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Background. In October 2012, a maternal pertussis vaccination program was introduced in England for women between 28 and
32 weeks of pregnancy. In April 2016, the recommended optimal window was extended to 20-32 weeks to improve vaccine coverage
and protect preterm infants. This study assesses the impact of offering maternal pertussis vaccination earlier in pregnancy on hospi-
talized infant pertussis cases.

Methods. Hospitalized pertussis cases <60 days old in England were extracted from Hospital Episode Statistics pre- and post-
policy change. Data were linked to laboratory-confirmed cases, and clinical records were reviewed where cases were not matched.
Maternal vaccine status of identified cases was established. Median hospital duration was calculated, and a competing risk survival
analysis was undertaken to assess multiple factors.

Results. A total of 201 cases were included in the analysis. Of the 151 cases with reported gestational age, the number of hospi-
talizations among full-term infants was 60 cases pre-policy and 62 cases post-policy, respectively, while preterm cases declined from
20 to 9 (P = .06). Length of hospital stay did not differ significantly after the policy change. Significantly longer hospital stays were
seen in cases aged 0-4 weeks (median of 3 more days than infants aged 5-8 weeks), premature infants (median of 4 more days than

term infants), and cases with coinfections (median of 1 more day than those without coinfection).

Conclusions.

The number of preterm infants hospitalized with pertussis in England was halved after the policy change and pre-

term infants were no longer overrepresented among hospitalized cases.
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Whooping cough (pertussis) is an infectious respiratory disease
caused primarily by Bordetella pertussis. Pertussis is severe
among infants less than 3 months old who have not been fully
protected through primary vaccination [1, 2].

In April 2012, a pertussis outbreak was declared in England and
the Department of Health introduced an emergency program to
vaccinate women in every pregnancy (between 28 and 32 weeks of
pregnancy) with a dose of acellular pertussis—containing vaccine.
England was the first country to demonstrate high levels of protection
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against pertussis disease conferred to infants in the first 2 months of
life through maternal vaccination [3]. Several studies from different
countries and a 3-year evaluation of the program in England found
maternal pertussis vaccination to be safe and effective, protecting
young infants against disease, hospitalization, and death [4-6]. Many
countries have implemented maternal immunization programs as
supplementary strategies to routine childhood immunization as
recommended by the World Health Organization, but the timings
of vaccination during pregnancy vary [7, 8].

Most countries with a maternal program recommend third-
trimester vaccination, when transplacental antibody transfer is
maximized [9-12]. In April 2016, the optimal window for of-
fering vaccine in the UK program was extended from 28-32
weeks to 20-32 weeks, although women could receive the vac-
cine from 16 weeks. This was informed by data suggesting that
vaccinating mothers in the early second trimester would signifi-
cantly increase neonatal antibodies against B. pertussis compared
with in the third trimester and could improve seroprotection
[13]. Further research indicated that vaccinating mothers from
28 weeks (in the third trimester) may increase protection in

€2502 « CID 2021:73 (1 November) o Tessier et al


mailto:elise.tessier@phe.gov.uk?subject=
mailto:elise.tessier@phe.gov.uk?subject=
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

infants born prematurely compared with unvaccinated mothers
[14]. Previous analyses based on hospital admissions in England,
prior to the change in timing recommendations, demonstrated
a program impact on the burden of disease requiring hospitali-
zation in term infants. However, preterm infants were not bene-
fiting to the same extent, with proportionately more pertussis
hospitalizations than full-term infants [15]. Offering the vaccine
earlier provided women with more immunization opportun-
ities, potentially increasing uptake and increasing the likelihood
of vaccination before preterm delivery. The maternal immuniza-
tion program in England also switched from Repevax ' (Td5aP-
IPV) to Boostrix-IPV™ (Td3aP-IPV) from July 2014 due to
supply issues and this latter vaccine was supplied for the pro-
gram throughout the surveillance period.

This study evaluates the impact of the change in timing of
maternal pertussis vaccination on the burden of hospitalized
pertussis cases in preterm and full-term infants aged 60 days
old or less in England, before the effect of the first infant dose
offered from 56 days of age.

METHODS

Hospital Episode Statistics Data for Pertussis Diagnoses

Data on pertussis hospital admissions in England were obtained
from the Hospital Episode Statistics (HES) database. The HES
database contains details of all National Health Service (NHS)
hospital admissions in England [16]. Patients aged 60 days
or younger hospitalized with a pertussis code prefix A37
(International Classification of Diseases, 10th revision [ICD-10])
between 1 September 2014 and 31 March 2016, and between 1
September 2016 and 31 March 2018 were extracted from HES
[17]. The time periods selected were identical by months of in-
clusion in view of pertussis seasonality, which peaks in quarter 3
[18]. Pertussis is a cyclical disease that increases every 3—4 years
and this study period encompassed a peak year in 2016. Part of
2016 was included in each period. September 2016 was chosen
as the earliest date of inclusion to allow the first infants whose
mothers were eligible for earlier vaccination to be born. Patient
information extracted from HES included the following: date
of birth, admission date, discharge date, age at admission, sex,
ethnic group, and spell duration. Cases coded as being treated
by a consultant with an intensive care unit (ICU) specialty
(MAINSPEF 192), being treated with critical care medicine or
in a pediatric intensive care unit (TRETSPEF 192 and 242), and
those with respiratory Primary Procedure (OPCS) codes with
prefixes E85, E89, X58, or X52 were considered as being admitted
to ICU [19]. All cases admitted under ordinary admissions, day
case admissions, or mothers and infants using only delivery fa-
cilities (CLASSPAT 1 and 2) were included in this study.

Enhanced Surveillance of Laboratory-confirmed Pertussis
Under the Health Protection (Notifications) Regulations (2010),
all diagnostic laboratories in England are required to notify

Public Health England (PHE) when they identify specific infec-
tions, including B. pertussis [20]. The PHE maintains the national
dataset of laboratory-confirmed pertussis cases, and every in-
fant case in the study was confirmed by culture or polymerase
chain reaction (PCR) testing and followed up with the patient’s
general practitioner (GP) to collect clinical and epidemiological
information, such as gestational age at birth, clinical presentation,
coinfections, and maternal vaccination history.

Patients extracted from HES were matched to laboratory-
confirmed cases using their NHS number. When a case extracted
from HES could not be matched to a laboratory-confirmed case,
a form was sent to the GP to request additional information,
the hospital discharge summary, and the mother’s vaccination
status [6]. Returned forms were independently reviewed by 2
clinicians using a prespecified case definition, to assess whether
diagnoses were consistent with pertussis. Cases considered con-
sistent with pertussis were included in the analyses.

In addition to coinfection details on the surveillance forms,
ICD-10 diagnostic codes were extracted from HES 30 days be-
fore and after each included pertussis case. The ICD-10 codes
were reviewed by a clinician, and respiratory infections (ex-
cluding pertussis) or clinical syndromes were considered
coinfections and included in the analysis. The Second
Generation Surveillance System (SGSS) was used to identify
additional laboratory-confirmed coinfections using the same
approach based on respiratory infections (PCR and culture).
The SGSS stores and manages data on laboratory isolates and
routine surveillance data on infectious diseases across England
[21].

Descriptive and Statistical Analyses Laboratory- and Clinically Confirmed
Pertussis Cases

Hospitalized cases included were categorized as follows: 0 to
4 weeks or less and 5 or more to 8 weeks based on their age
at first hospital admission; preterm (<37 weeks), full-term
(>37 weeks), and not known; having no coinfections and 1 or
more coinfections; admitted to ICU or not admitted to ICU;
and by white British, other ethnicity, or ethnicity not known.
Information on the cases’ mothers were categorized as mother
immunized, not immunized, or not known. Whether the
mother was vaccinated against pertussis in a previous preg-
nancy, regardless of the current pertussis vaccination status,
was recorded.

Fisher’s exact test was used to compare proportions pre- and
post-policy change for each case characteristic: gender, age at
admission, gestational age at birth, coinfection or single infec-
tion, ICU admission, ethnicity, maternal vaccine status, and
vaccine failure. The proportions of white British ethnicity pre-
and post-policy change were compared with the 2016 Office
for National Statistics (ONS) birth statistics [22] using Fisher’s
exact test.

Hospital duration was calculated by summing the total
number of hospital spells with a first admission date between
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1 September 2014 and 31 March 2016 and between 1
September 2016 and 31 March 2018 with any diagnostic
field coded to pertussis for each case. This included cases
discharged from the hospital and readmitted with pertussis
within the defined study period and coded for pertussis in
a diagnostic field. Each spell was defined as the difference in
days between the hospital admission date and the discharge
date [19]. Cases with a duration of 0 were recoded to 0.5 days
as they spent less than 24 hours in the hospital.

Duration of stay was compared with case characteristics by
calculating mean, median, and interquartile range (IQR) dura-
tion in days, as described in previous papers [15, 23]. A com-
peting risk regression analysis (survival on time to discharge)
[24] was conducted where the competing event was death of
a case. Hazard ratios (HRs) represent the relative time to final
discharge; an HR less than 1 relates to a longer duration of stay
compared with the baseline group. Univariate competing risk
models were conducted, and a multivariable model was ad-
justed for the policy change (categorical variable) and all sig-
nificant characteristics from the univariable models. Analyses
were conducted in STATA 15.0 (StataCorp). A post hoc analysis
was conducted excluding gestational age at birth to determine
whether there was a reduction in duration of stay post-policy
change, mediated through the reduction in premature cases.

RESULTS

Descriptive Results of All Hospital Episode Statistics Cases

A total of 346 infants aged 60 days or less were recorded in
the HES dataset with a diagnostic code of pertussis between 1
September 2014 and 31 March 2016 (pre-policy change), and
from 1 September 2016 to 31 March 2018 (post-policy change).
A total of 189 (54.6%) cases were admitted prior to the policy
change and 157 (45.4%) cases were admitted after the policy
change. The distribution of infants recorded in HES in the
2016 peak year was similar between 1 January and 31 March
2016 (n = 20, average = 6.7 hospitalizations per month) and 1
September-31 December 2016 (n = 21, average = 7.0 hospital-
izations per month).

Descriptive Results of Confirmed Pertussis Cases
A total of 164 of 346 (47.4%) HES cases were linked to
laboratory-confirmed cases. Four cases were excluded due to
missing GP details for follow-up. The remaining unlinked cases
were reviewed by the 2 clinicians. Of the 178 cases reviewed,
37 additional cases were classified as consistent with pertussis
based on clinical review, totaling 201 cases classified as per-
tussis; 108 infants were reported pre-policy change and 93 post-
policy change (Figure 1).

Results from Fisher’s exact test comparing proportions
pre-policy change and post-policy change showed no signifi-
cant difference in gender and age at admission (Table 1). The

proportion of white British cases was overrepresented pre-
policy change compared with the ONS birth statistics (80.6%
compared with 71.8%, P = .04). After the policy change, the
proportion of white British cases was no longer significantly
different from the ONS birth statistics (73.7% compared with
71.8%, P = .71) [22].

One hundred fifty-one cases (75.1%) had gestational age
at birth recorded. Term cases were similar pre- to post-
policy change, at 60 and 62, respectively, but decreased from
20 to 9 in preterm cases, meaning that the proportion of
preterm cases decreased nonsignificantly (P = .06) from 20
of 80 (25%) to 9 of 71 (12.7%) (Table 1). However, before
the policy change, 25% of pertussis cases were in preterm
infants—significantly more than in the ONS birth statistics
(54 142 preterm and 639 321 full-term) where only 7.8% of
infants were preterm (P < .001) in 2016. After the policy
change, the proportion of preterm infants fell to 12.7% and
was no longer significantly different from the ONS birth sta-
tistics (P = .12). There was no overall significant difference
in the proportion of vaccine failures between infants born
prematurely and at term (P = .82), and this was the case both
pre- and post-policy change.

Twenty-five ICD-10 codes of respiratory coinfections or clin-
ical syndromes coded in HES and 6 respiratory pathogens con-
firmed in SGSS data were considered respiratory coinfections
after clinical review. Eighty-six (42.8%) infants had at least 1
coinfection (17 preterm, 47 full-term, 22 gestational age not
known). Of these 86 infants, 10 were identified as having a
coinfection in both HES and SGSS databases and 6 infants were
only identified in SGSS. Seventeen (19.8%) had 2 coinfections
and the remaining 69 (80.2%) had 1 coinfection. The most
common coinfection was “acute bronchiolitis” (45 infants), fol-
lowed by “acute upper respiratory infection/nasopharyngitis”
(14 infants) (Table 2).

Of the 151 cases with known gestational age, 20 of 122
(16.4%) full-term infants and 19 of 29 (65.5%) preterm infants
were admitted to ICU. Of the 39 cases admitted to ICU all had
a recorded gestational age. There was no significant difference
in the proportion of cases admitted to ICU pre-policy change
and post-policy change (P = .29) (Table 1). The median dura-
tion in the hospital was 5 days for infants not admitted to ICU
and 10 days for those admitted to ICU.

There was no difference in the overall proportion of im-
munized mothers pre- and post-policy change (P = .52)
(Table 1). The median infant gestational age at maternal
vaccination was 31 weeks (IQR, 28-34 weeks) pre-policy
change and 27 weeks (IQR, 23-28 weeks) post-policy
change. Two women were recorded as having received
RepevaxTM vaccine (83%, 43/52 had records available) in
the current pregnancy despite Boostrix-IPV™ being re-
commended; both infants were born at term with one born
preceding the policy change in timing and one born after.
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Figure 1.
March 2018 (post-policy change) in England.

Full-term

Post Policy Change
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Distribution of infants <60 days old by gestational age between 1 September 2014 and 31 March 2016 (pre-policy change) and 1 September 2016 and 31

Twelve mothers had records of being vaccinated in a pre-
vious pregnancy, of whom 8 did not receive the pertussis
vaccine in the current pregnancy.

Analysis of Length of Stay

Five deaths were observed pre-policy change and no deaths
were recorded post-policy change. Two infants who died were
preterm, 2 were full-term, and 1 infant did not have a known
gestational age. Four mothers of the infants who died (including
both with preterm deliveries) were not immunized and 3 of the
infants had coinfections. The mother who was immunized re-
ceived the vaccine at 34 weeks’ gestation and delivered 1 week
later. Death was considered the competing risk, as this may im-
pact the duration in hospital. Gestational age at vaccination and
infant admission to ICU were considered on the causal pathway
and not included in the analyses.

Univariable analyses were not significant for sex, ethnicity,
mothers’ vaccination status, and whether the mother was vac-
cinated in a previous pregnancy. Data for maternal vaccination
status and vaccination in a previous pregnancy were incom-
plete, which may have contributed to the lack of significance.

The multivariable analyses indicated the change in policy
timing had no significant impact on the duration of hospital
stay (Table 3). Post hoc analysis removing gestational age from
the multivariable model indicated that hospital duration de-
creased post-policy change (with the reduction in premature
cases), but remained insignificant (HR, 1.24; 95% confidence
interval, .96-1.61).

Cases aged 0-4 weeks had a significantly longer hospital stay
(median of 3 more days) than infants aged 5-8 weeks. Cases
with a coinfection (median of 1 more day) and premature in-
fants (median of 4 more days) had a significantly longer hospital
duration (Table 3).

DISCUSSION

Maternal pertussis vaccination is highly effective in preventing
infant hospitalizations and deaths. While a number of studies
to evaluate antibody concentrations in infants of mothers vac-
cinated at different times in the third trimester have been con-
ducted, few have compared antibody concentrations in infants
of mothers vaccinated before and during the third trimester [25,
26]. Eberhardt et al [27] reported higher infant anti-pertussis
toxin and -filamentous hemagglutinin concentrations in both
term and preterm infants whose mothers were immunized in
the second trimester. There are an increasing number of studies
demonstrating the safety of offering pertussis vaccines as early
as the first trimester [28]. However, there is still debate on the
optimal timing for maternal pertussis vaccination, and country-
specific recommendations on the timing of vaccination vary in
Europe, the United States, South America, and Australia [7,
11, 12, 29, 30]. This study presents the first evaluation of the
impact of this policy change on hospitalized infant pertussis
cases in England. Our results suggest that earlier vaccination
in pregnancy has reduced hospitalized pertussis cases in young
preterm infants, who are at risk of severe outcomes and have a
significantly longer stay in the hospital than term infants with
pertussis. Where the mother’s gestational age at vaccination
was known, gestational age was earlier after the policy change,
which would be expected to lead to fewer preterm cases.
Hospitalized cases of pertussis in full-term infants were pre-
viously shown to have fallen following the introduction of ma-
ternal vaccination [15]. Since the policy change there does not
appear to have been an additional benefit to full-term infants.
However, numbers in preterm infants were halved, with preterm
infants no longer overrepresented among pertussis hospital ad-
missions when compared with ONS population data. These
findings are consistent with protection of infants at an earlier
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Table 1. Characteristics of Hospital Admissions in Infants <60 Days Old That Were Linked To Confirmed Pertussis Cases With Maternal Vaccination
Information Between 1 September 2014 and 31 March 2016 and From 1 September 2016 to 31 March 2018 in England

Characteristics

All Cases

Pre-Policy Change

Post-Policy Change

% (95% CI)°

n

% (95% CI)°

n

% (95% CI)®

Fisher's Exact Test® PValue

Gender
Male
Female
Admission week
<4 weeks
>5 weeks
Gestational age at birth
Premature
Full-term
Coinfections/clinical syndromes
Single infection
Coinfection
Admitted to ICU
Admitted
Not admitted
Ethnic group
White British
Other white ethnicity
Other ethnicity
Mother immunized
Not immunized
Immunized

Gestational age of mother when vaccinated

<28 weeks
>28 weeks

88
13

44
157

29
122

115
86

39
162

135
15
39

143
52

13
33

43.8 (36.8-50.9)
56.2 (49.1-63.2)

21.9 (16.4-28.3)
78.1 (71.7-83.6)

19.2 (13.3-26.4)
80.8 (73.6-86.7)

572 (50.1-64.2)
42.8 (35.8-49.9)

19.4 (14.2-25.6)
28.6 (22.2-35.6)

71.4 (64.4-77.8)
79 (4.5-12.8)
20.6 (15.1-27.1)

73.3 (66.5-79.4)
26.7 (20.6-33.5)

28.3 (16.0-43.5)
71.7 (56.5-84.0)

46
62

20
88

20
60

61
47

24
84

79

19

7

30

26

42.6 (33.1-52.5)
574 (475-66.9)

18.6 (11.7-27.1)
81.5(72.9-88.3)

25.0 (16.0-35.9)
75.0 (64.1-84.0)

56.5 (46.6-66.0)
43.5 (34.0-53.4)

22.2(14.8-31.2)
778 (68.8-85.2)

76.7 (41.7-84.5)
4.9 (1.6-11.0)
18.4 (11.5-273)

71.2 (61.4-79.6)
28.8 (20.4-38.6)

3.7 (.9-19.0)
96.3 (81.0-99.9)

42
51l

24

69

62

54
39

15
78

56
10
20

69
22

12

45.2 (34.8-55.8)
54.8 (44.2-65.2)

25.8 (17.3-35.9)
74.2 (64.1-82.7)

12.7 (6.0-22.7)
87.3 (77.3-94.0)

58.1 (47.4-68.2)
41.9 (31.8-52.6)

16.1 (9.3-25.2)
83.9 (74.8-90.7)

65.1 (64.1-75.1)
11.6 (5.7-20.3)
23.3 (14.8-33.6)

75.8 (65.7-84.2)
24.2 (16.8-34.3)

63.2 (38.4-83.7)
36.8 (16.3-61.6)

.78

.23

.06

.89

.29

.52

<.001

Abbreviations: Cl, confidence interval; ICU, intensive care unit.

?Does not include “not known.”

®Fisher’s exact test comparing the program pre-policy change and post-policy change was used.

gestational age as a result of women being vaccinated earlier in

pregnancy. These findings align with a study in Australia that
found that 66.5% of preterm infants did not benefit when the

ceived the vaccine [31].

vaccine was offered at 28 weeks of gestation and full-term in-
fants were more than twice as likely to have mothers who re-

Table 2. Total Number of Respiratory Coinfections and Clinical Syndromes Identified in HES and SGSS 30 Days Before and After Each Included Pertussis
Case (Infants <60 Days Old) Was Sent to the Hospital for Pertussis Between 1 September 2014 and 31 March 2016 and from 1 September 2016 to 31 March

2018 in England

Coinfection ICD-10 Code(s) Total Codes in HES/SGSS/GP Cumulative Frequency, %
Acute bronchiolitis J219, J218 45 38.5
Acute upper respiratory infection / nasopharyngitis J069, JOOX 14 12.0
Pneumonia J181, P239, J22X, J189, J209, J180 I 9.4
Respiratory syncytial virus J210, B974 12 10.3
Rhinovirus® n/a® 8 6.8
Viral infections B349, B348 7 6.0
Enterovirus, unspecified B971, B341 15) 4.3
Streptococcus B995, J13X, B953 4 3.4
Coronavirus B972 3 2.6
Influenza J101 3 2.6
Haemophilus influenzae infection A492 2 1.7
Adenovirus infection, unspecified B340 2 1.7
Human metapneumovirus J2n 1 0.9
Total 17 100.0

Abbreviations: GP. general practitioner; HES, Hospital Episode Statistics; ICD-10, International Classification of Diseases, 10th revision; n/a, not applicable; SGSS, Second Generation

Surveillance System.

“Rhinovirus was only determined in the SGSS database. Some cases of enterovirus, unspecified, may be rhinovirus.
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Table 3. Duration of Stay and Competing Risks Regression Hazard Ratios for Time to Final Hospital Discharge Among Infants <60 Days Old Hospitalized
With Pertussis by Predictors of Severity Between 1 September 2014 and 31 March 2016 (Pre-Policy Change) and 1 September 2016 and 31 March 2018

(Post-Policy Change) in England

Characteristics Number of Cases Mean Duration, Days Median Duration, Days (IQR) HR (95% Cl) P
Pre-policy change 108 9.28 5 (2-10.5) Reference

Post-policy change 93 8.13 6 (3-10) 1.14 (.88-1.49) .321
Admitted at 0-4 weeks 44 10.44 8 (4-13.5) Reference

Admitted at 5-8 weeks 157 8.28 5 (2-10) 1.85 (1.32-2.57) .001
Preterm 29 15.47 9 (56-20) Reference

Full-term 122 7.02 5 (2-9) 2.05 (1.35-3.10)

Not known 50 9.09 5 (3-10) 1.87 (1.17-3.02) .010
Single infection 15 6.79 5 (2-9) Reference

Coinfection 86 11.38 6 (4-14) .59 (.45-.78) <.001

Abbreviations: Cl, confidence interval; HR, hazard ratio; IQR, interquartile range.

Previous analyses have demonstrated that the maternal
program has had an impact on duration of stay in the hos-
pital, with a shorter duration in infants born to vaccinated
mothers [15]. Our analyses suggest that earlier delivery of
maternal vaccination has not had a significant additional
impact on the duration of stay in the hospital, although this
is likely to reflect the small number of preterm hospitalized
cases. Since the policy change vaccine coverage increased,
reaching just over 70.0% in March 2018 compared with
60.7% in March 2016 and 55.6% in September 2014 [32, 33].
Increased coverage may also be associated with changes in
data-extraction methods from April 2016 [34]. An unpub-
lished internal report in England suggests that most women
receive the pertussis vaccine on the same day or shortly after
their 20-week scan.

Study limitations include missing and misclassification of in-
formation in the HES dataset. We observed an overestimation
of pertussis cases in the HES dataset compared with total con-
firmed cases. Inflated HES cases have been observed in other
studies and the accuracy of the HES data relies on correct diag-
noses of cases [35]. Additionally, data on weeks of gestation
at vaccination were not complete and completeness declined
during the study period. Women in England are increasingly
receiving maternal pertussis vaccination in maternity clinics
rather than in general practice. It is important that the vaccina-
tion status is transferred from maternity services and recorded
in the GP patient record [36].

While immunogenicity studies have shown that maternal
vaccination blunts infants’ response to their own pertussis vacci-
nation [37], studies on the effect of maternal vaccination against
pertussis disease have not found an increased disease risk in im-
munized infants with vaccinated mothers compared with those
with unvaccinated mothers [6, 38]. One immunogenicity study
showed that any blunting effects diminish in infants born pre-
maturely by 12 months of age [14]. This blunting effect needs
to be considered in light of the higher risk of hospitalization

and deaths in young infants against potential risks among older
vaccinated infants.

Country-specific recommendations vary on the optimal
timing of maternal vaccination and have generally been in-
formed by immunogenicity studies. Our study is highly rel-
evant for policymakers considering introducing a maternal
pertussis program and those with established programs to
optimize protection in preterm infants. The results from our
study have been important in the recent review of the UK
maternal pertussis program, which was initially introduced
as an outbreak-control measure. In 2019, it was recom-
mended by a national independent advisory committee of
experts that maternal pertussis vaccination should become
a routine national program [39]. Countries that offer the
maternal pertussis vaccine may wish to consider the impli-
cations of these findings to increase maternal pertussis vac-
cine coverage and optimize protection in the preterm infant
population.
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