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In March 2019, a pertussis outbreak occurred in chil-
dren in a junior school (7-11 years) in England who had
been offered pertussis-containing booster vaccine at
40 months of age. In a case—control investigation, we
assessed the extent of transmission and any differ-
ence in protection afforded to those who had previ-
ously received a booster 3- or 5-component acellular
pertussis vaccine (aP). We took oral fluid specimens
from the students to determine IgG antibodies against
pertussis toxin (anti-PT). Parents of students attend-
ing the school were sent a questionnaire on pertussis
symptoms and vaccination status was retrieved from
general practitioner records for all students. Of 381
students, 134 (35.2%) were classified as pertussis
cases, 133 by demonstration of significant anti-PT IgG
titres and one clinically. There was no significant differ-
ence in the risk of pertussis between students receiv-
ing 3-component (33.7%) or 5-component (32.3%) aP
boosters. However, pertussis infection differed signifi-
cantly in school year 4, with 22.9%, 50.0%, 23.7% and
38.1% pertussis cases in years 3, 4, 5 and 6, respec-
tively. The proportion of students with incomplete vac-
cinations recorded was higher than the proportion of
those not covered according to the national reported
coverage, possibly contributing to sustained transmis-
sion within the school.

Introduction

Whooping cough (pertussis) is a highly contagious
bacterial infection caused by a Gram-negative bacte-
rium Bordetella pertussis that is transmitted by aerosol
droplets. Pertussis symptoms typically last up to 3
months and include low-grade fever, coughing with
‘whooping’ sound in some infants and vomiting [1,2].
Globally, there are an estimated 5o million cases of
pertussis annually with the highest incidence rate and
a high number of pertussis-related deaths in infants
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younger than 4 months [1]. Vaccine schedules vary
between countries including the number and type of
pertussis-containing vaccines used. In an attempt to
improve the control of pertussis, a number of coun-
tries have included additional booster doses beyond
preschool [3]. However, despite offering booster vac-
cinations before school entry and in adolescence, out-
breaks in primary schools have been noted in such
countries, including China, Germany and the United
States [4-6].

In England, as in the rest of the United Kingdom (UK),
the routine immunisation programme consists of three
primary infant doses of a pertussis-containing vac-
cine at 8, 12 and 16 weeks of age, and one preschool
booster dose at 40 months (3 years and 4 months) of
age [7,8]. Vaccines for the national immunisation pro-
gramme are centrally procured and distributed across
the country to general practitioner (GP) practices. As a
result, specific age cohorts within the population will
have received the same vaccine product, although dur-
ing some periods, two different products were avail-
able for the pertussis programme at the same time.
This centralised procurement does provide a unique
opportunity to evaluate and compare effectiveness of
different vaccine products.

In 1990, an accelerated diphtheria, tetanus toxoids
and whole-cell pertussis (DTwP) schedule was intro-
duced to improve protection earlier in infancy, where
the risk of severe disease is highest. The primary infant
schedule changed from a whole-cell pertussis vaccine
(wP) to a 5-component acellular pertussis vaccine (aP),
Pediacel (manufactured by Sanofi Pasteur MSD and
distributed by Movianto UK Ltd), in October 2004 [8].
From June 2014, the 3-component aP, Infanrix IPV Hib
(manufactured by GlaxoSmithKline and distributed by



FIGURE 1

Inclusion criteria, pertussis outbreak investigation, junior school, South East England, 2019 (n = 427)
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Movianto UK Ltd) [8], was used in the national pro-
gramme and both this and Pediacel were available in
England until a recommendation to introduce hepatitis
B into the routine programme. For babies born from 1
August 2017, a hexavalent product is in use (DTaP/IPV/
Hib/HepB, Infanrix hexa).

It is well recognised that not all pertussis vaccines are
the same. Differences in efficacy and effectiveness
have been demonstrated between the licensed wP vac-
cines as well as between aP vaccines [9]. In 2008, it
was agreed by the UK Joint Committee on Vaccination
and Immunisation (JCVI) that only aP vaccines with
three or more components should be used for the
national immunisation programme as vaccines with
one or two components were likely to be less effec-
tive [8,10]. Furthermore, an efficacy study presented at
the 2014 World Health Organization Strategic Advisory
Group of Experts (WHO SAGE) Working Groups on
pertussis vaccines meeting compared the efficacy of
multiple component aP vaccines against a UK wP vac-
cine [11,12]. The results indicated that the efficacy of
the 5-component aP primary vaccine was not statisti-
cally different compared to efficacy for wP against cul-
ture-confirmed pertussis. However, the efficacy of aP
vaccines against mild disease was dependent on the
number of components in the vaccine [11].

The aim of the 2001 preschool booster programme was
to increase herd immunity and reduce the transmis-
sion of pertussis to young infants, given the evidence
that older siblings in the household were an important
source of infection for these infants [13]. An economic
evaluation of an aP booster programme demonstrated
it to be a cost-effective intervention in the UK [14] and
given the high reactogenicity of wP after a primary
course, an aP booster was introduced. The pertussis
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preschool booster vaccine was first introduced in
England using a 3-component acellular booster pertus-
sis vaccination (Td3aP-IPV, Infanrix-IPV) [15]. In 2001,
a study estimated that over a 5-year period from the
introduction of the pertussis booster vaccine, it pre-
vented a total of 1,400 pertussis cases in the UK [16].
From August 2004, a 5- component booster aP, TdsaP-
IPV/Repevax, was also made available and GPs were
able to order and offer it either as part of the preschool
booster programme. To date, there is no evidence of
any significant difference in protection between these
two booster vaccines.

In England, a national pertussis outbreak was declared
in 2012 which led to the introduction of the maternal
vaccination programme [17]. Since then, the number of
confirmed pertussis cases continues to exceed levels
seen before the 2012 outhreak peak [17] and pertussis
outbreaks have arisen in secondary schools (students
ages 11-16 years), probably reflecting waning immunity
[18].

Outbreak detection

In early March 2019, a single pertussis case was con-
firmed (with a serology test performed at a hospital
laboratory using a commercial kit) in a junior school
(students in school years 3-6, ages 7—11 years) in
South East England. The index case had a symptom
onset date in late February and their sibling, attending
the infant school (ages 4—7 years), also tested positive
for pertussis.

The local Public Health England (PHE) Health Protection
Team (HPT) was notified of the pertussis case in the
junior school. In response to the initial case, a letter
was sent in early March to the parents of the students
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TABLE 1
Vaccine types used for routine pertussis immunisation of age cohorts included in the outbreak investigation, England

Birth year

Years received infant Years received

School year (age in

Vaccine types Vaccine types

years) (September to August) vaccine that year booster vaccine that year

3 (7-8) 2011/12 2011/13 2015/16

4 (8-9) 2010/11 2010/12 . 2014/15 Repevax or
Pediacel A

5 (9-10) 2009/10 2009/11 2013/14 Infanrix-IPV

6 (10 -11) 2008/09 2008/10 2012/13

attending the junior school raising awareness of per-
tussis, which was followed by several reports of stu-
dents at the school being absent with coughs. Within
the same week of sending the letter, four additional
students at the school were notified as possible cases
with onset dates varying between late January 2019
and late February 2019, 26 days apart. By end of April
2019, 18 students had presented to their GP with clini-
cal symptoms and were tested for pertussis by the GP.
As a result, an incident management team meeting was
convened, as this was the first pertussis outbreak in a
junior or primary school notified to PHE since the intro-
duction of the preschool booster. It was agreed to offer
oral fluids tests to all students in the junior school and
undertake an extensive investigation to better under-
stand the reasons for this outbreak and the potential
implications for the wider school-aged population in
the UK. Of note, most students had received the same
vaccine product for their primary series although the
preschool booster vaccine product varied.

The aim of this analysis was to evaluate the extent of
the pertussis outbreak in a junior school in South East
England and determine whether the odds of pertussis
among the students in this outbreak varied with the
two preschool booster vaccines.

Methods

In light of an increasing number of pertussis cases in
the school, a decision was taken to conduct enhanced
case finding by asking parents of all students in the
junior school to complete a clinical questionnaire and
consenting for their child to have an oral fluid sample
taken, to better understand the extent of transmission.
The oral fluid assay determines the pertussis toxin IgG
titre which when raised can be used as a marker of
recent pertussis infection [19].

The clinical questionnaire asked about onset and dura-
tion of any symptoms and number of days absent from
school. Detailed information on the pertussis-con-
taining vaccines received, including vaccination date,
manufacturer/batch number for the primary series and
booster vaccines, were requested for each child from
the GP practice where they were registered.

Oral fluid testing

Oral fluid samples were offered to all students in the
junior school and were collected by the local HPT and
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sent to the pertussis National Reference Laboratory to
test for 1gG antibodies against pertussis toxin (anti-
PT) at PHE’s National Infection Service in Colindale,
London. Oral fluid testing is offered as part of PHE’s
national surveillance of notified pertussis cases in
2-16-year-olds [20]. In the literature, patients who
have at least a 2-week history of cough, in the absence
of recent vaccination with a pertussis-containing vac-
cine, and a titre of>7o aU (arbitrary units of anti-B.
pertussis toxin 1gG antibody) — equivalent to a serum
threshold » 70 IU/mL (international units) of anti-PT I1gG
titre — are reported as consistent with recent pertussis
infection; a titre of 60—70 aU is reported as elevated
close to the diagnostic threshold for a single sample
and a titre<6o aU as no evidence of recent pertussis
infection [20,21]. However, given that these samples in
this situation were taken as part of an outbreak investi-
gation for asymptomatic and symptomatic individuals,
samples with PT IgG titres of 60—70 aU were also con-
sidered to be consistent with recent pertussis infection
to take account of those only recently exposed who
may be mounting a response.

Case definitions

We conducted a case-control study assessing the
students in the junior school at the time of the per-
tussis outbreak. Controls were students attending the
junior school in South East England who did not have
elevated serum anti-PT IgG titre, positive PCR IS481 or
IS481 and ptxP detected, or oral fluid anti-PT IgG titres.
Cases attending the junior school were defined as:

e Symptomatic with a clinically compatible illness and
an oral fluid anti-PT IgG titre of260 aU, positive PCR
(15481, or 15481 and ptxP detected [22]), or serum
sample (anti-PT IgG titre of>70 IU/mL);

e Asymptomatic with a high or elevated oral fluid anti-
PT IgG titre=60 aU;

e Symptomatic with a clinically compatible illness and
treated with antibiotics without laboratory evidence
of pertussis (based on a review by a clinician at PHE
with vaccination status blinded) to clinically agree
that the cases had pertussis.



FIGURE 2

Students with a completed immunisation course who
tested positive and negative for pertussis, junior school
outbreak, South East England, 2019 (n = 283)
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Positive pertussis cases were defined by oral fluid test result

> 60 aU, (arbitrary units of anti-Bordetella pertussis toxin 1gG) or
a serum test result with » 70 IU anti-B. pertussis toxin IgG or with
PCR detection of insertion element /S481 or IS481 and pertussis
toxin promoter region (ptxP).

Statistical methods

Students were included in the analysis if they met the
following criteria based on the routine immunisation
schedule [7]:

e First dose of pertussis vaccine from 42 days-old (6
weeks);

e All three primary doses administered by the time the
infant turned 1 year;

e All three primary doses were offered a minimum of
28 days apart, but one interval could be a minimum
of 21 days (3 weeks);

e The booster dose was a minimum of 3 years after the
final primary dose;

e The booster vaccine was no later than the child’s
fifth birthday.

We assessed the total number of students at the junior
school and distribution of pertussis cases by sex and
school year. We used univariable logistic regression
and multivariable logistic regression adjusting for vac-
cine, type, school year and sex to assess whether there
was an association between Repevax, Infanrix-IPV,
no booster vaccine and unknown vaccine on all con-
firmed cases in this outbreak (clinical and laboratory
confirmed). Statistically significant variables (p < 0.05
and confidence intervals which did not include the
value zero) were added to the multivariable model.
A test for interaction of school year and vaccine type

was completed to check for a linear effect as a proxy
for time since booster vaccination (possible differential
speed of waning between the vaccines). The model and
test for interaction was rerun as a sensitivity analysis
without the asymptomatic cases for comparison.

We conducted a secondary logistic regression analysis
(adjusting for the same variables in the initial analyses)
including the students that had received their booster
dose early (less than 3 years before their final dose)
and later (after age 5 years) but still met the inclusion
criteria based on the routine immunisation schedule.
All analyses were conducted in Stata 15 (StataCorp
LLO).

Ethical statement

PHE has legal permission, provided by Regulation 3
of The Health Service (Control of Patient Information)
Regulations 2002, to process patient confidential infor-
mation for national surveillance of communicable dis-
eases (http://www.legislation.gov.uk/uksi/2002/1438/
regulation/3/made). This includes PHE’s responsibility
to monitor the safety and effectiveness of vaccines.
Individual patient consent is therefore not required by
PHE for pertussis cases.

Results

A total of 427 students attended the junior school at
the time of the outbreak. Of these 427 students, 384
completed the clinical questionnaire, had an oral fluid
test, and vaccination history was obtained from their
GP records (Figure 1).

Oral fluid tests were offered at the school on 1 and 2
May 2019. Of the 384 students, 379 had an oral fluid
test during the school swabbing. A total of 18 students
were tested at their GP prior to the school swabbing,
where 11 were laboratory-confirmed for pertussis
with high or elevated anti-PT IgG titres or 1S481, or
IS481 and ptxP detected (one by serology, 10 by PCR).
Thirteen of these 18 students were retested in the
school. Of the 13, nine retested positive at the school
swabbing, while four tested positive at the school after
previously testing negative at the GP. The remaining
five students tested positive at their GP prior to the
school swabbing and chose not retest in the school.

Three of the 384 students with complete data were
excluded from the analysis (one had joined the school
a week before the immunisation campaign and two
students had been vaccinated within a week before
the collection of oral fluid), leaving 381 students for
the analyses. A total of 134 of 381 (35.2%) students at
the school were classified as pertussis cases during
the outbreak (133 based on oral fluid testing and one
clinically diagnosed). Thirty-nine (29.1%) of the con-
firmed cases were asymptomatic and did not report
any coughing.

www.eurosurveillance.org



TABLE 2

Students with/without laboratory evidence of pertussis and multivariable logistic regression analysis, South East England
junior school, 2019 (n = 283)

Number of Number with evidence Crude OR AOR gy o Co——,
Characteristic students of pertussis infection P across all levels
(n=283) (n=97) (95% ClI) (95% CI)
Infanrix-IPV 86 29 Reference
Booster Repevax 167 54 0.94 (0.54-1.63) | 0.72 (0.38-1.39)
vaccine type | Unvaccinated 8 4 1.97 (0.46-8.43) |  1.55 (0.34-7.07) 0.40
Not known 22 10 1.64 (0.63-4.24) | 1.38 (0.49-3.86)
3 70 16 Reference
4 70 35 3.37 (1.63-6.99) | 3.86 (1.80-8.30)
School year
5 59 14 1.05 (0.46-2.38) | 1.23 (0.52-2.92) 0.001
6 84 32 2.08 (1.02-4.23) | 2.45(1.08-5.53)
S Female 138 56 Reference
ex
Male 145 41 0.58 (0.35-0.95) | 0.51 (0.30-0.86) | 0.011

AOR: adjusted odds ratio; Cl: confidence interval; OR: odds ratio.

Vaccination history

All students attending the junior school were born
before the introduction of maternal pertussis immu-
nisation in England (which began in October 2012). In
addition, all students attending the junior school were
born between 2008 and 2012 and during that period,
all infants received Pediacel vaccine for the primary
series, as this was the only vaccine offered at the time.
Students were offered Repevax or Infanrix-IPV for their
booster dose (Table 1).

Students who had been immunised according to the
routine immunisation schedule were included in the
statistical analyses. We excluded 98 of 381 (25.7%)
students from the outbreak investigation who did not
meet the investigation criteria because they had an
incomplete immunisation schedule, additional doses,
or the doses did not adhere to the schedule (Figure 1).
Of 381 students, 42 (11.0%) had an incomplete or no
primary vaccination and 47 (12.3%) had received the
preschool booster after their fifth birthday or had not
had a booster dose while the remaining nine (2.4%)
had a combination of incomplete primary and booster
vaccinations. For the secondary statistical analyses,
students that received the booster dose early and late
were included in the model (Figure 1).

Descriptive analyses

The index case of the pertussis outbreak was a female
student. Among the students that met the criteria
based on the routine immunisation schedule, the total
number of boys and girls in the school was approxi-
mately even (145 and 138, respectively among the 283
included students). However, 56 (40.6%) girls were
positive for pertussis as opposed to 41 (28.3%) boys.
The number of students in each year group was also
evenly distributed, with a higher proportion of positive
pertussis cases in school year 4, the year group where
the first case was confirmed (Figure 2).
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A total of 186 of 283 (65.7%) students had no labora-
tory evidence of pertussis infection, while 96 (33.9%)
tested positive for pertussis and one (0.4%) was clini-
cally diagnosed with pertussis. Of those who tested
positive, 26 were asymptomatic.

Of the two booster vaccines offered to the students
before school entry, Repevax was offered to more chil-
dren than Infanrix-IPV, 167 vs 86, respectively. Eight
students did not have a booster vaccine and 22 had
unknown vaccination status.

Statistical analyses

A total of 283 students were included in the main
logistic regression analyses. The multivariable logistic
regression, adjusted for vaccine type, school year and
sex, indicated no statistically significant difference
between Infanrix-IPV and Repevax vaccines. Compared
with year 3 (reference age group), the odds of pertussis
were significantly increased for children in school year
4 (odds ratio (OR) =3.86; 95% Cl: 1.80-8.30) and in
year 6 (OR = 2.45; 95% Cl: 1.08-5.53), but there was no
significant difference in year 5 (Table 2 and Figure 2).
The primary case was identified in a year 4 student. In
addition, the odds of pertussis were significantly lower
among boys (OR = 0.51; 95% Cl: 0.30—0.86) compared
with girls (Table 2). In a test for interaction of school
year and preschool booster vaccine type, there was no
linear trend in the odds of having pertussis by school
year or type of preschool booster vaccine (OR = 0.43;
95% Cl: 0.17-1.06)). The exclusion of asymptomatic
cases did not change the overall findings.

Outbreak control measures

A total of 427 students in school years 3-6 were
enrolled at the junior school at the time of the out-
break. In response to the outbreak, all students in the
school were offered a booster dose of pertussis vac-
cine and 363 of 427 students (85%) were vaccinated.
No students were hospitalised with pertussis and only



one pertussis case was reported 9 months after the
outbreak.

Discussion

Pertussis activity has remained at heightened levels
across England since 2012 and while infant disease
has been at low levels following the introduction of the
maternal programme, rates of disease in school-age
children appear to be increasing [17]. In this outbreak
investigation, we present the results from an inves-
tigation of a pertussis outbreak identified in a junior
school In England.

Early accurate diagnosis is important to control trans-
mission of pertussis [13]. Most pertussis infections in
adults and adolescents are asymptomatic oroligosymp-
tomatic [13], therefore the disease can spread easily as
people may not be aware that they have pertussis and
may not undergo confirmatory testing. Furthermore, an
untreated pertussis case can lead to 11 to 15 second-
ary cases in a non-immune population and the control
of pertussis is more difficult when a vaccine may not
induce lasting immunity [23].

In this outbreak, a total of 39 students (of whom 26
were included in the statistical analyses) with labora-
tory evidence of recent pertussis infection were not
recorded as having a cough. Given the nature of the
study, where parents completed the questionnaire ret-
rospectively in late April 2019 (based on their child’s
symptoms since January 2019), there was a risk of
recall bias. However, it is also possible that these stu-
dents were protected from vaccine doses that they
had received earlier before the outbreak. The sensitiv-
ity analysis indicated that even when excluding those
without reported symptoms, there remained no differ-
ence in the risk of pertussis among those who received
either the 3 or 5 component vaccine as their preschool
booster. It is worth noting that all symptomatic cases
linked to this outbreak reported mild symptoms with
no hospitalisations. One further pertussis case (con-
firmed by oral fluid test) occurred in the junior school
9 months later; this case is not included in this study.

This outbreak provided a unique opportunity to evalu-
ate the comparative protection afforded by the two
available products for the preschool booster pro-
gramme. The two vaccines differ in two pertussis
antigenic components and in the amount of toxoid or
antigen in some of the shared components. Infanrix-1IPV
is licensed for both primary and booster immunisation,
whereas Repevax is licensed as a booster following pri-
mary immunisation. Of the three shared pertussis anti-
gens, Repevax has greater amounts of all three with
10 x more pertussis toxid than Infanrix (25 vs 2.5pg).
Our study did not see a difference in the odds of per-
tussis between the two different preschool booster
vaccines offered in the UK (Infanrix-IPV and Repevax).
The OR of pertussis was higher among girls, which may
be due to the social interactions of the index case, who
was a girl.

The routine immunisation schedule recommends that
children receive their booster dose at the age of 3
years and 4 months. A total of 12.3% of the students at
the junior school received the preschool booster after
their fifth birthday or had no booster dose at all. This
is similar to the national DTaP booster coverage at 5
years: In the period 2013 to 2016 when the students
in this outbreak investigation would have been eligible
for the preschool booster vaccine, 11.1-13.7% of UK
children were unvaccinated [24]. Information on vac-
cine manufacturer and batch number may be missing
when students change to a GP practice with a different
system supplier and coding language from their pre-
vious GP. Students who moved to the local area from
another country may have incomplete vaccination his-
tories and may have received different vaccines with
different timing according to immunisation schedules
abroad. The proportion of students with incomplete or
no primary vaccines at the junior school (11.0%) was
greater than the national proportion of unvaccinated
children which ranged from 4.2% to 4.4% of children
who had not completed their primary course of DTaP/
IPV/Hib by their fifth birthday between 2012 and 2017
[24]. The high proportion of unvaccinated/partially vac-
cinated students compared with the national coverage
and the high proportion of students not adhering to the
recommended schedule is likely to have contributed to
transmission within the school population. Conversely,
coverage could have been higher if the 64 students for
whom we could not obtain GP records had received a
pertussis vaccine; among those students with acces-
sible GP records, three had notes of being vaccinated
outside of England but the record did not specify vac-
cine type. Research suggests that it is important which
priming vaccine is used in order to achieve a robust
immune response and reduce the transmission of per-
tussis [25]. A study in Australia assessed children born
during the transition from wP to aP and showed that
children who received aP had higher rates of pertus-
sis than those vaccinated with wP; among those who
received a mixed course, pertussis rates were higher
when aP was the first dose [26]. Furthermore, a study
in England suggested that priming with a 5-component
aP vaccine may have an effect more similar to wP than
a 3-component aP vaccine [27]. In our outbreak inves-
tigation, all students were eligible for the 5-component
aP primary vaccine as the 3-component aP vaccine
was not offered throughout England, therefore it was
not possible to compare the different primary vaccines
offered in England. However, in our investigation there
appeared to be no significant difference between the
two preschool booster vaccines used in England.
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