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This epidemiological survey estimates the burden of whooping cough in infants up to 12 months old in
Spain during a twenty-one-year period (1997–2017). The survey was conducted by reviewing data from
the Spanish Surveillance System for Hospital Data. All hospitalizations due to whooping cough for infants,
reported during the 1997–2017 period, were analysed. Codes were selected from the International
Classification of Diseases, 9th Revision, Clinical Modification diagnosis codes 033.0–033.9. To explore
the latest national outbreak and the implementation of vaccination in pregnant women, analyses were
stratified to compare the following periods: 1997–2010, 2011–2015 and 2016–2017. A total of 13,352
hospital discharges for whooping cough in infants up to 12 months old were reported. A total of 6850 dis-
charges in the period 1997–2010, 5271 in the period 2011–2015 and 1231 in 2016–2017 were identified.
The annual hospitalization rate prior to 2011 was 131.02 cases per 100,000 infants; in 2011–2015, the
rate was significantly higher (250.13 cases per 100,000 infants) and in 2016–2017 it decreased (157.69
cases per 100,000 infants). Most of the cases (n = 11,446) occurred in infants under 4 months of age, with
hospitalization rates of 328.80, 670.81 and 385.84 cases per 100,000 infants up to 4 months of age in the
periods 1997–2010, 2011–2015 and 2016–17, respectively. Thirty-four deaths occurred in the period
1997–2010, 36 in the period 2011–2015 and 4 in 2016–2017. All of the deaths occurred in infants under
4 months old. The case fatality rate did not vary significantly across the study periods. Whooping cough
infections concentrate in infants up to 4 months of age in Spain. Public health measures such as vaccina-
tion of pregnant women, caregivers, health care professionals and relatives, especially young parents,
could reduce the hospitalization burden during the current outbreak.
� 2019 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Whooping cough is a highly transmissible infectious disease
caused by the bacteria Bordetella pertussis. It affects individuals of
all ages, especially children younger than age 5. Infants face the
highest risk of hospitalization and death [1,2]. Pertussis is pre-
ventable through vaccination, and babies from 0 to 6 months of
age, when vaccination has not yet been completed, are the most
affected. The main sources of infection in non-vaccinated children
are parents, siblings and caregivers [3].

During recent years, the incidence of whooping cough has
increased worldwide, even in developed countries, despite high
vaccination coverage [4–7]. Several explanations for this phe-
nomenon include the waning of vaccine-induced/natural immu-
nity, the switch from TDwP to TDaP and better diagnostic
techniques [8–10]. In recent years, different countries have imple-
mented different vaccination strategies such as maternal immu-
nization, trying to prevent pertussis in infants [11–13].

The numerous modifications to the vaccination strategies in
Spainmake it difficult to attribute the increased incidenceofwhoop-
ing cough to the waning of vaccine-induced immunity. Pertussis
vaccination began in Spain in the 1960s, with TDwP in two annual
campaigns in infants <1 year old. In 1975, TDwPwas introduced into
the vaccination schedule with three doses at 3, 5, and 7 months. A
fourthdosewas added in 1996 (withdoses at 2, 4, 6, and18 months).
In 1999/2000, the whole-cell vaccine was switched to an acellular
vaccine (TDaP) with a five-dose schedule at 2, 4, 6, and 18 months
and 4 years of age. No more changes were made in the vaccination
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schedule until 2011, right after the latest national and international
pertussis outbreak; at that time, a sixth dose of Tdap at 14 years old
was added. In 2013, the dose at 4 years was changed and given
instead at 6 years; in 2014–2015, the PublicHealth Commission rec-
ommended the vaccination of pregnant women in their 3rd term,
and the sixth dose at 14 years old was eliminated. Different Spanish
regions adopted modifications to this schedule.

The Spanish database for hospital surveillance, ConjuntoMínimo
Básico de Datos; CMBD), covers 99.5% of the Spanish population and
includes more than 98% of admissions to hospitals in the public
health care system and 70% of the private hospitals. It provides a
complete record of all centralized hospital discharges and is not sub-
ject to the limitations of outpatient surveillance systems [14–16].
CMBD has been previously used for research purposes, including
epidemiological studies of different infectious diseases [17–19].

This epidemiological retrospective study was performed to
obtain information on population-based estimates of the burden
of hospitalization for whooping cough in infants up to 12 months
old in Spain during a 21-year period (1997–2017).
2. Methods

All whooping cough-related hospitalizations in infants up to
12 months old reported in any diagnostic position from January
1st, 1997 through December 31st, 2017 were analysed. Interna-
tional Classification of Diseases, 9th revision, Clinical Modification
or ICD-9-CM (CIE-9-MC) codes for whooping cough were selected:
(033.0–033.9: 033.0 Whooping cough due to bordetella pertussis;
033.1 Whooping cough due to bordetella parapertussis; 033.8
Whooping cough due to other specified organism; 033.9 Whooping
cough, unspecified organism).

The CMBD database contains admission and discharge date, age,
sex, geographical region, diagnosis and discharge status for all hos-
pitalizations in the country. The unit of analysis is the hospital
discharge.

The annual hospitalization rate was calculated. For these rates,
data from population municipal records for infants were used as
the denominators. For the population denominators by month of
age, we assumed a constant birth rate during the year in order to
associate the precise hospitalization datewith the population at risk
in any givenmonth. The case-fatality rate (CFR), that informs on the
severity of the cases, was calculated by dividing the number of
deaths by the total number of hospitalizations related to whooping
cough (%). The average length of stay at the hospital (ALOS) was
calculated.

All analyses were stratified by age. The same age, sex and epi-
demiological characteristics distributions were assumed for the
population and for hospitalizations not covered by CMBD.

To explore the latest national outbreak and the recent recom-
mendation for vaccination in pregnant women [20], analyses were
stratified comparing the periods 1997–2010; 2011–2015 and
2016–2017.

The recommendation for vaccination in pregnant women had to
be officially implemented in all the Spanish Autonomous Regions
by the end of 2015. Between January 2014 and January 2016, all
regions were complying with the measure [20]. Therefore, 2016
was the first year in which pertussis vaccination during pregnancy
had been carried out in all regions.
3. Statistics

The chi-square test was used to assess significant differences in
proportions, ANOVA was used for multiple comparisons and Pois-
son regression models were used to assess differences in the hos-
pitalization rates during the study period including by age group.
To evaluate whether the introduction of the vaccination recom-
mendation in pregnant women was associated with a significant
reduction of pertussis in infants, we leveraged the fact that the
now universal recommendation (with costs covered by the social
security scheme) was introduced heterogeneously in Spain
between January of 2014 and January 2016 using a difference in
difference approach [21,22].

In all tests, the significance level used was p < 0.05.
Statistical analyses were performed using the R Software (ver-

sion 3.4.3).
The patient information was anonymised and de-identified

prior to the analysis. The local ethics committee (Comité de Ética
de la Investigación de la Universidad Rey Juan Carlos) ruled that
no formal ethics approval was required for this study.
4. Results

A total of 13,352 hospital discharges for whooping cough in
infants under 12 months old were reported during the study period
in Spain, with an annual hospitalization rate of 164.51 cases per
100,000 infants (CI 95% 161.72–167.30). The mean age of the
patients was 2 months (SD: 1.78, interquartile range (IQR): 1–3
Months), andmost of the cases (n = 11.446, 86%) occurred in infants
under 4 months of age, with a rate of 423.08 hospitalizations (CI 95%
415.35–430.82) per 100,000 infants up to 4 months of age. The aver-
age length of stay at the hospital was 7.7 days (IQR: 3–9).

Seventy-four deaths occurred among these hospitalized
patients in the period 1997–2017; all of them occurred in infants
under 4 months old with a case-fatality rate of 0.55% (CI 95%:
0.43–0.68%), 89% of them (n = 66) were younger than 2 months
of age.

Table 1 shows the hospitalization rates and case-fatality rates
for the different age groups in the study period and shows how
whooping cough hospitalizations concentrates in infants 0–
3 months-old, reaching a hospitalization rate in the second month
of live of 715 cases per 100,000 and a case fatality rate of 1.88% in
the first month of live.

No statistically significant differences were found by sex in hos-
pitalization rates, or case-fatality rates.

Taking into account the increase in rates starting in 2010–2011
and to explore the latest national outbreak and the potential
impact of the recommendation to vaccinate pregnant women,
analyses were stratified to compare the periods 1997–2010,
2011–2015 and 2016–2017 (Table 2). In the period 1997–2010,
which comprised 14 years, 6850 hospitalizations due to whooping
cough were reported489hospitalizations per year, compared to
5,271 hospitalizations reported in 2011–2015 and 1231 reported
in 2016–2017.

Table 2 summarizes the main findings of this analysis, showing
statistically different annual hospitalization rates of 131.02, 250.13
and 157.69 cases in 1997–2010, 2011–2015 and 2016–2017,
respectively.

When the analysis is gathered by month of age, it can be
observed that most of the cases (n = 11,446) occurred in infants
under 4 months of age, with hospitalization rates of 328.80,
670.81 and 385.84 cases per 100,000 infants up to 4 months of
age in the periods 1997–2010, 2011–2015 and 2016–17, respec-
tively. In fact, the increase in hospitalization rates in the period
2011–2015 compared to the previous 1997–2010 is only signifi-
cant in infants 0–4 months old. Similarly, the significant decrease
in the period 2016–2017 compared to 2011–2015, only occurs in
infants 0–3 months old.

Of the 74 deaths, 34, occurred in the period 1997–2010, 36 in
2011–2015 and 4 in 2016–2017, which corresponds to a case-
fatality rate of 0.5%, 0.7%and 0.5%; respectively (see Supplementary



Table 1
Hospitalization and case-fatality rate due to whooping cough by month of age in infants in Spain (1997–2017).

Age in month N Hospitalization rate (per 100,000) (95%-CI) N (deceased) Case fatality rate (%) (95%-CI)

[0,1) 1597 236.12 (224.56; 247.69) 30 1.88 (1.21; 2.54)
[1,2) 4839 715.47 (695.38; 735.55) 36 0.74 (0.5; 0.99)
[2,3) 3411 504.33 (487.45; 521.21) 7 0.21 (0.05; 0.36)
[3,4) 1599 236.42 (224.84; 247.99) 1 0.06 (�0.06; 0.19)
[4,5) 908 134.25 (125.53; 142.98) 0 0 (0; 0)
[5,6) 378 55.89 (50.26; 61.52) 0 0 (0; 0)
[6,7) 211 31.2 (26.99; 35.41) 0 0 (0; 0)
[7,8) 113 16.71 (13.63; 19.79) 0 0 (0; 0)
[8,9) 101 14.93 (12.02; 17.85) 0 0 (0; 0)
[9,10) 76 11.24 (8.71; 13.76) 0 0 (0; 0)
[10,11) 58 8.58 (6.37; 10.78) 0 0 (0; 0)
[11,12) 61 9.02 (6.76; 11.28) 0 0 (0; 0)
Total (<12 M) 13,352 164.51 (161.72; 167.3) 74 0.55 (0.43; 0.68)

Table 2
Hospitalization and case-fatality rate due to whooping cough by age in month and period in Spain.

Hospitalization rate (per 100,000)/CI 95% Case-fatality rate (%)/CI 95%

Age in Month 1997–2010 2011–2015 P* 2016 P** 1997–2010 2011–2015 P* 2016 P**

[0,1) 176.05
(163.6; 188.49)

397.48
(368.05; 426.9)

<0.001 202.91
(168.33; 237.49)

<0.001 0.017
(0.01; 0.03)

0.021
(0.01; 0.03)

0.658 0.015
(�0.01; 0.04)

0.891

[1,2) 550.86
(528.88; 572.84)

1150.29
(1100.41;1200.16)

<0.001 644.09
(582.61; 705.56)

<0.001 0.006
0; 0.01)

0.01
(0.01; 0.01)

0.233 0.002

(0; 0.01)

0.221

[2,3) 392.95
(374.37; 411.53)

789.26
(747.87; 830.64)

<0.001 481.14
(427.97; 534.32)

<0.001 0.004
(0; 0.01)

0
(0 ; 0)

0.073 0.003

(0 ; 0.01)

0.415

[3,4) 195.33
(182.22; 208.44)

346.23
(318.75; 373.7)

<0.001 215.21
(179.6; 250.82)

<0.001 0 (0; 0) 0.002
(0; 0)

0.866 0
(0; 0)

1

[4,5) 116.14
(106.03; 126.25)

167.42
(148.3; 186.54)

<0.001 166.02
(134.73; 197.3)

0.985 NA NA NA NA NA

[5,6) 52.56
(45.76; 59.37)

63.78
(51.97; 75.59)

0.105 56.87
(38.55; 75.2)

0.608 NA NA NA NA NA

[6,7) 30.07
(24.92; 35.22)

30.18
(22.06; 38.31)

1 41.50
(25.85; 57.16)

0.22 NA NA NA NA NA

[7,8) 16.76
(12.91; 20.6)

14.81
(9.11; 20.5)

0.666 21.52
(10.25; 32.79)

0.339 NA NA NA NA NA

[8,9) 13.54
(10.09; 17)

14.81
(9.11; 20.5)

0.795 24.60
(12.55; 36.65)

0.15 NA NA NA NA NA

[9,10) 12.39
(9.09; 15.7)

8.54
(4.22; 12.86)

0.25 10.76
(2.79; 18.73)

0.791 NA NA NA NA NA

[10,11) 7.80 (5.18; 10.43) 7.40
(3.38; 11.43)

0.999 16.91
(6.92; 26.9)

0.065 NA NA NA NA NA

[11,12) 7.80
(5.18; 10.43)

11.39
(6.4; 16.38)

0.23 10.76
(2.79; 18.73)

1 NA NA NA NA NA

Total � 12 131.02
(127.92; 134.12)

250.13
(243.39; 256.87)

<0.001 157.69
(148.89; 166.49)

<0.001 0.006
(0; 0.01)

0.008
(0.01; 0.01)

0.346 0.004
(0; 0.01)

0.292

Differences were statistically significant (p < 0.05) over the study period. Test for differences in proportions.
* Comparison of 1997–2010 vs. 2011–2015.
** Comparison of 2011–2015 vs. 2016.

6344 R. Gil-Prieto et al. / Vaccine 37 (2019) 6342–6347
Fig. 1). All of them occurred in infants younger than 4 months of
age. No statistically significant differences were found in case-
fatality rates.

On the other hand, Fig. 1 shows the variation during the study
period in the annual hospitalization rate in infants up to 12 months
of age. Awell-known cyclic epidemic pattern can be seen during the
periodwith an increase in rates starting in 2010 and reaching a peak
in 2015 with 386.87 hospitalizations per 100,000 infants up to
12 months old (CI 95:367.6–406.1) In 2016, after the recommenda-
tion of vaccination for pregnant women implemented in all the
Spanish regions, the hospitalization rate started to decrease
(195.50 (CI 95% 181.4–208.9) hospitalization per 100,000 in 2016
and 119.50 (CI 95% 108.6–130.4) hospitalization per 100,000 in
2017.

In order to evaluate the potential impact of the implementation
of the recommendation of pregnant women vaccination in Spain a
difference in difference model was used [21,22]. This model ana-
lyzed the country in three different groups of authonomous regions
regarding the moment of recommendation onset: (a) those imple-
menting the vaccination in pregnant women in 2014, (b) those
implementing it in 2015 and (c) those implementing it in 2016.
Those regions implementing the vaccination the latest, reached
hospitalizations rates in 2015 that were two-fold of those rates
in the regions that had already recommended vaccination in preg-
nant women in 2014 or 2015 (Fig. 2). Overall the introduction of
the vaccination recommendation was associated with a reduction
of 20% in the incidence of hospitalization (HR = 0.80, 95%-CI
0.75–0.85, p < 0.001) when compared to no recommendation
adjusting for time trend and group specific effects.

5. Discussion

This retrospective study reports the epidemiology of severe
whooping cough infections in Spain over a period of twenty-one
years. The main finding of this study is that an important increase
in the hospitalization rates due to whooping cough infection in



Fig. 1. Hospitalization rate per 100,000 infants associated with Pertussis in Spain.

Fig. 2. Hospitalization rate associated with Pertussis per 100,000 infants by year and vaccination recommendation onset in Spain.
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Spain has been observed since 2011, especially due to the increase
in hospitalizations among infants up to 4 months old; the increase
continued until 2016, when the impact of the vaccination recom-
mendation for pregnant women was observed. These findings are
in line with the results published in Eurosurveillance [23] for
Spain; this study extends the previous analyses from Spain pub-
lished before the last national and international outbreak starting
in 2011 [24,25] and supports the epidemiologic data from around
the world [2].

Vaccination has been proven to reduce disease severity and
hospitalizations [26–28]; although an increase in cases has been
reported in all ages even in the contexts of sustainable high vacci-
nation rates, the increase may be due to the waning of natural and
vaccine immunity or better diagnosis and reporting, among other
reasons. Most of the hospitalizations and all the deaths in our
study occurred in infants younger than 4 months of age, when
the first vaccination has not yet been completed. This finding high-
lighted the need to reinforce the cocoon strategy and focus preven-
tive strategies on infants.

In recent years, different countries have implemented different
vaccination strategies and public health measures to end the
important increase in pertussis cases. The results regarding the
impact on the disease are starting to be seen in the UK [29],
Australia [30] and the US [31], and studies of cost-effectiveness
have found that vaccinating pregnant women with aP-containing
vaccines to prevent neonatal and unvaccinated infants from
pertussis-associated disease is likely to be cost-effective from
different perspectives [32,33]. Maternal Tdap vaccination have
shown to be highly protective against infant pertussis, especially
in the first 2 months of life [34].

The National Spanish Public Health Commission, taking into
account the epidemiological data as well as evidence of the safety,
effectiveness and efficiency of the available vaccines, in 2014–5
recommended the administration of one dose of Tdap vaccine in
pregnant women in the 3rd term, regardless of their vaccination
status; this recommendation should have been implemented in
all the Spanish regions by January 2016. Our results show an
important decrease in hospitalizations and deaths in 2016 and
2017 compared to 2015. Unfortunately, our database does not
allow us to have information on the individuaĺs mother’s vaccina-
tion status, but the data do allow us to hypothesize a major impact
of vaccination on hospitalizations, as vaccination coverage with
Tdap in pregnant women in Spain was 82.7% (ranging from 73.4
to 95.5% in the different regions) in 2016 and 80.7% (ranging from
70.4 to 92.6% in the different regions) in 2017 [35].

The information presented in this article will allow the compar-
ison of new data after the consolidated implementation in all
regions of this new preventive strategy and will serve to confirm
whether this decreasing trend continues or is due to epidemic
fluctuations.

This study has some limitations related to the use of a nation-
wide hospital database. The reliability of hospital-based surveil-
lance depends on the quality of the discharge report and the clin-
ical history, as well as on the quality of the codification process
[16]. Potential biases associated with coding or the assumption
of causality between the disease and potential complications could
result in misclassification. CMBD does not provide information
regarding laboratory confirmation. However, we assumed that a
differential diagnosis of severe pertussis infection had been con-
firmed, as it is a notifiable disease in Spain.
6. Conclusion

Most of the whooping cough infections and all deaths occurred
in infants < 4 months of age in Spain. The hospitalization rate was
significantly higher beginning in 2011 and did not decrease until
2016, after vaccination of pregnant women was recommended.
Public health measures such as vaccination of pregnant women,
caregivers, health care professionals and relatives, especially young
parents, could reduce the hospitalization burden during the cur-
rent outbreak.
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