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ABSTRACT

Background: Maternal pertussis vaccination during the third trimester of pregnancy was implemented in 2015 in
Spain, reaching a national coverage of 84% in 2019. In this ecological study, we investigated whether there was a
change in the disease severity for pertussis in infants upon introduction of prenatal pertussis vaccination.
Methods: We performed a time-trend analysis of infant pertussis hospitalizations during 2005-2019 in Spain
using national register data. Annual hospitalization rates per 100,000 population and the mean length of hos-
pitalization were calculated for infants < 3 months of age (target group benefiting from the prenatal vaccination)
and a reference group aged 3-11 months. We compared overall rates and annual percent changes of the above
variables in both groups for the time period before (2005-2014) and after vaccination introduction (2015-2019),
using segmented Poisson regression.

Results: During the pre-vaccination period, infants aged 0-2 months had a 5-times higher rate of pertussis hos-
pitalization and spent on average 50 % longer in hospital than the reference group. After the maternal vacci-
nation introduction, the hospitalization rate decreased more rapidly in infants aged 0-2 months than in infants
aged 3-11 months: annual reduction of 34 % (95 % CI: 31-38) versus 26 % (95 % CI: 21-31) in the hospitali-
zation rate and 13 % (95 % CI: 11-15) versus 6 % (95 % CI: 2-9) in the mean hospital stay, respectively. In 2019,
the mean hospital stay for pertussis was about 4.5 days in both groups.

Conclusions: Maternal pertussis vaccination in Spain led to a reduction in disease severity in the target group as
compared to older infants, highlighting the need for increased efforts on educating healthcare professionals on
the importance of maternal vaccinations.

1. Introduction

indicate vaccinating pregnant women with acellular pertussis vaccine is
safe for mother and infant, immunogenic, with efficient transplacental

The bacterium Bordetella pertussis causes pertussis or whooping
cough, a vaccine-preventable respiratory disease which is re-emerging
worldwide including in populations with high vaccine coverage [1].
Pertussis affects all age groups but typically manifests itself as a child-
hood disease with the most severe forms occurring in infants during the
first months of life. Pertussis vaccination during pregnancy can protect
infants through passive immunity, i.e. active transfer of maternal anti-
bodies that protect them until the primary immunization series. Studies

transfer of antibodies, and effective in preventing severe pertussis in
young infants [2-4]. In addition, there is an important benefit of pro-
tecting mothers against pertussis infection as they are often a source of
infection for infants in the household [5].

The World Health Organization (WHO) estimated that there were
24.1 million cases of pertussis in 2014 globally, with 160,700 associated
deaths in children under 5 years of age. Of these, 92,500 (58 %) were
estimated to have occurred in Africa and involved mostly infants: 85,900
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(53 %) [6]. In the last decade, an increase in cases of pertussis has also
been observed in high-income countries with long-standing high
vaccination coverage [7-9], such as Spain [10].

In Spain, pertussis has been present in epidemic proportions since
2010, with the last wave between 2014 and 2019, peaking in 2015
[11-13] Children, and particularly infants under 1 year of age have the
highest incidence and hospitalization rate for pertussis, although, case
fatality risk is low. From 2010 to 2019, there were 42 deaths of children
under 1 year of age with a case fatality rate of 5.7 per 1,000 [14].

The current pertussis immunization schedule in Spain is based on 4
doses of Diphteria/Tetanus/Pertussis (DTPa) vaccine (primary vacci-
nation with 2 doses at 2 and 4 months, and boosters at 11 months and 6
years of age). This schedule was introduced in 2017, replacing the old
one with 5 doses at 2, 4, 6 and 18 months and 6 years of age [15].

While some autonomous regions of Spain introduced this interven-
tion 1-2 years earlier, [13,17]. pertussis vaccination of mothers during
the third trimester of pregnancy (Tdap) was implemented nationwide in
2015, with a recommendation to vaccinate between the 27th and 36th
week of gestation, but ideally during the 28th and 32nd week [16]. The
maternal vaccination coverage at the national level estimated during
2017-2019 was high (80-84 %), with some regional variation [18].

The implementation of this public health intervention is expected to
reduce disease severity and improve clinical outcomes in infants,
particularly in the first 3 months of life [13,19]. In this study, we aim to
assess the impact of pertussis vaccination in pregnant women on disease
severity, such as decrease in the hospitalization rate and length of hos-
pitalization in infants aged less than 3 months.

2. Material and methods
2.1. Data collection

Information on cases hospitalized with pertussis during 2005-2019
in Spain was obtained from the National Hospitalization Registry (NHR-
CMBD) and included data on date of birth, sex, region of residence, date
of hospital admission, date of discharge and primary and secondary
hospitalization diagnoses (1-20).

In our ecological study, pertussis cases were defined as those hos-
pitalizations including one or more International Classification of Dis-
eases 10th or 9th edition (ICD-10 or ICD-9) diagnostic codes (A37.00,
A37.01, A37.80, A37.81, A37.90, A37.91 or 033.0, 033.8, 033.9, 484.3,
respectively) as their primary or secondary diagnosis in NHR-CMBD
[20,21]. Parapertussis cases were excluded unless the case had one of
the ICD codes described above. This exclusion was motivated by the fact
that parapertussis infection is a less serious disease than pertussis [22]
and may therefore lead to an underestimation of the effect of the vaccine
on disease severity.

Population data by sex, age group, region and calendar year were
obtained from the National Statistics Institute (INE). In addition, data on
pertussis vaccine coverage in pregnant women was obtained from the
Vaccination Information System of the Ministry of Health (SIVAMIN)
and through a request to each autonomous region as well as the Ministry
of Health for any unpublished data on vaccine coverage.

2.2. Data analysis
We calculated hospitalization rates per 100,000 population for

pertussis by sex, age group and calendar year. The effect of prenatal
vaccination on the rate of hospitalization for pertussis in infants was

2811

Vaccine 42 (2024) 2810-2816

assessed using a segmented Poisson regression model in an interrupted
time series design [23]. This ecological design is generally applied in
natural experiments to evaluate the impact of an intervention intro-
duced at a known point in time. The design extends the basic ITS by
adding a control group that is not exposed to the intervention. The
control group is used to account for external trends and factors that
might otherwise bias the evaluation of the intervention’s effect.

The trend of annual hospitalization rates in infants under 3 months -
the target group for prenatal vaccination - was estimated before and
after the introduction of the maternal pertussis vaccination. To account
for the non-linearity of the trend, three periods were considered in the
segmented analysis, namely 2005-2009, 2010-2014 and the period in
which prenatal vaccination had been implemented countrywide
(2015-2019). To control for underlying fluctuations in the epidemic and
time-varying confounders, the model included for comparison a refer-
ence group of infants aged 3 to 11 months, an age range in which infants
started their primary immunization series against the disease. Since the
prenatal vaccination has no direct effect on the group of children aged
3-11 montbhs, this group was used as a control to assess the share of the
reduction in hospital admissions in 0-2 months age group potentially
attributable to the prenatal vaccination. A random effect related to the
region of residence was also included in the model to address
geographical heterogeneity.

Changes in the population over time (the birth rate has fallen by 30
% over the last decade in Spain) were taken into account by including
population as an offset [24]. Populations by age, region, and calendar
year were inferred for the two age groups assuming that the age distri-
bution (in months) was uniform in the population of infants under one
year.

Annual percentage change (APC) was calculated to describe trends
by period and age group. This standardized measure was obtained
directly from the Poisson regression model and allows trends to be easily
compared between periods and groups. The difference in trend between
the two age groups over a given period was tested through the inter-
action term between the period and the age group [25] (see Supple-
mentary Material for details). A significant interaction was not expected
in the absence of an effect of prenatal vaccination on the hospitalization
rate. Finally, the above analyses were also applied to the hospital stay
length (in days). All analyses were performed using R (version 4.2) and
R Studio statistical software [26].

3. Results

A total of 10,621 pertussis hospital admissions were reported during
2005-2019 in Spain of infants under 1 year of age, constituting the
majority of all age groups (91 %). The hospitalization rate in infants
under 1 year of age fluctuated over the study period and reached its peak
in 2015 with 1,504 hospitalizations (421 pertussis cases per 100,000
population) (Fig. 1). Overall, hospitalization rates for girls were similar
to those for boys, although slightly higher (Table 1). However, the rate
of hospitalization was more than 5 times higher in children aged 0-2
months compared to those aged 3 to 11 months (overall, 418 vs. 77
hospitalizations per 100,000 child-years). Similarly, the average dura-
tion of hospitalization was shorter (5.6 days) in children aged 3 to 11
months than in those aged 0 to 2 months (7.6 days) and this difference
was similar for both sexes (Table 1).

During the period before the introduction of maternal pertussis
vaccination (2005-2014), the hospitalization rate (per 100,000 popu-
lation) was 406 for children aged 0-2 months and 71 for children aged
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Fig. 1. Annual hospitalization rate for pertussis in children aged less than 1 year in Spain, 2005-2019.

Table 1
Number of hospitalizations for pertussis, population-years at risk, hospitalization rate (per 100,000), and average length of stay (in days) among infants, by sex, age
group and calendar year (2005-2019) in Spain.

Hospitalizations Population-years Hospitalization rate Average length stay
Age (months) 0-2 3-11 0-2 3-11 0-2 3-11 0-2 3-11
Males
2005 119 62 48,072 147,718 247.5 42.0 8.3 6.7
2006 129 85 54,155 150,276 238.2 56.6 7.1 6.8
2007 129 87 52,348 147,550 246.4 59.0 9.0 6.7
2008 156 91 51,799 159,448 301.2 57.1 7.3 5.5
2009 147 71 58,111 161,930 253.0 43.8 7.0 4.5
2010 196 86 58,916 158,100 332.7 54.4 7.6 6.1
2011 367 198 57,037 171,193 643.4 115.7 8.4 5.6
2012 246 138 55,668 160,601 441.9 85.9 8.6 4.6
2013 298 129 55,576 161,175 536.2 80.0 7.2 5.4
2014 312 147 52,200 148,204 597.7 99.2 7.8 6.6
2015 522 263 52,144 156,433 1,001.1 168.1 7.5 5.8
2016 197 145 49,530 144,343 397.7 100.5 6.6 5.1
2017 136 94 49,545 150,872 274.5 62.3 5.7 4.2
2018 108 60 45,979 132,202 234.9 45.4 5.3 4.6
2019 73 43 37,596 100,119 194.2 42.9 4.2 4.0
Overall 3,135 1,699 778,677 2,250,165 402.6 75.5 7.4 5.6
Females
2005 126 68 46,952 139,592 268.4 48.7 8.6 6.5
2006 148 64 48,724 133,131 303.8 48.1 9.5 5.5
2007 159 85 48,203 136,331 329.9 62.3 12.4 6.6
2008 198 85 52,485 147,880 377.2 57.5 8.5 6.5
2009 155 71 51,647 152,573 300.1 46.5 6.8 5.1
2010 194 88 52,048 152,230 372.7 57.8 7.2 6.3
2011 382 202 55,454 166,361 688.9 121.4 7.8 6.0
2012 246 134 52,242 156,262 470.9 85.8 8.4 4.9
2013 257 116 51,984 142,862 494.4 81.2 8.3 6.0
2014 312 151 48,928 142,803 637.7 105.7 7.6 5.7
2015 495 235 49,313 143,696 1,003.8 163.5 7.7 4.9
2016 208 148 47,073 135,921 441.9 108.9 5.7 4.9
2017 120 84 45,819 140,844 261.9 59.6 6.2 4.8
2018 92 68 43,366 127,130 212.1 53.5 5.0 4.5
2019 82 66 37,226 114,428 220.3 57.7 4.3 5.2
Overall 3,174 1,665 731,466 2,132,044 433.9 78.1 7.8 5.5
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Table 2
Annual percent change in hospitalization rate for pertussis in infants by age group and period in Spain, 2005-2019.
2005-2009 2010-2014 2015-2019
APC® (%) 95 % CI° APC’ (%) 95 % CI° APC” (%) 95 % CI°
Age group 0-2 months 8.29 (4.09, 12.66) 16.51 (12.77, 20.37) —34.34 (-37.83, —30.66)
3-11 months 7.52 (2.56, 12.72) 16.96 (12.53, 21.57) —26.12 (-30.61, —21.34)

# Annual percentage change.
b Confidence interval.

3-11 months. The mean length of hospital stay was 8 days in 0-2 month-
olds and 6 days in 3-11 month-olds. Hospitalization rates and mean
length of hospital stay by sex, age group, and calendar year are shown in
Table 1.

Before the introduction of the prenatal vaccine (2005-2014), the
annual percentage changes (APC) in the hospitalization rate for pertussis
were not significantly different between the two age groups. However,
during the period following the introduction of the vaccine
(2015-2019), the annual reduction in the pertussis admission rate was
significantly more pronounced in the 0-2 month age group (34.3 %, 95
% CIL: 30.7-37.8) than in the 3-11 month age group (26.1 %, 95 % CL:
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21.3-30.6) (see Table 2). The estimated trends in hospitalization rates
from 2005 to 2019 in both age groups and the effect of prenatal pertussis
vaccination are shown in Fig. 2.

Regarding the average length of stay, it was also observed that the
APC was similar in the two age groups before the prenatal vaccination
period. But the difference between these two groups observed after the
introduction of the vaccine was even more pronounced than that esti-
mated for the hospitalization rate. During 2015-2019, there was an
annual reduction of 12.6 % (95 % CI: 10.4-14.7) in children aged 0-2
months compared to an average reduction of 5.5 % (95 % CI: 2.5-8.5) in
those aged 3-11 months (Table 3) regarding the length of

= 0-2 months

—— 3-11 months

2015

Year

Fig. 2. Estimated pertussis hospitalization rate (in log-scale) for pertussis by year and by age group adjusted for region in Spain, 2005-2019. The dashed curve
assumes the same trend in both age groups (no interaction between age and period).

Table 3
Annual percent change in mean length of hospital stay for pertussis in infants by age group and period in Spain, 2005-2019.
2005-2009 2010-2014 2015-2019
APC" (%) 95 % CI APC" (%) 95 % CI APC" (%) 95 % CI
Age group 0-2 months —-2.75 (-4.37, —1.09) -1.33 (-2.55, —0.09) —-12.57 (-14.73, —10.36)
3-11 months -3.13 (-5.42, —0.78) —-0.99 (-2.75, 0.80) —5.53 (-8.50, —2.45)

# Annual percentage change.
b Confidence interval.
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Fig. 3. Estimated mean of hospital stay (in days) for pertussis by year and by age group adjusted for region in Spain, 2005-2019. The dashed curve assumes the same

trend in both age groups (no interaction between age and period).

hospitalization. In 2005, the mean length of hospital stay was 8.5 days
for children aged 0-2 months and 6.6 for children aged 3-11 months;
whereas in 2019, the mean length of hospital stay for these two age
groups was similar and close to 4.5 days. Trends in the mean length of
hospital stay during 2005-2019 in both age groups and the effect of
prenatal pertussis vaccination are shown in Fig. 3.

4. Discussion

As our results suggest, vaccinating women against pertussis during
their third trimester of gestation appears to be an effective method of
preventing severe forms of the disease in infants, reducing hospitaliza-
tions and especially the length of hospital stay. Our results are consistent
with another recent ecological study in United States, where Tdap
vaccination was associated with a reduction in pertussis incidence in
infants younger than 2 months, narrowing the gap with infants aged
6-11 months [27]. Another study from Canada identified a crude
reduction in incidence among infants aged 3 months or less over time;
however, in an interrupted time series analysis, the publication of na-
tional recommendations for antenatal Tdap immunization (NACI) in
every pregnancy was not associated with a statistically significant
decrease in the monthly pertussis trends [28]. This finding most likely
reflects suboptimal antenatal Tdap coverage with past research finding
that immunization was undertaken in only 25 % of pregnancies one year
after the publication of NACI guidance [29].

The time of vaccination was brought forward in Spain. Initially, Tdap
vaccination was recommended for women between the 28th and 36th
week of gestation, then between 28th and 32nd week, and currently a
dose of vaccine is recommended in each pregnancy starting at week 27,
but preferably during the week 27-28 [30]. Similarly, in other countries
recommendations to vaccinate are being advanced to the second
trimester of pregnancy to ensure that premature infants are also protecte
[31].

In Spain, any vaccine included in the national vaccination schedule is
fully funded by the National Health System (NHS) and provided free of
charge to the population [32,33]. Given the Tdap vaccine accessibility in
Spain and the low cost associated with the maternal vaccination
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assumed by the government (21 Euros (€) per vaccine administered,
including the cost of the vaccine of €14,95 and an administration cost of
€6), [34] it seems to be an effective intervention in reducing the number
of days in neonatal care and pediatric units. This was also demonstrated
in a study in Catalonia, where direct healthcare costs were lower in
children vaccinated with 4-5 doses of acellular pertussis vaccines than
in unvaccinated or partially vaccinated children with pertussis of the
same age [35].

Since almost all children with pertussis under the age of 6 months are
typically hospitalized, [36] the impact of the intervention was more
relevant to the length of hospital stay than hospitalization rates.
Throughout the study period, the number of deaths from pertussis was
very low. Although we have refrained from using the fatality ratio to
assess the effect of the vaccine, the number of deaths amongst all
pertussis cases decreased from 9 in 2015 to 1 annual case of death during
2016-2018, with no deaths in 2019 in children aged less than 3 months
[14]. There were some other possible health outcomes such as most
common pertussis’ complications including pneumonia, apnea, con-
vulsions and encephalopathy [37]. However, the data in NHR-CMBD
was not complete enough to allow this analysis. In addition, it would
be difficult to relate any of these diagnoses and their respective ICD-9/
ICD-10 diagnostic codes directly to pertussis as some children could
have been born prematurely and could have suffered from these
comorbidities regardless of pertussis. Although more recent data was
available, we decided to limit our analyses to 2019. The COVID-19
pandemic with its preventive measures aimed at reducing trans-
mission of viral and bacterial respiratory diseases could have had an
impact on the natural fluctuations of pertussis and ultimately lead to
overestimating the effect of the vaccine [12,38].

While we observed a significant decrease in disease severity in in-
fants aged less than 3 months after the introduction of maternal pertussis
vaccination, we cannot infer a causal relationship between the vacci-
nation and improved health outcomes as this is an ecological study.
Although we had detailed information on pertussis cases in terms of
demographics and hospitalization, we did not know whether their
mothers were vaccinated or not. This study is therefore subjected to an
ecological fallacy that may lead to an underestimation of the impact of
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vaccination on the group of children aged 0-2 months. However, given
no major changes in the National Hospitalization Registry and case
definition during the study period (except for the change of ICD-9 to
ICD-10 in 2015) and overall increasing trend in the national prenatal
vaccination coverage reaching 84 % in 2019, [18] we assume that the
observed reduction in severity in infants is most likely attributed to the
maternal Tdap vaccine.

Another possible source of underestimation of the effect of the
maternal Tdap vaccine is the fact that the reference group of infants aged
3-11 months might have also been affected by the vaccination of
pregnant women due to the persistence of antibodies beyond 2 months
or reduction in transmission of pertussis in households.

Similarly, natural fluctuations in pertussis incidence could lead to
underestimating/overestimating the effect of the intervention. Howev-
er, analysis of pertussis trends prior to maternal vaccine introduction in
children aged 0-2 months and 3-11 months should mitigate these biases
[27]. Moreover, although the incidence of pertussis changes over time,
the severity of the infection was not expected to change. Therefore,
while the hospitalization rate can be affected by variations in circulation
of pertussis in the population with mostly small children being hospi-
talized, the analysis of length of hospital stay should not be greatly
affected by these variations.

Another potential limitation of our study is the fact that the vacci-
nation of pregnant women was not introduced at the same time at the
national level. Certain Spanish regions started to vaccinate mothers in
2014, although the coverage was small [17]. In addition, official data on
vaccine coverage in pregnant women was available by autonomous re-
gions only as of 2017 [18]. Data prior to that was limited and of varying
completeness in regions, therefore vaccine coverage was not included in
our model.

Lastly, we did not have any information on breast-feeding practices
in mothers of pertussis’ cases. Due to a possibility of passive transfer of
antibodies through maternal milk, older children would also be pro-
tected through breastfeeding, and as we are comparing both groups, this
could have led to an underestimation of the effect of intervention.

5. Conclusions

In summary, maternal prenatal pertussis vaccination seems to be
effective in preventing severe disease in young infants aged 0-2 months
in Spain. It is important to advocate for pertussis vaccination in pregnant
women as well as timely immunization series in children to prevent
serious disease in infants. This can be achieved through increased efforts
on educating healthcare and particularly antenatal care professionals on
the importance of maternal vaccinations. They should provide a
recommendation to vaccinate, and explain the vaccine benefits and
potential risks to pregnant women. Advice from healthcare professionals
has been shown to be very effective in improving vaccination uptake
[391.

Author contributions

A.P.,0.N,N.L. P, and J. M. C. were involved in the conception and
design of the study. A. P. and O. N. were involved in data acquisition,
data analysis and wrote the first draft of the manuscript. All authors
were involved in data interpretation and refining the manuscript, and all
authors reviewed and approved the final version of the manuscript.

CRediT authorship contribution statement

Andrea Parisi: Conceptualization, Formal analysis, Investigation,
Methodology, Project administration, Writing — original draft, Writing —
review & editing, Validation, Visualization. Olivier Nunez: Conceptu-
alization, Data curation, Formal analysis, Investigation, Methodology,
Software, Visualization, Writing — original draft, Writing — review &
editing. Noemi Lopez-Perea: Conceptualization, Methodology, Writing

2815

Vaccine 42 (2024) 2810-2816

- review & editing. Josefa Masa-Calles: Conceptualization, Methodol-
ogy, Writing — review & editing, Resources.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgements

The authors thank Nadine Zeitlmann (Robert Koch Institute, Berlin,
Germany) for the review of the manuscript.

Disclaimer

AP was supported by the European Programme for Intervention
Epidemiology Training, European Centre for Disease Prevention and
Control, Sweden. The funder played no role in the study design, data
collection and analysis, decision to publish, or preparation of the
manuscript. All authors attest they meet the ICMJE criteria for
authorship.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.vaccine.2024.03.028.

References

[1] Macina D, Evans KE. Bordetella pertussis in school-age children, adolescents and
adults: A systematic review of epidemiology and mortality in Europe. Infect Dis
Ther 2021;10(4):2071-118. https://doi.org/10.1007/540121-021-00520-9.
Godoy P, et al. Effectiveness of maternal pertussis vaccination in protecting
newborn: A matched case-control study. J Infect 2021;83(5):554-8. https://doi.
0rg/10.1016/j.jinf.2021.08.022.

Baxter R, Bartlett J, Fireman B, Lewis E, Klein NP. Effectiveness of vaccination
during pregnancy to prevent infant pertussis. Pediatrics 2017;139(5):e20164091.
Munoz FM, et al. Safety and immunogenicity of tetanus diphtheria and acellular
pertussis (Tdap) immunization during pregnancy in mothers and infants: a
randomized clinical trial. JAMA 2014;311(17):1760-9. https://doi.org/10.1001/
jama.2014.3633.

Wendelboe AM, et al. Transmission of Bordetella pertussis to young infants. Pediatr
Infect Dis J 2007;26:293-9. https://doi.org/10.1097/01.
inf.0000258699.64164.6d.

Yeung KHT, Duclos P, Nelson EAS, Hutubessy RCW. An update of the global burden
of pertussis in children younger than 5 years: a modelling study. Lancet Infect Dis
2017;9:974-80. https://doi.org/10.1016/51473-3099(17)30390-0.

European Centre for Disease Prevention and Control (ECDC). Pertussis In: ECDC.
Annual epidemiological report for 2018. Stockholm: ECDC; 2020. Available from:
https://www.ecdc.europa.eu/en/publications-data/pertussis-annual-
epidemiological-report-2018 (Accessed 2023 Jun 16).

Bhagat D, Saboui M, Huang G, Domingo FR, Squires SG, Salvadori MI, et al.
Pertussis epidemiology in Canada, 2005-2019. Can Commun Dis Rep 2023;49(1):
21-8. https://doi.org/10.14745/ccdr.v49i01a05.

Masseria C, Martin CK, Krishnarajah G, Becker LK, Buikema A, Tan TQ. Incidence
and Burden of Pertussis Among Infants Less Than 1 Year of Age. Pediatr Infect Dis J
2017 Mar;36(3):e54-61. https://doi.org/10.1097/INF.0000000000001440.
Sizaire V, Garrido-Estepa M, Masa-Calles J, Martinez de Aragon MV. Increase of
pertussis incidence in 2010 to 2012 after 12 years of low circulation in Spain. Euro
Surveill. 2014;19(32):20875. doi: 10.2807/1560-7917.es2014.19.32.20875.
PMID: 25139074.

Analisis de la evolucion de la tos ferina en Espana, 2005-2020. Impacto de la
vacunacion en gestantes. Instituto de Salud Carlos III. Available from: https://
revista.isciii.es/index.php/bes/issue/view/288 (accessed 2022 Oct 26).

Informe epidemioldgico sobre la situacién de la tos ferina en Espana, 2005-2020.
Instituto de Salud Carlos III. Available from: https://www.isciii.es/QueHacemos/
Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/
Documents/archivos%20A-Z/TOSFERINA/Informe_Tosferina_2005-2020_
Julio.2022.pdf (accessed 2022 Oct 26).

Torres de Mier M de V, Lopez-Perea N, Masa Calles J. Situacion de la Tos ferina en
Espana, 1998-2016. Andlisis preliminar del Impacto de la Vacunacién de Tos ferina

(2]

[3]

[4]

[5]

(6]

[71

[8]

[91

[10]

[11]

[12]

[13]


https://doi.org/10.1016/j.vaccine.2024.03.028
https://doi.org/10.1016/j.vaccine.2024.03.028
https://doi.org/10.1007/s40121-021-00520-9
https://doi.org/10.1016/j.jinf.2021.08.022
https://doi.org/10.1016/j.jinf.2021.08.022
http://refhub.elsevier.com/S0264-410X(24)00315-3/h0015
http://refhub.elsevier.com/S0264-410X(24)00315-3/h0015
https://doi.org/10.1001/jama.2014.3633
https://doi.org/10.1001/jama.2014.3633
https://doi.org/10.1097/01.inf.0000258699.64164.6d
https://doi.org/10.1097/01.inf.0000258699.64164.6d
https://doi.org/10.1016/S1473-3099(17)30390-0
https://doi.org/10.14745/ccdr.v49i01a05
https://doi.org/10.1097/INF.0000000000001440

A. Parisi et al.

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

en Embarazadas. BES [Internet]. 12018;26(4):43-5. Available from: https://
revista.isciii.es/index.php/bes/article/view/1060 (accessed 2022 Oct 26).
Ministerio de Sanidad. Registro de Atencién Especializada (RAE-CMBD) 2010-2019
(unpublished data).

Consejo Interterritorial del Sistema Nacional de Salud (CISNS). Calendario comin
de vacunacién a lo largo de toda la vida. Available from: https://www.sanidad.
gob.es/gabinetePrensa/notaPrensa/pdf/Calen151118203207389.pdf (accessed
2022 Oct 26).

Ministerio de Sanidad, Servicios Sociales e Igualdad. Adenda del programa de
vacunacion frente a tosferina en Espana: vacunacion en el embarazo, ano 2015.
Available from: https://www.isciii.es/QueHacemos/Servicios/
VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Paginas/
Enfermedades-A-Z.aspx (accessed 2023 Jun 30).

Fernandez-Cano M], et al. Vaccination coverage against pertussis in pregnant
women of Catalonia in the first year of implementation of the immunisation
program. Enferm Infecc Microbiol Clin 2017;35(9):550-5. https://doi.org/
10.1016/j.eimc.2016.09.008.

SIVAMIN Sistema de informacién en Vacunas del Ministerio de Sanidad. Available
from: https://pestadistico.inteligenciadegestion.sanidad.gob.es/publicoSNS/1/
sivamin/sivamin (Accessed 2022 Oct 26).

Godoy P, Masa-Calles J. The effect of maternal pertussis vaccination on the
epidemiology of pertussis in Spain. Enferm Infecc Microbiol Clin (Engl Ed) 2022
Nov;40(9):467-9. https://doi.org/10.1016/j.eimce.2022.03.016.

World Health Organization (WHO). ICD-9: International statistical classification of
diseases and related health problems: 9th revision. Geneva: WHO; 1978. p. 1978.
Who. ICD-10: International statistical classification of diseases and related health
problems. 10th revision, 2nd ed. WHO: Geneva; 2004.

Parkhill J, et al. Comparative analysis of the genome sequences of Bordetella
pertussis, Bordetella parapertussis and Bordetella bronchiseptica. Nat Genet 2003
Sep;35(1):32-40. https://doi.org/10.1038/ng1227.

Bernal JL, Cummins S, Gasparrini A. The use of controls in interrupted time series
studies of public health interventions. Int J Epidemiol 2018;47(6):2082-93.
https://doi.org/10.1093/ije/dyy135. PMID: 29982445.

Instituto Nacional de Estadistica. Movimiento Natural de la Poblacién:
Nacimientos. Available from: https://www.ine.es/up/fa89ECXhilA (Accessed
2022 Oct 26).

Bernal JL, Cummins S, Gasparrini A. Interrupted time series regression for the
evaluation of public health interventions: a tutorial. Int J Epidemiol 2017;46(1):
348-55. https://doi.org/10.1093/ije/dyw098.

R Core Team. R: A Language and Environment for Statistical Computing [Internet].
Vienna, Austria; 2016. Available from: https://www.R-project.org/.

Skoff TH, Deng L, Bozio CH, Hariri S. US infant pertussis incidence trends before
and after implementation of the maternal tetanus, diphtheria, and pertussis
vaccine. JAMA Pediatr 2023;177(4):395-400. https://doi.org/10.1001/
jamapediatrics.2022.5689.

2816

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

Vaccine 42 (2024) 2810-2816

Antoniou T, McCormack D, Fell DB, Kwong JC, Gomes T. Impact of national
recommendations for routine pertussis vaccination during pregnancy on infant
pertussis in Ontario, Canada: a population-based time-series study. BMC Pregnancy
Childbirth 2023;23(1):627. https://doi.org/10.1186/512884-023-05938-2.
Fakhraei R, Fung S, Petrcich W, Crowcroft N, Bolotin S, Gaudet L, et al. Trends and
characteristics of tdap immunization during pregnancy in Ontario, Canada: a
retrospective cohort study. CMAJ Open 2022;10:E1017.

Consejo Interterritorial del Sistema Nacional de Salud. Calendario comtn de
vacunacién a lo largo de toda la vida. Calendario recomendado ano 2023. En:
Ministerio de Sanidad. Available from: https://www.sanidad.gob.es/
profesionales/saludPublica/prevPromocion/vacunaciones/calendario-y-
coberturas/docs/CalendarioVacunacion_Todalavida.pdf. (Accessed 2023 Jun 30).
Amirthalingam G, Campbell H, Ribeiro S, Stowe J, Tessier E, Litt D, et al.
Optimization of timing of maternal pertussis immunization from 6 years of
postimplementation surveillance data in England. Clin Infect Dis 2023;76(3):
€1129-39. https://doi.org/10.1093/cid/ciac651.

Ponencia de Programas y Registro de Vacunaciones. Criterios de evaluacién para
fundamentar modificaciones de vacunacion en Espafa. Ministerio de Sanidad,
Servicios Sociales e Igualdad. 2013. Available from: https://www.sanidad.gob.es/
areas/promocionPrevencion/vacunaciones/comoTrabajamos/docs/Criterios_
ProgramaVacunas.pdf (accessed 2023 Jul 5).

Ponencia de Programa y Registro de Vacunaciones y evolucion del calendario de
vacunacién en Espana. Limia Sanchez A, Olmedo Lucerén C, Soler Soneira M,
Cantero Gudino E, Sanchez-Cambronero Cejudo L. Rev Esp Salud Piblica. 2020;
94: €202003018.

Soler Soneira M, Olmedo Lucerdén C, Sanchez-Cambronero Cejudo L, Cantero
Gudino E, Limia Sanchez A. El coste de vacunar a lo largo de toda la vida en
Espana. Rev Esp Salud Publica [Internet]. 2020; 94: 202002005. Available from:
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=51135-
57272020000100064&Ing=es (Accessed 2023 Jun 16).

Plans-Rubi6 P, et al. reduction of direct health costs associated with pertussis
vaccination with acellular vaccines in children aged 0-9 years with pertussis in
catalonia (Spain). Pharmacoecon Open 2019 Mar;3(1):55-69. https://doi.org/
10.1007/541669-018-0081-4.

Centers for Disease Control and Prevention (CDC). NCHS Data on Pertussis
Hospitalizations in Young Children. Atlanta: CDC; 2015. Available from: https://
www.cdc.gov/nchs/data/hestat/pertussis/pertussis.htm#datata (Accessed 2023
Jun 30).

C.D.C. About Pertussis Available from 2022 CDC Atlanta Accessed 2023 Jun 16.
Leon-Morillo M.R., Gomez-Pastrana D., Diaz-Colom M.D., Quecuty-Vela S., Alados-
Arboledas J.C., Aragon-Fernandez C. Effect of pertussis vaccine in pregnancy and
Covid-19 pandemic in the cases of wooping cough. Enferm Infecc Microbiol Clin
2022 Nov;40(9):499-502. Spanish. doi: 10.1016/j.eimc.2021.07.007.

Factors associated with uptake of influenza and pertussis vaccines among pregnant
women in South Australia. PLoS One. 2018;13(6):e0197867. doi: 10.1371/journal.
pone.0197867.


https://doi.org/10.1016/j.eimc.2016.09.008
https://doi.org/10.1016/j.eimc.2016.09.008
https://doi.org/10.1016/j.eimce.2022.03.016
http://refhub.elsevier.com/S0264-410X(24)00315-3/h0100
http://refhub.elsevier.com/S0264-410X(24)00315-3/h0100
http://refhub.elsevier.com/S0264-410X(24)00315-3/h0105
http://refhub.elsevier.com/S0264-410X(24)00315-3/h0105
https://doi.org/10.1038/ng1227
https://doi.org/10.1093/ije/dyy135
https://doi.org/10.1093/ije/dyw098
https://doi.org/10.1001/jamapediatrics.2022.5689
https://doi.org/10.1001/jamapediatrics.2022.5689
https://doi.org/10.1186/s12884-023-05938-2
http://refhub.elsevier.com/S0264-410X(24)00315-3/h0145
http://refhub.elsevier.com/S0264-410X(24)00315-3/h0145
http://refhub.elsevier.com/S0264-410X(24)00315-3/h0145
https://doi.org/10.1093/cid/ciac651
https://doi.org/10.1007/s41669-018-0081-4
https://doi.org/10.1007/s41669-018-0081-4

	Reduced pertussis disease severity in infants following the introduction of pertussis vaccination of pregnant women in Spai ...
	1 Introduction
	2 Material and methods
	2.1 Data collection
	2.2 Data analysis

	3 Results
	4 Discussion
	5 Conclusions
	Author contributions
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	Disclaimer
	Appendix A Supplementary data
	References


