23
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health system and should be shortened: laboratory tests should 
be performed more rapidly to enable earlier prophylaxis. In epide-
miologically linked cases laboratory confirmation of the disease is 
more rapid and the length of hospital stay is shorter than in spo-
radic cases. The difference in reporting delay in hospitalized and 
outpatient cases shows improvements are necessary: suspected 
cases should be tested as rapidly as possible in order to reduce 
disease transmission.

An Argentinian study has found that the circulating pertussis 
strain differed from the vaccine strain, and that disease severity 
increased.21 Spanish and Catalan researchers should be aware of 
this possibility.

Pertussis in young people and adults could be misdiagnosed 
and this may have affected our results and resulted in unreported 
cases.

In conclusion, pertussis vaccination protects against hospital-
ization. The type of vaccine administered is not a decisive factor 
in the risk of hospitalization.

Methods

We performed an epidemiological surveillance study of pertussis 
in Catalonia between 2003 and 2009.

Pertussis cases must be reported to the Department of Public 
Health of Catalonia. Data on study variables was obtained from 
the information contained in reported cases surveillance sys-
tem.22 Data were collected from a specific report form that was 
sent by physicians to the Department of Public Health. The vari-
ables included in the study were age, sex, hospitalization, length 
of hospital stay, vaccination status, number of doses and type of 
vaccine received.

The clinical case definition of a suspected case of pertussis 
was: cough lasting 2 weeks or at least 1 week with either par-
oxysmal coughing, posttussive vomiting, inspiratory whoop 
or apnoea without other apparent cause. A confirmed case was 
defined as a case that met the clinical case definition and was 
confirmed by laboratory tests or was epidemiologically linked to 
a laboratory-confirmed case.23

Table 2. Association between vaccination and hospitalization for pertussis

Hospitalized cases Outpatient cases OR 95% CI p value ORMH 95% CI p value

Cases < 6 mo
Correctly vaccinated 83 126

0.32 0.20–0.50 < 0.001

0.33 0.23–0.47 < 0.001
Non vaccinated 111 54

Cases ≥ 6 mo
Correctly vaccinated 21 346

0.35 0.18–0.67 < 0.001
Non vaccinated 26 151

CI, Confidence Interval; p, level of significance; ORMH, Mantel-Heanszel odds ratio. Catalonia, 2003–2009.
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