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Effectiveness of maternal pertussis vaccination in England:
an observational study

Gayatri Amirthalingam, Nick Andrews, Helen Campbell, Sonia Ribeiro, Edna Kara, Katherine Donegan, Norman K Fry, Elizabeth Miller, Mary Ramsay

Summary

Background In October, 2012, a pertussis vaccination programme for pregnant women was introduced in response to
an outbreak across England. We aimed to assess the vaccine effectiveness and the overall effect of the vaccine
programme in preventing pertussis in infants.

Methods We undertook an analysis of laboratory-confirmed cases and hospital admissions for pertussis in infants
between Jan 1, 2008, and Sept 30, 2013, using data submitted to Public Health England as part of its enhanced
surveillance of pertussis in England, to investigate the effect of the vaccination programme. We calculated vaccine
effectiveness by comparing vaccination status for mothers in confirmed cases with estimates of vaccine coverage for
the national population of pregnant women, based on data from the Clinical Practice Research Datalink.

Findings The monthly total of confirmed cases peaked in October, 2012 (1565 cases), and subsequently fell across all
age groups. For the first 9 months of 2013 compared with the same period in 2012, the greatest proportionate fall in
confirmed cases (328 cases in 2012 vs 72 cases in 2013, -78%, 95% CI —72 to —83) and in hospitalisation admissions
(440 admissions in 2012 vs 140 admissions in 2013, -68%, —61 to —74) occurred in infants younger than 3 months,
although the incidence remained highest in this age group. Infants younger than 3 months were also the only age
group in which there were fewer cases in 2013 than in 2011 (118 cases in 2011 vs 72 cases in 2013), before the
resurgence. 26684 women included in the Clinical Practice Research Datalink had a livebirth between
Oct 1, 2012 and Sept 3, 2013; the average vaccine coverage before delivery based on this cohort was 64%. Vaccine
effectiveness based on 82 confirmed cases in infants born from Oct 1, 2012, and younger than 3 months at onset was
91% (95% CI 84 to 95). Vaccine effectiveness was 90% (95% CI 82 to 95) when the analysis was restricted to cases in
children younger than 2 months.

Interpretation Our assessment of the programme of pertussis vaccination in pregnancy in England is consistent with
high vaccine effectiveness. This effectiveness probably results from protection of infants by both passive antibodies
and reduced maternal exposure, and will provide valuable information to international policy makers.

Funding Public Health England.

Introduction (by comparison with whole-cell vaccines) have also

In the UK, pertussis-containing vaccines have been
used in infancy since 1957, at an accelerated schedule
(at 2, 3, and 4 months of age) since 1990, and with
acellular pertussis since 2004.! High coverage during
the past two decades, combined with the 2001
introduction of a preschool booster for acellular
pertussis from 3 years and 4 months of age, has achieved
good disease control without additional boosters at
older ages.! However, in late 2011, a national increase in
confirmed pertussis cases was reported, initially
restricted to adolescents and adults, but extending to
young infants in 2012.> Resurgence of pertussis has
recently been reported in several countries,’” but the
reasons are not yet fully understood. The improved
availability of methods to confirm diagnosis (eg,
serology and PCR), increased awareness among health
professionals, and waning natural or vaccine immunity
during periods of low pertussis activity have been
suggested.” Changes in Bordetella pertussis organisms
and decreased duration of protection or effectiveness
against transmission with acellular pertussis vaccines
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been described.’

The high rates of disease in infants younger than
3 months and a concomitant increase in pertussis-related
infant deaths led to an urgent review of potential control
strategies by the UK’s Joint Committee on Vaccination and
Immunisation. In September, 2012, the UK Department of
Health recommended a temporary programme to offer a
five-component acellular-pertussis-containing vaccine,
Repevax (Sanofi Pasteur MSD, Maidenhead, UK)—a
diphtheria, tetanus, pertussis (acellular, component), and
poliomyelitis (inactivated) vaccine, also known as dTaP/
[PV—to all women between 28 and 38 weeks of pregnancy.®
Repevax was available without delay in sufficient quantities
required for the UK programme. Although the WHO
Global Advisory Committee on Vaccine Safety has
pronounced the safety of vaccination with inactivated
vaccines in pregnancy, the effectiveness of a maternal
immunisation programme for pertussis has not been
shown.” We aimed to provide the first estimates of the
effectiveness of a maternal pertussis vaccination
programme in prevention of infant disease in England.
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Figure 1: Estimated maternal vaccine coverage by week of birth

Figure shows coverage from week 40, 2012, to week 36, 2013. Figure based on data provided by the Clinical Practice Research Datalink.

Methods

Participants and data sources

For vaccine effectiveness calculations, we used data from
the Clinical Practice Research Datalink (CPRD), a
primary care dataset containing anonymised information
for patients registered at 520 English general practices,
which are representative of the population of England in
terms of geographical distribution.® For each patient,
basic demographic information, details of every con-
sultation and diagnosis, and vaccination history are
recorded. We estimated maternal vaccine coverage using
CPRD data extracted in October, 2013, for the cohort
defined as any woman recorded as having a livebirth
from Oct 1, 2012, to Sept 3, 2013. Key variables within this
cohort were birth year of the mother, date of the child’s
birth, and date of any pertussis-containing vaccine given
during pregnancy.

National coverage data for the pregnancy programme
were collected each month for all women with an
estimated delivery date that fell within the designated
month.” These data are not available by maternal year of
birth or week of vaccination, but were used to provide
alternative estimates for sensitivity analysis.

Public Health England (known as the Health Protection
Agency before April, 2013) coordinates surveillance of all
laboratory-confirmed pertussis cases in England. Laboratory
confirmation of pertussis is available through culture at
local microbiology laboratories, and PCR for infants

admitted to hospital and serology by antipertussis toxin
IgG, both at the national reference laboratory. We extracted
laboratory-confirmed cases between January, 2008, and
September, 2013, for analysis. Serology was not used to
confirm cases in infants younger than 6 months because
high concentrations of IgG can be due to maternal antibody.
Patients aged 6 months or older, confirmed by serology
only, who had been immunised against pertussis in the
previous 12 months were excluded from the analysis
because antibody to pertussis toxin from recent vaccination
can confound serological diagnosis.” Data were extracted
on Nov 18, 2013.

For all confirmed cases in infants born on or after
Oct 1, 2012, details of the infant’s vaccination history
(when appropriate), mother’s date of birth, and vaccination
history were obtained by Public Health England from the
general practitioner.

All hospital admissions in England with International
Classification of Diseases 10 codes for whooping cough
(A37-0, A37-1, A37-8, and A37-9) in primary or other
diagnoses occurring between Jan 1, 2008, and Sept 30,2013,
were extracted from the hospital episode statistics dataset.

Statistical analysis

To investigate the programme effect on infant disease,
age-specific proportionate changes in confirmed and
hospital-admitted cases of pertussis before and after
introduction of the maternal programme were calculated
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with 95% CIs. From January, 2013, all babies younger
than 3 months were born to women eligible for the
pregnancy programme, and therefore cases in January-
September, 2013, were compared with those in equivalent
periods in 2012 and 2011. Similar comparisons were also
made for older age groups.

We calculated vaccine effectiveness using the screening
method (also known as case-coverage), in which vaccine
effectiveness is one minus the odds of maternal
vaccination in cases divided by the odds of vaccination in
the population.” This design makes use of population-
level coverage data to which each case can be matched on
the basis of potential confounding variables. Each case
was matched to coverage for mothers delivering in the
same week (or the same fortnight from Dec 3, 2012) and
with the same period of maternal birth year (grouped into
21990, 1985-89, and <1985). When maternal age was
unknown, the case was matched to the average coverage
in mothers with babies born in the same week.

Analysis was done with logistical regression, with
vaccination status of the cases as the outcome and with
an offset in the model of the log odds of the population
coverage to allow for the individually matched coverage.
Vaccine effectiveness was assessed according to the
timing of vaccination, with the primary analysis based on
vaccination at least 7 days before birth. We did additional
sensitivity analyses, restricting analysis to children
younger than 2 months and reducing coverage by a
relative 20% (eg, from 70% to 56%), assuming that
coverage was closer to the national routine estimate.’

Role of the funding source

The authors had sole responsibility for the study design,
data collection, data analysis, data interpretation, and
writing of the report. The authors are all employed by
Public Health England, the study funder, which is a
public body—an executive agency of the Department of
Health. The corresponding author had full access to all
the data in the study and final responsibility for the
decision to submit for publication.

Results

We estimated maternal vaccine coverage from English
practices in the CPRD based on 26 684 women with a
livebirth from Oct 1, 2012 (week 40, 2012) until
Sept 3, 2013 (week 36, 2013). This figure represents
about 4% of all livebirths in England in 2012 (694 241).2
Maternal coverage by week of delivery peaked at
500 (78%) of 638 women in week 2, 2013, then fell
gradually to 144 (60%) of 241 women giving birth in
week 35, 2013 (end of August; figure 1). We compared
these data with national data, in which coverage peaked
at 59-6% in February, 2013, and then fell to a reported
coverage of 56-4% in September, 2013.° The proportion
of women in the CPRD database receiving vaccine less
than a week before delivery decreased to less than 1% of
those vaccinated by January, 2013 (1 of 506 women).
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Coverage was increased in women who delivered at an
older age, with coverage in women born after 1990 (59%
coverage) about 10% lower and in women born between
1985 and 1989 (66% coverage) about 4% lower than in
women born before 1985 (70% coverage).

Cases of laboratory-confirmed pertussis increased
during 2012, peaking at 1565 cases in October. There
were 9353 laboratory-confirmed cases in 2012 and 1052 in
2011 (annual incidence 17-6 and 2-0 per 100000,
respectively). In infants younger than 3 months, pertussis
incidence was consistently higher than any other age
group, peaked every 3—4 years, and in 2012 (at 240 cases
per 100000 population) was more than double that in any
recent peak year (figure 2). Hospital admissions in
infants younger than 2 months were consistently higher
than were laboratory-confirmed cases (tables 1, 2),
although each followed a similar timecourse, seeming to
peak before the introduction of the maternal programme.

Confirmed cases in the first 9 months of 2013 were
lower than in the equivalent period in 2012 for all age
groups (table 1). Infants younger than 3 months had the
highest incidence of laboratory-confirmed cases in both
periods, but showed the greatest proportionate fall after
introduction of the maternal vaccination programme
(328 cases in 2012 vs 72 cases in 2013, -78%,
95% CI —72 to —83). This age group was also the only one
in which the number of cases was lower in 2013 than in
2011 (118 cases in 2011 vws 72 cases in 2013, —39%,
95% CI -18 to —55). We noted a similar proportionate fall
in hospital admissions for infants younger than 3 months
in the first 9 months of 2013 (140 admissions) compared
with the same period in 2012 (440 admissions, —68%,
95% CI —61 to —74) and 2011 (183 admissions, —23%,
95% CI —4 to —29; table 2). In the same period of 2013, the
numbers of confirmed cases in infants aged 3-11 months,
many of whom would have been born to women eligible
for vaccination, decreased by 65% in 2013 compared with
2012 (84 cases in 2012 vs 29 cases in 2013), and were only
marginally increased (4%) compared with 2011 (28 cases
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Figure 2: Annual incidence of laboratory-confirmed cases of pertussis by age group

Figure shows incidence from 2001 to 2013 in England only.
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2008 2009 2010 2011 2012 2013 % change 2013 vs 2012 % change 2013 vs 2011
(95% Cl) (95% Cl)

<1 month 24 (3-4%) 16 (2:9%) 6 (2:0%) 16 (2:5%) 43 (0-7%) 10 (0-3%) ~77% (-90to -53) -38% (750 46)
1 month 67 (9-5%) 43(7:7%) 22 (7:2%) 57(9-1%) 161 (2:7%) 37 (1:0%) ~77% (-84 t0-67) -35% (-58 to 0)
2 months 58 (8:3%) 29 (5-2%) 15 (4-9%) 45 (7:2%) 4( 1%) 25 (0-7%) -80% (-87 to-69) -44% (-67t07)
3-5 months 33 (47%) 20 (3-6%) 6 (2:0%) 21 (3:3%) 62 (1-0%) 22 (0-6%) -65% (-79 to-41) % (-45 to 100)
6-11 months 8 (1-1%) 3(0:5%) 3(1:0%) 7 (11%) 22 (0-4%) 7(0:2%) -68% (-89 to-23) 0% (-70t0 234)
1-4 years 21 (3-0%) 19 (3-4%) 7(23%) 10 (1-6%) 58 (1-0%) 41 (11%) -29% (-54t07) 310% (102 to 818)
5-19 years 184 (262%) 121 (21-8%) 59 (19-4%) 124 (19:7%) 1128 (19-1%) 669 (17-6%) ~41% (-46 to -35) 440% (345 to 559)
220 years 307 (437%) 304 (54-8%) 186 (61-2%) 349 (55-5%) 4311 (73-0%) 2984 (78-6%) -31% (-34t0-27) 755% (665 to 860)
Total number of cases 702 555 304 629 5909 3795 -36% (-38to-33) 503% (454 to 557)
Reported deaths* 5(CFR3-4%)  1(CFR1.1%) 1(CFR23%)  3(CFR25%) 10 (CFR3-0%) 2 (CFR 2:8%)

Table shows total number of laboratory-confirmed cases of pertussis in January to September (inclusive) for 2008-13 in England. Data are number of cases in each age group and percentage of total cases in that year. CFR
refers to deaths as a percentage of all cases in infants younger than 3 months. CFR=case fatality rate. *Deaths reconciled from hospital admissions data, follow-up of laboratory-confirmed cases, and death certification.

Table 1: Laboratory-confirmed cases by age group

admissions in that year.

2008 2009 2010 2011 2012 2013 % change 2013 vs2012 % change 2013 vs 2011
(95% CI) (95% Cl)

<1 month 31(92%) 24 (103%) 10 (8:3%) 5 (10-1%) 73 (113%) 18 (6-5%) ~75% (-86 t0-58) -28% (-73t037)
1 month 112 (33-1%) 80 (34-5%) 38 (31-4%) 9 (40-1%) 209 (32:3%) 68 (24-7%) -67% (<76 t0-57) -31% (~50 to -6)
2 months 85 (251%) 47 (20:3%) 26 (21:5%) 9 (23-9%) 158 (24-4%) 54 (19-6%) -66% (~75t0-53) -8% (-38t035)
3-5 months 55 (16-3%) 44(19-0%) 21 (17-4%) 6 (10-5%) 108 (16:7%) 54 (19-6%) -50% (65 to-30) 108% (28 to 246)
6-11 months 22 (6:5%) 10 (4-3%) 7 (5-8%) 11 (4-5%) 30 (4-6%) 11 (4-0%) -63% (-83 t0-25) 0% (-61t0 154)
1-4years 18 (53%) 16 (6:9%) 9 (7-4%) 9 (3-6%) 29 (4-5%) 21(7-6%) -28% (-61t031) 133% (2 t0 479)
5-19 years 11 (3:3%) 7 (3-0%) 5 (4-1%) 7 (2-8%) 23 (3-5%) 12 (4-4%) -48% (-76 10 9) 71% (-38 to 414)
20+ years 4(12%) 4(17%) 5 (4-1%) 1(4-5%) 18 (2-8%) 37 (13:5%) 106% (14 t0 284) 236% (68 to 631)
Total 338 232 121 247 648 275 -58% (-63t0-37) 11% (-7t0 33)

Table shows total number of hospital admissions for pertussis in January to September (inclusive) for 2008-13 in England. Data are number of admissions in each age group and percentage of total pertussis

Table 2: Hospital admissions by age group

in 2011 vs 29 cases in 2013). In non-infant age groups in
the same period, confirmed cases in 2013 fell proportion-
ately less (between 29% and 41%) from 2012 (table 1), and
increased relative to 2011. Similarly, hospital admissions
in children and young people aged 1-19 years were lower
in the first 9 months of 2013 than in 2012. Although
numbers remained small, cases in adults aged 20 years or
older were roughly double those in 2012 and more than
triple those in 2011. No fall in hospital admissions was
reported in any age groups aged 3 months or older in
2013 compared with 2011.

In 2012, there were 14 deaths in infants with confirmed
pertussis, all of whom were born before the temporary
vaccination programme was introduced. In 2013, there
were three pertussis-related deaths in infants whose
mothers were not vaccinated in pregnancy. These
17 fatalities in 2012 and 2013 were all in infants too
young to be protected by vaccine (age 2-9 weeks at
disease onset or sample date). There was a 79% fall in
infant deaths from 2-02 per 100000 livebirths in 2012 to
0-43 per 100000 livebirths in 2013, consistent with the
79% fall in annual confirmed cases younger than

1524

3 months of age between 2012 and 2013 (407 cases in all
of 2012 vs 85 cases in all of 2013).

Ten deaths occurred in the first 9 months of 2012, and
two in the first 9 months of 2013. Case fatality rates were
similar in these periods for both years (table 1).

By Nov 18, 2013, 104 cases in infants younger than
3 months, born on or after Oct 1, 2012, and with a
specimen or onset date up to the Sept 30, 2013, had been
confirmed either by PCR or culture. Five cases with
unknown maternal vaccination status and nine patients
who received their first primary infant dose at least 7 days
before onset of symptoms (none of whose mothers were
vaccinated) were excluded from all analyses of vaccine
effectiveness. The 90 remaining cases included 12 with
maternal vaccination at least 7 days before birth, one with
maternal vaccination within 7 days of birth, and one case
in which the mother was vaccinated after birth (table 3).
Gestational age was available for 66 infants, of whom ten
(15%) were premature.

Table 4 shows estimates of vaccine effectiveness. The
primary analysis for vaccination at least 7 days before
birth in infants younger than 3 months gave a vaccine
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effectiveness of 91% (95% CI 84 to 95). 82 cases were
included in this analysis after exclusion of ineligible cases
(one case in which the mother was vaccinated within
7 days of birth, and cases matched to zero coverage).
Vaccine effectiveness was similar (90%) when we restricted
analysis to infants younger than 2 months, but fell a little
(from 91% to 84%) when coverage was reduced to a level
that would more closely match routine coverage data.” For
timing of maternal vaccination, vaccine effectiveness was
the same (91%) for vaccination at least 28 days before birth
and 7-27 days before birth, but was much lower at 38%,
with a very wide 95% CI (—95 to 80), for mothers vaccinated
between 6 days before and up to 13 days after birth.

Of the six confirmed cases in infants old enough to
have completed their primary schedule (age 2120 days)
and born to mothers eligible for the programme, only
two had completed their primary course before disease
onset; neither of their mothers received a pertussis
vaccine during pregnancy.

Discussion

In the UK, pertussis vaccination for pregnant women
was introduced at a time of heightened pertussis activity
and a substantial rise in infant deaths.® The programme
rapidly achieved coverage approaching 60%.> Although
efficient placental transfer of pertussis antibodies has
been shown after recent maternal immunisation with
acellular vaccine,** we provide the first evidence of the
effectiveness of pertussis vaccination in pregnancy to
prevent infant disease (panel).

In England, pertussis incidence peaks every 3—4 years,
with the highest number of cases each year in the third
quarter running from July to September. In line with this
seasonality, pertussis activity has fallen across all age
groups since October, 2012. When compared with older
age groups, surveillance suggests a disproportionately
large fall in laboratory-confirmed cases and hospital
admissions in infants targeted by the maternal vaccination
programme, with no other interventions introduced after
the outbreak was declared. These findings are consistent
with a programme effect on infant disease.

Surveillance of pertussis is known to underestimate the
true burden of disease, particularly in adolescents and
adults. In England, surveillance in infants (particularly on
the basis of hospital admissions data) is thought to be the
most complete and reliable indicator of pertussis
circulation in the population. Therefore, the fall in both
confirmed cases and infants admitted to hospital at a time
of heightened public and professional awareness is likely
to be genuine. Since 2002, widespread use of serology
testing, which is rarely used to confirm pertussis in
infants, along with concerted efforts to raise awareness
among health professionals in 2012 has probably
improved case ascertainment in older age groups (ie,
adolescents, teenagers, and adults in particular).

Our assessment of the maternal vaccination pro-
gramme in England shows a high point estimate for
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Unvaccinated  Vaccinated at Vaccinated between  Total
(n=76) least 7 days 6 days beforeandup  (n=90)
before birth to 13 days after birth
(n=12) (n=2)
Week of birth
40-52 (2012) 31 3 2 36
1-12 (2013) 19 5 0 24
13-24 (2013) 16 3 0 19
25-37 (2013) 10 1 0 11
Maternal birth cohort
Pre-1985 39 8 1 48
1985-89 18 3 0 21
Post-1990 13 1 0 14
Unknown 6 0 1 7
Sex of infant
Girl 33 4 2 39
Boy 43 8 0 51
Gestational age at birth
Preterm (<37 weeks) 9 1 0 10t
Fullterm (37-41 weeks) 44 8 2 54
Post-term (>41 weeks) 1 1 0 2
Unknown 22 2 0 24
Age at onset or specimen*
<2 months 66 11 2 79
2-3 months 10 1 0 11
Age of infant at onset*
Mean (days) 41-6 455 295 419
Parity (including infant case)
1 20 1 0 21
2 13 5 0 18
3+ 19 4 0 23
Unknown 24 2 2 28
Table shows cases included in vaccine effectiveness calculations at different intervals from delivery. *Age at onset was
calculated using onset date when provided (n=62) and specimen date if an onset date was not available. All
at 32-36 weeks' gestation.
Table 3: Description of the 90 confirmed pertussis cases in infants by maternal vaccination status

vaccine effectiveness of 91% with good precision
(95% CI 84 to 95). This high estimate results from both
the protection conferred to the infant through passive
antibody and any additional benefit from the infant’s
mother no longer being a potential source of infection.
Differences in estimates of vaccine effectiveness based
on timing of maternal vaccination suggest that the
protection was mainly due to placental transfer of
antibodies.

The effectiveness of vaccination given too late to
provide passive protection through intrauterine antibody
transfer, was lower at 38%, although there was
insufficient power to precisely determine the size of this
contribution. The main effect in these cases would be
through reduced maternal exposure (or less likely as a
result of antibodies in breast milk®). The size of this
effect is consistent, however, with estimated proportions
of infant cases attributable to maternal contact.”*

1525




Articles

Percentage of Average Vaccine
casesvaccinated  matched  effectivenessi
coverage™t
Infants <3 months of age
Vaccination at least 7 days before birth 15% (12/82)§ 62% 91% (84 to 95)
Vaccination at least 7 days before birth with coverage  15% (12/82)§ 49% 84% (71to 93)

reduced by a relative 20%

Infants <3 months of age by timing of maternal immunisation
Vaccination at least 28 days before birth
Vaccination 7-27 days before birth

Vaccination 0-6 days before or 1-13 days after birth

Infants <2 months of age

Vaccination at least 7 days before birth

Vaccination at least 7 days before birth with coverage

reduced by a relative 20%

Dataare % (n/N), %, or % (95% Cl). *Average matched coverage is the average of the matched population coverage
estimates for all cases included in the analysis. tFor cases in which the mother matched to zero coverage, that case was
dropped from the analysis because it did not contribute information. $Vaccine effectiveness calculated on the basis of
matched coverage on each individual, not with average matched coverage. §90 cases minus one case vaccinated within a
week of birth and seven cases matched to zero coverage. 90 cases minus three cases vaccinated at other times before
birth and 18 cases matched to zero coverage. ||90 cases minus 11 cases vaccinated at other times before birth and seven
cases matched to zero coverage. **90 cases minus 12 cases vaccinated at other times before birth and ten cases matched

to zero coverage.

14% (10/69)91 63% 91% (83 to 95)
3% (2/72)| 19% 91% (70to 96)
3% (2/68)** 5% 38% (-95 to 80)

15% (11/71) 61% 90% (82 to 95)

15% (11/71) 49% 82% (67to 90)

Table 4: Effectiveness of maternal pertussis vaccine by infant age at onset and timing of vaccination

1526

The vaccination programme in England seems to have
been well accepted, with routine coverage peaking at
60%—higher than the reported uptake for the seasonal
influenza programme in pregnant women.”” The
heightened media coverage of pertussis (including
infant deaths), together with positive reporting of the
UK pregnancy programme, could have been important
in encouragement of high levels of acceptance in
pregnant women and health professionals. Peak
population coverage estimates, based on data from the
CPRD (a sentinel primary-care-based data source), were
about 20% higher than the published national coverage
figures.’ Because the programme in England was mostly
delivered in general practice, we used a primary care
data source as the most reliable source of coverage data
for our analysis. By contrast, the data for routine monthly
coverage are limited by incomplete returns and are
probably an underestimate. However, sensitivity analysis
reducing the estimated coverage by a relative 20% did
not have much effect on the overall vaccine effectiveness,
which remained high at 84%. The coverage estimates
were matched on the most important confounders
(period of delivery and maternal age). Coverage varied by
maternal age, which was a potential confounder because
it will also be correlated to parity and other factors that
could be associated with her likelihood of developing or
acquiring pertussis. Information on such additional
factors (eg, parity, ethnic group, and socioeconomic
factors), which might also be related to both the
likelihood of vaccination and the risk of pertussis in
infants, was not sufficiently complete to be controlled
for in our analysis.

Panel: Research in context

Systematic review

We searched PubMed and Scopus for articles published in
English from Jan 1, 1940, and Jan 1, 1960, respectively, to
March 31, 2014, with the terms “pertussis”, “pregnancy”, and
"vaccine” or "pertussis”, “pregnancy”, and “immunisation”.
Human studies with any experimental or observational
designs with the administration of pertussis-containing
vaccines at any stage of pregnancy were reviewed and any
identified systematic reviews were used to obtain further
primary studies of relevance.

Interpretation

Several studies have shown transfer of maternal pertussis
antibodies to the infant, but we were unable to find any
studies measuring protection against clinical disease in the
infant. Anecdotal reports have suggested that high
concentrations of maternal antibodies induced by whole-cell
vaccine might protect the infant in the first few months of
life,* and findings from a 2012 study in baboons showed
that neonatal animals can be protected against

Bordetella pertussis disease by passively transferred maternal
antibody.” We believe that our finding that maternal
immunisation with an acellular-pertussis-containing vaccine
can provide about 90% protection against infant disease is
the first time that this protection has been shown.

Vaccine safety is another important component of the
assessment, together with an investigation of whether
maternal antibodies might interfere with infants’ primary
immune responses. The Medicines and Healthcare
Products Regulatory Agency has undertaken a safety
study using the CPRD data, and trials relating to infants’
primary response are underway in North America.*?”
Public Health England is also evaluating antibody
responses to primary immunisation in infants of
vaccinated mothers to assess whether there is any
attenuation. These studies will provide important data
about response to pertussis and other routinely
administered vaccine antigens in the presence of
increased concentrations of passively transferred
maternal antibody. National surveillance data do not, as
yet, suggest a relative increase in cases in infants
aged 6-11 months; despite small numbers, reassuringly
in fully vaccinated infants, whose mothers received
pertussis vaccine during pregnancy, no breakthrough
infections have been reported. A separate case-control
study is being done to confirm these estimates by an
independent method. Furthermore, the UK Joint
Committee on Vaccination and Immunisation will need
to make a decision about whether continuation of the
maternal programme would be cost effective beyond the
outbreak scenario.

The main aim of pertussis vaccination programmes is
to reduce the burden of severe disease and death in
susceptible young infants.”® Despite good coverage with
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effective vaccines, the burden of disease in young infants
remains high compared with other vaccine-preventable
infections. The options to further reduce infant mortality
from pertussis have therefore focused on additional
strategies such as cocooning or neonatal vaccination.”
Data about the effectiveness of these strategies are
lacking; cocooning relies on vaccination of everyone
likely to have contact with the newborn and is difficult to
implement, whereas neonatal vaccination inevitably
leaves the infant at risk until they have responded to the
first or subsequent doses. More recently, attention has
turned to vaccination in pregnancy, which is now
routinely recommended for women in every pregnancy
in the USA,® New Zealand,® and Belgium.” No
published data about national coverage, programme, or
vaccine effectiveness are yet available from these
countries. Our finding that maternal immunisation with
an acellular-pertussis-containing vaccine can provide
about 90% protection against infant disease could
change the preferred approaches, at least in countries
that have access to an acellular-pertussis-containing
vaccine suitable for administration in pregnancy.
However, extrapolation of our findings to the use of
whole-cell-containing vaccines in pregnancy will need
additional data about immunogenicity and safety.

Contributors

GA, NA, HC, EK, SR, EM, and MR were all involved in the concept and
design of the evaluation of the pertussis vaccination programme for
pregnant women, and contributed to the analysis of the data. NF was
responsible for the laboratory testing of clinically suspected pertussis
cases at the national reference laboratory that are included in the
analysis. KD extracted the CPRD data for analysis. GA drafted the
paper, and all authors were involved in revision and approval of the final
content before submission.

Declaration of interests

We declare no competing interests. The Immunisation, Hepatitis and
Blood Safety Department has provided vaccine manufactures with post-
marketing surveillance reports (not pertussis-containing vaccines to
date), which the companies are required to submit to the UK Licensing
Authority in compliance with their Risk Management Strategy. A cost
recovery charge is made for these reports. Respiratory and Vaccine
Preventable Bacterial Reference Unit National Reference Laboratory has
received unrestricted educational grants for conference attendance and
travel grants for meeting attendance from vaccine manufacturers.

Acknowledgments

We thank Kim Taylor for assisting in the follow-up of confirmed infant
pertussis cases and Julia Stowe for extracting the Hospital Episode
Statistics data for analysis. We acknowledge the participation of general
practices that provided information about confirmed cases through the
Public Health England pertussis enhanced surveillance programme.

References

1  Campbell H, Amirthalingam G, Andrews N, et al. Accelerating
control of pertussis in England and Wales. Emerg Infect Dis 2012;
18: 38—47.

2 Amirthalingam G. Strategies to control pertussis in infants.
Arch Dis Child 2013; 98: 552-55.

3 de Greeff SC, de Melker HE, van Gageldonk PGM, et al.
Seroprevalence of pertussis in The Netherlands: evidence for
increased circulation of Bordetella pertussis. PLoS One 2010;

5: e14183.

4 Campbell P, McIntyre P, Quinn H, Hueston L, Gilbert GL,
McVernon J. Increased population prevalence of low pertussis toxin
antibody levels in young children preceding a record pertussis
epidemic in Australia. PLoS One 2012; 7: e35874.

www.thelancet.com Vol 384 October 25,2014

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Burns DL, Meade BD, Messionnier NE. Pertussis resurgence:
perspectives from the working group meeting on pertussis on the
causes, possible paths forward, and gaps in our knowledge.

J Infect Dis 2014; 209 (suppl 1): $32-35.

Davies SC. Temporary programme of pertussis (whooping cough)
vaccination of pregnant women. Sept 28, 2012. https://www.gov.uk/
government/uploads/system/uploads/attachment_data/file/212947/
CMO-Pertussis-27-09-2012-FINAL.pdf (accessed Aug 12, 2013).
Global Advisory Committee on Vaccine Safety 12-13 June 2013.
Wkly Epidemiol Rec 2013; 88: 301-12.

Douglas IJ, Langham ], Bhaskaran K, Brauer R, Smeeth L. Orlistat
and the risk of acute liver injury: self controlled case series study in
UK Clinical Practice Research Datalink. BMJ 2013; 346: 1936.
Public Health England. Pertussis vaccination programme for
pregnant women: vaccine coverage estimates in England, October
2012 to September 2013. Health Protection Report 2013, Volume 7
Number 51. http://www.hpa.org.uk/hpr/archives/2013 /hpr50-5113.
pdf (accessed June 11, 2014).

Fry NK, Litt DJ, Duncan J, et al. Modelling anti-pertussis toxin IgG
antibody decay following primary and preschool vaccination with an
acellular pertussis vaccine in UK subjects using a modified oral
fluid assay. ] Med Microbiol 2013; 62: 1281-89.

Farrington CP. Estimation of vaccine effectiveness using the
screening method. Int | Epidemiol 1993; 22: 742—-46.

Office for National Statistics. Statistical bulletin: births in England
and Wales, 2012. http://www.ons.gov.uk/ons/dcp171778_317196.pdf
(accessed June 11, 2014).

Healy CM, Munoz FM, Rench MA, Halasa NB, Edwards KM,

Baker CJ. Prevalence of pertussis antibodies in maternal delivery,
cord, and infant serum. J Infect Dis 2004; 190: 335—40.

Healy CM, Rench MA, Baker CJ. Importance of timing of maternal
combined tetanus, diphtheria, and acellular pertussis (Tdap)
immunization and protection of young infants. Clin Infect Dis 2013;
56: 539—44.

Leuridan E, Peeters N, de Witte L, Van der Meeren O,

Van Damme P. Effect of a pre-pregnancy pertussis booster dose on
maternal antibody titers in young infants. Pediatr Infect Dis ] 2011;
30: 608-10.

Murphy TV, Slade BA, Broder KR, et al, and the Advisory
Committee on Immunization Practices (ACIP) Centers for Disease
Control and Prevention (CDC). Prevention of pertussis, tetanus,
and diphtheria among pregnant and postpartum women and their
infants recommendations of the Advisory Committee on
Immunization Practices (ACIP). MMWR Recomm Rep 2008;

57: 1-51.

Warfel JM, Beren ], Kelly VK, Lee G, Merkel TJ]. Nonhuman primate
model of pertussis. Infect Immun 2012; 80: 1530-36.

Halperin BA, Morris A, Mackinnon-Cameron D, et al. Kinetics of
the antibody response to tetanus-diphtheria-acellular pertussis
vaccine in women of childbearing age and postpartum women.
Clin Infect Dis 2011; 53: 885-92.

Crowcroft NS, Booy R, Harrison T, et al. Severe and unrecognised:
pertussis in UK infants. Arch Dis Child 2003; 88: 802-06.

de Greeff SC, Mooi FR, Westerhof A, et al. Pertussis disease burden
in the household: how to protect young infants. Clin Infect Dis 2010;
50: 1339-45.

Wendelboe AM, Njamkepo E, Bourillon A, et al, and the Infant
Pertussis Study Group. Transmission of Bordetella pertussis to
young infants. Pediatr Infect Dis | 2007; 26: 293-99.

Wiley KE, Zuo Y, Macartney KK, McIntyre PB. Sources of pertussis
infection in young infants: a review of key evidence informing
targeting of the cocoon strategy. Vaccine 2013; 31: 618-25.

Public Health England. Influenza vaccine uptake amongst GP
patient groups in England winter season 2012/13. https://www.gov.
uk/government/uploads/system/uploads/attachment_data/
file/207134/Influenza_vaccine_uptake_amongst_GP_patient_
groups_in_England_for_winter_season_2012_2013.pdf

(accessed Aug 7, 2013).

Centers for Disease Control and Prevention (CDC). Updated
recommendations for use of tetanus toxoid, reduced diphtheria
toxoid and acellular pertussis vaccine (Tdap) in pregnant women and
persons who have or anticipate having close contact with an infant
aged <12 months—Advisory Committee on Immunization Practices
(ACIP), 2011. MMWR Morb Mortal Wkly Rep 2011; 60: 1424-26.

1527



Articles

1528

25

26

27

28

Dalhousie University. Pertussis maternal immunization study.
NCT00553228. http://clinicaltrials.gov/show/nct00553228 (accessed
June 11, 2014).

National Institute of Allergy and Infectious Diseases. Pertussis
vaccine in healthy pregnant women. NCT00707148. http://
clinicaltrials.gov/show/nct00707148 (accessed June 11, 2014).
Donegan K, King B, Bryan P. Safety of pertussis vaccination in
pregnant women in UK: observational study. BMJ 2014; 349: g4219.
Pertussis vaccines: WHO position paper. Wkly Epidemiol Rec 2010;
85: 385-400.

29

30

31

Centers for Disease Control and Prevention. Tdap for pregnant
women: information for providers. http://www.cdc.gov/vaccines/
vpd-vac/pertussis/tdap-pregnancy-hcp.htm (accessed Aug 6, 2013).
Pertussis: Halting the epidemic by protecting infants. http://www.
bpac.org.nz/magazine/2013/march/docs/BP]51-pages-34-38.pdf
(accessed June 11, 2014).

Vaccination de I'adulte: vaccination anticoquelucheuse. http://www.
health.belgium.be/internet2Prd/groups/public/ @ public/ @shc/
documents/ie2divers/13036470_fr.pdf (accessed June 11, 2014; in
French).

www.thelancet.com Vol 384 October 25, 2014



	Effectiveness of maternal pertussis vaccination in England: an observational study
	Introduction
	Methods
	Participants and data sources
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


