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Executive Summary

Purpose of the review of evidence on pertussis, 2024

The aim of this document is to review key questions relevant to improving pertussis control by immunisation
in Aotearoa New Zealand (NZ), focussing on protecting infants. It will consider scientific evidence published
from 2019 — 2024, and since our previous reviews in 2018 and 2019.% 2 It is not a systematic review. Not all
the aspects of pertussis immunisation have been reviewed (e.g. pertussis infection in adults and cost-benefit
analyses are not considered). Conclusions given represent the author and reviewer’s interpretation of the

literature.

Key questions

1. Immunisation schedule

a.

d.

What implications are there for commencing the infant schedule at age 6 weeks in the
context of antenatal vaccination?

What is the optimal timing and frequency of vaccinations in pregnancy?

As a follow-up from a previous review, should the NZ National Immunisation Schedule
(Schedule) include an additional pertussis vaccination with a DTaP vaccine in the second year
of life (toddler booster)?

Is there a role for the adolescent booster in pertussis control?

2. Occupational vaccinations and cocooning

a.

C.

Does occupational vaccination and caregiver/household cocooning provide additional
protection to vulnerable groups?

How frequently are doses needed and for whom? Are there safety concerns around
repeated dosing?

What vaccine options are there?

3. Vaccine choice

da.

b.

What are the benefits and risks of a whole cell / acellular mixed schedule?

Can monovalent recombinant acellular pertussis vaccine be used effectively to reduce
tetanus and diphtheria toxoid exposures?

What other vaccine options are in development? (eg live attenuate nasal vaccines and other
technologies)

Burden of pertussis

Infants too young to commence the primary immunisation course are at greatest risk of severe pertussis,
hospitalisation, ICU admission and death,® but the risk of ICU admission and death is reduced by more than
90% by appropriately timed antenatal vaccination. Preterm birth before 37 weeks gestation is further
associated with the most severe pertussis and longer hospital stays.*> Other risk factors for high disease
severity include the presence of certain comorbidities, such as respiratory, heart or kidney disease, HIV
infection and being under nourished.®” Virtually all pertussis-associated deaths are in unimmunised infants,
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usually younger than 3 months of age. Nasopharyngeal carriage of Bordetella pertussis in caregivers is a
significant risk factor for infection of infants (at around 14 times the risk).’

The introduction of acellular pertussis (aP) vaccines shifted the burden of pertussis in young children to older
children, adolescents and young adults.® A booster dose given in early adolescence helped to reduce this
burden in that age group. Although pertussis is not life-threatening in most young people, it can have high
levels of morbidity and risks transmission to peers and infants, particularly if those infected are parents.

Pertussis following the COVID-19 pandemic

The public health measures and the impact of COVID-19 on healthcare systems has altered the usual three-
to-five yearly pattern of pertussis outbreaks.” 1° A resurgence in pertussis infections is being observed
globally.!* This is associated with reduced population immunity due to a lack of exposure to B. pertussis and
a decline in immunisation coverage.'? Declines in coverage for childhood vaccinations and poor uptake of
antenatal pertussis vaccinations have resulted in a high rate of infant hospitalisations. This gap in immunity
was associated with infant deaths in NZ in 2023 and the UK in 2024.%>1* On 22 November 2024, a pertussis
epidemic was officially declared in NZ. At that time, with a total of 1,009 confirmed, probably and suspected
pertussis cases, 46 out of 63 (73%) of pertussis cases aged under 1 year and 13 out of 113 (9.8%) cases aged
1-4 years were hospitalised. No deaths had been reported in 2024 by 22 November. At the time of writing,
case numbers continue to climb rapidly.

Vaccine effectiveness in infants and young children

This review considers the most recent literature on the effectiveness of pertussis vaccination in infants with
combined diphtheria, tetanus and acellular pertussis vaccines (DTaP). Infants require a three-dose primary
course of a pertussis-containing vaccine to be optimally protected against pertussis in the first year of life.
Vaccine effectiveness significantly increases with each dose given in infancy.> > ¢ A fourth dose in the
second year of life provides a very high level of protection to young children.® Compared with fully
vaccinated children, unvaccinated children were shown to be 13 times more likely to have pertussis infection
and twice as likely as partially vaccinated children.’” However, unvaccinated and partially vaccinated children
are only a small proportion of the total pertussis cases. Having at least one dose of pertussis vaccine halves
the risk of pertussis hospitalisation in those aged 2 — 11 months, two doses are around 75% and three doses
98% effective against pertussis hospitalisation.'> ¢

Children with comorbidities

Comorbidities increase the risk of severe pertussis in children. On-time vaccination and antenatal vaccination
improves the outcomes for all infants up to the age of 6 months. But hospitalisation risk is six times higher
for children with comorbidities from age 6 months (ie after dose three) than for healthy children.® To
improve pertussis outcomes in infants with complex health conditions, particularly during the months
between completion of the primary course and the toddler booster, further measures such as additional
doses or improved vaccines are likely to be needed in addition to the routine schedule.® Children in NZ do
not currently receive a booster dose in the second year of life, including those with comorbidities — this is
likely to increase the risk of severe pertussis in high-risk toddlers.

Duration of protection

Protection provided by pertussis vaccines lasts for a few years, but the risk of infection increases with time
since the last dose.'” In young children, who have received fewer doses than older children, protection
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wanes within three to five years.'®'° Additional doses after the primary course help reduce the risk of
pertussis in children.

Conclusions

The three-dose primary course is highly protective for infants. Children more distant from their vaccinations
are at a higher risk of pertussis, which can be temporarily reduced by additional doses after the primary
course. The need for a booster dose is especially important for young children with comorbidities or other
factors, such as under nourishment, that increase their risk of requiring hospital care for pertussis.

Pertussis vaccination given in pregnancy - infant’s ‘dose zero’

Vaccinating during pregnancy with Tdap (combined tetanus, diphtheria and acellular pertussis vaccine), to
provide passive antibody protection against pertussis to young infants, was first introduced in 2011 in the
United States of America (US), in 2012 in the United Kingdom (UK) and in Aotearoa New Zealand in 2013.
More than 40 countries have implemented maternal Tdap vaccination, although uptake is suboptimal in
many of these countries including New Zealand. Recommendations around the timing of pertussis
vaccination in pregnancy varies widely around the world.?’ This review assesses the recent evidence on the
safety, effectiveness and the optimal timing for maternal vaccination.

Safety of pertussis vaccination in pregnancy

Safety data on pertussis vaccination support the recommendations to be vaccinated in pregnancy.?® 2!

Pregnancy is associated with complications unrelated to vaccination, making it more challenging to decipher
any adverse events that are temporally and not causally associated with vaccination. An example
investigated was chorioamnionitis, which occurs in almost 3% of unvaccinated pregnancies.?? Despite a
systematic review predicting three additional cases per 1,000 vaccinated women, no association between
pertussis vaccination and clinical consequences of chorioamnionitis (ie. preterm birth and sepsis) were
shown.??

Reassuringly, in relation to the recommendation to repeat Tdap vaccination in each pregnancy, the systemic
and local reactions were not increased with repeat vaccinations given one to five years apart in subsequent
pregnancies.?®> Unfortunately, monitoring of vaccine safety in pregnancy suffers from a lack of
standardisation because, despite established definitions for adverse events (GAIA) recognised by the
Brighton Collaboration, these are rarely used in studies.?* However, robust data have demonstrated that
there are no concerns for biologically plausible adverse events associated with Tdap in pregnancy.

Immunogenicity of antenatal vaccination and passive antibody transfer

Timing of vaccination in pregnancy

Data is limited around differences in timing in pregnancy of Tdap vaccination, particularly when given earlier
than the late second trimester. Although antibody levels at birth in infants born at term appear to be lower if
the vaccine is given earlier, without a defined correlate of protection, the clinical relevance cannot be
extrapolated.?%

Preterm infants

Infants born prematurely benefit the most from earlier vaccine administration in pregnancy.?’ These infants
are at highest risk of severe pertussis?® and would not receive sufficient maternal antibody if vaccine were
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given later in pregnancy. Early vaccination recommendations would apply to all pregnancies since timing of
birth is not predictable.

Subsequent pregnancy

Although antibody transfer during a subsequent pregnancy after prior vaccination seems to be slightly
diminished, its clinical significance remains unclear.?’ Nonetheless, vaccination is significantly more
beneficial than not vaccinating, particularly since infants are at risk of pertussis exposure from older siblings.

Coadministration

Coadministration with influenza and COVID-19 vaccines in pregnancy did not significantly affect maternal
pertussis antibody titres against Tdap antigens.?® %

Effectiveness of antenatal vaccination in protecting infants

Antenatal vaccination against pertussis has been shown to be around 90% effective overall in preventing
pertussis of young infants.?° The greatest effectiveness is observed in infants under 2 months old (over 90%)
against pertussis hospitalisation, with substantial protection maintained for up to 8 months.?! Infants born to
vaccinated mothers tend to develop pertussis at a later age than those who are unvaccinated in pregnancy.
This allows more time for infants to become fully vaccinated, for their body and airway size to increase, and
their immune system to develop, thereby likely reduce disease severity.3!

Timing of vaccination in pregnancy

Data is limited around differences in effectiveness in relation to timing in pregnancy of Tdap vaccination,
particularly when given in the second trimester. The timing of antenatal vaccination does not seem to
significantly affect vaccine effectiveness in infants up to 6 months, if administered more than seven days
before delivery.?? A longer interval before delivery may enhance effectiveness slightly. Offering pertussis
vaccination earlier in pregnancy has been shown to increase vaccine uptake.3? Early vaccination also
provides protection against pertussis for infants born prematurely.

Maternal antibody interference of the infant immune response

There is good evidence that the presence of maternal antibody results in some interference with the
antibody response to the infant primary course, whether vaccinated in pregnancy or not.>* The implications
of this interference are uncertain in the absence of a defined correlate of protection for pertussis. It does not
appear to increase the risk for more severe disease. Maternal antibodies diminish quickly after birth, making
it crucial to time the completion of infant's primary vaccinations before this protection wanes completely.

Evidence strongly suggests that infants born to vaccinated mothers continue to be protected even with
reduced antibody titres and that maternal vaccination provides passive antibody protection beyond the
completion of the primary course.?! For New Zealand, it is unclear whether moving the start of the
immunisation schedule from 6 weeks to 2 or 3 months would make a difference to pertussis control in
infants born to mothers who are vaccinated in pregnancy.3*

Effectiveness of infants’ primary course following antenatal vaccination

The long-term impact of maternal vaccination causing potential blunting of the infant antibody responses to
primary vaccinations is poorly understood. The limited evidence shows little impactful effect on vaccine
effectiveness.3! 3> Findings support the role of maternal vaccination in protecting infants, even in the
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presence of blunted primary course responses. Continual monitoring, particularly now that pertussis cases
are on the increase, is required to further determine whether the antibody interference is clinically
meaningful.

Immunogenicity following booster doses following antenatal vaccination

In infants who received a three-dose primary course and booster at age 18 months, maternal antibody did
not significantly impact infant pertussis antibody titres post booster.3 In the absence of a toddler booster
dose, lower antibody levels against pertussis toxin continue to be observed in preschool-aged children who
were born to mothers vaccinated against pertussis in pregnancy.3” A preschool booster can help to remedy
this. Furthermore, it is unclear whether the blunting from antenatal vaccination is clinically relevant since,
although antibody levels tend to be lower in toddlers (even after a booster dose)*® or preschool children (in
the absence of toddler booster)®’
were small.

who were vaccinated antenatally, the absolute differences between titres

Conclusions of pertussis vaccination given pregnancy

Maternal vaccination is highly effective at protecting infants against pertussis prior to completing their
primary course. This age group are at the highest risk of severe pertussis and death due to pertussis.

The limited evidence shows little impact of antenatal vaccination on the vaccine effectiveness of the infant
primary course and early childhood booster doses against pertussis. Despite lower antibody responses in
infants and toddlers born to mothers who were vaccinated in pregnancy, it is unclear whether this is
clinically relevant. Although antibody levels trended lower in toddlers (even after a booster dose) or
preschool children (in the absence of toddler booster) who were vaccinated antenatally, the absolute
differences between titres were small.

In the current NZ context, without a booster dose in the second year of life and starting the primary course
at 6 weeks of age, this interference could be more impactful for infants and young children aged from 6
months to 4 years.

Immunisation schedules and booster doses

To achieve optimal control of pertussis with the current vaccines could mean adjusting the immunisation
schedule. This review considered the evidence for the infant primary course and for booster doses in
toddlers, children and adolescents.

Infant primary course and toddler booster doses

New Zealand has a three-dose primary (3+0) pertussis immunisation schedule starting at age of 6 weeks. The
studies reviewed suggest that a booster dose given in the second year of life improves protection against
pertussis in toddlers. Timing of the primary course appears to be less important than completing the primary
course, but timing differs with each country.?® Three-dose schedules, whether given as two primary plus
booster (2+1) or three primary (3+0) doses, appear to be less protective than four dose schedules (3+1).3 40
Most countries found a 2+1 schedule (2-3-11/12 months) to be less protective under the age of 2 years than
a 3+1 course (2-3-4 and 16/18 m), particularly for those born to mothers who were vaccinated in
pregnancy.3® 4
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Adolescent boosters

A booster dose given to adolescents can provide direct protection to the individual, and possibly indirect
protection to their age cohort, but limited indirect protection to younger age groups.*>*® In our previous
review?, it was noted that disease severity is reduced in vaccinated adolescents, and this would be
particularly beneficial to those with respiratory comorbidities.

Conclusion

A three-dose primary course plus a booster in the second year of life is the most effective strategy to provide
active protection to infants, particularly for infants born to mothers vaccinated in pregnancy. Adolescent
boosters provide direct protection against pertussis and indirect protection to their peer group, but are less
able to prevent transmission and provide indirect protection to younger age groups.

Booster doses in non-pregnant adults

Although the current vaccines do not effectively prevent carriage of B. pertussis, vaccinating those in close
contact with infants, such those working in birthing and neonatal care, can help to prevent disease in infants.
The incremental benefit of vaccinating close contacts (cocooning) when an infant has passive immunity
through vaccination in pregnancy is unclear.

Over recent years, as a consequence of COVID-19 control measures, natural boosting of pertussis immunity
has been reduced due to low exposure to circulating B. pertussis.’® 12 Therefore, the use of booster doses
could be more important in occupational and household settings than pre-2020.

Recent data on the safety and effectiveness of repeated occupational vaccinations is limited. Given the
waning immunity seen following aP vaccination, it seems logical to maintain recommendations for repeat
Tdap booster doses every five to 10 years in those working closely with young infants and other high-risk
groups. This is becoming increasingly important for younger staff who were born since 2000 and primed
solely with aP vaccines. Pertussis vaccination is also encouraged in settings beyond health care, such as early
childhood education and daycare centres.*

One concern for health care workers receiving repeated Tdap doses is around safety and the potential for an
increased risk for adverse events. The risk for solicited local and systemic adverse events in adults was
slightly higher (94% vs 88%) when given five years* apart compared with 10 years*® apart, but both were
generally well tolerated. Modest protection (52% effectiveness) against PCR-confirmed pertussis has been
demonstrated for up to six years after a Tdap booster dose in older adults (aged 46 — 81 years) in Australia.*’
This review did not identify any recent papers investigating transmission of B. pertussis from health care
workers to patients with time since vaccination. In the US, due to its limited ability to interrupt transmission,
Tdap revaccination of healthcare workers is not generally used.

For cocooning of young infants to be an effective strategy, vaccination of all caregivers needs to be
conducted preferably prior to the birth of an infant. Antenatal vaccination of the pregnant person is the
most effective way to protect to the youngest infants.32 Other caregivers also should not wait until the birth
to be immunised to provide an additional layer of protection. In many cases though, where maternal
vaccination does not happen the other caregivers are also unvaccinated, particularly for those visiting from
overseas.*®
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Conclusion

Passive immunity provided by antenatal vaccination provides the greatest protection for infants too young
to be fully immunised. Evidence for effectiveness of household cocooning is weak and not sufficient to be a
reliable way to protect the youngest infants. For any incremental benefit, ideally, household members of
newborn infants need to be vaccinated prior to the infant’s birth and in conjunction with antenatal
vaccination. An important question to be considered is, ‘what would be the most effective strategy if
maternal vaccination is missed?’ In all cases, emphasis needs to be direct protection of the infant, at least by
vaccinating the infant on time.

Although aP vaccines are less able to prevent nasopharyngeal carriage of B. pertussis, they can reduce
disease spread by reducing the risk of active infection and symptoms, like coughing. Occupational
vaccination and household cocooning has modest effectiveness in preventing pertussis, but it is a valid
strategy alongside direct vaccination of pregnant women, infants and young children. Five yearly Tdap
vaccination is likely to be most effective to prevent symptomatic transmission to patients. This is particularly
relevant for those who were born since 2000 and those working with the most high-risk individuals (such as
in neonatal units, birthing units, and with severely immunocompromised individuals). However, vaccination
is unlikely to prevent transmission from those who are not symptomatic or acquisition of B. pertussis in the
nasopharynx.

Comparison of whole-cell and acellular pertussis vaccines

A major focus of research around pertussis vaccination is the long-lasting differences in immune response
between whole-cell pertussis (wP) and acellular pertussis (aP) vaccines. The resurgence in pertussis in the
last few decades is potentially associated with the change from wP vaccines following the introduction of aP
vaccines in the late 1990s and early 2000s. A range of factors have been attributed to this resurgence. These
include those related to the switch to aP vaccines resulting in more rapid waning immunity and transmission
from asymptomatic carriers, but also from evolutionary selective pressure on B. pertussis due to vaccine
antigens, and improvements in pertussis detection and surveillance identifying more cases.*

Immunogenicity

In recent years, emerging evidence suggests a difference in how the immune system is primed with acellular
or whole-cell pertussis vaccines. Differences in the antibody>® and T cell*! profile are shown between those
primed with aP or wP vaccines. This difference in priming polarises the subsequent responses to vaccination
or wild-type infection towards either a T helper-1 (Th1) type profile for wP or a T helper-2 type response
(Th2/Th17) for aP.>2 Further studies have shown that this difference affects the immune memory within
mucosal tissue into adulthood.> >3 Those primed with whole-cell pertussis vaccines appear to have longer
lasting immunity.

Effectiveness

Children vaccinated solely with three-component aP vaccines appear to have less protection against
pertussis than those who were fully vaccinated with wP vaccines or primed with wP in mixed wP/aP
schedules.>

Immunisation Advisory Centre - December 2024 x|Page



Review of Evidence: Pertussis, 2024

Mixed whole cell and acellular pertussis vaccine primary course

There may be a role for giving infants a wP-containing vaccine as the first infant dose to improve pertussis
control for the long term. Waning antibody levels and a lack of sterilising immunity is associated with the aP
programme introduction. Priming with the first dose of wP and then following up with less reactogenic aP
vaccinations could prevent the skewing of the T cell response towards the Th2 profile, thereby, improving
the duration of protection and sterilising immunity of pertussis vaccinations. However, there is limited data
to date to determine whether this is a valid strategy. Noting also that no wP-containing vaccines are
available nor approved for use in NZ.

Mixed schedules have been proposed since reactogenicity and adverse reactions increase with subsequent
doses of wP. There appears to be no additional safety concerns when wP is given as a single first dose
instead of aP.>> Furthermore, a study of administrative data appeared to show a reduced risk of food
allergies in children given wP as a first dose.>® An ongoing study in Australia is investigating this further.%’

A Thai study found that the presence of maternal antibody following antenatal vaccination had a greater
impact on the pertussis-specific antibody response to wP vaccination than aP. Despite this, at all stages of
the schedule, the antibody functionality was greater for the infants vaccinated with wP vaccine.>®

But this strategy would add a layer of complexity to an already busy immunisation schedule, and any signs of
increased reactogenicity could be barriers for uptake. Careful consideration is required in relation to vaccine
confidence —it is known that adverse experiences during the first vaccination event can result in parental
hesitancy to return for subsequent vaccinations.>® However, despite higher rates of self-limiting injection-
site pain and irritability in infants who received wP first dose, the Australian study found that parental
acceptance of wP was high and they would consider the schedule again for subsequent children.>” During
this study, no cases of hypotonic hyporesponsive episodes were reported. *>’ New Zealand has introduced
meningococcal B vaccination for infants, and due to an increased risk of fever, recommends anti-pyrectics
(paracetamol or ibuprofen) prior to and soon after vaccination. Evidence suggests that this approach could
also reduce the reactogenicity of wP vaccines without impacting on immunogenicity.>’

Conclusion

Theoretically, the evidence suggests that a mixed wP/aP schedule could overcome the limitations of aP
vaccines. In practice, several challenges remain.

e No wP-containing pertussis vaccines are approved for use in New Zealand.

e |t remains uncertain as to whether this approach could reduce the reactogenicity of wP vaccines
without reducing immunogenicity.

o The potential for greater reactogenicity with wP vaccines could reduce parental confidence after
dose one, and result in delayed uptake of aP doses. It may be better accepted if given alongside the
meningococcal B vaccine with paracetamol. But it is unknown whether the risk of adverse events
would increase if wP and meningococcal B vaccines were given concurrently.

e By having a different vaccine for the first primary dose from subsequent primary doses, is likely to
cause confusion and errors in service delivery.
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Recombinant and other vaccines

Due to the limitations of the whole-cell and acellular vaccines, other vaccine technologies are being
evaluated. This includes a recombinant genetically detoxified pertussis toxin vaccine, live attenuate whole-
cell pertussis and novel adjuvant technologies.

Recombinant acellular pertussis vaccines

Pertussis-only or combined recombinant aP vaccines contain genetically detoxified pertussis toxin (PTgen).
They have been found to be a safe and immunogenic option for pertussis booster vaccination in adolescents
and adults, including in pregnancy. %92 A pertussis-only (aPgen) vaccine, (Pertagen® manufactured by BioNet),
is used routinely in Asia, including in pregnancy in Thailand, and is undergoing regulatory review in Australia
and Europe.

The advantage of a pertussis-only vaccine is that repeat doses, in subsequent pregnancies or for
occupational vaccination, can be given without the reactogenicity concerns of giving more tetanus and
diphtheria toxoid vaccinations than necessary. The safety and immunogenicity of PTges-containing
monovalent aP and Tdap vaccines were favourable. There were no safety concerns in pregnant and non-
pregnant recipients. Like standard Tdap vaccines, mild to moderate localised injection-site pain and muscle
pain were the most reported reactions. The immunogenicity of genetically detoxified PT appeared to be
superior to chemically detoxified PT, with longer lasting and higher levels of pertussis neutralising
antibodies.®! The use of the pertussis-only aPgen vaccine in infants also looks promising as a birth dose for
those not vaccinated in pregnancy, but data is limited to date.®®

Other vaccine candidates and technologies

Improvements to pertussis vaccination strategies, to prevent transmission (sterilising immunity) and to
produce longer lasting immunity without increasing reactogenicity, require alternative approaches to
vaccine design and reverse vaccinology. A range of avenues are being explored.

Clinical development of an intranasal live-attenuated whole cell vaccine (designated BPZE1) is investigating
induction of a sterilising mucosal response.®*°® Tissue-residence memory cells in mucosal tissue have been
shown to be important for pertussis immune memory and IgA production.’ Other avenues include the use
of recombinant DNA technology to identify different pertussis epitope targets. Also, following the success of
meningococcal B vaccines, a role for B. pertussis outer membrane vesicles is being evaluated. Other
approaches include the development of adjuvants to overcome the skewing of the T cell response by the
current alum-adjuvanted aP vaccines.®’
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Overall conclusions of this review

Topic

Immunisation
schedule

Questions

Does passively transferred
antibody interfere with
the primary course of
childhood vaccinations?

Findings

Pregnancy dose needs to be considered as infant’s dose zero and a full primary course is
required thereafter.

Passive immunity lasts for around 6 months, but it remains important for infants to be
vaccinated on time by 6 months of age according to the schedule to maintain full
protection.

Immunologically, there is evidence for interference of maternal antibodies with the
primary course. The clinical relevance is unclear, particularly between age of 8 months
to first booster dose.

Timing and frequency
antenatal/maternal doses.

Data is limited for vaccination given before the late 2nd trimester. Vaccination is
effective from the 2nd trimester up to 7 days before birth. Earlier vaccination provides
protection for preterm infants. No safety concerns around giving vaccination in each
pregnancy.

Possible slight reduction in antibody transfer in a second pregnancy, but the clinical
relevance is unclear. Being vaccinated in pregnancy is better than not.

Booster in second year of
life

With low immunity boosting with reduced circulation of B. pertussis during the COVID-
19 pandemic and potential interference from maternal vaccination, evidence suggests
that toddlers benefit from a booster dose given around a year after their last primary
dose.

Young children with comorbidities would be better protected with at least one
additional dose.

Booster in adolescence

Adolescent boosters can provide indirect protection within their peer groups but no
evidence of this to younger children. The pertussis can be severe in this age group.
When primed with aP vaccines, protection is unlikely to last into adulthood /
parenthood.

Occupational
vaccinations and
household
cocooning

What is the evidence of
protection to vulnerable
groups?

Those primed with aP vaccines are more likely to require 5-yearly doses than those
primed with wP. Boosters prevent symptomatic infection but not carriage of B.
pertussis.

Data is limited the risk of transmission with time since last booster. But it is expected to
be less in asymptomatic people than in those with active disease.

The incidence of AE is slightly higher with closer doses, but these are generally well
tolerated.

More frequent doses are recommended for those in close contact to young infants,
unvaccinated pregnant people, and individuals with comorbidities that increase from
pertussis.

Maternal immunisation is the most effective strategy. There is limited evidence that
cocooning of household members, especially postpartum, is beneficial.

Vaccine choice

Whole cell / acellular
mixed schedule

Giving wP as a first dose in infancy then subsequent doses with aP induces a more
protective T cell profile.

Reactogenicity increases with each wP dose given, therefore, acceptability of a single
first dose with wP is higher. Particularly where meningococcal B vaccine is given with
paracetamol.

Sterilising immunity provided by wP priming improves the ability of pertussis vaccines to
prevent B. pertussis carriage and thereby transmission from asymptomatic carriers.

Monovalent recombinant
acellular pertussis vaccine

A recombinant aP vaccine appears to have a longer duration of immunity (10-yearly
vaccination) than current aP vaccines. A pertussis-only vaccine formulation could be
used where Td vaccination is not required. This vaccine is not approved for use or
available in NZ.

Offering aP-only vaccine would be beneficial and probably more acceptable to women
who have multiple pregnancies. Also, to other people requiring multiple doses in their
working lifetime.

Data is limited to date on the immunogenicity and effectiveness of birth dose of
monovalent aP, for those not vaccinated antenatally.

Other vaccine options

The live attenuate intranasal pertussis vaccine induces a mucosal response and has a
better accepted route of delivery.

Other technologies in development could improve the duration of protection of
pertussis vaccinations and a broader, more protective response.
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Recommendations and challenges for NZ

The following summarises the findings of this review in terms of the New Zealand National Immunisation
Programme.

Maximising antenatal vaccination is the single most effective way to protect young infants. High
coverage and timeliness of the primary series will maintain this initial protection.

Maternal pertussis vaccine uptake is an essential component of pertussis control to prevent severe
consequences of pertussis in the youngest infants.

o Uptake remains suboptimal, particularly in Maori and Pacific women, despite the vaccine
being available and funded in pregnancy for over a decade.

Addition of booster dose is recommended in the second year of life.

o Thisis due to potentially reduced immunogenicity following the primary course and low
population immunity post-COVID-19.

o Older infants and toddlers with comorbidities are particularly at risk of severe pertussis as
protective antibody levels wane.

o This will be especially important once high maternal pertussis vaccine uptake is achieved.

Despite the potential for blunting of the immune response, from the current evidence, we cannot
confirm whether changing the start of the immunisation schedule (ie from 6 weeks to 2 or 3 months)
for infants born to mothers vaccinated in pregnancy will significantly reduce interference of
maternal antibodies on the infant antibody levels or improve protection.

Were there two schedules, one for those vaccinated in pregnancy and one for those not, it would
make service delivery more complex.

o Alater first dose for those who were vaccinated in pregnancy risks those who were not also
to receive delayed vaccination, thereby defeating the purpose of starting the schedule at 6
weeks.

o Currently, the AIR does not record when a vaccination is given in pregnancy and is unable to
link infants’ immunisation record to the maternal record. Therefore, providers are unable to
identify if a newborn was vaccinated in pregnancy or not.

There remains a role for preschool and adolescent booster doses, particularly for those primed with
aP vaccines.

o Toreduce the risk of adverse reactions, Tdap is recommended at age 4 years if DTaP is given
in the second year of life.

Although a mixed wP/aP schedule may improve the immunogenicity and duration of protection of
pertussis vaccinations, parental acceptance and concerns about reactogenicity, and the risk for
administration of the wrong vaccine are significant constraining factors for implementation.
Furthermore, wP-containing vaccines are not approved for use in New Zealand.

Funding a vaccine for close household members and caregivers of newborn infants, for those born to
mothers who missed maternal vaccination or were born too soon after maternal vaccination (ie
within 14 days), may be beneficial. But in practice, be challenging to implement to ensure
vaccination of caregivers was received soon enough after birth to be effective.
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e Consider introducing a recombinant monovalent aP vaccine for occupational vaccinations and
maternal vaccinations where Td is not required. (dependent on Medsafe approval, manufacturing
capacity and cost). Applications for regulatory approval have been submitted in Europe and
Australia.

e Evaluate future vaccine products as they become available — the first likely to be the intranasally
administered live attenuated pertussis vaccine. It will be quite some time before this can be
considered (as in bullet point above).

Outstanding questions and challenges

In 2015, the Ministry of Health and IMAC held a workshop to discuss strategies of pertussis control. It
covered aspects of immunisation schedule timing, antenatal immunisation and communication, improving
immunisation coverage and service delivery, and data collection and surveillance.®® Perhaps it is time to
revisit this in 20257 Progress has been made in the last decade, particularly around maternal vaccinations,
but questions and barriers remain.

The biggest question in New Zealand is whether higher uptake of maternal vaccination will affect the
epidemiology of pertussis in toddlers, in the absence of a booster dose. Evidence suggests that this is very
unlikely to affect protection against severe disease but may result in milder infections.3! Currently, maternal
uptake is suboptimal and timeliness of infant vaccinations is poor. As well as improving maternal and infant
vaccine coverage, the work to answer this question would require improved data collection and data linking
between maternal vaccinations, aligning infant vaccination records with maternal records, and identification
and notification of all suspected pertussis cases. But the limited testing capacity of NZ laboratories would not
enable suspected cases to be confirmed.

The evidence does not suggest any additional benefit in vaccinating of household contacts through
cocooning after the infant is born, when the mother was not vaccinated in pregnancy. In these cases, is there
any advantage of vaccinating infants before 6 weeks of age? Australia considers a first dose of DTaP-IPV-
HepB/Hib given from 4 weeks of age as a valid dose (note that this in conjunction with a booster dose given
in the second year of life).®® However, unless there were extenuating circumstances as to why the mother
was unable to be vaccinated in pregnancy, this concept raises the question as to whether people who have
not been vaccinated in pregnancy would be agreeable to or could access vaccination of their infant earlier
than 6 weeks. Generally, parents who choose to be vaccinated in pregnancy are more likely to vaccinate
their infants and on time.3%7°

In addition to infants, older adults may also be at increased risk of pertussis hospitalisation. This group was
not covered in this review of evidence. A further review of the literature is required to quantify this risk and
identify which adult groups are at the highest risk from severe disease or adverse outcomes.

Updates suggested for the Immunisation Handbook 2024

e Effectiveness data for maternal vaccination.
e Additional vaccine safety data for maternal vaccination.

e Emphasise that maternal vaccination is a priority. In addition to vaccination as soon as possible
during pregnancy, vaccination of close household members of a newborn is best conducted prior to
birth or two weeks prior to seeing the infant.
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Abbreviations

AEFI

AESI

aP

aPgen

BC

CcDC

cl

DT
DTaP-IPV-HepB/Hib
ECE

EPI

ESR
EU/ml
FHA
FIM2/3
GAIA
GMC
GMR

Hib

HHE

HR or aHR
IgA

1gG

1U/ml
NSW

Nz

omv
ORor aOR
PBMC
PCV13 or PCV10
PT

PRN

RCT

RR or aRR
RT-PCR or PCR
SAE

SD

SR/MA
Tdap
TdaPchem

Tda Pgen
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adverse events following immunisation

adverse events of special interest

acellular pertussis vaccine

recombinant acellular pertussis vaccine with genetically detoxified pertussis toxin
British Colombia

Centers for Disease Control and Prevention

confidence interval

diphtheria toxoid

combined diphtheria, tetanus, acellular pertussis, inactivated poliovirus, hepatitis B and Haemophilus
influenzae type b vaccines.

early childhood education

Expanded programme for immunisation

Institute for Environmental and Scientific Research

ELISA units per millilitre

filamentous haemagglutinin

fimbriae 2 and 3

Global Alignment on Immunisation Safety Assessment in Pregnancy
geometric mean concentration

geometric mean ratio

Haemophilus influenzae type b

hypotonic hyporesponsive episode

hazard ratio or adjusted hazard ratio

immunoglobulin A

immunoglobulin G

International units per millilitre

New South Wales, Australia

Aotearoa New Zealand

outer membrane vesicles

odds ratio or adjusted odds ratio

peripheral blood monocytes

pneumococcal conjugate vaccine (13 valent or 10-valent)
pertussis toxin

pertactin

randomised controlled trial

risk ratio or adjusted risk ratio

reverse transcriptase polymerase chain reaction

serious adverse events

standard deviation of mean

systematic review and meta-analysis

tetanus, diphtheria and acellular pertussis vaccine (reduced antigen doses)
tetanus, diphtheria and acellular pertussis vaccine with chemically detoxified pertussis toxin

combined tetanus, diphtheria and recombinant acellular pertussis vaccine
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Tdap-IPV combined tetanus, diphtheria, acellular pertussis and inactivated poliovirus vaccines
T™C tonsil monocyte cells

Trmcells tissue resident memory cells

T tetanus toxoid

UK United Kingdom

us United States of America

VAERS vaccine adverse events reporting system
VE vaccine effectiveness

WA Western Australia

WHO World Health Organization

wP whole cell pertussis vaccine
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Introduction

Purpose of the review of evidence on pertussis, 2024

The aim of this review is to answer key questions relevant to improving pertussis control in New
Zealand (see the table below). It will consider scientific evidence published from 2019 — 2024 since
our previous reviews in 2018 and 2019.% 2 It is not a systematic review. Not all aspects of pertussis
immunisation have been reviewed. Cost-benefit analyses are outside of the scope of this review.
Conclusions given represent the author and reviewer’s interpretation and comprehension of the
literature.

Note, in relation to vaccination in pregnancy and birthing parents, the words maternal and women
are used. IMAC acknowledges that people who do not identify as female can become pregnant and
are to be included where these terms are used.

Key questions for this review

Topic Questions

Immunisation Schedule  Does passively transferred e What are the implications of commencing the
antibody interfere with a child’s infant schedule at age 6 weeks in the context of
primary course? antenatal vaccination?

Timing and frequency maternal e What is the optimal timing and frequency of
doses. vaccinations in pregnancy?

e For how long do maternal antibodies provide
protection?
e Does infant birth order affect the effectiveness?
e |sthere an increasing risk for adverse reactions
when giving vaccination in each pregnancy?
Booster in second year of life e Should NZ include an additional dose in the second
(toddler booster) year of life to the Schedule?
e |sthere a benefit for high-risk infants?

Booster in adolescence e Isthere arole for the adolescent booster in
pertussis control?

Occupational What is the evidence of e How frequently are doses needed?
vaccinations and protection to vulnerable groups? e Who should be recommended frequent
household cocooning vaccinations?

e Are there safety concerns around repeated dosing?
e What vaccine options are there?
Vaccine choice Whole cell / acellular mixed e Can we overcome the rapid waning in immunity
schedule seen with acellular pertussis vaccines?
e |sthe reactogenicity better than whole cell alone?
e Can it reduce pertussis transmission?
Monovalent recombinant e Does it improve immunogenicity of acellular
acellular pertussis vaccine pertussis vaccines?
e Could it have a role in pregnancy?
e Can it be given before age 6 weeks in those not
vaccinated in pregnancy?
e Willit be a better option for repeated doses in
occupational pertussis immunisation?
Other vaccine options e live attenuate intranasal pertussis vaccine
e What other technologies are in development?
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Background

Pertussis epidemics usually occur every three to five years, but changes in behaviour and respiratory
infection transmission during the COVID-19 pandemic have delayed this cycle. Aotearoa New
Zealand (NZ) has now declared pertussis epidemic, as of 22 November 2024, with lowest population
immunity than ever before due to a lack of exposure to wild-type infection and several years of
declining immunisation coverage. Almost one quarter of young children aged under 2 years are
recorded as not fully immunised (coverage of 77%, 30 June 2024) on the Aotearoa Immunisation
Register (AIR). Infants bear the greatest burden of pertussis. Their small body size and immature
immune system mean that the virulent effects of pertussis toxin are amplified. Medical interventions
are unable to reduce disease severity, they can only support breathing and reduce the adverse
effects of metabolic changes.

Pertussis is a complex extracellular and intracellular infection. How B. pertussis evades body
defences and how the immune response works to prevent disease is poorly understood.” The
bacterium can adhere to and be internalised by the ciliated epithelial cells of the respiratory tract,
cause signalling changes within those cells, and to locally and systemically modulate the innate and
cellular immune system. Not only does the infection manifest as respiratory disease, but it is also
able to cause metabolic disturbance, hypoglycaemia and toxicity in the brain, particularly in young
infants.

To help to protect the youngest infants before they can be fully immunised, vaccination in pregnancy
with tetanus-diphtheria-acellular pertussis vaccine (Tdap, funded in NZ from 13 weeks gestation)
provides passive immunity. In this way, maternal antibodies transferred across the placenta to the
infant’s blood can rapidly neutralise the highly virulent pertussis antigens, in particular pertussis
toxin.

Over the last two decades, since acellular pertussis (aP) vaccines replaced whole cell (wP) vaccines in
the late 1990s (2000 in NZ), a resurgence in pertussis has been observed in many developed
countries using aP vaccines. Two factors related directly to the vaccines have been attributed to this
increase.

1. Firstly, immunity following vaccination with aP vaccination wanes faster than wP vaccines.

2. Secondly, aP vaccines are unable to prevent nasopharyngeal carriage of Bordetella pertussis
and enable transmission from asymptomatic and mildly symptomatic carriers.

Other factors associated in with an increase in cases include improved pertussis surveillance and
diagnostic testing, and selective evolutionary pressures on B. pertussis exerted by vaccination (Figure
1) 49
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Figure 1: Plausible factors contributing to the increased incidence of whooping cough in recent decades
(Szwejser-Zawislak, 2023, open access)

The most likely causes for the increased pertussis morbidity rates

A X-T

Evolution Wane of immunity B. pertussis Improvements
of B. pertussis conferred by vaccination transmission in pertussis surveillance
under selective pressure (faster in the case by asymptomatic and in diagnostic
exerted by vaccines of acellular vaccines) carriers methods

Along with low population immunity, due to an apparent lack of natural boosting and low
immunisation coverage, pertussis cases are surging worldwide. The fear in NZ is that with low
maternal vaccination uptake and delays in vaccination of infants, infants will be significantly
impacted by pertussis. This gap in immunity has been associated with infant deaths in NZ in 2023
and the UK in 2024.> 14 The poor immunisation coverage in under 5-year-olds risks there being
higher rates of spread and for more severe disease to emerge in age groups that were previously
well protected by vaccination.

Findings of previous reviews of evidence, in 2018 and 2019

Previous reviews of evidence conducted in 2018 and 2019 by the Immunisation Advisory Centre at
The University of Auckland have investigated similar questions to the ones being asked for this latest
review.b?2

Data clearly show that protection of our youngest infants against pertussis can be achieved by
vaccinating in pregnancy. There are no safety concerns around vaccinating during pregnancy and it
improves infant outcomes. There is good evidence that infants born to mothers who were
vaccinated during pregnancy are likely to also be vaccinated on time according to the Schedule.
Maximising antenatal vaccination is the single most effective way to protect young infants. High
coverage and timeliness of the primary series will maintain this initial protection.

The immunisation programme must look for the best use of currently available vaccines with the
primary aim of protecting infants against severe pertussis and consideration of the timing of
protection required from other vaccines in the schedule.

However, questions remain around the timing of the start of the schedule in the presence of
maternal antibody and how to best protect infants born to mothers who did not receive antenatal
vaccinations. Generally, in the absence of a defined correlate of protection for pertussis antibodies,
there is insufficient data to confirm or exclude any clinically meaningful interference or duration of
protection.
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New Zealand Immunisation Schedule

The pertussis vaccines approved for use in New Zealand are listed below and described in Table 1. In
2000, NZ switched from whole cell pertussis (wP) to acellular pertussis (aP) vaccines. There are two
main types of acellular pertussis-containing vaccines available — those containing full antigen doses
of diphtheria toxoid, tetanus toxoid and acellular pertussis antigens (DTaP) and those with reduced
antigen doses of diphtheria toxoid and pertussis antigens (Tdap, as indicated by the lower-case
letters). The number of Bordetella pertussis antigens can vary between vaccine brands (see Table 1).

Table 1: Pertussis-containing vaccines available in New Zealand, December 2024. (Source: Medsafe data
sheets)

DTaP combinations

Infanrix-hexa® (GSK) DTaP- Three pertussis antigens

IPV-HepB/Hib Combined diphtheria-tetanus-acellular pertussis, inactivated poliovirus, hepatitis B and Haemophilus
influenzae type B vaccine (DTaP-IPV-HepB/Hib), containing >301U DT, >40IU TT, 25ug PT, 25ug FHA, 8ug
PRN, as well as HepB surface antigen, IPV types 1, 2 and 3, Hib-PRP conjugated to TT.

Infanrix-IPV® (GSK) Combined diphtheria-tetanus-acellular pertussis and inactivated poliovirus vaccine (DTaP-IPV),
DTaP-IPV containing 2301U DT, 240IU TT, 25ug PT, 25ug FHA, 8ug PRN and IPV types 1,2 and 3

Tdap combinations

Boostrix” (GSK) Three pertussis antigens

Tdap Combined tetanus, reduced antigen dose of diphtheria and three-component acellular pertussis vaccine

(Tdap) containing >21U DT, >20IU TT, 8ug PT, 8ug FHA and 2.5ug PRN adsorbed 0.5mg aluminium and
suspended in isotonic sodium chloride.

Adacel’ (Sanofi-Pasteur) Five pertussis antigens, private market only

Adacel’-Polio Combined five-component acellular pertussis vaccine combined with diphtheria and tetanus toxoids
(Tdap) containing >201U TT, >21U DT, 2.5ug PT, 5ug FHA, 3ug PRN and 5ug FIM2/3 adsorbed with 0.5mg
aluminium. Also available is a formulation combined with IPV types 1, 2 and 3.

Abbreviations: DT — diphtheria toxoid; FHA — filamentous haemagglutinin; FIM2/3 -fimbriae types 2 and 3; IU — international units; HepB — hepatitis B, Hib
— Haemophilus influenzae type B; IPV - inactivated poliovirus; PRN — pertactin, PRP - polysaccharide polyribosylribitol phosphate; PT — pertussis toxin

In NZ, three-antigen pertussis vaccines are available as part of the National Immunisation Schedule
(the Schedule, see Table 2) containing chemically detoxified pertussis toxin (PT), filamentous
haemagglutinin (FHA) and pertactin (PRN). Children aged under 7 years receive DTaP-containing
vaccines as part of the primary series or as a preschool booster (scheduled at age 4 years).

Table 2: New Zealand immunisation schedule for pertussis containing vaccines, July 2024

Age / Antigen(s DTaP-IPV-
ge/ gen(s) HepB/Hib DTaP-IPV
Pregnancy v
6 weeks v
3 months v
5 months v
12 months
15 months
4 years v
11 or12years v
45 years® v
65 years' v

§ if have received fewer than four lifetime tetanus doses.
+ given 210 years after previous tetanus dose
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Reduced antigen vaccine (Tdap) is usually given after the age of 10 years but is available for use from
age 4 years and funded as booster doses from age 7 years, for catch-up vaccinations. Tdap is also
used as part of a catch-up primary course for unimmunised individuals from 10 years of age. Three-
antigen and five-antigen (with two additional fimbriae antigens, FIM2/3) Tdap vaccines are available.
Also available in some countries are TdaP vaccines that contain higher pertussis antigen content
than the Tdap vaccine in New Zealand (ie 25ug vs 8ug of inactivated pertussis toxin).

The Schedule in New Zealand differs from many other countries (for details see Table 6) by
commencing the primary course at age 6 weeks, rather than 8 weeks or 2 months. It also does not
include a DTaP booster dose in the second year of life. Although Tdap is offered at age 65 years, this
is primarily for tetanus and diphtheria protection.
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Review of recent literature

The following will present the findings of the latest published evidence (from January 2019 —
October 2024) and consider any new questions that have arisen since 2019. For details of the studies
presented see the Summary of evidence tables.

Epidemiology and burden of pertussis

Globally, pertussis is a significant cause of infant mortality and hospitalisation. In older children and
adults, it can range from a mild respiratory disease to violent episodes (paroxysmal) of coughing
lasting several months, that can cause rib fractures, haemorrhages, incontinence and vomiting.

Burden of pertussis in infants

Recent evidence

A pharma-sponsored systematic review of 67 articles, published between 2005 and 2018, was
conducted by Kandeil et al (2020). They reported that, prior to the introduction of maternal
vaccination, the incidence rates of pertussis in infants aged under 2 or 3 months exceeded 1,000
cases per 100,000 population during outbreaks in some countries. Virtually all pertussis-associated
deaths occurred in this age group. Most of the available data was from Europe or the Americas, but
based on limited data, a higher or similar burden was seen in Africa, Eastern Mediterranean and
Asia. For countries where pertussis was not notifiable only hospital data was available.? As a
comparison, during the previous pertussis epidemic New Zealand in 2018, ESR reported the highest
rate of cases was in aged under 1 year at 274 per 100,000 and more than 50% were hospitalised; by
ethnicity, the highest rate was for Pacific infants at 553 cases per 100,000.72

A Dutch study found that infants born at or prior to 37 weeks gestation were at a greater risk of
pertussis hospitalisation than infants born at term (12% premature vs 8% birth cohort).* Compared
with term infants, the median age of hospital admission for preterm infants was significantly higher
(age 3 months vs 2 months, p<0.001). Although ICU admission rates were similar between groups,
preterm infants required longer stays (15 days versus 6 days). When adjusted for age and presence
of coinfections, preterm infants had an almost three-times greater risk of needing artificial
respiration (adjusted odds ratio [aOR] 2.8; 95% Cl 1.3-6.0) and almost double the odds of apnoea
(aOR 1.8;1.0-3.3).*

Infants aged under 2 months were also at greatest risk of pertussis hospitalisation (116 cases per
100,000), ICU admission (33.5 per 100,000) and death in Canada.’ Independent risk factors for ICU
admission were age under 16 weeks, prematurity, encephalopathy and confirmed pertussis
diagnosis. There were 21 deaths, and the risk factors for death included age under 4 weeks,
prematurity and female sex. The study included children aged up to 16 years admitted to paediatric
hospitals with confirmed or suspected pertussis case during 1999—-2015, following the introduction
of aP vaccine. It showed that vaccination was effective against pertussis hospitalisation, with a large
reduction in incidence in those aged 4-5 months and 6—11 months (from 28 cases to five cases per
100,000) and protection was maintained in those aged 1-4 years (0.8 cases per 100,000). But the
youngest, unvaccinated infants remained at very high risk from severe pertussis.®

Aboriginal children or children with at least one comorbidity, including respiratory, heart or kidney
disease or prematurity prior to 32 weeks gestation were identified to be at highest risk of pertussis
and severe pertussis by a data-linking study in Australia.® During 2001-2012, over 1.3 million infants
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were followed for 18 months. Amongst these infants, 3,771 were under 18 months of age when they
had their first episode of pertussis and 32% of these were hospitalised. Of the 101 children admitted
to ICU, 86 (85%) were aged under 4 months and 68 (67.3%) were under 2 months. Three infants
died.®

Children in South Africa were shown to be at significantly increased risk of severe pertussis if they
were aged younger than two months (adjusted risk ratio [aRR] 2.37, 95% Cl 1.03-5.42); infected with
(aRR 4.35, 1.24-15.29) or exposed to HIV (aRR risk 4.35, 1.04—12.01); or with mild or moderate
under-nourished (mild 2.27, 1.01-5.09; moderate 2.70, 1.13-6.45).”

The nasopharyngeal carriage of B. pertussis in caregivers was the greatest risk factor associated with
infection in infants (aRR 13.82, 7.76-24.62).” Vaccination with three or more primary doses
significantly reduced the risk (aRR 0.28; 0.10-0.75) in these children.’

Key points

e Unvaccinated infants aged under 2 months, too young to receive the first dose of primary
course in many countries, are at very high risk of severe pertussis, hospitalisation, ICU
admission and death.

e Preterm birth before 37 weeks gestation is further increases the risk of the most severe
pertussis and longer hospital stays.

e Other risk factors for high disease severity include certain comorbidities, such as respiratory
heart or kidney disease, HIV infection and being under nourished.

e Virtually all pertussis-associated deaths are seen young infants, before their immunisations
are commenced.

e Nasopharyngeal carriage of B. pertussis in caregivers is also a significant risk factor for
infection of infants (increasing the risk by around 14 times).

Pertussis during and after the COVID-19 pandemic

Recent evidence

Over the last four years, the COVID-19 pandemic and non-pharmaceutical infection control
measures have had an impact on the circulation of many respiratory infections, including pertussis.
Concerns around immunity to respiratory infections are being reported (see Table 7 for details of
studies presented below). These effects result from a combination of causes. Firstly, a lack of
natural immunity boosting because lockdowns, social distancing and mask wearing reduced the
circulation of a range of common respiratory infections. Secondly, with disruptions to overburdened
health services and the reaction to mandated vaccination, declines in vaccination coverage have
accelerated.

Low immunity is seen in both children and adults, and worryingly, in unvaccinated infants who have
missed both maternal doses and primary Schedule immunisations.
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Impact of COVID-19 pandemic on pertussis incidence

Pertussis cases have surged in 2024 and severe cases in infants are rising globally.!* The World
Health Organization (WHO) reported that in 2019, prior to the COVID-19-pandemic, the global
pertussis incidence rate was 29.8 cases per million. The incidence rate dropped to 9.2 and 4.6 per
million in 2020 and 2021, respectively (noting that notification rates and testing were also likely
affected by the pandemic, see Figure 3). Incidence began to rise again in 2022 and 2023. In Europe,
from January to March 2024, there were already 32,000 cases, compared to a total of approximately
25,000 cases in 2023 (see Figure 4).1* A 15-fold increase in cases was also reported in China over the
same period. From January 2023 to April 2024, 19 deaths due to pertussis have been reported in the
European Union (EU/EEA): 11 infants and eight older adults.!!

Figure 2: Reported pertussis cases 2000-2023. (A) Western Pacific Region (B) global (WHO Dashboard)

Reported cases
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A
Pertussis 47,243
25,282 47,243
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Figure 3: Laboratory-confirmed pertussis cases in England, US and Europe, Jan 2018-

Mar 2024 (2023 and 2024, provisional data) (Khalil, 2024, open access)
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Sources: Pertussis epidemiology England 2024 (www.gov.uk), ECDC Surveillance Atlas of infectious diseases EU/EEA
(https://atlas.ecdc.europa.eu/public/index.aspx and US CDC surveillance (https://www.cdc.gov/pertussis/php/surveillance/pertussis-
cases-by-year.html )
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In England, following a total lockdown and then social distancing and mask wearing measures, the
incidence of pertussis dropped from April 2020 despite anticipating a peak year.’ The total pertussis
incidence rate ratio was 0.02 (95% Cl 0.01 — 0.02) between July 2020 to June 2021 and July 2014 to
June 2019. Prior to the COVID-19 pandemic, from 2014 to 2019, the total incidence rate was 7.60
cases per 100,000 population. This fell in 2020 / 2021 to 0.13 cases per 100,000. In infants aged
under 1 year, pertussis incidence declined from 24.5 to 0.5 cases per 100,000. It is however unlikely
that pertussis went away — cases were probably under diagnosed as the symptoms and cough were
similar to those seen with COVID-19.°

Pertussis immunity

Ten infants died during a surge in pertussis cases in early 2024 in England.'* 73 Between January and
August 2024, the majority of the 13,248 laboratory-confirmed cases were aged over 15 years (57%)
and aged 10 — 14 years (19%) and aged 5 — 9 years (12%); 3% (407 cases) were in infants aged under
3 months.”® As with many countries, the UK has seen a decline in routine vaccination. Coverage in
England at age 12 months was 91% for DTaP-IPV-HepB/Hib (6-in-1) in 2023/24,’* but maternal
vaccine uptake had decreased from 74.7% in 2017 to 58.9% in March 2024.73

A study in the Zhejiang Province in China collected blood samples in 2020 from 4,459 participants
aged 0 — 59 years.X It found that, although the prevalence of pertussis decreased during the COVID-
19 pandemic, a proportion of children, adolescents and adults had serological evidence of a recent
infection not identified by diagnosis or routine surveillance (at a lower rate than in a 2014 study).
Despite this, a high proportion of the population were susceptible to pertussis infection: around half
of those aged 7 — 39 years had undetectable anti-PT IgG.%°

In Canada, the incidence of pertussis during 2020 (three cases per 100,000) and 2021 (less than one
case per 100,000) was the lowest since 1990.12 When anti-pertussis antibody levels were compared
in paired blood samples from 18 healthcare workers of childbearing age, there was a significant
decline during 2021 compared 2020 due to low exposure to pertussis and the absence of recent
boosting.?

Key points

e The public health measures and the impact of COVID-19 on health care systems has altered
the usual pattern of pertussis outbreaks.

e Avresurgence in infections is being observed globally, with lower immunity through reduced
exposure to wild-type infections and a decline in immunisation coverage.

e Declines in coverage for both maternal and childhood vaccinations have resulted in high
rates of infant hospitalisation and led to infant deaths.
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New Zealand pertussis epidemiology, 2024

From the end of New Zealand’s last pertussis epidemicin May 2019 to early 2024, very few pertussis
cases have been reported; ranging from 0 — 11 cases per month from May 2020 — July 2023 (see
Figure 4).

Figure 4: Number of pertussis cases by month and year in New Zealand (Source: ESR pertussis dashboard,
22 Nov 2024)
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During 2023, a few cases of pertussis were notified in New Zealand without widespread community
transmission. Tragically, three geographically unrelated infant deaths (at ages 4, 5 and 8 weeks)
occurred during February and March 2023.%3 Since July 2023, the number of confirmed, probably
and suspected pertussis cases reported has grown, with a marked increase from May 2024 (see
Figure 5). Only 21 pertussis cases were reported in 2023, but from 1 January 2024 to 22 November
2024, 1009 confirmed, probably and suspected cases had been reported, 99 (9.8 %) of the cases
were hospitalised (ESR Digital Library). At which point, an epidemic was officially declared.

Figure 5: Pertussis cases by month, January 2009 - October 2024 (ESR Pertussis
surveillance report, 26 October — 22 November 2024)

600 —

w r w
=] = =1
S 1= =1
| | 1

Number of notifications
=
a8
|

100 —

2309!20]0'201 1|2012[2013|ZC 1-1|20].5‘20L6|2Cl7‘2018'2-319'202“]202]|2022[202 RIZDQr‘-
Year (Month)

Note: Data for Nevember are not presented as not yet complete.

From 1 January to 22 November 2024, 46 out of 63 (73.0%) of pertussis cases aged under 1 year and
13 out of 133 (9.8%) cases aged 1-4 years were hospitalised. Fortunately, there have been no deaths,
to date. See Table 3 for breakdown by age for those aged under 1 year.
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Table 3: Number of pertussis cases and hospitalisation aged less than 1 year (ESR pertussis report, 26 Oct —
22 Nov 2024)

26 October-22 November 01 January-22 November 2024

Age Group

Cases Hospitalised Cases Hospitalised
<2 months 4 | 4(100.0%) 13 | 12 (92.3%)
2-5 months 5 | 5(100.0%) 25 | 22 (B8.0%)
6-11 months 5| 1(20.0%) 25 | 12 (48.0%)

As well as young children, adults aged over 65 years are at increased risk of being hospitalised due to
pertussis, with around 30% of cases hospitalised (11 hospitalised out of 38 cases), but this age group
makes up a small proportion (4%) of the total cases notified. By ethnicity, the highest proportions
hospitalised during 2024 were Pacific (27%), Asian (18%), Maori (16%) and Middle
Eastern/Latin/American/African (15%) compared with European and Other (5%). For the latest data,
see Pertussis dashboard (esr.cri.nz)

Pertussis vaccine effectiveness in infants

The effectiveness of aP vaccines is not as robust as it was for the wP vaccines. As the duration of
protection appears to be shorter, cases have shifted from infants and young children to adolescents
and adults. However, infants aged less than 12 months remain at highest risk from severe disease,
particularly those too young to be fully vaccinated. For further details of the evidence presented
below, see Table 8.

Effectiveness of the childhood programme

Effectiveness of one or two doses in infants aged under 1 year

Having at least one dose of aP vaccine was almost 60% effective against pertussis in infants aged

2 — 11 months (59%; 95% Cl 36 — 73%) in Europe.’® A large test-negative design study used
surveillance data collected by the Pertussis in Infants European Network (PERTINENT) between
December 2015 to December 2019 to examine vaccine effectiveness. Vaccination with one dose
halved the risk of being hospitalised with pertussis: VE at ages 2 — 5 months was 48% (5 — 72%), and
at ages 2 — 11 months was 56% (28 — 73%). Two doses between ages 2 — 11 months, increased
vaccine effectiveness to 73% (50 — 86%).°

A Swiss study demonstrated dose-dependent increases in effectiveness of a three-component aP
vaccine against hospitalisation with pertussis in infants aged 2.5 months to 2 years. At the time of
the study, pertussis vaccinations were scheduled at ages 2, 4, 6 and 15 — 24 months. After one dose,
vaccine effectiveness was 42% (95% Cl 11.3 — 62.6), this increased to 84% (70% — 92%) after dose
two, and after dose three to 98% (96 —99%). No cases were reported after dose four (VE 100%,

96 — 100%).® There were 327 pertussis cases in infants between 2006 and 2010, and 196 during
2013 to 2017; these were compared with 20,633 randomly selected controls.*®
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Effectiveness of complete course

A systematic review conducted by Wilkinson et al (2021) found that the studies investigating
effectiveness of pertussis vaccination against disease to be highly heterogenous, with difference in
timing, magnitude of pertussis activity, vaccination schedules and products used.'’ It gave a pooled
estimate for VE of 91% (95% Cl 87 — 94%, |1> = 67%, six studies) against severe pertussis
(hospitalisation or death) in children.?®

A cohort study in the US concluded that, although un- or under-vaccinated children were at high risk
of pertussis, they represented small proportion of the cases (4% of person-years of follow-up and
20% of total cases, combined).'” The study followed 469,982 children from age 3 months until they
tested positive for pertussis, received Tdap or turned 11 years (average 4.6 years follow-up per
child). The children were born between 1999 and 2016 at Kaiser Permanente Northern California.'’
Of the 738 pertussis cases identified, 99 were unvaccinated, 36 were under-vaccinated, 515 were
fully vaccinated for age with DTaP, and 88 were fully vaccinated plus one dose (ie received five
doses, given at ages 2, 4, 6, 12—18 months and 4 — 6 years). Pertussis risk for the unvaccinated
children was 13 times higher than fully vaccinated children (adjusted hazard ratio [aHR] 13.5, 95% ClI
10.6 — 17.2) and 1.9 times higher than those partially vaccinated (aHR 1.9, 1.3 — 2.6). Most pertussis
cases were in children who were further away from their last DTaP dose.?’

Key points

e Unvaccinated children (aged 3 months to 11 years) are 13 times more likely to have
pertussis than fully vaccinated children and twice as likely as partially vaccinated children.

e Receiving at least one dose of aP vaccine provides 40% — 50% protection before the age of
12 months and halves the risk of hospitalisation.

e With a dose-dependent increase in effectiveness, three or four doses provide the best
protection (at least 98% effective).

Effectiveness in special groups

An Australian cohort study investigated pertussis incidence and vaccine effectiveness in 1.3 million
children in Western Australia and New South Wales during 2001 — 2012, followed for 18 months.
The children were stratified by risk factors: 4.9% were Aboriginal children and 3.6% (consisting of
5.6% Aboriginal and 3.5% non-Aboriginal children) had at least one or more comorbidity or
prematurity (born at <32 weeks or 32 — 37 weeks gestation). The most common comorbidities were
respiratory, heart disease, kidney disease, prematurity <32 weeks.® Vaccine effectiveness against
hospitalisation was similar between Aboriginal and non-Aboriginal children, but findings showed
that improved timeliness and antenatal vaccination could improve pertussis protection in Aboriginal
infants.

For those with comorbidity, dose one and two vaccination were much less effective against pertussis
hospitalisation for those without comorbidities (dose 1: VE 0% vs 41%; dose 2: VE 30% vs 80%; dose
3: 70% vs 81%, respectively).® In infants born prematurely before 32 weeks gestion, no significant
reduction in pertussis hospitalisation was shown until after the third dose compared with after dose
two. Hospitalisation for pertussis was six times more likely post dose three (ie from 6 months of age)
than for otherwise healthy infants.® Since antenatal vaccination or delays in timeliness have less of
an effect beyond age 6 months, additional measures should be considered to prevent pertussis in
infants with complex health conditions, such as additional doses or improved vaccines.
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Similarly, the effectiveness of the first dose of vaccination against pertussis hospitalisation was less
in Dutch preterm infants (born <37 weeks gestation) than those born at term (VE = 73% [95% Cl 20 —
91%)] preterm vs 95% [93 — 96%] for term infants).? The effectiveness of the second doses were
comparable (93% vs 86%). The median age of hospitalisation for preterm infants was 3 months
compared with 2 months for term infants (p<0.001).*

Key points

e Comorbidities increase the risk for severe pertussis in children.

e On-time vaccination and antenatal vaccination can improve the outcomes for these infants
up to the age of 6 months.

e Hospitalisation risk is six times higher in children with comorbidities aged over 6 months
than for healthy children.

e Children in New Zealand, including those with comorbidities, do not currently receive a
booster dose in the second year of life — this is likely to increase the risk of severe pertussis
in high-risk toddlers.

e Additional measures, in addition to three primary doses plus a booster in the second year of
life, are likely to be needed to improve pertussis outcomes of infants and toddlers with
complex health conditions.

Duration of protection

As mentioned above, the risk of pertussis increases with time since the last aP dose. In a large cohort
study of almost half a million children in the US, pertussis risk was five times higher in children aged
19 months to under 7 years who were three years or more post vaccination than those less than one
year post vaccination (aHR 5.0, 95% Cl 1.8 — 13.8).Y” For older children aged 7 — 11 years, the risk of
pertussis was doubled in those who were six years or more post vaccination compared with those
less than three years. Children who had a booster dose in addition to being fully vaccinated for age
with the primary course had a lower risk of pertussis than those who were fully vaccinated only (aHR
0.5, 0.3 -0.7).1 The authors noted that the results suggest that suboptimal vaccine effectiveness
and waning immunity could play a major role in recent pertussis epidemics.’

The systematic review conducted by Wilkinson et al found that in children aged 0 — 10 years, vaccine
effectiveness of aP vaccines in the first year was 98% (90-100, 1> = 94%) and 81% (69-89%, 1> = 0) by
5 years post vaccination.®

Another systematic review and meta-analysis by Gao et al (2022) found substantial waning in
antibody immunity against pertussis and diphtheria follow vaccination with DTaP-containing
vaccines.® Anti-pertussis toxin antibody geometric mean ratios declined rapidly within three years
since the last dose.*®

Key points

e Protection provided by pertussis vaccines lasts for a few years, but risk of infection increases
with time since last dose.

e Inyoung children (aged 19 months to under 7 years), who have received fewer doses than
older children, protection wanes within three years.
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e Additional doses after the primary course help reduce the risk of pertussis in children.

Summary of vaccine effectiveness in infants

e Athree-dose primary course in infants is required to be optimally protected in the first year
of life.

e Vaccine effectiveness significantly increases with each subsequent primary dose in infancy, a
fourth dose in the second year of life provides a very high level of protection.

e Compared with fully vaccinated children, unvaccinated children were 13 times more likely to
have pertussis and twice likely as partially vaccinated children. However, unvaccinated and
partially vaccinated children are only a small proportion of the total pertussis cases.

e Children more distant from their vaccinations are at a higher risk of pertussis, which can be
temporarily reduced by additional doses after the primary course.

e The need for a booster dose is especially important for young children with comorbidities or
other factors, such as under-nourishment, that increase their risk of requiring hospital care
for pertussis.

Pertussis vaccination given in pregnancy - infant’s dose zero

Boosting maternal anti-pertussis antibody levels, by Tdap vaccination during pregnancy, provides
passive immunity in the infant from birth through transplacental transfer of IgG. In addition, parents
who accept vaccination during pregnancy are most likely immunise their child on time.”® This section
considers the latest evidence around the safety, immunogenicity and effectiveness of antenatal
vaccination against severe pertussis in young infants and what impact this has on the infant’s
response to the primary course. See Table 9, Table 10 and Table 11 for further details.

As discussed in our 2018 review of evidence, the best timing for antenatal vaccination with Tdap
appears to be around 20 — 33 weeks gestation for an optimal balance in the infant between antibody
accumulation and postnatal waning.? At that time, only a few studies had investigated vaccination in
the second trimester (ie before 27 weeks gestation). An interval of at least 15 days between
vaccination and birth maximises the chance of protective levels of antibody transfer. Due to rapid
waning of maternal antibodies after a booster dose, vaccinations are recommended to be repeated
in each pregnancy. Initial recommendations commenced maternal vaccinations from 28 weeks to 38
weeks, but this resulted in infants being inadequately protected if born prematurely.?

Interference has been observed with some primary series vaccines containing diphtheria and
pertussis antigens (and polio where TdaP-IPV is given in pregnancy) in the presence of maternal
antibodies. A key question is whether there is any clinical significance for this interference in
antibody response, and if so, whether it would be amplified in NZ with a primary Schedule
commencing at age 6 weeks rather than 8 weeks, 2 months or 3 months as in other countries.

Delaying the infant primary schedule would only be appropriate if a very high proportion of mothers
received a pertussis-containing vaccine in pregnancy. Data is limited to judge the ideal age to
commence the primary series for antenatally vaccinated infants. A delayed start for all infants would
increase the risk of pertussis in those born to unvaccinated mothers, particularly for Maori and
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Pacific children in whom maternal uptake is lowest and who are already at higher risk of delayed
immunisations.?

Vaccinating during pregnancy to provide passive antibody protection to young infants was first
introduced in 2011 in the US, in 2012 in the UK and 2013 in NZ. More than 40 countries have
implemented maternal Tdap vaccination, although uptake is suboptimal in many of these countries,
including New Zealand. Recommendations around the timing of pertussis vaccination in pregnancy
and the start of the infant immunisation programme vary widely around the world making it
challenging to compare data.?®

Safety in pregnancy

As a non-live, subunit vaccine, there are no theoretical, biologically plausible reasons why Tdap
could pose a safety risk in pregnancy, to either the vaccinated person or to the infant before or after
birth. But it is important review the current evidence to provide reassurance to parents (see Table 9
for more details of the studies presented here).

Amongst the published literature, there is consensus that Tdap vaccination can be safely used in
pregnancy. No safety concerns have been raised for pregnancy, perinatal or infant outcomes, and
the benefit has been well demonstrated.?% 2! A previously described New Zealand safety study
(Pertussis Immunisation in Pregnancy study, PIPS) provided reassurance that Tdap is not associated
with unexpected safety risks in pregnancy and detected no biologically plausible vaccine-associated
adverse maternal outcomes.”

The safety of vaccines used in pregnancy is not as well studied or monitored as it should be,
especially since pregnancy is often an exclusion in clinical trials. In the past due to the lack of data,
vaccine data sheets were conservative about the use of vaccines in pregnancy. However, with
widespread use, the Boostrix (Tdap) data sheet was updated to indicate its use for the prevention of
pertussis in infants born to women vaccinated during pregnancy.’®

The Global Alignment on Immunisation Safety Assessment in Pregnancy consortium (GAIA) was
established in 2014, to create a coordinated and standardise approach for monitoring safety of
vaccines administered in pregnancy.?* GAIA developed 26 standardised definitions to classify
obstetric and infant adverse events, but these are not widely used in the literature.?* Davies et al
(2024) conducted a systematic review that included 116 papers about vaccine safety in pregnancy.
Of these 25% were about influenza vaccine, 20.7% Tdap and 12.9% were COVID-19 vaccine related.
The most frequently investigated adverse events of special interest (AESI) were preterm birth, small
for gestation age and hypertensive disorders. Fewer than 10 reported GAIA definition use.?*

Systematic reviews

A meta-analysis of three articles, conducted by Simayi et al (2022), found no significant increase in
the risk of severe adverse events (SAE) related to pregnancy or infant outcomes between those
vaccinated with Tdap in pregnancy and unvaccinated controls. For the pregnant woman, pooled
odds (OR) of SAE was 1.26 (95% Cl 0.78 — 2.05, p = 0.35), and for the infants, pooled odds was 0.61
(0.37-1.01; p=0.053).”

Chorioamnionitis

A systematic review and meta-analysis by Anderson et al (2022) investigated the risk of
chorioamnionitis and non-pertussis infections in women who received pertussis vaccine in
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pregnancy.?? Pooled data from six retrospective observational studies (two studies with statistical
significance) showed an association between pertussis vaccination, and no other non-live vaccines,
and chorioamnionitis (risk ratio [RR] 1.24, 95% Cl 1.14 — 1.42). There was no significant difference in
non-pertussis infections (RR 1.12, 0.43 — 2.91), spontaneous abortion or still-birth (RR 1.04,

0.92 —1.16) or neonatal death (RR 0.32, 0.02 — 4.69). The prevalence of chorioamnionitis in non-
vaccinated groups was almost 3% and an additional eight cases were predicted per 1,000 vaccinated
women.?? However, the clinical relevance of this association was uncertain, since there was no
strong association between receipt of a pertussis-containing vaccine in pregnancy and the known
clinical consequences of chorioamnionitis, such as sepsis and preterm birth.?2 An early study in the
US investigating 24 years of Vaccine Adverse Event Recording System (VAERS) data found that 1% of
pregnancy-related reports to VAERS were for chorioamnionitis following vaccination in pregnancy
(with HPV, Tdap or influenza vaccines). In most of these reports, the vaccine recipient had at least
one risk factor for chorioamnionitis. Based on these findings, no safety concerns were raised.’®

Repeat vaccinations

Another systemic review by D’Heilly et al (2019) reported no increase in acute adverse events among
pregnant women who receive separate doses of a tetanus-containing vaccine less than two years,
two to five years, or more than five years apart.? The rates of systemic and local reactions, including
fever, in those who received Tdap were similar between those who had and those who had not
received a tetanus-containing vaccine within the previous one to five years (based on two studies).
No evidence of any enhanced safety risk was shown when Tdap was given concomitantly with
influenza vaccine. The review concluded that maternal immunisation does not adversely affect
pregnancy, birth or neonatal outcomes, and its findings support recommendations for pertussis
vaccination in each pregnancy.?

Summary of safety in pregnancy
e Safety data support the recommendations to be vaccinated against pertussis in pregnancy.

e Pregnancy is associated with complications unrelated to vaccination, making it more
challenging to decipher any adverse events that may temporally but not causally be
associated with vaccination.

e Unfortunately, monitoring of vaccine safety in pregnancy suffers from a lack of
standardisation because, despite established definitions for adverse events (GAIA)
recognised by the Brighton Collaboration, these are rarely used in studies. Despite this, no
safety concerns have arisen and robust data support Tdap given in pregnancy.

e Reassuringly, in relation to the recommendation to repeat Tdap vaccination in each
pregnancy, the systemic and local reactions were not increased following repeat
vaccinations given from one to five years apart in subsequent pregnancies.

Immunogenicity — antibody transfer to infants

The primary role of pertussis vaccination in pregnancy is to provide infants with passive immunity to
protect them against pertussis until they can be actively immunised with their own vaccines.
Transplacental transfer of IgG commences at around 13 weeks gestion but, as the placenta grows,
the rate of transfer increases. The ideal timing of vaccination before birth requires a balance
between the peak in maternal antibody levels with waning after birth. Without a defined correlate
of protection for pertussis, it is difficult to determine the precise timing to achieve the optimally

Immunisation Advisory Centre - December 2024 16 |Page



Review of Evidence: Pertussis, 2024

protective antibody levels in the infants. See Table 10 for further details of the evidence presented
below.

Timing of vaccination

A systematic review by De Weerdt et al (2024) of 26 papers on immunogenicity found that antibody
titres at delivery were affected by timing of vaccination in pregnancy. Vaccination administered in
the early third trimester rather than late third trimester achieved the highest titres.?’ Antibody titres
were positively correlated with time between vaccination and birth, and maximal protection
occurred around the early third trimester or at least 8 weeks prior to birth. However, since very few
studies have evaluated immunogenicity when vaccinating prior to 20 weeks gestation, a role for
earlier vaccination cannot be excluded.

A Dutch cohort study found that infants born early or at term (237 weeks gestation) to mothers
vaccinated during the mid-second trimester (20 — 24 weeks gestation) had around two-fold lower
anti-pertussis toxin antibody levels at birth and at age 2 months than those vaccinated in the mid-
third trimester (30 — 33 weeks gestation) (see Table 4).2°> Anti-FHA antibodies in cord blood were also
significantly lower following earlier vaccination. For neonates who were born prematurely (25— 35
weeks gestation), cord blood anti-PT antibody titres were not significantly different to those born at
term when maternally vaccinated in the mid-second trimester.?’ There were also significant
differences in maternal tetanus and diphtheria toxoid antibodies, between those born at term or
preterm delivery, but this was not related to timing of vaccination. The authors proposed that when
vaccination occurs prior to 24 weeks, the peak in maternal antibody response after vaccination may
not coincide with the optimal time for maternal antibody transfer. This appears not to be
compensated for with a longer gestation time. The clinical relevance of these lower antibody levels is
unknown without a correlate of protection or epidemiological study.? This study did not compare
the antibody levels in infants born prematurely between maternal vaccination in the second or third
trimester.

The risk of severe pertussis in premature infants is very high?® and therefore early vaccination is
substantially better than no vaccination.

Table 4: Anti-pertussis toxin antibody titres following maternal vaccination in second or third trimester at
birth (adapted from Immink et al 2024)

Blood sample GMC anti-PT IgG (1U/ml, 95% Cl) GMR (95% Cl) P value
Preterm / term infants  Maternal Tdap in 2" Maternal Tdap in 31d study vs reference

trimester (study cohort) trimester (reference cohort)
Maternal 32.9(26.0-41.6) 61.8 (46.8-81.7) 0.53 (0.35-0.80) <0.001
Neonate cord blood 58.6 (46.4-74.2) 125.1 (94.0-166.3) 0.47 (0.31-0.72) <0.001
Infant age 2 months 14.7 (10.6-20.4) 27.3(20.1-37.1) 0.54 (0.34-0.85;) =0.005
Maternal vaccination Preterm infants Term infants preterm vs term

in second trimester

Maternal 60.4 (44.1-82.7) 32.9(26.0-41.6) 1.84 (1.24-2.72) = 0.002
Neonate cord blood 52.8 (40.7-68.6) 58.6 (46.4-74.2) 0.90 (0.63-1.30) =0.63
Infant age 2 months 11.2(8.1-15.3) 14.7 (10.6-20.4) 0.76 (0.48-1.20) =0.23

Abbreviations: GMC — geometric mean concentrations; GMR — geometric mean ratio; PT — pertussis toxin; Tdap — tetanus, diphtheria
acellular pertussis vaccine.
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Preterm — born <35 weeks gestation; Term — born 237 weeks gestation. Maternal vaccination given at 20-24 weeks gestation or 30-33
weeks gestation.

A comparison of Tdap vaccination during or prior to pregnancy showed that Tdap vaccination during
the late second or third trimester of pregnancy resulted in higher cord blood antibody levels against
pertussis, tetanus and diphtheria antibodies than when Tdap was given before pregnancy. For
pertussis antibodies, levels were 0.5 — 1 Log higher in maternal and cord blood when vaccinated
during pregnancy (p < 0.001). This was especially evident for anti-diphtheria antibodies:
seroprotective levels were reached by 100% of infants whose mothers were vaccinated during
pregnancy compared to 62.5% of those vaccinated before pregnancy (Tdap timing before pregnancy
was not given). Tdap before or during pregnancy vaccination did not affect the transfer of non-Tdap
antibodies (hepatitis B, rubella or influenza). In this study, all participants received influenza
vaccination in pregnancy.?

Repeat vaccinations

The immunogenicity of Tdap was assessed in 27 women following vaccination in two successive
pregnancies (mean interval between pregnancies 2.4 years, range 1.4 — 3.9 years).?” It found that
although Tdap-specific IgG levels in the maternal sera were comparable in both pregnancies, the
total IgG was reduced in the cord blood at the second delivery compared with the first (Table 5). It
concluded that Tdap given in each pregnancy remains beneficial and that infants born to vaccinated
mothers were better protected than unvaccinated infants (based on levels from a previous study).?’

Table 5: Geometric mean concentrations (IU/ml) for Tdap-specific total IgG in maternal and
cord serum at successive deliveries (De Weerdt 2024, open access)

GMC (95% ClI)

Delivery 1 Delivery 2 2
Anti-PT 1.3 (1.2-1.6) 0.7 (0.4-1.1) 0.06
Anti-FHA 1.4 (1.2-1.6) 1.0 (0.7-1.4) 0.14
Anti-PRN 14 (12-1.7) 1.2 (1.0-1.5) 0.71
Anti-DT 14 (1.2-1.6) 1.0 (0.8-12) 0.03
Anti-TT 13 (11-1.5) 1.1(0.9-12) 0.05

GMC, geometric mean concentration; 95% CI, 95% confidence interval; PT, pertussis toxin;
FHA, filamentous hemagglutinin; PRN, pertactin; T'T, tetanus toxoid; DT, diphtheria toxoid;
“By the paired Wilcoxon signed-rank test.

Coadministration

A pilot study conducted in Taiwan found that protection against pertussis following Tdap was not
influenced by vaccination with influenza or COVID-19 vaccines in pregnancy. It examined the
immunogenicity of a third or fourth dose of COVID-19 vaccine (mRNA vaccines) with Tdap alone or
Tdap plus influenza in 71 pregnant women (timing of vaccination not stated, except that Tdap and
influenza were given concomitantly).? It found no significance difference in pertussis IgG in the
vaccinated women with the addition of influenza or COVID-19 vaccinations. No interference was
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seen from Tdap * influenza vaccines in COVID-19 neutralising antibody SARS-CoV-2 inhibition rate.?
High antenatal Tdap coverage rate meant the study did not included comparator groups without
Tdap.

Summary of immunogenicity and antibody transfer

e Datais limited around different timing of Tdap vaccination in pregnancy, particularly when
given in early than the late second trimester.

e Infants born prematurely benefit the most from earlier vaccine administration in pregnancy.
These infants are at highest risk of severe pertussis and would not receive any protective
antibody if vaccinations were given later in pregnancy.

e Antibody levels at birth in infants born at term appear to be lower if the vaccine is given
earlier, but without a defined correlate of protection, the clinical relevance cannot be
extrapolated.

e Likewise, antibody transfer in a second pregnancy, after being vaccinated previously,
appears to be slightly reduced but the clinical relevance is unknown. Vaccination is better
than no vaccination, especially since infants are at risk of being exposed to pertussis from
their older siblings.

e Coadministration with influenza and COVID-19 vaccines did not significantly affect pertussis
antibody titres to Tdap.

Effectiveness of antenatal vaccination

The following assesses the evidence for the effectiveness of antenatal vaccination in preventing
pertussis in infants. See Table 11 for further details.

Recent literature

Maternal Tdap vaccination is highly effective at preventing pertussis and pertussis-associated
hospitalisation of infants aged under 6 months. A Pharma-authored systematic review, of 11 articles
published between 2011 and 2018, showed the adjusted vaccine effectiveness (VE) against
confirmed pertussis in infants aged under 2 months ranged from 78% to 93% (see Figure 6).3 Wide
error bars are due to the small numbers of cases in the individual studies.
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Figure 6: Effectiveness of maternal Tdap against pertussis disease and hospitalisation in infants age <6
months, systematic review (open access, Kandeil et al 2020)
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The PERTINENT study in six European countries evaluated the effectiveness of maternal vaccination
against pertussis hospitalisation in infants aged under 2 months using a test-negative design.* It
demonstrated that vaccination in pregnancy effectively fills the gap in immunity prior to the infants
first pertussis vaccinations. The study included 829 infants aged under 1 year who were hospitalised
with pertussis-like symptoms; 336 cases were aged 4 days to 2 months. Laboratory-confirmed
pertussis cases were compared with controls without any detectable Bordetella species infection. Of
the infants aged under 2 months, nine of 75 (12%) cases and 92 of 199 (46%) controls were
vaccinated in pregnancy. The median gestation age at vaccination for cases was 30.5 weeks (range
23 —36) and controls 30.1 weeks (20 — 37). Vaccine effectiveness, adjusted for study site, time of
onset and age group, was 75% (95% CI 35— 91). When cases diagnosed only by nasopharyngeal swab
were excluded, rather than a more reliable aspirate, VE increased to 88% (57 — 96%).%°

The Australian Link2HealthierBubs study, conducted across Northern Territory, Western Australia
and Queensland, evaluated the effectiveness of maternal vaccination in 279,418 mother-infant pairs
over three years. The study assessed maternal vaccine effectiveness in infants up to the age of 18
months (total of 331 pertussis cases). Overall, maternal vaccination was 65.1% (95% Cl 49.5-76.0)
effective against pertussis infection and 60.2% (-18.3 to 86.6) effective against pertussis
hospitalisation of infants aged up to 6 months. Effectiveness decreased with increasing age, from
70% in those aged under 2 months to 62% at age 5—6 months, with no significant protection after
the age of 8 months. Antenatal vaccination significantly increased the median age for pertussis
notifications (p < 0.001) from 7.5 months (IQR 10 months) in infants born to unvaccinated mothers
to 11 months (IQR 8.75 months) in those who were vaccinated antenatally.3!

Key points on antenatal vaccine effectiveness

e Antenatal vaccination against pertussis has been shown to be around 90% effective, overall,
in preventing pertussis in young infants aged under 2 months.

o The greatest effectiveness (over 90%) is observed against pertussis hospitalisations in infants
under 2 months old, with substantial protection maintained for up to 6 months.
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e Infants born to vaccinated mothers tend to develop pertussis at a later age, which allows
them more time to become fully vaccinated and for their airways and immune system to
mature, thereby, likely to reduce disease severity.

Effectiveness with timing of vaccination in pregnancy

When pertussis vaccination was first introduced in pregnancy, recommendations were for vaccine to
be administered in the third trimester from 28 — 38 weeks. Following the findings of studies in the
UK and Switzerland,”®®! this was reviewed and recommendations in some countries, including New
Zealand, changed to second and third trimester. The New Zealand schedule recommends Tdap
vaccination from 16 weeks gestation (and funded from 13 weeks gestation).

The Global Pertussis Initiative reviewed the status of pertussis vaccination in pregnancy at its 2021
Annual Meeting, noting various strategies, recommendations and adherence rates around the
world.?! Based on antibody concentrations at birth, the evidence supported vaccination in the late
second and early third trimester over later in the third trimester. Definitive conclusions around
widening the vaccination timeframe to earlier in the second trimester require further elucidation.
Additionally, more data are required to confirm whether antibody level differences translate to
differences in vaccine effectiveness in infants, and what, if any, impact maternal antibodies have on
the effectiveness of the infant primary course.??

Presented below are some recently published data to support these questions. For further details
see Table 11 and Table 6 for selected international pertussis immunisation schedules.

Recent literature

A systematic review by De Weerdt et al (2024) found that vaccination given late in pregnancy was
associated with lower effectiveness against pertussis in infants than when given earlier.?’ The
findings were mixed and some studies only compared early third and late third trimester timing, but
overall, these studies found reduced effectiveness when the vaccine was given late in pregnancy.?®

When the timing of the maternal vaccination was compared in the UK, vaccine effectiveness against
pertussis in infants was equivalent for different gestational periods (except in those born to mothers
vaccinated less than 7 days before birth to up to 41 days after delivery) (see Figure 7).32 A
population-based data linking study covering 6% of the UK population investigated the effectiveness
of the maternal pertussis vaccination programme, for up to six years post implementation, in infants
born from 1 October 2012 to 31 December 2019.32 Across the whole programme, the vaccine
effectiveness against confirmed pertussis infection was 88% (85 —91%) up to age 2 months and 97%
(81 - 100) against infant deaths due to pertussis.3? Similar to NZ, in 2016, the recommended timing
of maternal vaccination changed from the third trimester (from 28 weeks gestation) to the second
trimester (from 16 weeks gestation). From its introduction in the UK, maternal Tdap vaccination
coverage ranged from 60% — 75%. It was consistently high from 2016, demonstrating a clear impact
of changing the recommendation to earlier timing with 40% of vaccinations being received more
than 13 weeks prior to birth.32
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Figure 7: Estimates of effectiveness of maternal vaccination in prevention of laboratory-confirmed pertussis
in infants aged <93 days, by vaccine product and timing of maternal vaccination (Amirthalingam, 2023, CID
open access)
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The Link2HealthierBubs study in Australia also found no significant differences between the timing
of maternal vaccination and vaccine effectiveness (at <28 weeks, 28 — 31 weeks or over 32 weeks
gestation).3! Likewise, a Spanish study found that maternal vaccination prior to 32 weeks gestation
was as effective against pertussis in infants aged under 2 months as those vaccinated after 32 weeks
gestation (88.5% vs 87.8%).22

Key points on timing of vaccination in pregnancy

e The timing of antenatal vaccination does not seem to significantly affect vaccine
effectiveness in infants up to age 6 months, if administered more than seven days before
delivery.

e Alonger interval before delivery may enhance effectiveness slightly.

e Offering pertussis vaccination earlier in pregnancy has been shown to increase vaccine
uptake.

e Early vaccination also provides protection against pertussis for infants born prematurely.

Conclusions

Maternal vaccination is highly effective at protecting infants against pertussis prior to completing
their primary course, up to the age of 6 months. This age group is at the highest risk of severe
pertussis and death due to pertussis. Timing of administration does not appear to significantly affect
protection, except when given within a week of birth. Further data is required to find the ideal
timing.
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Antibody interference with the infant immune response.

Passively transferred, maternal antibodies can interfere with infants' immune responses to primary
vaccinations. Thus, it is essential to strike a balance between the protective benefits of passive
antibodies transferred via the placenta and ensuring infants mount a strong response to their own
vaccinations. Maternal antibodies diminish quickly in infants after birth, making it crucial to time the
infant's first vaccination before this protection wanes completely.

In Aotearoa New Zealand, due to a historically high incidence of severe and fatal pertussis in infants
aged under 2 months, the immunisation schedule begins at age 6 weeks. A key concern is whether
infants born to vaccinated mothers are sufficiently protected after completing the primary course
from age 6 months when the course is commenced at a younger age. Low population immunity and
reduced exposure to circulating B. pertussis in recent years could play an important role in the
pertussis incidence in young children in New Zealand, whether vaccinated in pregnancy or not.

The following includes recent evidence to assess the impact of this potential interference. See Table
12 for further details of this evidence.

Immunogenicity of the infant primary course after vaccination in pregnancy

An individual participant meta-analysis involving eight studies revealed that when pre-immunisation
IgG levels for certain vaccine antigens were doubled, there was a corresponding 8% — 17% reduction
in IgG levels after primary immunisation, regardless of whether the infants were born to women
immunised in pregnancy or not.3? In infants born to Tdap vaccinated mothers, two-fold higher anti-
PT and anti-DT antibody levels pre-immunisation were associated with 9% and 10% lower post-
primary immunisation antibody levels, respectively. Spacing of the primary course (at 2-4-6 or 2-3-4
months) did not alter the primary or booster IgG levels for most Tdap antigens.3

A series of three phase IV RCT, conducted in Australia, Canada and Europe, followed approximately
600 infants born either to mothers vaccinated with Tdap (Tdap group) or placebo (control group) in
pregnancy until the infants were 18 months of age (NCT02377349, NCT02422264 and
NCT02853929).3% 884 The first trial investigated antibody levels at birth;® the second, the infant
response to the scheduled primary course from ages 6 — 14 weeks;®* and the third, the infant
response to the toddler booster doses at ages 11 — 18 months.3® At one month after the first DTaP-
IPV-HepB/Hib and PCV13 doses, the seroresponse to the non-pertussis antigens was similar for both
groups (at least 95%). For pertussis antigens, the vaccine response rates were lower in the Tdap than
the control groups, but higher than the prevaccination lower detection limit, and all the infants were
considered seropositive for all the pertussis antigens (see Figure 8).84
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Figure 8: Geometric mean concentrations of pertussis antibodies in mothers before and after Tdap
vaccination in pregnancy, and in infants before or after primary (pri) and booster (bst) vaccinations during
phase IV clinical trial (Martinon-Torres, 2021, open access)
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Blunting of the infant antibody response to the primary course was also demonstrated in an open-
labelled, parallel RCT in the Netherlands.?* The study enrolled 118 pregnant women aged 18 — 40
years, of which 58 were vaccinated with Tdap at 30 — 32 weeks gestation (Tdap group) and 50 were
unvaccinated controls. Infants born to the Tdap group had high levels of maternal antibody to at
least age 3 months (prior to first DTaP vaccination): only one of 54 (2%) of infants in the Tdap group
had undetectable pertussis antibody levels compared with 34 of 50 (68%) infants in the control
group. The anti-pertussis antibody concentrations were 16.6 times (95% Cl 10.9 — 25.2) higher in the
maternally vaccinated group than controls.3*

By age 6 months, one month after completion of the two-dose primary course, the anti-PT IgG GMC
ratio between Tdap group and controls had dropped to 0.4 (95% Cl 0.3 — 0.6) and remained lower
even after the 11-month booster (GMC ratio 0.5; 0.4 — 0.7).3* Despite this, the antibody response to
the booster dose was of similar magnitude between the groups. Although the antibody levels were
reduced in the Tdap group, they were substantial and presumed to be protective (in the absence of
a defined correlate of protection). The anti-PT levels in the Tdap group at age 3 months (prior to first
DTaP vaccination) were 9.5 (6.1 — 14.9) times higher than those in the control group at age 2
months.3* The study concluded that delaying the primary course until age 3 months for those who
were vaccinated in pregnancy did not prevent maternal antibody interference, but it is likely that
when maternal antibody levels were highest (ie age 2 months) greater interference is possible.>*

Summary of immunogenicity of primary course

e The presence of maternal antibody results in some interference with the infant primary
course, whether vaccinated in pregnancy or not.

e The implications of this interference on the level of protection are uncertain in the absence
of a defined correlate of protection for pertussis.

e Evidence suggests that infants born to vaccinated mothers continue to be protected even
with reduced antibody titres and that maternal vaccination provides passive antibody
protection prior to completion of the primary course.

e Maternal antibody diminishes quickly in the infant, making it crucial to time the completion
of the infants’ primary vaccinations before this protection wanes completely.
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e For New Zealand, it is unclear whether moving the schedule from 6 weeks to 2 or 3 months
would make a difference to pertussis control in infants born to mothers who are vaccinated
in pregnancy.

Effectiveness of infant primary course after vaccination in pregnancy

As part of the PERTINENT test-negative study conducted in Europe, the vaccine effectiveness against
pertussis hospitalisation was assessed in infants aged 2 to 11 months following maternal vaccination
and at least one primary dose of pertussis vaccine.?° Out of 376 infants eligible for pertussis
vaccination, 123 were pertussis cases and 253 test-negative controls. Vaccinated infants were
compared with a reference group of unvaccinated infants born to unvaccinated mothers (adjusted
for site, time of pertussis onset and age). Regardless of the recommended schedule, at least one
dose of pertussis vaccination in infants born to mothers who were vaccinated in pregnancy reduced
the risk of pertussis hospitalisation by 74% — 95%. Vaccination in infants born to mothers not
vaccinated in pregnancy reduced the risk by 68% — 94%. The limited sample size was not able to
assess any effect of pregnancy vaccination on the effectiveness of infant vaccination. But these
findings suggest good effectiveness of at least one dose of pertussis vaccine in infants aged 2 — 11
months, irrespective of vaccination status in pregnancy.>°

The Australian Link2HealthierBubs study evaluated the effectiveness of maternal vaccination in
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279,418 mother-infant pairs for three years.3! It found maternal vaccination to be highly effective in
infants up to the age of 8 months (see Figure 9). There was no indication of potential blunting by
maternal antibodies until the infants’ third primary dose (scheduled at age 6 months), with a
significantly lower point estimate of effectiveness between those who were vaccinated or
unvaccinated in pregnancy (76.5% vs 92.9%, p = 0.002). However, this was not associated with an
increased risk of pertussis infection (HR 0.70, 0.61 — 3.39). This lower VE point estimate was not seen
with doses one or two (given at age 6 — 8 weeks and age 4 months, respectively).3!
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Long-term impact of interference after the primary course

Data is limited on the long-term impact of maternal vaccination on vaccine effectiveness in infants.
There is strong evidence of high pertussis antibody titres but some evidence of blunting of the
primary course antibody response. Although during the phase IV clinical trials described above,
infants vaccinated in pregnancy had a slightly lower baseline antibody level prior to a pertussis
booster vaccination, given between the ages of 11 and 18 months, they were able to mount an
amnestic response equivalent to those not vaccinated in pregnancy.3® The groups did not differ in
the antibody responses to other DTaP-IPV-HepB/Hib antigens and PCV13 serotypes.*®

One systematic review and meta-analysis, which modelled the effectiveness of pertussis vaccination
on pertussis transmission, found insufficient evidence to rule out modest reductions in effectiveness
of the primary course following maternal vaccination.® It included four studies with six years follow-
up, small sample sizes and large statistical uncertainty. The analysis gave a weighted mean relative
risk of 0.7 (0.4 — 1.3) for pertussis after the third dose of primary immunisation in infants vaccinated
in pregnancy, compared with those unvaccinated in pregnancy. Taking into consideration
transmission dynamic modelling, the findings supported a role for maternal vaccination in protecting
young infants most at risk from pertussis. Even in the presence of blunting, maternal immunisation
was predicted to remain effective at reducing pertussis in unvaccinated newborns but could
eventually (after more than a decade) result in an infection-control trade-off with older age groups.
The study also highlighted large uncertainty and lack of research into effects of blunting on pertussis.
It emphasised a need to disentangle the introduction of maternal vaccination programmes, the well-
documented resurgence of pertussis incidence following the change from wP to aP vaccines, and
recent influence from COVID-19 control measures on pertussis immunity.®

Summary of effectiveness of primary course

e The long-term impact of maternal vaccination and potential blunting of the infant antibody
response to primary vaccinations is poorly understood.

e There is limited evidence to determine whether maternal vaccination an impactful effect on
the effectiveness of infant immunisations.

e The primary course in infants is essential to provide long term protection against pertussis,
after maternal protection has waned.

e Findings support the role of maternal vaccination in protecting infants, even in the
presences of blunted primary course responses. This does not appear to increase the risk for
disease overall.

e Continual monitoring, particularly now that pertussis cases are on the increase, is required

to see if the antibody interference is clinically meaningful.

Immunogenicity and safety of toddler and preschool booster doses after
vaccination in pregnancy

The third of the phase IV trials described above of the investigated whether these lower vaccine
responses during the primary course affected the response to the toddler dose.*® It found that the
amnestic response was not affected by maternal vaccination. Infants born to vaccinated mothers
had lower pertussis (FHA and PT) and diphtheria antibody levels than the control group, both before
and after the booster dose (anti-PT 1.5-fold, anti-FHA 1.2-fold and anti-DT 1.4-fold difference). But
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the booster response was equivalent in each group, despite a lower baseline level pre-booster in the
Tdap group (see Figure 8). No differences in response to the other DTaP-IPV-HepB/Hib antigens and
PCV13 serotypes were seen between the groups. A subgroup analysis did not find any differences by
primary schedule or maternal vaccination timing.®

This clinical trial also found no increase in reactogenicity or change in safety profile when DTaP-IPV-
HepB/Hib was given as a booster dose at ages 11 — 18 months following antenatal vaccination.3®

The Dutch study described above3* found that, although the antibody levels after a DTaP booster
given at age 11 months (2+1 schedule) was lower in infants born to vaccinated mothers than in
those not vaccinated in pregnancy, the magnitude of the response to the booster dose did not differ.
The anti-PT IgG GMC ratio between Tdap group and controls remained at 0.5 (0.4—0.7) before and
after the 11-month booster.?*

The blunting effect of antenatal pertussis vaccination on pertussis vaccine responses in children was
shown to persist beyond the age of 2 years and into early childhood in the UK. But this could be
overcome by a booster dose preschool-age (at age 3 years 4 months).?” A phase IV observational
cohort study looked at the effects of maternal vaccination on the response to the preschool Tdap-
IPV booster dose.?” Overall, though pertussis-specific antibody levels tended to be lower in those
vaccinated in pregnancy, both before and after preschool booster, there was no significant
difference between the groups.?” Only the anti-PT IgG concentrations were significantly lower prior
to the preschool booster in children born to mothers vaccinated with Boostrix-IPV (GMR 0.42,

0.22 -0.78, p = 0.03). At one month after the preschool booster, there were no significant
differences between those vaccinated in pregnancy and those not. No significant difference were
seen for diphtheria or tetanus antibodies and all achieved seroprotective levels.?’

The blunting effect of maternal antibody appears to diminish after booster doses given in the second
year of life, but for countries like NZ and UK where a booster dose is only given later (age 4-6 years),
this is not reassuring.3?

Summary of immunogenicity of booster doses

e |ninfants who received a three-dose primary course and booster at age 18 months,
maternal antibody did not significantly impact infant pertussis titres post booster.

e |nthe absence of a toddler booster dose, lower antibody levels against pertussis toxin
continue to be observed in preschool-aged children who were born to mothers vaccinated
against pertussis in pregnancy. A preschool booster can remedy this.

e Furthermore, it is unclear whether this is clinically relevant since, although antibody levels
trended lower in toddlers (even after a booster dose) or preschool children (in the absence
of toddler booster) who were vaccinated antenatally, the absolute differences between
titres were small.

Conclusions of maternal antibody interference

The limited evidence shows little impact of antenatal vaccination on the vaccine effectiveness of the
infant primary course and early childhood booster doses against pertussis. Despite reduced antibody
responses in infants and toddlers born to mothers who were vaccinated in pregnancy, it is unclear
whether this is clinically relevant. Although antibody levels trended lower in toddlers (even after a
booster dose) or preschool children (in the absence of toddler booster) who were vaccinated
antenatally, the absolute differences between titres were small.
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In the current NZ context, without a booster dose in the second year of life and starting the primary
course at 6 weeks of age, this interference could be more impactful for infants and young children
aged from 6 months to 4 years.

Immunisation schedules and booster doses

To achieve optimal control of pertussis with the current vaccines could mean adjusting the
immunisation schedule. The following considers evidence around the infant primary course and for
booster doses in toddlers, children and adolescents.

Primary course and toddler booster doses

Introduction

During the previous pertussis outbreak in NZ (October 2017 to May 2019, total 4,697 cases were
notified), children aged 0-4 years were most seriously affected with the highest rates of cases in
children aged under 1 year and ages 1-4 years.”? Children with underlying conditions, including
cardiac, respiratory or immune dysfunction, are at higher risk from pertussis hospitalisation. There
are also ethnic and socioeconomic disparities in disease severity in young children.

Our 2018 review of evidence on pertussis assessed the question of waning immunity in childhood.? A
further review was conducted in 2019 to specifically look at whether NZ needed a booster dose in
the second year of life (toddler dose) to provide longer lasting protection through to the preschool
dose given at age 4 years.!

Australia reinstated a toddler booster dose following evidence of waning pertussis protection from
ages 2 to 4 years.®> However, in a similar study, waning in vaccine effectiveness was not observed in
New Zealand for notified pertussis under the current schedule (during 2006 — 2013, prior to
maternal vaccination).®® The waning seen in Australia was possibly associated with milder disease
than assessed in the NZ study due to high levels of RT-PCR testing in Australia.

WHO recommends at least five doses of pertussis-containing vaccine before age 18 years and a
booster dose in the second year of life is recommended for countries using acellular pertussis
vaccines.®” Furthermore, WHO also recommends six doses of tetanus-containing vaccine in
childhood.2®

Our 2019 review of evidence found that a toddler booster dose is likely to improve immunity of
children until preschool booster at age 4 years.! It would be most beneficial to those with underlying
health issues and for those born to mothers who received Tdap in pregnancy. By reducing the
incidence of symptomatic pertussis in under 5-year-olds also helps to protect their younger siblings.
Additionally, a toddler dose of DTaP improves diphtheria immunity and longevity of tetanus
immunity in adulthood.

However, there is a safety concern for giving an additional dose of DTaP. One in ten children are at
risk of extensive limb swelling after successive doses of DTaP. Although, this is usually painless,
transient and benign, it can impact parental confidence in the safety of vaccines. Consideration
could be given to administering Tdap instead of DTaP at the 4-year-old event, should an additional
toddler dose of DTaP be implemented, to address this concern.
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Recent evidence
For further details on the following literature, see Table 13.

A narrative systematic review, conducted in 2023, examined pertussis immunisation strategies and
considered waning immunity in different countries.3® Strategies examined were accelerated primary
schedules (three primary doses within first 6 months) or extended schedules (three doses within 12
months), and compared booster doses given prior to or after 2 years of age.>® The key findings were
that:

e the first dose of the primary course should be administered in a timely way, regardless of
the primary schedules used in different countries

e completion of the schedule was critical for effectiveness of both primary and booster doses
e infants had suboptimal protection when scheduled doses were delayed

e adecline in natural boosting, particularly due to COVID-19 pandemic control measures,
alongside a decline in immunisation coverage has led to a greater susceptibility in the
population.

Additionally, although effective in providing direct protection, there was little evidence that booster
doses in preschool children or adolescents provided indirect protection for other age groups. Hence
children were a potential source of infection to younger siblings, putting young infants at risk,
particularly where the schedule is extended.*®

A change in the infant schedule in France from four doses, given at ages 2-3-4 months and a booster
at 16 — 18 months, to three doses given at ages 2-4-11 months, was likely to have increased the risk
for pertussis. At three years after vaccination, the risk of pertussis increased by 1.7 times (95% Cl
1.4 —2.0) and reduced pertussis antibody levels at ages 2 and 3 years by around 50% and 43%,
respectively.*

A population-based retrospective cohort study conducted in Washington State, US, found that
under-vaccination was significantly associated with a higher risk for childhood pertussis.*® Of the 404
reported pertussis cases, 28.7% were unvaccinated, 36.9% were delayed and 34.4% were fully
vaccinated on time. Those who had initiated the primary course late were 48% less likely to
complete the primary series and under-vaccination was associated with a 3.5-fold higher (95% ClI

2.3 —5.5) risk of pertussis in the first year of life.*° Based on a small sample size, no significant
difference was shown in those who received three doses under the age of 2 years, either between a
three-dose primary course (at 2-4-6 months) with no booster (340, as in NZ) or those given 2+1
course (at 2-4-11/12 months). The findings of this study also support the WHO recommendation for
a booster dose in second year of life at age 18 months.*°

Following antenatal vaccination

Pertussis antibody concentrations were significantly lower at a month after a booster dose (given at
age 12 months) in infants born to mothers who were vaccinated in pregnancy and who received a
two-dose primary course in Québec, Canada (ie 2+1 schedule). These were not significantly different
for those who received a three-dose primary course with the booster given at 18 months. Impact of
maternal vaccination on different immunisation schedules in infants against pertussis was assessed
following the DTaP schedule change in June 2019 in Québec: from a 3+1 schedule (at 2-4-6-18
months) to a 2+1 schedule (at 2-4-12 months).3¢ Post-booster antibody levels were compared for the
different schedules and between those whose mothers did and did not receive Tdap in pregnancy.
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Although the actual geometric mean concentrations of pertussis antibodies were lower, the clinical
significance of the difference between the schedules in those vaccinated in pregnancy is unclear.
Both schedules led to high antibody concentrations and the absolute differences were small.3¢

Conclusions

e New Zealand has a 3+0 pertussis immunisation schedule. These studies suggest that the
addition of a booster dose given in the second year of life improves protection against
pertussis in toddlers.

e Timing of the primary course appears to be less important than completing it, but timing
differs in each country.

e Three-dose schedules (2+1 or 3+0) appear to be less protective in infants and young children
than four dose (3+1) schedules.

e Most countries found a 2+1 schedule to be less protective under the age of 2 years than a
3+1 course, particularly for those born to mothers who were vaccinated in pregnancy.

Adolescent booster dose

Introduction

The benefit of an adolescent Tdap booster dose in preventing pertussis remains unclear. Currently,
as part of the NZ Schedule, adolescents receive Tdap at the age 11 or 12 years. The protection from
this booster is likely to be short-lived, particularly in those primed with aP as infants (ie, born in NZ
since 2000). Additionally, the adolescent booster dose does not appear to provide herd immunity
against pertussis to younger age groups.® However, it is likely to reduce disease severity, which is
most important in adolescents with respiratory co-morbidities.2

Anti-pertussis toxin immunity wanes more rapidly following each booster dose in those primed with
acellular pertussis (aP) vaccines. It is unclear whether omitting the adolescent Tdap dose will
influence the response to any booster doses given in adulthood, particularly to those given in
pregnancy. See Table 13 for further details.

Burden of pertussis in adolescents and young adults

During the change from whole-cell to acellular pertussis vaccines (in the late 1990s in the US), a shift
in the burden of disease moved from infants and young children to adolescents and young adults.?
From 2000 to 2016, these older age groups accounted for more than one quarter of all pertussis
cases reported in the US. A booster dose of Tdap was introduced in 2006 for adolescents aged 11 or
12 years following a spike in cases aged 11 to 18 years during a pertussis epidemic in 2004 and 2005
in the US. The majority of these age groups had been primed in infancy with aP.2 Although pertussis
is not associated with high severity or mortality in this age group, it has a significant effect on
morbidity related to insomnia, apnoea, weight loss, urinary incontinence, syncope, rib fractures and
pneumonia.® Symptomatic pertussis also increases the risk of transmission to peers and infants too
young to be immunised.

Recent evidence

The introduction of a Tdap booster at age 14 — 15 years in two Canadian provinces had an impact on
pertussis incidence on those aged 15 — 19 years, as shown by significantly decreased incidence rate
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ratios between adolescents and infants aged under 1 year. But the absolute impact on pertussis
burden was likely to have been low since infant vaccination had already reduced the pertussis
incidence and hospitalisations of young children.*

Decreases in pertussis cases were seen in Norway in those 8 — 15 years after introducing a booster
dose at ages 7 — 8 years in 2006 (IRR 0.89; 95% CI 0.88 — 0.90), and similarly in those age 16 — 19
years after introducing a booster at age 15 — 16 years in 2013 (IRR 0.84, 0.82 — 0.86).*? No significant
changes were seen among children aged under 1 year during these times (who receive a primary
course at 3, 5 and 12 months). Findings indicated some indirect protection to adults (ages 20 — 39
years and 40 years and over) but not in infants. Despite high vaccination coverage in the target
groups, a steady increase in pertussis incidence rates was seen in children aged 1 — 7 years (from 63
to 86 / 100,000) and aged 8 — 15 years (from 88 to 122 / 100,000) during 2013 to 2019.%? An earlier
Norwegian study found that the seasonality of pertussis differed between preschool-aged children
and school-aged children, and that indirect protection was seen within age cohorts but provided
little protection for neighbouring age cohorts. Therefore, it concluded that booster doses given to
adolescents provided indirect protection for unvaccinated adolescents but was not likely to protect
infants.®°

Safety of booster

A meta-analysis of six RCT comparing Tdap with Td, found an increased risk for gastrointestinal
symptoms — nausea (RR 1.26; 95% Cl 1.01 — 1.57) and vomiting (RR 2.08; 1.21 —3.85) — in
adolescents and adults.® No increased risk for fever was seen when Tdap was compared with Td,
but a subgroup analysis showed an increased risk when comparing reduced-dose Tdap (8ug PT, as
used in NZ) with TdaP containing more PT (> 8ug) (RR 1.61; 1.02 — 2.52).%°

Key points

e The introduction of aP vaccines in the late 1990s shifted the burden of pertussis from young
children to older children and young adults.

e A booster dose given in early adolescence helped to reduce this burden.

e Although symptomatic pertussis is not life-threatening in most young people, it can have
high levels of morbidity and risks transmission to peers and infants, particularly if those
infected are parents.

e A booster dose given to adolescents can provide direct protection to the individual and
possibly to their age cohort, but provides limited indirect protection to younger age groups.

e Tdap has a very good safety profile, with few adverse events. Gastrointestinal symptoms,
nausea and vomiting, have been reported at a higher rate than Td vaccine. Higher pertussis
toxin doses can also increase the risk for fever.

e |nour previous review, we noted that disease severity is reduced in vaccinated adolescents,
and this would be particularly beneficial to those with respiratory comorbidities.

Booster doses in non-pregnant adults
Antenatal vaccination is the most effective way to protect young infants from pertussis, through

passive immunity. It also prevents symptomatic infection in mothers, who are key sources of B.
pertussis infection to their young infants. Additionally, unfunded booster doses are recommended
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in New Zealand for healthcare workers (HCW),%’

members of young infants.

other occupational carers and close household

Most people are unaware of nasopharyngeal carriage of B. pertussis or show minimal symptoms of
pertussis. There is moderate evidence that booster doses of Tdap are protective against nosocomial
transmission in HCW.? Since no correlate of protection for pertussis has been established, data
around the requirements and timing for repeat boosters is limited. Although the current vaccines do
not effectively prevent carriage of B. pertussis, vaccinating those in close contact with infants can
help to prevent disease in infants by reducing the risk of exposure to active illness and coughing. The
incremental benefit of vaccinating close contacts when the mother has been immunised in
pregnancy is unclear.

General immunity post COVID-19

As described above (see Pertussis following the COVID-19 pandemic), post-COVID-19 studies have
shown that the incidence of pertussis declined dramatically during the pandemic due to non-
pharmaceutical strategies to control the spread of SARS-CoV-2.

When anti-pertussis antibody levels in paired blood samples from 18 healthcare workers of
childbearing age were compared in Canada, there was a significant decline during 2021 compared
2020 due to low exposure to pertussis and the absence of recent boosting.'? The incidence of
pertussis during 2020 (3 cases per 100,000) and 2021 (<1 case per 100,000) was the lowest in British
Colombia since 1990.

Similar findings were observed by a serosurvey conducted in 2020 in Zhejiang Province, China with
low pertussis circulation during the COVID-19 pandemic.'® Over 50% of participants aged over 7
years had undetectable anti-PT IgG (no preschool or adolescent boosters are given in China). Only
small proportion (<1%) of adolescents and adults had evidence of recent infection.® It concluded
that the immunity to pertussis is low in general, but infections continued to occur during the strict
non-pharmaceutical interventions of the COVID-19 response.*°

Occupational vaccination

Within the recent literature, several studies looked at attitudes and vaccine uptake, but few showed
the risks of waning immunity, vaccine effectiveness or safety in health care or early childhood
education settings.

Safety and immunogenicity

In terms of safety and immunogenicity, booster doses of Tdap given five or 10 years after a previous
dose were immunogenic for all antigens and the safety profile was acceptable.*> ¢ A slightly higher
proportion of those vaccinated reported a solicited adverse event when Tdap was given after five
years than 10 years (94% vs 88%, respectively — from two separate studies). The five-year study
participants were younger than those vaccinated after 10 years (aged from 15 years vs 18 years).*

Vaccine effectiveness

A case-control study in older adults (mean age 61 years, range 46 — 81 years) in Australia
demonstrated modest protection (aVE 52%, 95% Cl 15 — 73%) against PCR-confirmed pertussis for
up to six years after Tdap (range 5.0 — 6.7 years). Of the PCR-confirmed pertussis cases, 20 had been
vaccinated and 152 were unvaccinated. Although statistical power was limited, no significant waning
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in vaccine effectiveness was observed up to six years post vaccination or with increasing age.*” When
compared with PCR-based diagnosis, the study found that pertussis serology was unreliable and led
to misdiagnosis, likely due to the increase in antibodies following the use of Tdap vaccination in
adults.

Other occupational groups

One occupational group often overlook for vaccination are early childhood education (ECE)
employees working with infants too young to be fully immunised. A survey conducted in New
Zealand, between late-January to mid-February 2020 among 4,021 ECE teaching staff, found that
less than 50% of participants reported immunisation against pertussis within the last 10 years,
compared with 85% who reported they were immunised against measles, mumps and rubella.** A
small proportion (0.5%) declined to answer the question on immunisation and a few commented
that they did not see immunisation as relevant to their role or strongly disapproved of being asked
about their immunisation status. In a similar Australian study, 75% of ECE staff reported pertussis
immunisation. In Australia, unvaccinated ECE staff can be required to only work with infants older
than 12 months, to take antibiotics during a bacterial disease outbreak or be excluded from work
during a vaccine-preventable disease outbreak.*

Cocooning and parental post-partum vaccination

Antenatal vaccination is by far the most effective approach for protecting young infants before they
can be fully immunised against pertussis. Where maternal vaccination does not occur, the second
line of defence is vaccination of household members, particularly parents, grandparents and other
caregivers, as well as ensuring siblings are up to date with their routine immunisation. However,
there is limited evidence that this approach is effectiveness. In part, this is due to incomplete
protection from within or outside of the household. A Swiss study, conducted 2012 to 2013, found
that although the majority of household vaccinations occurred within the perinatal period and
within 2 months of the infant’s birth, for 93% of families cocooning remained incomplete, and in
most families (82%) less than half of the close contacts had received pertussis vaccination.!

During a pertussis epidemicin 2011 — 2012, the Department of Health in Western Australia
implemented a postpartum cocooning policy offering Tdap to new parents, grandparents and other
household carers. This strategy was ineffective in preventing pertussis in infants aged under 6
months.®? Out of 53,149 infants born to parents who were vaccinated within 28 days of birth, 118
developed pertussis. There was no difference in the incidence of pertussis between those with both
parents vaccinated postpartum or those with unvaccinated parents: 1.9 vs 2.2 infections per 1,000
infants, aHR 0.91 (0.55 — 1.53); and those whose mother was vaccinated postpartum (aHR 1.19,
0.82-1.72).2

Postnatal vaccination of mothers was also shown to not be as effective as maternal antenatal
vaccination in the UK.3? Vaccine effectiveness against pertussis in infants aged under 3 months born
to mothers either vaccinated within 6 days of birth or 1 — 41 days after birth was 27% (-56 to 65). In
comparison, for those born to mothers vaccinated at least 7 days before birth, vaccine effectiveness
was 89% (86 — 91).3% See Figure 7.

A survey conducted in 2016 in Melbourne, Australia, found that 22% of newborns were discharged
to a household in which neither parent had been vaccinated against pertussis.*® Of 589 women
and/or their partners surveyed when admitted to maternity wards, 70% of the pregnant women and
66% of their partners reported having received pertussis vaccination according the national
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recommendations (48% during pregnancy and 66% within 10 years). In families where antenatal
vaccination did not occur, rates of vaccination of partners or other carers were lower than in those
families where antenatal vaccination had occurred (26% vs 83%). This was especially seen in
households where carers had come from overseas (18.5% vs 76%). The survey concluded that
cocooning remained an important approach to protect newborns of mothers who were
unvaccinated or vaccinated late in pregnancy.*® When adjusting for the type of family member and
residence status, the odds of a family member being vaccinated was 10 times higher in the
households in which the mother had been vaccinated in pregnancy (OR 10.5, 5—-20.1, p < 0.01).

Conclusion

Although the current vaccines do not effectively prevent carriage of B. pertussis, vaccinating those in
close contact with infants, such those working in birthing units and neonatal care, does appear to
help to prevent disease in infants. This review did not identify any recent papers investigating
transmission of B. pertussis from health care workers to patients with time since vaccination. In the
US, due to its limited ability to interrupt transmission, routine Tdap revaccination of healthcare
workers is not generally used.

The incremental benefit of vaccinating close contacts (cocooning) when the infant has been
immunised by vaccination in pregnancy is unclear. Over recent years, as a consequence of COVID-19
control measures, natural boosting of pertussis immunity has been reduced due to low exposure to
circulating B. pertussis.'>'? Therefore, the use of booster doses could be more important in
occupational and household settings than pre-2020.

Recent data on the safety and effectiveness of repeated occupational vaccinations is limited. Given
the waning immunity seen following aP vaccination, it seems logical to maintain repeat booster
doses every 5 — 10 years in those working closely with young infants and other high-risk groups.
Although, this review was unable to determine the precise timing required. Booster doses are likely
to becoming increasingly important for younger staff who were born since 2000 and primed solely
with aP vaccines (see Comparison of whole-cell and acellular pertussis vaccines). Pertussis
vaccination also needs to be encouraged in settings beyond health care, such as early childhood
education and daycare centres.

To be an effective strategy, vaccination of all caregivers needs to be conducted preferably prior to
the birth of an infant. Antenatal vaccination of the pregnant person is the most effective way to
protect to the youngest infants. For any incremental benefit, other caregivers also should not wait
until the birth to be immunised to provide an additional layer of protection. In many cases though,
where maternal vaccination does not happen the other caregivers are also unvaccinated, particularly
for those visiting from overseas. Ideally, caregivers need to be vaccinated least two weeks before
engaging with the infant.

Key points

e The incremental benefit of vaccinating close contacts (cocooning) when the infant has been
immunised by vaccination in pregnancy is unclear.

e To help to maintain immunity and protect young infants and high-risk groups, 5 — 10 yearly
Tdap booster doses are recommended.

e The shorter timing between doses is likely to be most important for those born since 2000
and primed solely with DTaP.
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e The use of pertussis booster vaccination is required beyond health care settings.

e Vaccination of all close contacts of newborns is best conducted prior to birth for most
effective protection, in addition to antenatal vaccination of the pregnant person. This
includes family members visiting from overseas.

e Apart from ensuring the infant is vaccinated on time, it is unclear what the most effective
strategy is for parents, caregivers and those working with young infants if maternal
vaccination is missed.

Comparison of acellular and whole cell pertussis vaccines

A major focus of research around pertussis vaccination is the difference between whole-cell
pertussis (wP) and acellular pertussis (aP) vaccines, with a resurgence in pertussis potentially
attributed to the change from whole cell pertussis (wP) vaccines following the introduction of aP
vaccines in the late 1990s / early 2000s.

With success of the initial pertussis vaccination programmes starting in the 1940s, attention shifted
from the severe effects of pertussis to the safety of wP vaccines and a decline in coverage.® Due to
local reactogenicity, persistent crying in infants, hypertonic hyper-responsive episodes (HHE), and
suggested associations with rare, severe neurological adverse events such as encephalopathy (now
disproven®®), wP vaccines were replaced in most high-income countries by aP vaccines. However, the
evidence around safety has been contested and the WHO stated in its position paper on pertussis in
2015 that there is no evidence to contraindicate wP vaccines.®” Because wP vaccines are cheaper,
many lower and middle income countries continue to use wP vaccines in infants.®” New Zealand
replaced DTwP with DTaP in 2000.

Reactogenicity appears to increase with subsequent doses of wP and for this reason they are not
generally used for booster doses in older children. Differences between acellular and whole-cell
pertussis vaccines has emerged in terms of ability to prevent transmission and duration of
protection.

As mentioned in the introduction of this review, increases in pertussis rates have been related to
several factors (see Figure 1).*° Notably, although aP vaccines induce strong antibody responses and
are effective in preventing symptomatic disease, rapid waning in protective antibody levels and an
inability to sterilise B. pertussis nasopharyngeal carriage are considered important drivers of this
resurgence.

The reported duration of protection from natural infection is around 10 — 20 years, for wP around
10 — 12 years, and for aP around 3 — 5 years.*® This short duration means that, prior to a booster
dose, younger children are susceptible. One study reported the odds of pertussis increases by a
factor of 1.33 (95% CI 1.23 — 1.43) for every year after a DTaP vaccination, regardless of number of
doses in the primary series.*> ** Waning immunity has also been shown with wP vaccines despite a
slightly longer duration of protection.

The following considers the evidence around differences in pertussis immunity following priming
with either wP or aP vaccines. It also investigates the potential role of a mixed wP / aP schedule. See
Table 15 for further details of the studies.
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Immunogenicity

In recent years, differences in the immune response to wP and aP vaccines have been shown from
the first dose. These differences persist following further exposure to pertussis antigens, through
vaccination or infection. Furthermore, repeat boosters with the same vaccine formulation appears
to result in dominant immunity against non-protective epitopes and more rapid waning of
protection. For those primed with aP (ie born since 2000 in NZ), consequences are expected for
booster doses in pre-schoolers, adolescents and mothers-to-be.?

Recent evidence

Antibody responses to B. pertussis infection differed between those immunised with wP or aP (PT-
only) vaccines.*® Sera from 36 Danish adolescents (aged 15 — 20 years), submitted for diagnosis of
pertussis (anti-PT 1gG) during 2014 — 2016, were analysed using a range of assays to detect antigen
specificity of 1gG and IgA. Two groups were defined: those born just prior to (wP group) and just
after (aP group) the change to aP vaccines in 1997. These were further defined as having high or low
anti-PT IgG titres (wP+, wP-, aP+, aP-; nine samples in each group). Those with high anti-PT IgG titres
also had high levels of 1gG and IgA against the other pertussis antigens (FHA, PRN or B. pertussis
outer membrane vesicles [OMVs]), and there were no differences in these between the aP+ or wP+
groups. Those with low antibody titres (wP- or aP-) had low levels of anti-OMV antibodies only.
Antibody profiling found some immunogenic antigens induced by B. pertussis infection had not been
previously identified, and that the selection of these antigens was significantly different between the
aP and wP groups for both serum IgG and IgA antibodies. Therefore, antibody specificity following a
recent pertussis infection in adolescence was correlated with the pertussis vaccine received in
childhood. This study found that the response to infection after vaccination was not limited only to
the antigen(s) given in the vaccine (ie not limited to PT in those primed with single antigen aP

vaccine).>°

The T cell profile of adults immunised as children with wP vaccines was examined in Ireland.>! Cells
were collected from 20 patients (10 each vaccinated with wP or aP as children) undergoing
tonsillectomy; and nasal tissue cell samples were collected by mid-turbinate swabs from 20 healthy
volunteers. These were matched with peripheral blood samples. Tonsil mononuclear cells (TMCs)
and peripheral blood mononuclear cells (PBMCs) were incubated with Staphylococcal enterotoxin B
(positive control), heat-killed sonicated B. pertussis or purified FHA (which provided a more
consistent T cell response than PT). A significantly higher frequency of CD4* T cells producing IFN-y
and IL-17A was found in the tonsils of adults primed as children with wP than with aP vaccines.
Those primed with wP not aP vaccine had tonsil and nasal cells that produced IFN-y and IL-17A in
response to B. pertussis. These cells were identified as tissue-resident memory T cells (Trm) and were
shown to persist in the respiratory tract for decades after pertussis vaccination with wP vaccines.”!
This is consistent with studies of PBMCs showing Th1/Th17 polarised responses to wP and Th2-
predominant aP responses.

Key points

e Differences in the T cell and antibody profile are shown between those primed with acellular
or whole-cell pertussis vaccines.

e Those primed with whole-cell vaccine appear to have longer lasting immunity.
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e The duration of pertussis protection is likely to be determined by tissue-resident memory T
cells and an associated difference in the T cell polarisation in respiratory mucosal tissue and
in peripheral blood.

e Antibody responses differ during infection depending on the type of vaccine used in priming.

Effectiveness

The relevance of differences in immune responses can only be measured by looking at the impact of
the different vaccination programmes on pertussis incidence.

Recent evidence

A systematic review by Wilkinson et al (2021) of compared the effectiveness of aP and wP
vaccinations and found the pooled estimate of effectiveness to be similar (79%).*° However, there
was a high degree of heterogeneity (of over 90%) between studies in the way vaccine effectiveness
was determined. The review concluded that any pertussis vaccine provides short-term protection
against pertussis but duration of protection is longer for wP vaccines.®

A case-control study in England found that the effectiveness pertussis vaccination differed in
children depending on which vaccine was used first in their primary course.>* Children were primed
with either a three-component acellular pertussis vaccine (aP3), a five-component acellular pertussis
vaccine (aP5) or whole-cell pertussis vaccine (wP). Some were primed with a mix of wP and aP
vaccines after October 2004, when aP5 replaced wP on the immunisation schedule, and some
children received wP priming and aP3 preschool booster. Using data from a pertussis outbreak
involving 10,454 cases during 2011 — 2012, the study compared 403 cases aged 5 — 15 years with
581,971 age-matched controls (all vaccinated with four doses of pertussis-containing vaccine at least
60 days before symptom onset). It found that of the 403 cases, those who received three primary
doses of aP3 had almost four-times greater odds of being a case than those who received three
primary doses of wP (aOR 3.86, 95% Cl 2.56 — 5.82). There was no significant difference between
those who received aP5 or wP (aOR, 0.89; 0.29 — 2.73).>* After receiving a preschool booster of aP,
there was little difference between groups, except for those given low-dose aP5 in those primed
with aP3 (with shorter follow-up). Although children who received aP5 priming were younger and
less distant from their preschool dose than those primed with wP, their risk did not appear to differ
from wP when adjusted for year of birth and type and year of preschool booster.>* The authors
concluded that a primary course with aP3 was associated with a higher risk for pertussis than those
primed with wP.

Key point

Children vaccinated solely with aP3 vaccines (as used in NZ) appear to be less well protected from
pertussis than those who were primed with wP vaccines or mixed wP/aP schedules.

Mixed whole cell / acellular vaccine schedules

In recent years, emerging evidence suggests a difference between wP and aP vaccine types as to
how the immune system is primed. This difference in priming polarises the subsequent responses to
vaccination or wild-type infection towards either a T helper-1 (Th1) type cell profile or a T helper-2
type response (Th2/Th17).%2 Further studies have shown that this difference affects the immune
memory within mucosal tissue into adulthood.> >3
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The immunostimulatory liposaccharides on the surface of whole inactivated or live B. pertussis act as
the adjuvant for wP vaccines*! and induce a proinflammatory response. The advantage is that the
response is driven through toll-like receptor 4 (TLR-4), which in turn activates Th1 cells and the
generation of tissue-resident memory T cells (Trw).>? The disadvantage is that this inflammatory
response increases vaccine reactogenicity. Acellular vaccines contain alum as the adjuvant. Alum is
associated with a more Th2-type response that induces antibody and less reactogenicity but has also
been associated with an increased risk of allergy.>®

The first exposure to either vaccine determines the polarity of the immune response thereafter.
Therefore, priming with one or the other vaccine drives the immune response to B. pertussis for life.

The difference in immunity and effectiveness profiles of wP and aP vaccine raises the question as to
whether there is any value in returning to whole cell vaccines for the first dose of the primary
course. Mixed schedules have been proposed since reactogenicity and adverse reactions increase
with subsequent doses of wP. Priming with the first dose of wP and then following up with less
reactogenic aP vaccinations could prevent the skewing of the T cell response towards the Th2
profile. The reactogenicity of wP vaccines increases with the number of doses received. Careful
consideration is required in relation to vaccine confidence — it is known that adverse experiences
during the first vaccination event can result in parental hesitancy to return for subsequent
vaccinations.>

Safety

A Cochrane review in 2021 found no increased risk for vaccine-associated severe AE when either wP
or aP were given as the first dose to infants (WP vs aP RR 0.94, 95% Cl 0.77 — 1.16, 11 studies). No
cases of encephalopathy were diagnosed in seven RCT involving 32,300 infants given wP and 83,003
aP recipients.>

An ongoing Australian RCT (OPTIMUM) is comparing the reactogenicity, immunogenicity and IgE-
mediated response of the mixed wP/aP versus standard aP-only schedule.®” Infants were
randomised at age 6 weeks to either wP (DTwP-Hib-HepB) or aP (DTaP-IPV-HepB/Hib) vaccines, and
all completed the schedule with aP vaccines (DTaP-IPV-HepB/Hib at 4 and 6 months, and DTaP-IPV at
18 months).>” The most common response after the first dose given to 6-week-old infants was
irritability in 65 out of 73 infants (88%) who received DTwP-Hib-HepB and 59 out of 72 (82%) given
DTaP-IPV-HepB/Hib. Severe injection site pain was reported after dose one in 6/74 (8%) of wP group
and none who received aP. Severe systemic reactions were more common in mixed wP/aP group
after the first dose of wP (19% vs 11% in the aP-only group), but were similar after the 4-month and
6-month aP doses. Paracetamol use on more than one occasion after 6-week dose was more
frequent in those who received wP (59/75, 79%) than aP (52/75, 69%). During this study, no cases of
hypotonic hyporesponsive episodes were reported.>’ Reassuringly, parental acceptance of the mixed
schedule was high with 71 out 73 (97%) of the mixed schedule group said they would agree to have
the same schedule again, and this was comparable to 69 out of 72 (96%) of the aP-only group.>’

Immunogenicity

The Cochrane review mentioned above found little reliable evidence around the incidence of allergic
disease in young children following wP or aP vaccination use, or a mixed schedules.> A cohort study
analysing linked administrative datasets of nearly 220,000 Australian children found a 53% lower risk
of food-allergy related hospitalisations in those who were given a first dose of wP before 4 months
of age.>®
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The ongoing two-stage RCT (OPTIMUM study) in Australia is examining the use of wP as the first
dose of the immunisation schedule at age 6 weeks (DTwP-Hib-HepB) and completing the schedule
with aP vaccines (DTaP-IPV-HepB/Hib at 4 and 6 months, and DTaP-IPV at 18 months).*’” The aim of
the project is to compare the reactogenicity, immunogenicity and IgE-mediated response of the
mixed wP/aP versus standard aP-only schedule.>’ Published data to date has shown non-inferiority
in PT-IgG titres between wP or aP groups at age 7 months and no differences in tetanus toxoid IgE.
Further analyses of the CD4"* T cell polarisation against pertussis antigens and atopic phenotypes are
anticipated.®’

Effectiveness

The evidence for effectiveness of mixed wP/aP courses is limited. The UK study mentioned
previously found that when the primary course commences with wP, the risk for pertussis remains
higher when the course is completed with three-component aP compared with a complete wP
course vaccine (pertussis OR 2.47 (1.71 - 3.56), p < 0.001).>* The risk of pertussis is similar to wP
when the course is completed with a five-component aP vaccine (OR 1.82 (0.52 — 6.37), p = 0.35).
However, since the children vaccinated with aP5 were the youngest cohort, it is unknown whether
this is due to less waning in protection with age.>*

Key points

e There may be a role for giving infants a wP-containing vaccine as the first infant dose to
improve pertussis control for the long term. Data is limited to determine whether this is
valid strategy to overcome the challenges with aP priming.

e There appear to be no safety concerns when wP is given as a single first dose.
e Data suggest that a first dose with aP vaccine may increase the risk for food allergies

compared with wP priming.

Maternal antibody interference with whole-cell primary course

The presence of maternal antibodies had a greater impact on the pertussis-specific response to wP
primary vaccination in infants than aP vaccination during a clinical trial in Thailand. Infants born to
mothers who receive Tdap in pregnancy received either aP or wP-containing vaccine at ages 2, 4, 6
and 18 months. These were compared with wP-vaccinated infants not vaccinated during
pregnancy.>® After maternal Tdap, 158 infants vaccinated with aP-containing primary course had
significantly higher antibody levels (p < 0.001) against all test pertussis antigens than 157 infants
who received wP-vaccines. Post-booster, only anti-PT and anti-PHA antibodies remined significantly
higher in the aP groups (p < 0.001). Anti-PT and anti-FHA antibodies were significantly higher in wP-
vaccinated infants born to unvaccinated mothers than in wP-vaccinated infants born to Tdap
vaccinated mothers. At all stages, antibody functionality was greater in the wP-vaccinated infants.>®

Conclusion

Waning antibody levels and a lack of sterilising immunity is associated with the aP programme
introduction. Theoretically, a mixed wP/aP schedule could overcome the limitations of aP vaccines.
In practice, several challenges remain.

e No wP-containing pertussis vaccines are approved for use in New Zealand.
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e By having a different vaccine for the first primary doses from subsequent primary doses, is likely
to cause confusion and errors in service delivery.

e |tis uncertain that this approach will reduce reactogenicity and maintain immunogenicity of wP.

e Any signs of increased reactogenicity could be a significant barrier for uptake, reduce parental
confidence after dose one, and result in delayed uptake of aP doses. It may be better accepted if
given alongside the meningococcal B vaccine with paracetamol. But it is unknown whether the
risk of adverse events would increase if wP and meningococcal B vaccines were given
concurrently.

Recombinant and other pertussis vaccines

In addition to mixed schedules, using both the whole cell and acellular pertussis vaccines in the
primary course (see above), other vaccine technologies are being evaluated to overcome the
limitations of the current acellular vaccines. Thes include a recombinant genetically detoxified
pertussis toxin vaccine, live attenuate whole cell pertussis and adjuvant technologies. See Table 16
for additional details.

Recombinant acellular vaccine

Introduction

To improve the immunogenicity of aP vaccines, vaccines are being used that contain genetically
detoxified (PTgen) recombinant pertussis toxin instead of the current chemically (hydrogen peroxide
or formaldehyde) detoxified pertussis toxin. As described in our 2018 pertussis review of evidence,?
clinical trial data showed that genetic inactivation of pertussis toxin using recombinant DNA
technology significantly increased anti-pertussis seroconversion rates and antibody duration
compared with the current chemically detoxified PT vaccine formulations.>> % Despite increased
immunogenicity, the reactogenicity profiles were similar between these vaccine types.

In addition, to reduce interference or adverse events associated with the tetanus or diphtheria
toxoid components of DTaP and Tdap, a monovalent recombinant pertussis vaccine has been
developed. A vaccine containing PTgen and FHA has been licensed in Thailand since 2016, available as
both a pertussis-only (monovalent) vaccine (aPgn, Pertagen®; BioNet-Asia) and a reduced-dose TdaP
combined vaccine (TdaPgen, Boostagen®). These are used routinely from age 11 years as booster
doses, in pregnancy and occupational boosters.®® Pertagen is under regulatory evaluation by the
Therapeutics Goods Agency in Australia and the European Medicines Agency.®’

Safety of recombinant vaccine

Post-market surveillance of aPgen and TdaPgen, in 11,420 adolescents and adults and including 1,778
pregnant participants, showed the incident rate of adverse events (AE) to be 11.5 per 1,000
individuals (95% CI 9.7 — 13.6). The most common AE was local injection-site pain in after both
vaccines and muscle pain after TdaPgen. All AEFI were mild to moderate in intensity and resolved
within a few days. AE rate in pregnancy was 1.1 per 1,000 (0.3 — 4.1), 91% of participants had
uncomplicated pregnancies and 99% delivered healthy babies — exceeding rates generally reported
in Thailand.®°

Immunisation Advisory Centre - December 2024 40| Page



Review of Evidence: Pertussis, 2024

PT-IgG
1000 Figure 10: Pertussis antibody kinetics over
] three years post booster vaccination with
genetically detoxified recombinant pertussis
toxin (aPgen or TdaPgyes) or chemically detoxified
Tdap (TdaP.hem) vaccines. (Pitisuttithum, 2021,
open access).
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Immunogenicity of recombinant vaccine

In a follow-up study of phase II/1ll clinical trial, pertussis antibodies levels remained significantly
elevated for three years in adolescents vaccinated at ages 12 — 17 years with aPgen or TdaPgen in
Thailand.®! Antibodies against PT and FHA declined in the first year, but stabilised to levels
significantly above baseline in the aPgen and TdaPgn groups. Antibody levels were significantly higher
in these groups at all time points compared with the TdaPem (chemically detoxified PT) group, as
shown in Figure 10. None of the TdaP.m recipients remained seroconverted (defined as >4-fold
change from baseline) after three years, compared with 65% (95% Cl 44.1% — 85.9%) of aPgen and
55% (33.2% — 76.8%) of the TdaPg.n recipients. After three years, PT neutralising antibodies in the
aPgen and TdaPgen groups remained elevated by 4.6-fold (2.6 — 8.1) and 3.7-fold (2.2 - 6.1),
respectively. In the TdaPcem groups, the PT antibody levels returned to prevaccination levels within
two years.® All participants in both TdaPgen, and TdaPem groups remained seroprotected for three
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years against tetanus toxoid; and 86% and 88%, respectively, remained seroprotected against
diphtheria toxoid. Follow-up studies are planned after five years.®!

Maternal vaccination with recombinant vaccine

A post-marketing observational study in Thailand recruited pregnant women who were vaccinated in
the second or third trimester with aPge, or TdaPgen (n = 508), or Td only (n = 76).%% High levels of anti-
pertussis antibodies were shown in maternal and cord blood samples at birth in both of the
recombinant vaccine groups. The use of the monovalent vaccine enabled women to opt for
pertussis-only vaccination if they had received Td earlier. Both vaccines were well tolerated and did
not alter pregnancy outcomes. Commencing in 2024, Thailand became the first country to offer
recombinant aPgen in pregnancy.®?

Birth dose of monovalent recombinant vaccine

Recombinant aPg, vaccine has also been considered to be given as a birth dose in infants whose
mothers were not given Tdap during pregnancy.®® A previously described? RCT recruited healthy
infants in Australia aged less than 5 days, of whom, 221 were given monovalent aPgen plus hepatitis B
(HepB) vaccine and 219 controls were given HepB vaccine alone. Infants were also vaccinated at
ages 6, 10 and 16 weeks with DTaP-IPV-HepB/Hib and 10-valent pneumococcal vaccine. At 10 weeks
of age, 93.2% (192/206) of infants who received a birth dose had detectable anti-PT and anti-PRN
antibodies, compared with 50.8% (98/193, p < 0.001) of the controls; anti-PT antibody GMC were
four-fold higher in the aP birth-dose group. By 32 weeks, the only significant difference in PT and
FHA antibody levels between the groups was seen in infants born to mothers who had not received
Tdap within the previous 5 years. A blunting of antibody responses to other concomitant antigens
(DT, HepB, Hib) was seen, but these exceeded defined protective levels. No difference were seen
between groups for pneumococcal vaccine serotypes.®® The study concluded that a birth dose of
aPgen could provide active pertussis protection to infants born to unvaccinated mothers too young to
receive their primary course.®

This review found no evidence around the use of this recombinant aP in a DTaP vaccine for use in
routine immunisation of children.
Key points

e Pertussis-only or combined recombinant aP vaccines are a safe and immunogenic option for
pertussis booster vaccination in adolescents and adults, including in pregnancy.

e The safety and immunogenicity of aPgen-containing monovalent and Tdap vaccines were
favourable. There were no safety concerns in pregnant and non-pregnant recipients.

e Mild to moderate localised injection-site pain and muscle pain were the most reported
reactions.

e The immunogenicity of genetically detoxified PT appeared to be superior to chemically
detoxified PT, with longer lasting and higher pertussis neutralising antibody levels.

e The use of the aPgen vaccine in infants looks promising as a birth dose for those not
vaccinated in pregnancy, but data is limited to date.
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Other vaccine types

Other new pertussis vaccine strategies in development include live attenuate vaccines, outer
membrane vesicle (OMV)-based vaccines, and alternative delivery systems and adjuvants. Clinical
data on these is limited to date.

Intranasal live attenuated vaccine: An intranasal live attenuated pertussis vaccine (BPZE1)
was found to be well tolerated and immunogenic in healthy adults aged 18-50 years.5 It
induced pertussis-specific IgG and IgA antibodies with broad specificities and a Th1l
phenotype. BPZE1-induced antibodies had greater opsonising and bactericidal function than

those induced by aP vaccine.®*%®

Adjuvants:

o Preclinical studies have examined the use of saponin and semi-synthetic saponin
adjuvants to advance the immunogenicity of aP vaccines.®’

o A small-molecule imidazoquinoline adjuvant to induce toll-like receptor (TLR7/8)
responses has been investigated to overcome neonatal hyporesponsiveness and
skewed T cell profiles seen with aP vaccines.®®

OMV: Similar to some meningococcal B vaccines, B. pertussis outer membrane vesicle-based
vaccines have also been considered as a strategy to improve pertussis vaccination.®® 1%

Development of pertussis vaccines is also focussing on identifying new epitopes to improve
the efficacy and duration of protection of pertussis immunity.01-103

Key points

Improvements to pertussis vaccination strategies likely require alternative approaches to
vaccine design and reverse vaccinology to improve the ability of these vaccines to prevent
transmission (sterilising immunity) and produce longer lasting immunity without increased
reactogenicity and risk for severe adverse events.

Intranasal vaccination is being investigated to induce a sterilising mucosal response.

Recombinant technology is being used to identify different epitope targets and other
technologies to produce novel adjuvants.
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Summary of evidence tables

Table 6 International pertussis immunisation recommendations

Country Group Vaccine Schedule Comments
Australia Pregnancy Tdap Ideally 20 —32 GW
Infants and children DTaP-IPV-HepB/Hib Age 2, 4, 6 months First dose can be administered from 6
DTaP 18 months weeks
DTaP-IPV 4 years
Adolescents Tdap Age 12-13 years
Adults Tdap Anyone wishing to reduce likelihood of
becoming ill with pertussis
HCW / ECE Tdap Every 10 years
Older adults Tdap > 65 years If have not had Tdap in last 10 years
Carers and household Tdap Given at least 2 weeks before contact
members of infants <6 with infant
months
Canada Pregnancy Tdap 27 -32GW ideally
Infants and children DTaP-IPV-HepB/Hib Age 2, 4, 6 months Alternative schedules mix these
or DTaP-IPV-Hib 12-23, ideally 18 months vaccines
DTaP-IPV or Tdap- Age 5 years
IPV
Adolescents Tdap Age 15 years 10 years after last DTaP or Tdap.
Adults Tdap 1 dose in adulthood regardless of interval since last Td.
Norway Pregnancy Tdap 2"d or 3" trimester Regardless of time since last
vaccination and every pregnancy
Infants and children DTaP-IPV-HepB/Hib Age 3, 5, 12 months Infants born <32 weeks received
Tdap-IPV 7 years additional dose of DTaP-IPV-HepB/Hib
at age 6 weeks.
Adolescents Tdap-IPV Age 15 years
Adults Tdap Every 10 years
United Pregnancy Tdap From 16 GW Ideally before 32 weeks but can be
Kingdom given after.
Infants and children DTaP-IPV-HepB/Hib Age 8, 12, 16 weeks
TdaP-IPV 3 years 4 months or soon
after
Adolescents Td-IPV Age 14 years No pertussis
HCW Tdap One dose if been >5 years 3 levels of priority: Priority 1 regular
since a pertussis and close clinical contact with severely
vaccination. unwell infants (<3 months) and women
in last month of pregnancy repeat
doses 5 years apart.
us Pregnancy Tdap 24 -36 GW Tdap postpartum only for those who
have never previously received Tdap.
Infants and children DTaP Age 2, 4, 6 months,
15-18 months
4-6 years
Adolescents Tdap Age 11 — 12 years
Adults Tdap For those who have never Td only given 10-yearly
received Tdap
Older adults Tdap Age 265 years
HCW Not suggested Revaccination may be Tdap has limited effect to interrupt

considered if healthcare
associated transmission
occurs

transmission or curtail an outbreak.
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Abbreviations: DTaP —combined diphtheria, tetanus, acellular pertussis vaccine; ECE — early childhood education; GW — gestation
weeks; HepB — hepatitis B; HCW — health care workers; Hib — Haemophilus influenzae type B vaccine; IPV — inactivated poliovirus; Td —
combined tetanus and diphtheria toxoid vaccine; TdaP —tetanus, reduced dose diphtheria and pertussis vaccine

Sources: Australia Immunisation Handbook Pertussis (whooping cough); Canadian Immunization Guide; Helse Norge Vaccines and
vaccination; UK Health security agency; UK Green book chapter 24 Pertussis; US CDC Pertussis recommendations
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Table 7: Burden of disease

Outcomes

Ref

Participants

Burden of disease in infants and young children

Pertussis severity
related to
gestational age

Burdenin aP era

Pertussis burden in
Australia

4

6

676 medical records for children
aged <2 yr hospitalised for
pertussis during 2005-2014 in
Netherlands

1402 paediatric (<16y)
hospitalisation for pertussis in
Canada 1999-2015

1.3 million children in WA and
NSW 2001-2012, followed for 18
months.

stratified by Aboriginal (4.9%),
prematurity (<32 vs 32-<37 GW),
>1 comorbidities (3.6% of total, of
these 3.5% non-aboriginal and
5.6% were aboriginal — most
common respiratory, heart
disease, kidney disease, premature
<32GW.

Results

prematurity <37 GW:

12% of pertussis hospitalisation vs 8% of Dutch birth cohort.

median age of admission = 3m for preterm vs 2m for term infants (p<0.001)
required longer ICU stays (15 vs 9 days).

oxygen supplementation and ICU admission were similar between the groups
artificial respiration (aOR 2.8, 1.3-6.0) and apnoea (1.8, 1.0-3.3) were more
frequent in preterm infants when adjusted for age and presence of
coinfections.

VE against pertussis hospitalisation preterm vs term:

1st dose age 2m = 73% vs 95%
2nd dose at age 3m = comparable 99% vs 86%

Infants <2m highest mean annual incidence (/ 100,000 population) for:

pertussis hospitalisation 116 (95% Cl 85-148)
ICU admission 33.5 (26.3-40.6).

Overall, 25% children require ICU admission, majority in infants <2m (38%)

independent risk factors: age <16 weeks, prematurity, encephalopathy and
confirmed pertussis diagnosis
21 deaths — risk factors age <4 weeks, prematurity, female sex.

Hospitalisation incidence from age 6mlarge reduction — from 28 to 5/100K
population between age 4-5m and 6-11mand 0.8/100K for those aged 1-4 years.

3,771 first episode of pertussis notified age <18m
1,207 (32.0%) pertussis-coded hospitalisation — 101 admitted to ICU and 3 died. ICU
—68 (67.3%) were aged <2mand 86 (85.1%) were <4m.

Aboriginal — 10.6% notification, 14.6% hospitalised cases, 15.8% of ICU
admissions = over-represented.

Proportion with 21 comorbidity increases with pertussis severity — notified 199
(5.3%), hospitalised 84 (7.0%) and 23 in ICE (22.8%).

Findings

The rate of hospitalisation of premature infants was
higher than the overall birth cohort. They were of an
older age (median age 3m) than full term infants
(2m). The severity of pertussis was similar between
the groups, but preterm infants required longer ICU
admissions and were more likely to require artificial
respiration.

In aP vaccine era, pertussis continues to contribute to
childhood morbidity and death, particularly for
infants under 2 months prior to vaccination. Maternal
vaccination has potential to reduce this burden.
Infant vaccinations also contribute significantly to
protection

Aboriginal children had a significantly higher rate of
pertussis notifications prior to any vaccine doses than
either those with comorbidity or non-Aboriginal
infants.

Children with comorbidity had lower VE even after 3™
primary dose.
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Outcomes

Severe LRTI caused
by pertussis

Ref

7

Review of Evidence: Pertussis, 2024

Participants

Prospective study, Cape Town,
S. Africa, conducted over 1y,
enrolled 460 children median
age 8m (IQR 4-18m) admitted to
hospital with acute lower
respiratory tract infection.

Results

Pertussis infection confirmed 32/460 (7%) of children.
Adjusted risk increased if:
e Age<2m: aRR 2.37 (95% Cl 1.03-5.42)
. HIV exposed uninfected: aRR 3.53 (1.04-12.01)
. HIV infected: 4.35 (1.24-15.29)
. Undernutrition: mild aRR 2.24 (1.01-5.09), moderate 2.7 (1.13-6.45)
. B. pertussis detected in caregiver: aRR 13.82 (7.76-24.62)
Significant protection if completed >3 primary vaccine doses: aRR 0.28 (0.10-0.75)

Levels of immunity post COVID-19 non-pharmaceutical control measures

Impact of pandemic
on pertussis
incidence

Serosurvey in China

9

10

England, laboratory confirmed
cases

Lockdown March 2020 then
masking wearing/social distancing
to 18 July 2021.

Blood samples collected across
Zhejiang Province, China in 2020
from 4,459 participants aged 0-59
years, 30 participants per age
group (ages <1, 1-2, 3-4, 5-6, 7-9,
10-14, 15-19, 20-29, 30-39 and 40-
59 years).

Children aged 1-14 years — 98.9%
received 3 primary doses pertussis
vaccination; 97.3% had 4 doses.

Incidence in pertussis dropped from April 2020, despite anticipating a peak year.

Incidence rates in July 2020 to June 2021 (after lockdown) vs July 2014-June 2019

/100,000

e infants <1y=0.5vs 24.5

e 1-4y=0.19vs3.13

e 5-14y=0.11vs 9.41

e Over15y=0.13vs 7.37

e Total =0.13vs 7.60

Total incidence rate ratio between 2020/21 and 2014/19 was 0.02 (0.01-0.02)

Vaccine coverage:

e Prenatal —dropped 2.7% lower than in 2019/2020 financial year (from 76.8%
t0 70.5%)

e  Forinfants — some data sources showed an increase, but timeliness affected as
age 6m coverage decreased by 3%.

Seropositivity (=20 IU/ml anti-PT IgG), by age:

e Highest 1-2y = 81.44%

e Lowest 10-14y =4.7%

e Sharp drop from age 3-4y (67.7%) to 9.8% at ages 5-6y and low for subsequent
groups (4 —6 %). Low immunity 5 years after last dose.

e 50% had undetectable (<5 IU/ml) anti-PT IgG from ages 7y to 39y.

e Modelling based on time of blood sample since 4t dose, showed a decline
within the first year for anti-PT, -FHA and -PRN antibodies. Decline in anti-PRN
antibodies was not as significant as for PT and FHA.

e Based on antibody titre of >80 IU/ml from age 5y, a minority of preschool,
adolescent and adults might have had recent infection — lower than a study
conducted in 2014. Estimated infection rates were much higher than
notifications, particularly in adolescents and adults.

Findings

Nasopharyngeal carriage of B. pertussis in caregivers,
HIV infection or exposure, under-nutrition and
younger age were significantly associated with
increased risk of severe pertussis in infants.

Primary course was highly protective.

Pertussis vaccination in pregnancy is a high priority,
especially in HIV infected women.

Lockdown measures due to COVID-19 pandemic had a
significant impact on pertussis transmission. But also
led to a decline in pertussis vaccine coverage. Also
concerns that pertussis is going undiagnosed as
similar cough symptoms to COVID-19.

Unclear of the situation 2 years on.

Although prevalence of pertussis decreased during
2020/COVID-19 pandemic, a proportion of
adolescents and adults had evidence of recent
pertussis infection but not identified by
diagnosis/routine surveillance.

A high proportion of population are susceptible, and
half may not retain immunity beyond age 7y (no
pertussis vaccine beyond preschool age in China).
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Outcomes Ref | Participants Results Findings
maternal immunity 12 18 paired blood samples of e  Pertussis incidence during 2020 (3/100,000) and 2021 (<1/100,000) were the Showed a significant decrease in pertussis antibody
post COVID-19 NPI childbearing age female HCW at lowest since 1990. levels in 18 healthcare workers of childbearing age
start (May-June 2020) and 1 year Compared with 2018/19, 2020 levels were not significantly lower (slightly). with low exposure and absence of recent boosting.
into COVID-19 pandemic (Feb-May = Anti-pertussis IgG levels declined in 2021 vs 2020 Clinical implications are uncertain.
2021) in British Columbia, Canada. o Anti-PT: 6.8 IU/ml (4.2-10.9) vs 8.4 (5.1-13.9); p = 0.004
None of the HCW had Tdap since o Anti-FHA: 18.8 (10.9-32.2) vs 23.6 (13.2-42.1) p<0.001
2017. o Anti-PRN: 371 (18.1-75.9) vs 47.3 (24.8-89.9) p = 0.092
Matched to 26 first trimester e Proportion of women with anti-PT IgG in 2021 vs 2020
samples taken in 2018 and 2019 o 25IU/ml-55.5% (10/18) vs 66.6% (12/18), p=0.73
age groups selected (median 37 o 2151U/ml-27.8% (5/18) vs 33.3% (6/18), p =1
years, IQR 28-41) — homogenous o 2301U/ml-11.1vs 16.7% (3/18),p=1
wP primed population (ie born o 2401U/ml-5.6% (1/18) vs 5.6% (1/18),p=1

1974-1997)

Abbreviations: aP — acellular pertussis vaccine; FHA — filamentous haemagglutinin; GW — gestation weeks; HCW — health care workers; IgG —immunoglobulin G; IQR — interquartile range; m — months; NPl — non-pharmaceutical interventions;
PT — pertussis toxin; PRN — pertactin; SR — systematic review; wP — whole-cell pertussis vaccine; y — years
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Table 8: Childhood immunisation - effectiveness of pertussis vaccine

Outcomes

Ref

Childhood DTaP schedule

Dose dependent
effectiveness in
infants <1 year

DTaP effectiveness
in childhood, US

15

16

17
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Participants

Case controlled study.

Active surveillance (PERTINENT study)
during Dec 2015-2019, 35 hospitals in 6
EU/EEA hospitals.

Hospitalised pertussis cases (259 cases
vs 746 controls) aged 2-11m at time of
discharge. Case = lab-confirmed +ve B.
pertussis test.

Regardless of year, August had the

highest mean number of pertussis cases

over the 4 years vs Feb/March for
pertussis-negative controls.

Population based case-control study.
Swiss paediatric surveillance unit
assessed immunisation status of
children aged 2.5 months to 2 years
hospitalised for pertussis.

Cases - 327 children during 2006-2010
and 196 during 2013-2017 vs 20,633
controls.

routine aP3 vaccination given at age 2,
4,6,and 15-24m, (+2wks coverage:
80%, 74.9%, 65.2%, 86.5%). By age 2y
94.2% (15,461) had 3 doses and 86.5%
(17,865) 4 doses.

469,982 children followed from age 3
months until +ve pertussis, received

Tdap or turned 11 years (average follow-

up 4.6 years per child). Born between
1999-2016 at KPNC. Routine five doses
DTaP given at ages 2, 4, 6, 12-18
months and 4—6 years.

Results

e  After 21 dose (210 cases and 476 controls): VE = 59% (36-73)
e VE after only 1 dose 214 days before symptom onset:
o Age2-11m —56% (28-73)
o Age2-5m—48% (5-72)
e VE after two doses (175 cases and 476 controls aged 2-11 months)
o Forany dose, age 2-11m — 73% (50-86)
o 2nd dose only, age 3-10m — 76% (43-90)

VE against pertussis hospitalisation increased with each consecutive
dose. Doses:

1. 42%(95% Cl 11.3-62.6)

2. 84%(70.2-92.1)

3. 98%(96.1-99.3)

4 No cases after dose 4 — 100% (96.0-100)

Total 738 pertussis cases:
o 99 unvaccinated
o 36 under-vaccinated
o 515 fully vaccinated for age
o 88 fully vaccinated plus one dose
e Risk of pertussis aHR (95% Cl):
o Vaccinated vs unvaccinated: 13.53 (10.64-17.21)
o Vaccinated vs under-vaccinated: 1.86 (1.32-2.63)
o Fully vaccinated plus one dose vs fully vaccinated: 0.48 (0.34-
0.68)
e See below for duration of protection data.

Findings

Findings suggest that for infants aged 2 -11 months having
received at least one dose of aP vaccine reduces the risk of
being hospitalised with pertussis by almost 60%. Only one
dose halves the risk of hospitalisation if aged 2-5 months.
After two doses VE increases to more than 73%.

Study demonstrated an incremental improvement in VE with
each dose (with 42% point-estimate after dose 1 and further
dose-by-dose increases).

Unvaccinated and under vaccinated children accounted for
less than 20% of the pertussis cases (4% of person years
follow-up).

Most cases were fully vaccinated, especially those most
distant from vaccination. Suboptimal VE and waning are
possible factors associated with epidemics.
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Outcomes Ref | Participants

Systematic review 19 SR/MA (to Nov 2019) — wP and aP,
pertussis VE and included 47 VE [32 aP, 22wP and 14
duration of mixed] and 15 duration studies.
protection See below for duration of protection

data.

Special groups

Effectiveness in 4
Premature infants,
Netherlands

hospitalisation occurred.

Effectiveness in 6 1.3 million children in WA and NSW
high-risk children, 2001-2012, followed for 18 months.
Australia stratified by Aboriginal (4.9%),

prematurity (<32 vs 32-<37 GW), 21
comorbidities (3.6% of total, of these
3.5% non-aboriginal and 5.6% were
aboriginal — most common respiratory,

heart disease, kidney disease,
premature <32 GW.

Duration of protection

DTaP effectiveness 17
in childhood, US

Cohort study - 469,982 children

ages 2, 4,6, 12-18m and 4-6y.

676 medical records retrieved of
patients age 0-2 years with pertussis
during 2005-2014 linked to vaccination
data. 12% were preterm (born <37 GW)
and median age at admission 3m for
preterm vs 2m for term (p<0.001)

Note — schedule 6w-2m, 3, 4, 11m but
unclear how long after vaccination that

followed from age 3 months until +ve
pertussis, received Tdap or turned 11
years (average follow-up 4.6 years per
child). Born between 1999-2016 at
KPNC. Routine five doses DTaP given at

Results

Pooled estimate VE:

aP—79% (95% Cl 73-83; 12 =93%)

WP — 79% (69-86; I2 = 93%)

mixed — 84% (75-90; 12 = 92%)

VE altered by study design, case definition, high statistical

heterogeneity (12> 50%), age groups, epidemic period, country.

Pooled estimate VE against severe pertussis (hospitalisation or
death) = 91% (87-94%; I> = 67%)

Preterm vs term

VE against hospitalised pertussis e with comorbidities dose 3:
hospitalised 70% (29-87) vs
non-hospitalised (24%, -49

L]

L]

L]

L]

L]
¢}
o
¢}

Median age at admission: 3m vs 2m (p<0.001)
Vaccinated: 62% vs 44% (p=0.01)
Co-infections: 37% vs 21% (p=0.01)

VE

o first dose (age 2m at admission): 73% (20-91%) vs 95% (93-96%)

o second dose (age 3m at admission): 86% (9-96%) vs 93%
(85.96%)

Aboriginal vs non-aboriginal
dose 1: 51% vs 25%
dose 2 69% vs 74% to 61)

dose 3: 76% s 80% e children with comorbidities
had a 6-fold higher rate of

with vs without comorbidities
dose 1: 0% vs 41%
dose 2: 30% vs 80%
dose 3: 70% vs 81%

hospitalised notified
pertussis.

Total 738 pertussis cases
See above for vaccination effectiveness data.

[¢]

Risk of pertussis aHR (95% Cl):
Age 19m to <7y, 2 3 years vs <1 years since vaccination: 5.04
(1.84-13.8)

Age 7 to 11y, 26 years vs <3 years since vaccination: 2.32 vs 0.97-

5.59

children aged >18m with longer intervals between recommended

doses were at highest risk.

Findings

Evidence that any pertussis vaccine confers protection
against pertussis disease, but wanes rapidly for aP vaccines.
High degree of heterogeneity was not fully explained —there
were differences in timing, magnitude and pertussis activity
trends, vaccine schedules and products across jurisdictions.
Decisions made around vaccine policy based on these
studies should carefully consider sources of heterogeneity.

Premature infants accounted for 12% of pertussis
hospitalisation but only 8% of Dutch birth cohorts.
Effectiveness of first dose was lower than term infants,
despite this cohort being more likely to have received the
first vaccinations. Premature infants required longer ICU
care and more likely to have co-infections than hospitalised
term infants.

For Aboriginal and non-Aboriginal children, improved
timeliness and antenatal vaccine coverage should improve
pertussis protection.

For highest risk children (<32 weeks gestation or significant
comorbidities), measures such as extra doses or vaccines
with improved immunogenicity are required (particularly in
settings where a 2+1 schedule is used).

Most cases were fully vaccinated, especially those most
distant from vaccination. Suboptimal VE and waning are
possible factors associated with epidemics.
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Outcomes

Systematic review -
Pertussis VE and
duration of
protection

Systematic review -
waning immunity

Ref

19

18

Review of Evidence: Pertussis, 2024

Participants

SR/ MA (to Nov 2019) —wP and aP,
included 47 VE [32 aP, 22wP and 14
mixed] and 15 duration studies.

See above for aP VE data and Table 15
for VE of mixed and wP schedules.

SR / MA — DTP-containing vaccines. 59
articles in SR and 30 acellular pertussis
articles in MA (also 16 diphtheria, 16
tetanus and 10 polio).

Results

Duration of protection, aP VE:

[¢]
[¢]
[¢]
[¢]

[¢]
[¢]
@]

Ages 0 — 10 years:

o 1tyear VE = 98% (90-100; I2 = 94%)
o By 5 years post vaccination = 81% (69-89; 1> = 0%)

Ages 11 — 20 years

o 1tyear VE = 72% (66-76; 12=0%)
o 4 years post vaccination = 42% (16-60; 12 = 2%)

Pooled RR

with time since last dose
(compared with control
period):
1-2 years = 1.65 (1.33-2.05)
2-3 years =2.06 (1.62-2.62)
5-6 years = 5.50 (4.33-6.98)
8-9 years = 8.43 (5.06-14.03)
Compared with unvaccinated
groups
0-1 years = 0.09 (0.05-0.16)
2-3 years =0.23 (0.16-0.33)
>8 years = 0.30 (0.20-0.43)

Based on GMR estimates
diphtheria antibodies waned

e 25% participants did not
have seroprotective Ab
levels 2-6 years from last
dose

at 5-6 years post
vaccination, titres were not
significantly different to
prevaccination levels (GMR
1.21,0.68-2.17).

Tetanus and polio — persistent
antibody levels in almost all
participants at 10 years.

Findings

Evidence that any pertussis vaccine confers protection
against pertussis disease, but wanes rapidly for aP vaccines.
High degree of heterogeneity was not fully explained —there
were differences in timing, magnitude and pertussis activity
trends, vaccine schedules and products across jurisdictions.

Found evidence of substantial waning in antibody immunity
against pertussis and diphtheria after vaccination. No
defined correlate of protection but levels reached
prevaccination levels suggesting decreased immunity. Saw
sustained long-term immunity against tetanus and polio.
Requires further evaluation to predict the need and optimal
timing between pertussis and diphtheria boosters.

Abbreviations: aP — acellular pertussis vaccine; aHR — adjusted hazard ratio; DTP — diphtheria, tetanus and pertussis; GMC — geometric mean concentration; GMR — geometric mean ratio; GW —gestation weeks; KPNC — Kaiser Permanente
North California; NSW — New South Wales; PERTINENT - Pertussis in Infants European Network; PT — pertussis toxin; RR — risk ratio; SR/MA — systematic review and meta-analysis; VE — vaccine effectiveness; wP — whole-cell pertussis vaccine;

WA — Western Australia
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Table 9: Vaccination in pregnancy - safety

Outcomes Ref Participants

Timing in pregnancy 20 SR 11/45 publications on safety

Meta-analysis of safety 77

and immunogenicity of of six RCT, three reported safety of

Tdap given in Tdap in pregnancy for infant and

pregnancy pregnancy.
Limitation — did not perform meta-
analysis on obstetric or foetal
complications.

Chorioamnionitis, non- 22 SR/MA of 13 observation and 6 RCT,

pertussis infections and
other AE in pregnancy

published up to Jan 2021.

Pooled data from 6 observational
studies on chorioamnionitis.
Excluded studies with 0 events.

Repeat vaccinations 23 SR —safety in pregnancy,27 articles

included.

Published literature to Oct 2021. Out

Results

Findings

No indication of increased safety concerns with timing of pertussis vaccination in pregnancy. Studies found no association between
reactogenicity (fever or local reactions), adverse pregnancy outcomes (stillbirth and miscarriage) or adverse infant outcomes (preterm
birth, low birth weight or birth defects) with timing of Tdap administration in pregnancy.

Pooled OR (0% heterogeneity):

e  Pregnancy outcomes/pregnant women SAE =
1.26 (95% C1 0.78-2.05, p = 0.35)

e infants =0.61 (0.37-1.01; p =0.053).

Increased risk of chorioamnionitis in women

vaccinated with pertussis vaccine but not with other

non-pertussis, non-live vaccines given in pregnancy —

RR =1.24 (1.141-1.42) (2/6 studies showed statistical

significance).

Prevalence of chorioamnionitis in non-vaccinated

groups was 2.9%; out of 1000 vaccinated an additional

8 will have chorioamnionitis.

No signif difference for other outcomes:

e non-pertussis infection (1 OS and 2 RCT): RR 1.12
(0.43-2.91)

e spontaneous abortion or still birth (4 OS): RR 1.04
(0.92-1.16)

e neonatal death (1 OS) RR 0.32 (0.02-4.69)

Data support the recommendation for routine Tdap vaccination in
pregnancy to improve protection for infants against pertussis before
primary immunisations.

A lack of a strong association between maternal immunisation with a
pertussis-containing vaccine and known clinical consequences of
chorioamnionitis, such as sepsis and preterm birth, may indicate a lack of
clinical relevance for this association. But does not discount an association.
Limitation: Based on retrospective studies of ICD-10 codes. In high-income
countries the negative outcomes of chorioamnionitis are less easily detected
with high standard of care. Those who are vaccinated likely to follow better
care but also may be more likely to have issues detected and elect for
epidural delivery which also has an association with chorioamnionitis/similar
symptoms.

Frequency of systemic and local reactions to Tdap, including fever, were similar 1-5 years apart to those who did not have previous Td
vaccine. No increase in acute AE or adverse birth outcomes following previous Td containing vaccine given <2 years, 2-5 years or >5
years. Nor between infants born to mothers who received single or multiple doses of Tdap in <5 years.

Abbreviations: GW — gestation weeks; m — months; OS — observational study; RCT —randomised controlled trial; RR —risk ratio; SR/MA — systematic review and meta-analysis; Tdap — tetanus, diphtheria, acellular

pertussis vaccine; Td — tetanus and diphtheria vaccine; y - years
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Table 10: Vaccination in pregnancy — immunogenicity of antibody transfer from mother to infant

Outcomes

Passive antibody transfer

Timing in pregnancy

Maternal antibody
transfer

immunogenicity and
transplacental transfer

Ref

20

25

83

Participants

SR of 26/45 publications on immunogenicity

Multicentre cohort study, Netherlands
between Aug 2019-Nov 2021. Total 221
women delivered 239 offspring. Maternal
Tdap given either 20-24 GW (mid-2"¢
trimester) or 30-33 GW (mid-3" trimester).
1.  Premature birth (<33 weeks), mother
vaccinated 20-24 GW (73 infants)

2.  Earlytolate term (born 237 GW), aged
2 months, mother vaccinated 20-24
GW (66 infants)

3.  Earlytolate term (born 237GW), aged
2 months, mother vaccinated 30-33GW
(reference cohort of 55 infants
recruited Jan 2014- Feb 2016)

Blood samples at delivery from mother and

umbilical cord, and from infants at age 2m

phase IV RCT, 687 healthy pregnant women
given Tdap vaccine at 27-36 GW or placebo
control (age 18-45y). Europe, Canada and
Australia. NCT02377349

Results

Findings

Vaccination in early third trimester or at least 8 weeks before delivery is suggested to provide maximal protection. Higher
antibody levels were reported in several publications when immunisation was administered in early third compared with late
third trimester. Some studies found no difference with timing in pregnancy. Most reported a positive correlation between time
interval between vaccination and delivery and antibody titres at delivery.

No studies considered relationship between timing of vaccination and antibody titres in breastmilk or cellular immunity. Few
studies investigated first or second trimester vaccination.

See Table 4 for data

Maternal TT and DT antibody GMRs were significantly
different between preterm and term delivery and the
GMR for anti-FHA antibody in cord blood between
early and later vaccination (p=0.06 and 0.09,
respectively).

Sensitivity analysis did not find significant difference
between maternal antibody levels in preterm cohort
who delivered before COVID-19 restrictions or during.

GMC ratios of maternal antibodies in cord blood
(Tdap/control):

anti-FHA = 16.1 (13.5-19.2)

anti-PRN = 20.7 (15.9-26.9)

anti-PT = 8.5 (7.0-10.2)

somewhat higher anti-pertussis antibodies in those
vaccinated at 27-32 GW vs 33-36 GW

Anti-pertussis toxin antibody levels approximately two-fold lower
at age 2 months in infants born to mothers vaccinated with Tdap
in mid-2" trimester compared with mid-3 trimester.

When vaccination occurs prior to 24 weeks, the peak in antibody
after vaccination may not coincide with the optimal time for
maternal antibody transfer and appears not to be compensated
for with longer time to delivery.

Clinical relevance of these lower antibody levels is unknown
without a correlate of protection or epidemiological study.

Tdap vaccination in pregnancy produced high levels of pertussis
antibodies in the cord-blood at birth.
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Outcomes

Tdap Prior to or during
pregnancy

Tdap immunity after two
successive pregnancies

Coadministration of
influenza, COVID-19 and
pertussis vaccines

Ref

29

Review of Evidence: Pertussis, 2024

Participants

Cohort study, 3 arms, 58 maternal/cord
blood pairs collected 2011-2017. All received
influenza vaccine and 25 (43%) received Tdap
in pregnancy. Remained vaccinated prior to
pregnancy (no timing given)

Arm 1 —2/25 received Tdap 31 and 32 GW in
2011-2012

Arm 2 —9/19 Tdap between 28-33 GW in
2013/2014

Arm 3 —2/14 Tdap at 26.6-26.9 GW & 12/14
Tdap 28.7-33.6 GW.

27 women given Tdap in first pregnancy
enrolled in follow-up for 2" pregnancy.
Mean interval between deliveries 2.4 years
(1.4-3.9). Mean gestational age at
vaccination — 29.5 (1%t pregnancy) and 28.8
GW (2" pregnancy).

Pilot study in Taiwan, 71 participants
received 3 and 4 doses of mRNA COVID-19
vaccine (final dose in current pregnancy) plus
Tdap/Influenza (TI) or Tdap alone (T).
Maternal blood samples collected at birth.
No indication of timing of vaccination in
pregnancy.

High antenatal Tdap coverage in Taiwan
meant no pregnant comparators without
Tdap.

Results Findings

Tdap Ab were higher in mother and cord blood in those Efficiency of antibody transfer was similar between those
vaccinated in pregnancy: 0.5-1 Log higher against all 3 Ags vaccinate prior to or during pregnancy. Did not affect transfer of
(PT, FHA and PRN) than before pregnancy (p<0.001). non-Tdap antibodies.

Tetanus Ab — during pregnancy vaccination marginally Pertussis I1gG antibody levels were higher in those vaccinated in
higher in mothers, significantly higher infants vs pre pregnancy

pregnancy vaccination (p = 0.0059)

Influenza antibodies were comparable between groups.
No correlation between maternal IgG and placenta
transfer efficiency (ratio 0.9 and 1.1 for all IgG types
vaccinated during vs prior) — higher levels in infants due to
maternal antibodies not increased rate of transfer.

Tdap-specific total IgG in maternal serum were Tdap in each pregnancy remains beneficial but transfer was
comparable but reduced in cord blood at 2™ delivery reduced for subsequent pregnancy. At both deliveries, infants
compared with first. (See Table 5) born to vaccinated mothers were still better protected than those
Transfer ratios were reduced for total IgG and IgG1 unvaccinated.

IgG1 — comparable for FHA, DT and TT Abs but lower for
anti-PT and PRN in maternal serum. In cord blood —
transfer efficiency was lower for FHA, DT and TT compared
with first delivery. No difference for other IgG subclasses.

No significant difference in pertussis IgG between 3 and 4 Protection from pertussis is not influenced by vaccination with
COVID-19 vaccine doses, and no difference with addition influenza or COVID-19 in pregnancy.
of influenza vaccination

3Tlvs 3T =17.69 vs 18.64 U, p=0.971

4Tl vs 4T =15.98 vs 13.89 U, p=0.973

No interference in COVID-19 neutralising antibodies
observed.

Suggestion of cross-protection/indirect protection
against influenza A with COVID-19 vaccination but not
influenza B in the groups who didn’t receive influenza
vaccine.

Abbreviations: DT — diphtheria toxoid; FHA — filamentous haemagglutinin; GMC — geometric mean concentration; GMR — geometric mean ratio; GW —gestation weeks; PRN — pertactin; PT — pertussis toxin; RCT — randomised controlled trial; Td —
tetanus diphtheria vaccine; Tdap — tetanus diphtheria acellular pertussis vaccine; TT — tetanus toxoid
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Table 11: Vaccination in pregnancy - effectiveness against pertussis in infants

Outcomes

Ref | Participants

Effectiveness of antenatal vaccination up to age 6 months

SR burden of 3
pertussis in infants

and effectiveness
maternal

immunisation

Effectiveness of 30
maternal

vaccination <age 2
months.

Infants aged <6 months, 11
articles published 2011-2018
Outcome: VE of maternal Tdap
preventing pertussis in infants,
and impact of programme (3
studies age <12m).

PERTINENT study in six European
countries. TND, Dec 2015-2019
829 infants aged <1 year (336
aged 4 days - <2months and 493
aged 2-11 months) hospitalised
with pertussis-like symptoms —
cases B. pertussis or controls
without any Bordetella sp
infection.

Median gestational age of
vaccination cases 30.4 GW (range
23-36) and controls 30.1 GW (20-
37)

Results

e Infants <2m: adjusted VE against confirmed pertussis in infant ranged
from 77.7% to 93%.

e infants <3m:
o similar, % studies ranged 90.9-91%, one Australian study VE 69%

(13-89)

o deaths<3m vaccinated 210 day prior to birth: VE 95% (79-100)

e Infant age <6m: lower than in young infants
o VE against infection 39% not significant
o VE hospitalisation of 46%

VE to reduced severity of pertussis (by preventing hospitalisation):

e crude VE 75.4% (49.8 -88.9) significant

e nosignificant when adjusted 52.1% (-0.16-80.3) for chronological age,
gestational age and paediatric aP vaccination.

Impact — greatest reduction infants <3 months

e Argentina: by 78% (72-83%), from 328 cases in 2012 to 72 in 2013 with
78% maternal coverage.

e UK-234/100Kin 2012 vs 30 cases /100K in 2018

Effectiveness of vaccination in pregnancy in infants aged <2 months

e 9/75(12%) cases and 92/199 (46%) controls were vaccinated in
pregnancy.

e Adjusted VE (for study site, time of onset and age group) = 75% (35-91)
and when diagnosed by aspirate = 88% (57-96%).

Findings

Effectiveness of maternal Tdap against pertussis disease and
hospitalisation in infants up to age 6 months.

Maternal vaccination currently is the most effective means to
protect newborns and young infants against pertussis prior to

primary immunisation.

Vaccination in pregnancy reduces the risk of infants to young
to be vaccinated (ie aged <2 months) being hospitalised with

pertussis by around 80% (75-88%).

Vaccination in pregnancy is an effective strategy to fill the
immunisation gap prior to the infant’s first vaccinations.
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Outcomes Ref | Participants
Effectiveness of 31 Australia, population-based
maternal cohort study NT, WA and QLD

vaccination in
infants aged up to
8 months.

(Link2HealthierBubs), 279,418
mother-infant pairs, linked health
records. 57% received Tdap

28 -31 GW.

total 331 cases up to age 18
months, 118 cases per 100,000
infants

First 3 years, estimated 52%
pregnant individuals received aP.

Timing of vaccination in pregnancy

Timing in 20 SR —9/45 publications on
pregnancy effectiveness. All studies either
conducted in UK or Argentina,
total of 133,275 mother-infant
pairs included but some
duplication of participants
Effectiveness of 32 Routine data collected from the
timing of maternal General practice information
vaccination system (ImmForm) and clinical

practice research datalink (CPRD)
covering 6% of UK population.
Pertussis vaccination only
counted if given >300 days
before birth and <8 days after.
Children born 1 Oct 2012 to 31
Dec 20109.

VE — pertussis onset <62 days
(before vaccination) or if
vaccination was delayed for
infants aged <93 days.

VE calculated for maternal
vaccination 217 weeks, 13-16
weeks, 8-12 weeks or 1-7 weeks
before birth, and 1wk before and
6wk after birth [perinatal].

Immunisation Advisory Centre - December 2024
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82 per 100,000 antenatal vaccinated

infants (119 cases) and 157 per

100,000 antenatal unvaccinated (213

cases).

e 49/331(14.8%) aged <2m

e 124/331(37.5%) aged <6m, of
these 12.9% hospitalised, 4.8%
ICU and 2 deaths (1.6%)

Overall, VE maternal vaccination:

e Infection <6m =65.1% (49.5-
76.0)

e Hospitalisation <6m = 60.2%
(-18.3 to 86.6)
2.8 cases /100K vaccinated vs
8.9/100K unvaccinated

e Byage group, VE against
infection:

o <2m=70.4% (50.5-82.3)
3-4m =65.7% (41.8-79.8
5-6m = 61.6% (37.5-76.4)
7-8m =43.3% (6.8-65.6)
Not significant after 8
months.

Median age notified (p <0.001,
predominantly in QLD)
e vaccinated antenatally =11 m

(IQR 8.75)

e unvaccinated antenatally =

7.5m (IQR 10)

O O 0 O

Mixed findings — some found no difference in effectiveness in infants aged
less than 2 or 3 months between second and third trimester vaccination. US

study favoured early third trimester (but didn’t investigate second trimester).

e  Maternal coverage 60-75%,
consistent from 2016 — clear
impact of earlier timing
recommendations on uptake
with 40% receiving Tdap 213
weeks before delivery.

e 1162 lab-confirmed pertussis
cases in children between 2012-
2016., 599 aged <93 days, 463
(77%) unvaccinated mothers,
136 (23%) vaccinated mothers.
19 infants died, none after
earlier vaccination was
introduced, 2 were vaccinated 4
and 8 days before delivery.

VE against infection

e age<3m=89% (86-91)

e age<2m =88% (85-91)

e VE against death —97% (81-
100)

e Equivalent VE for different
time periods (except for
perinatal)

comparison of vaccines:

e VETd3ap-IPV < Td5ap-IPV
(87%; 84-90 vs 92%; 88-95)

56 | Page

‘ Findings

Pertussis vaccination around 28 GW was associated with lower
risk of pertussis infants to 8 months.

No significant differences observed in timing of maternal
vaccination on infant antibody levels at birth.

Also see Table 12.

Recommendations around the timing of maternal vaccination
implemented worldwide differ widely. Timing of vaccination in
pregnancy seems to impact immunogenicity and vaccine
effectiveness. Notably, effectiveness is reduced if vaccine is
given late in pregnancy compared with earlier in pregnancy.

Maternal vaccination is highly effective against pertussis
infection and against pertussis-associated death up to age 3
months providing protection prior to infant’s immunisations.
VE was equivalent with different gestational periods except
those born between 7 days before and 41 days after delivery.
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Outcomes Ref | Participants Results Findings

Effectiveness of 31 Australia Link2HealthierBubs Gestation age VE % (95% Cl) e Similar findings when No significant differences between timing of maternal
maternal (described in Table 11), 279,418 o <28 weeks: 78.4 (12.3-94.7) weighted by inverse vaccination and vaccine effectiveness in infants aged <
vaccination in mother-infant pairs, linked health = e  28-31 weeks: 62.2 (76.8- [38.7]) probability of receiving Tdapin 6 months.

infants aged < 6 records. 57% received Tdap o >32 weeks: 70.5 (43.2-84.7) pregnancy.

months. 28 -31GW. Time from vaccination to birth

o 2-6weeks: 74.8 (12.3-94.7)
e 7-11 weeks: 61.7 (38.3-76.2)
e 212 weeks: 70.6 (20.0-89.2)

Effectiveness of 82 Case-control study — 47 cases Mothers of cases were less frequently vaccinated in third trimester than Vaccination in pregnancy is very effective in reducing pertussis
maternal infants aged 8 weeks at time of controls (59.6% vs 83.9%, p<0.001). in infants <2 months. Vaccination before and after 32 weeks
vaccination in disease onset and 124 controls VE maternal vaccination 88.0 (53.8-96.5) and slightly higher for those gestation was equally effective.
Spain born within 15 days of matched vaccinated before 32 GW than after = 88.5% vs 87.8%

case. (Jun 2016-2018, northern

Spain)

Abbreviations: 100K — 100,000 population; GW — gestation weeks; NT -Northern Territory; PERTINENT - Pertussis in Infants European Network; QLD — Queensland; SA — South Australia; SR — systematic review;
TdaP-IPV — combined tetanus, diphtheria, acellular pertussis and inactivated poliovirus vaccine; VE — vaccine effectiveness
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Table 12: Vaccination in pregnancy — maternal antibody interference on infant immunity

Outcomes
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Ref | Participants

Results

Immunogenicity of the infant primary course and booster after vaccination in pregnancy

Findings

Meta-analysis, post- 33 Individual-participant meta- Tdap immunised group: o anti-PT-0.92 (0.88— Two-fold higher anti-PT and anti-DT antibodies preimmunization
immunisation IgG analysis of 8 studies, post- e 2-fold higher pre- 0.97,n =373) were associated with 9% and 10% lower post-primary immunisation
response in infant immunisation IgG in infants immunisation vs post primary o anti-FHA-0.88(0.85— levels.
born to mothers immunised immunisation GMR: 0.92, n =378) Increased levels of IgG pre-primary immunisation were associated
Tdap or unimmunised in o anti-PT-0.91 (0.88-095, o anti-PRN - 0.84 (0.81-  with a reduce post-primary and booster immunisation level for some
pregnancy n=494) 0.88, n =367) antigens - regardless of whether women were immunised or not in
o anti-DT-0.90 (0.87-093, o anti-TT-0.88 (0.83— pregnancy.
n=519) 0.93, n =241) Spacing of the primary course did not affect primary and booster I1gG
o 2-folder higher pre- o anti-DT-0.83(0.79- levels for most vaccine antigens.
immunisation vs post-booster 0.87,n =278) Current study does not suggest there is any clinical relevance of the
GMR: e 2-fold higher pre- lower antibody levels in infants born to mothers vaccinated in
o anti-PT-0.91(0.85-0.97, immunisation vs post- pregnancy but if this was shown in the future, modification of the
n=224 booster GMR infant primary course timing would need to be considered for these
o anti-FHA-0.92 (0.85- o anti-FHA-0.92(0.86- infants.
0.99, n=232) 0.99, n=138)

Unimmunised group:

2-fold higher pre-
immunisation vs post primary
immunisation GMR:

2-3-4 months primary
schedule resulted in 78%
lower PT response than 2-
4-6 months post booster

(GMR 0.22m 0.08-0.61)

Immunogenicity of 84 Follow-up of phase IV trial e For diphtheria, tetanus, hepB, polio, Hib — both groups had Maternal pertussis antibodies interfere with the infant’s antibody
infant primary above, see Table 10 seroresponse at 1 month post vaccination 295% (94.5 -100%). response to pertussis antigens (particularly anti-FHA and anti-PRN
response following (NCT02422264). e nointerference was seen for PCV13 serotypes. antibodies) but the clinical significance is unknown as all infants were
maternal vaccination Immunogenicity of DTaP-IPV- e  Pertussis antigen vaccine response rates (>than pre-vaccination considered to be seropositive according to the study cut-off.

HepB/Hib antigens. 601 Infants lower limit) Tdap vs placebo

aged 6-14 weeks old born to o Anti-FHA —36.9% vs 94.8%

mothers who received Tdap or o Anti-PRN —37.5% vs 90%

placebo, vaccinated according o Anti-PT-77.1% vs 99.2%

to national schedules. e At one month post primary vaccination all infants were

seropositive for all the pertussis antigens.
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Outcomes Ref | Participants
Delayed infant 34
vaccinations following
maternal dose

Open-label parallel RCT
Netherlands. 118 pregnant

30-32GW or <48h postnatal

(control). Infants vaccinated at

3,5, 11m +/- maternal Tdap.

Infant blood samples — cord, 2,

3,6,11,12m
Post-hoc analysis also

compared with historical data

for 2, 3,4 and 11m without

maternal vaccination — samples

taken at 5m, 11m and 12m.

Impact of maternal 38
vaccination on toddler
booster response

Additional follow up of trials
above — up to 18 months of

age NCT02853929

263 (Tdap) and 277 (control)
toddlers received DTaP-IPV-

HepB/Hib and PCV13 boosters

at age 11-18 months.

women aged 18-40 yr Tdap at

R

At age 3 months, 34/50 (68%) of infants in the control group had
undetectable pertussis IgG levels compared with 1/54 (2%) Tdap
group

Tdap group at 3m vs control at 2m —anti-PT GMC ratio at 3m =9.5

The infant pertussis antibody concentrations were similar

between the control group vaccinated with 2+1 schedule starting
at age 3 months were compared with historical cohort given 3+1

doses starting at age 2 months.

(6.1-14.9)
Tdap vs control anti-PT IgG GMC ratio (similar for FHA and PRN
antibodies):

Age 2m —15.7 (9.9-24.8)

Age 3m —16.6 (95% Cl 10.9-25.2)
Age 6m —0.4 (0.3-0.6)

Age 11m — 0.5 (0.4-0.7)

Age 12m — 0.5 (0.4-0.7)

Before the booster dose, antibody GMCs ~1.4-1.5 times higher for
anti-pertussis and diphtheria antibodies in the controls than Tdap
group. Other DTaP-IPV-HepB/Hib and PCV13 antigens were
comparable.

One month post booster response rates:

pertussis 292.1-98.1% Tdap group vs 96.7-99.6% controls
Seroprotection rates for other DTaP-IPV-HepB/Hib antigens
>99.2% in both groups.

PCV13 >98% for both groups (except serotype 3 ~79% both)
Pertussis antigens GMC control vs Tdap

o Anti-FHA — 1.2-fold higher

o  Anti-PT - 1.5-fold

o Anti-DT —1.4-fold

All other antigens equivalent.

No difference in findings when analysed by primary schedule
timing or maternal vaccination timing.

Findings

Infants born to vaccinated mothers had 9.5 times higher pertussis
antibody at age 3 months than controls at age 2 months (age first
dose given in Netherlands).

After primary series the Tdap group had significantly reduced
antibody levels than controls. The effect of a booster dose was
equivalent. Although antibody levels remained reduced, they were
substantial.

Delaying primary course until 3 months doesn’t prevent blunting,
more blunting is likely when vaccinated at 2m when maternal
antibody levels were higher. It was suggested that this data support a
2+1 schedule for DTaP for those born to Tdap mothers, depending on
maternal vaccination coverage and timeliness of maternal
vaccination.

Likely due to maternal antibody interference to infant’s response to
the primary course, toddlers born to mothers vaccinated in
pregnancy continued to have lower antibody levels than those not
vaccinated in pregnancy for pertussis and diphtheria antigens. But
the booster response was equivalent in both groups, just started at a
lower baseline. The clinical relevance is unclear but other studies
have not shown reduced protection in toddlers when vaccinated in
pregnancy.

Immunisation Advisory Centre - December 2024
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Outcomes

Preschool booster 37

Review of Evidence: Pertussis, 2024

Ref | Participants

UK phase IV study.

64 children given Tdaps-IPV at
age ~3y 4m following antenatal
Tdaps-IPV (Boostrix-IPV) or
Tdaps-IPV (Repevax) or no
vaccination.

(note, UK does not provide a
toddler booster doses, median
time since last DTaP dose was
36 months)

Boostrix has higher PT levels
than Repevax.

Safety of booster doses after primary course

Safety of booster dose 38
in toddlers born to

mothers vaccinated in
pregnancy

Phase IV clinical trial as
described above.

R

Antibody prior to booster:

e No significant difference between vaccinated groups

e Anti-PT IgG were significantly lower in children born to Boostrix
vaccinated compared with unvaccinated mothers. (GMR 0.42,
0.22-0.78, p=0.03). Overall no significant difference but tending
to be lower for all pertussis antigens. No difference for TT and DT
antibodies.

1 month post preschool booster

e No significant difference, only apparent lower trend for lower
anti-pertussis IgG vaccinated vs unvaccinated antenatally.

Effectiveness of infant primary course after vaccination in pregnancy

Effectiveness of 30
maternal and primary
course age 2-11

months.

Effectiveness of 31
maternal vaccination
up to 8 months

PERTINENT study, as above
376 infants eligible for
pertussis vaccine aged 2-11
months, 123 cases and 253
test-neg controls.

Median gestational age of
vaccination cases 30.1 GW
(range 19-36) and controls 30.6
GW (14-36)

Reference group unvaccinated
infants and mothers

Australia, population-based
cohort study NT, WA and QLD
(Link2HealthierBubs),
described in Table 11

Vaccination status:
e inpregnancy and 21 dose PV: 31 cases (25%) and 98 (39%)
controls
e PVonly: 27 cases (22%) and 53 controls (21%)
e  Pregnancy only: 9 cases (7%) and 38 controls (15%)
Vaccine effectiveness (n=376,) adjusted for site time of onset and age:
e Pregand21dose PV: 74% (95% Cl 33-90)
e PVonly: 68% (27-86)
e Pregonly: 36% (-85-78)
e Aspirate diagnosis:
o Preg/PV: 88% (62-96)
o PVonly: 81% (62-96)
o Pregonly: 44% (-109-85)
Lower point estimate after 3" infant vaccination in maternally

vaccinated vs unvaccinated (76.5% vs 92.9%, p=0.002) — no increase in
pertussis infection (HR 0.70, 0.61-3.39). Not seen with dose 1 and 2.

Findings

Blunting effect of antenatal pertussis vaccination on pertussis
response in children persists beyond the age of 2 years into early
childhood but can be overcome by a booster dose.

No increase reactogenicity or change in safety profile of DTaP-IPV-
HepB/Hib when given as a booster dose to toddlers (aged 11-18
months) born to mothers vaccinated with Tdap in pregnancy.

Regardless of the recommended schedule, 21 dose of pertussis
vaccination in infants born to mothers who were vaccinated in
pregnancy reduced the risk of pertussis hospitalisation by 74-95%.
Vaccination in infants born to mothers not vaccinated in pregnancy
reduced the risk by 68-94%.

The limited sample size was not able to assess any effect of
pregnancy vaccination on the VE of infant vaccination. But these
findings suggest good effectiveness of >1 doses of PV in infants aged
2-11 months, irrespective of vaccination status in pregnancy.

Pertussis vaccination around 28 GW was associated with lower risk of
pertussis infants to 8 months. Lower effectiveness in maternally
vaccinated infants after 3" dose didn’t translate to a greater risk of
disease compared with those who received no antenatal vaccination.

Immunisation Advisory Centre - December 2024
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Outcomes Ref | Participants Results Findings
Modelling impact of 35 SR/MA — 4 studies with 2-6 Weighted mean RR of pertussis of infants born to vaccinated and Findings support a role for maternal vaccination in protecting young
maternal years follow-up. Included unvaccinated mothers, after primary immunisation: infants most at risk from pertussis. Even in the presence of blunting,
immunisation on modelling of transmission e 1stdose =0.26 (0.11-0.67) maternal immunisation was predicted to remain effective at reducing
pertussis transmission dynamics. e 2mdose =0.73(0.39-1.34) pertussis in unvaccinated newborns but may eventually (after more

e 3rdose=0.71(0.38-1.32) than a decade) result in an infection-control trade-off with older age

groups. The study highlighted large uncertainty and lack of research
into effects of blunting on pertussis. There is a need to disentangle
the introduction of maternal vaccination with the resurgence of
pertussis incidence and more recently the impact of COVID-19
control NPIs.
Abbreviations: SR/MA — systematic review and meta-analysis; VE — vaccine effectiveness; PV — primary vaccination; NT — Northern Territory; QLD — Queensland; SA — South Australia; NPIs — non-pharmaceutical interventions; RR - risk ratio;

GW — gestational weeks; DT — diphtheria toxoid; FHA — filamentous haemagglutinin; GMC — geometric mean concentration; GMR — geometric mean ratio; GW —gestation weeks; PCV13- 13-valent pneumococcal conjugate vaccine; PRN —
pertactin; PT — pertussis toxin; RCT — randomised controlled trial; Td — tetanus diphtheria vaccine; Tdap — tetanus diphtheria acellular pertussis vaccine; TT — tetanus toxoid
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Table 13: Effectiveness and impact of different childhood immunisation schedules

Outcomes

Ref | participants

Primary course and infant boosters

Narrative SR
pertussis
immunisation
strategies

Pertussis risk
associated with
timelines and
number of doses

39

40

98 studies including observation,

VE and modelling studies from 24

countries.

e  Accelerated — 3 doses age
<6m

e Extended -3 doses age
<12m

e Booster —on, before or after
2" year of life.

Retrospective cohort study
Washington State, US, based on
316,404 children aged3mto 9
years 2008-2017.

Schedule 2-4-6, 15-18, and 4-6
years. (min age 38 days)

Immunisation Advisory Centre - December 2024

Results

Recurrent themes of studies: timing of vaccination, vaccine coverage,
waning immunity/vaccine effectiveness, direct and indirect effectiveness,
switching from accelerated to extended schedules, impact of changes in
testing.
Timeliness of delivery and completion of the schedule is key — first dose
is important in reducing pertussis in infants, regardless of the schedule.
Protection from booster doses, whether given before or after 2nd year
of life, wanes at similar rates. Delaying boosters to pre-adolescence
may result in increased pertussis in young children.

Increases in testing and pertussis notification could in-part explain the
observed increase in cases. WHO reported 5/19 countries had a true

surge.

6.3% had no DTaP recorded
36.7% were delayed for >1 dose
56.9% were fully vaccinated with
no delay.

Higher proportions of the
unvaccinated and delayed vaccinated
children lived in areas of low SES.
Those who delayed primary course
were 48% (47-49%) less likely to
complete the primary course and
under vaccination was associated
with a 3.5-fold higher (2.3-5.5) risk of
pertussis in the first year of life.

Of 404 pertussis cases:

28.7% were unvaccinated
36.9% were delayed

34.4% were fully vaccinated on
time.

Under vaccination risk of pertussis
(aRR, 95% 95% Cl):
e primary (ie <3 doses at 19
months) = 4.8 (3.1-7.6)
e 1tbooster (<4 doses at 5
years) = 3.2 (2.3-4.5)
e 2" pooster (<5 doses at 9
years) = 4.6 (2.6-8.2)
e Under/delayed vs age
appropriate/timely:
o aged7-19 months, 4.8
(3.1-7.6)
o not statistically significant
at ages 19-60m (aRR 3.2,
2.3-4.5) and 5-9y.
3+0 vs 2+1 primary course —aRR
3.9 (0.5-28.8) (small sample size for
2+1)
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Findings

Challenging to compare schedules. Insufficient evidence to
determine if one schedule was better than another.
Countries need to select a schedule to obtain and maintain
high coverage and reduce the risk of delay in delivering
vaccines to infants.

Booster vaccination did not indirectly protect infants.

Under vaccination was significantly associated with higher
risk for pertussis. Delay in children who received the
recommended number of vaccine doses did not increase
pertussis risk.
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Outcomes Ref | Participants

Modelling, change in 41
schedule in France

Negative binomial regression
model for no. of pertussis cases
by year and age relative risk
depending on schedule.
Schedule pre 2013 — 2-3-4m and
16-18m; new schedule 2-4-11m.
Data collected Jan 2012-Dec
2019, 7493 PCR+ symptomatic
pertussis cases aged 2-20 years.

Impact of maternal antibody

Effect of maternal 36 Blood samples used from 378
antibody on children collected during another
pertussis and clinical trial. Quebec, Canada
pneumococcal Vaccinated with a combination of

antibodies after 2+1
and 3+1 primary
course

Infanrix and Pediacel, PCV10 and
PCV13.

3+1 at 2-4-6-18 months, blood
sample at 19 months

2+1 at 2-4-12 months, sample at
13 months.

Adolescent booster doses

Impact on pertussis 43
incidence

British Colombia and Quebec,
Tdap since 2004 in adolescents
aged 14-15 years.

aP vaccines had been used across
all analysis periods in BC but only
a proportion in Qb during 2000-
2003.
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Results

Fasting waning of immunity following vaccination with new schedule.
Risk of pertussis 3 years after vaccination was 1.7 (1.4-2.0) times higher for

children vaccinated according to new schedule.

Anti-PT IgG — 50% lower at age 2 years under new schedule and 43% lower

at age 3 years.

Pertussis analysis:

e 2+1schedule —Tdap vaccinated
mother had lower anti-pertussis
Abs than unvaccinated mothers
(aGMR) at age 13 months (post
12m-booster):

e Anti-PT =0.77 (0.65-0.90)

e Anti-FHA = 0.66 (0.55-0.79)

e Anti-PRN =0.72 (0.52-0.99)

e 3+1schedule vaccinated vs
unvaccinated mothers (19m) — no
significant difference aGMR

o Anti-PT =0.77 (0.65-0.90)
o Anti-FHA = 0.66 (0.55-0.79)
o Anti-PRN =0.72 (0.52-0.99)

After adjusting for maternal
vaccination, 3+1 had higher
anti-pertussis Ab levels than
2+1. Infanrix hex booster
induced higher levels.
Pneumococcal —PCV10
vaccinated 2+1 schedule,
maternal vaccination only
had small, non-significant
effect on response to
serotypes.

PCV10-only vs mixed PCV10
2+1/PCV13 booster -
significantly lower 19A 79%
seroconversion vs 100%
among Tdap vaccinated.

ages 15-19 years to <1 year olds IRR decreased during 2009-2012 post Tdap

vs 2000-2003 pre-Tdap:
e BCO0.15vs 0.3, p=0.001
e Qb 0.03vs0.05, p=0.006.
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Findings

New schedule likely resulted in shorter-lived protection with
anincrease in pertussis cases seen in children aged 2-5
years. Schedule choice is a key component in pertussis
control strategies.

Possible blunting of pertussis response after maternal
vaccination, more pronounced in DTaP 2+1 schedule than
3+1. No significant interference of pneumococcal
vaccination. Although 2+1 resulted in significantly lower
pertussis Abs, the absolute differences in GMCs were small.

Adolescent boosters may have significantly reduced
pertussis incidence in older teenagers (15-19 years) but the
absolute impact on the burden of pertussis was likely to have
been minimal due to already reduced in pertussis and
serious outcomes in younger children.
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Outcomes Ref | Participants

School age and late 42
adolescent boosters

74,675 pertussis cases notified to
Norwegian Surveillance System .
1998-2019. .

Safety of booster 90
doses in adults and
adolescents

SR/MA —6 RCT Td vs Tdap and 3 .
RCT aP vs placebo in adolescents
and adults

Results

Booster introduction IR /100,000 and IRR (95% 95% Cl)

Findings

Pertussis booster doses offered direct protection to targeted
groups. Potential indirect protection to adults. Infant
incidence unchanged.

2006-2012 Age 8-15y = 433 to 199; 0.89 (0.88-0.90)

2013-2019 Age 16-19y = 171 to 77; 0.84 (0.82-0.86)

Age <1 year

o 2006/2012 IRR 0.99 (0.95-1.04)

o 2013-2019 IRR 0.96 (0.91-1.02)

Adults ages 20-39 years — IR decreased both periods (0.94 and 0.92)
Children — IR increased (1.05 and 1.08) despite high coverage

Incidence of nausea and vomiting was significantly higher in Tdap than

Td group

o Nausea—RR1.26 (1.01-1.57)

o Vomiting — RR 2.08 (1.21-3.58)

o Fever —RR 1.06 (0.58-1.94) (greater with higher PT content vaccine
8ug; PT 8ug vs >8ug RR=1.61)

No statistical difference between aP and Placebo for headache or

injection site erythema.

Meta-analysis found gastrointestinal symptoms were
increased with Tdap but at low incidence.

Abbreviations: 3+0 — three primary and no booster; 3+1 — three primary and one booster; 2+1 — two primary and one booster; aGMR — adjusted geometric mean ratio; BC — British Colombia; DT — diphtheria toxoid; FHA — filamentous
haemagglutinin; GMR — geometric mean ratio; GW —gestation weeks; IR — incidence rate; risk ratio; IRR — incidence rate ratio; m — month; PRN — pertactin; PT — pertussis toxin; PCV10 — 10-valent pneumococcal conjugate vaccine; Qb —
Québec; RCT — randomised controlled trial; SR/MA - systematic review and meta-analysis; Td — tetanus diphtheria vaccine; Tdap — tetanus diphtheria acellular pertussis vaccine; TT — tetanus toxoid; y — year
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Table 14: Booster doses in non-pregnant adults

Outcomes Ref | Participants

Pertussis immunity post COVID-19

Pertussis antibody in 12
health care workers

BC, Canada — 18 paired samples HCW of
childbearing age.

Serosurvey 10 Serosurvey in 2020, Zheijian Province, China
(with no preschool or adolescent boosters)
Anti-PT IgG putative seroprotective cutoff

at 20 IU/ml and undetectable <5 IU/ml.

Adult booster doses / occupational boosters

Tdap given 5 years 45
after previous dose

Post-marketing study, 2" dose Tdap given
4-5 years after previous dose to 545
participants aged 15-69 years

Results

Pertussis incidence:

e 2020 -3 cases per 100,000

e 2021 <1 case per 100,000.

Antibody levels (1U/ml)

e 2021vs 2020
o Anti-PT = 6.8 (4.2-10.9) vs 8.4 (5.1-13.9); p=0.004
o Anti-FHA = 18.8 (10.9-32.2) vs 23.6 (13.2-42.1); p<0.001
o Anti-PRN =37.1(18.1-75.9) vs 47.2 (24.8-89.9); p=0.092

e In 2020, Ab levels didn’t differ significantly to early-gestation
pregnant women in 2018/2019 but noted that HCW are usually
more likely to have received vaccine or exposure to B. pertussis
than general population.

Age >7 years —50% had undetectable anti-PT antibody

Proportion of population with evidence of recent infection (anti-PT
IgG titres of >80 IU/ml)

e Age10-14 years—0.9%

e 15-29years—0.3%

e 40-59years—1.1%

Attenuation model — 5 years after previous vaccination predicted to
reach unprotective levels (anti-PT 5.6 IU/ml)

e 94.2% reported at least 1 solicited AE — injection-site pain
(87.6%), redness and swelling (<30%) and systemic AE myalgia
(61.0%), headache, malaise, fever (6.5%). Slightly more frequent
than initial dose.

e 100% Seroprotection for TT, 95% diphtheria.

e Based on 50 EU/ml threshold for pertussis — 82.1% PT, 96.7%
FHA, 95.6% PRN, 99,8% FIM2/3.

Findings

Significant decline in pertussis immunity due to low case
numbers, pathogen exposure and absent boosting.

The decline in cases was also seen across the
population, including in infants under 1 year who are
more likely to have severe illness, and therefore, not
attributed to under reporting.

Pertussis immunity was low in general. Infections
continued to occur during COVID-19 response
restrictions.

Although lower than seen during previous study in
2014, estimated infection rates were higher than the
notified rates.

Second dose of Tdap given 5 years after previous Tdap
dose was well tolerated and immunogenic.

Immunisation Advisory Centre - December 2024
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Outcomes Ref | Participants
Immunogenicity after 46
10y ears Td given 8-12 years after previous dose of

Tdap.

Effectiveness in older 47 Case-control study in adults aged 46-81

adults years (mean 61 years).
Pre-specified analysis population - 333
cases and 506 controls.
PCR-only 172 cases and 266 controls.
Early childhood 44 Survey of 4,000 ECE in NZ
educators

Cocooning and post-partum vaccination

Parents of newborns 91 Cross-sectional survey, 884 (25% response
rate) parents of newborns born May-Sept
2012 and 2013, Basel, Switzerland, 3

questions exploring pertussis knowledge.

RCT 1330 adults aged 18-<65 years Tdap or

R

Solicited AE reported by 97.7% Tdap and 88% Td. No significant
different rates of reactions. Robust antibody response, all pertussis
antigens met prespecified non-inferiority thresholds, GMR pre/post
vaccination:

PT=8.1, FHA=5.9, PRN = 6.4, Fim 2/3 =5.2

Post vaccination titres of TT and DT antibodies were similar
between Td and Tdap groups. With >99% achieving
seroprotective levels.

High antibodies pre-vaccination might have affected the ability
to induce a booster response against PRN, FIM2/3 and TT.

17% of cases and 16% of controls had pertussis vaccination on
average 3.0 (range 0.8-8.8) years prior.

Overall there was no evidence of VE (8%, -36-37%) for all cases
(diagnosed using serology and PCR testing) but when looking at
those diagnosed by PCR-only the adjusted VE was 52% (15-73%)
and a greater time since vaccination (5.9 years, 5.0-6.7 years).

<50% of participants received Tdap in last 10 years
85% reported vaccinated with MMR
0.5% declined to respond

64% of mothers and 59% fathers accepted pertussis vaccination

when recommended (by health professional)

Overall 204/884 (23%) mothers and 147 (17%) 887 fathers were

accurately protected according to cocooning strategy.

Only 7% of newborns were protected by a complete cocoon (all

close contacts immunised) and 18% were 250% cocoon coverage.

With only 79% of siblings up to date.

Most vaccinations occurred within 1 or 2 months after birth:

o 88(47%) /178 immunised mothers and 61 (48%) / 126
immunised fathers.

o 31 mothers and 24 father immunisation delayed by >2m
after birth.

Findings

Second dose of Tdap given 10 years after previous dose
was well tolerated and immunogenic. Similar safety
profile to Td.

Among older adults, VE against PCR-confirmed pertussis
was around 50% and no evidence of waning protection
was seen with increasing age nor time since vaccination.
Although the statistical power was limited, the VE point
estimate showed no declining trend for up to 6 years.
This population primed either with wild-type infection
or whole cell vaccines.

Serological diagnosis was likely misclassifying cases and
unreliable where adults are increasingly receiving Tdap.

Early childhood educators and carers are under
immunised for pertussis, putting infants at risk.

In absence of new vaccines or alternative strategies,
cocooning strategy is highly suboptimal. Intensifying
efforts, such as improving knowledge among health
professionals and population.

Improve provision and acceptance of pertussis vaccine
by pregnant women and other close contacts.

Update of siblings immunisation could be addressed
while mother was pregnant.

Immunisation Advisory Centre - December 2024
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Outcomes Ref | Participants

Household cocooning 92 Data linkage study in WA — 64,364 live
births in 2011-2012 linked to parental
pertussis vaccination and notified pertussis
cases. Vaccination post-partum <4 weeks

after birth.
Effectiveness of 32 UK study see Table 11
timing of maternal Perinatal vaccination = 1wk before and 6wk
vaccination after birth
Cocooning — partner 48 Survey of 689 women and/or partners in
vaccination maternity wards in Melbourne Aug -Dec
2016.

37% of adult carer contacts, other than
parents, came from overseas.

R

43,480 (68%) had 21 vaccinated parent (60% mothers and 36%

fathers)

After excluding those who were vaccinated prior to birth or

absent vaccination data, 118/53,149 developed pertussis.

Pertussis incidence — not significantly different:

o Both parents vaccinated post-partum vs unvaccinated (1.9 vs
2.2 cases / 1000) —aHR 0.91 (0.55-1.53)

o Maternal only post-partum —aHR 1.19 (0.82-1.72)

See Figure 7
VE against pertussis in infants aged <3 months when mother
vaccinated perinatally = 27% (-56 to 65)

70% women and 66% partners reported pertussis vaccination

according to national recommendations (48% during pregnancy

and 66% within last 10 years).

22% newborns discharged with neither parent vaccinated

Compared with those with vaccinated mothers, lower rates of

vaccination in household where mother was not vaccinated:

o Partners vaccinated —83% vs 26%

o Other carers —76% vs 18.5% (particularly when carer usually
reside overseas).

o Adjusting for family member and residency status: OR 10.5
(5-20.1), p<0.01 if mother vaccinated.

0Odds of reporting vaccination was 94% lower in overseas

resident contacts — OR 0.06 (95% CI 0.04-0.11), p<0.01

Findings

Vaccinating parents during 4-weeks postpartum did not
reduce pertussis incidence in infants.

Maternal vaccination is highly effective against pertussis
infection in infants up to 3 months except when given
too close to birth or postpartum.

Main findings
1.  One third of pregnant women and partners
are not vaccinated according to guidelines
2. Lower rates of vaccination of contacts if
maternal vaccination does not occur
3. Adults carers from overseas are less likely to
be vaccinated than those resident in
Australia.
Antenatal care should promote maternal vaccination
and also encourage vaccination of partners and
contacts, particularly if maternal vaccination does not
occur.

Abbreviations: aHR — adjusted hazard ratio; BC — British Colombia; ECE — early childhood education; OR — odds ratio; FHA — filamentous haemagglutinin; PCR — polymerase chain reaction; PRN — pertactin; PT — pertussis toxin; VE — vaccine

effectiveness; WA — Western Australia
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Table 15: Comparison of whole cell and acellular pertussis immune responses

Outcomes

Immune response

Antibody 50
response in
adolescents

T cell profile 51
adults immunised
as children

Effectiveness

Effectiveness 19
comparing wP
and aP

effectiveness of 3 54
& 5 component

aP with wP

vaccines

Ref | Participants

Serum analysis, left-over samples used to
diagnose pertussis from 36 adolescents
aged 15-20 years, from 2014-2016
Denmark

Defined groups: wP or aP primed with
high (+) or low (-) anti-PT IgG [wP+, wP-,
aP+, aP-]

Cells obtained from tonsillectomy (10
adults wP and 10 aP vaccinated as
children), nasal cells from mid-turbinate
swab from 20 healthy volunteers. All
matched with peripheral blood samples.
None had recent pertussis infection.

SRMA (to Nov 2019) — wP and aP,
included 47 VE [32 aP, 22wP and 14
mixed] and 15 duration studies.
See Table 8

Case-control study, England. Ages 5-15
years, primed with 3 doses of either wP,
aP3, aP5 or a mix and given aP preschool

booster at age 4 years. Switch from wP to

aP in 2004 (continued with mixed
schedules due to supply)

403 pertussis cases vs 581,971 controls.
Limitation - shorter period after aP5
vaccination than wP and aP3.

Results

Those with high PT IgG also had high 1gG and IgA titres against other pertussis
antigens (FHA, PRN and OMV) — no difference between aP and wP groups.
Antibody response to other previously undefined immunogenic pertussis
antigens showed a difference between wP and aP groups in both IgA and IgG
against these antigens.

Of CD4 cells, a greater proportion were Trm in nasal tissue than tonsil.
Detectable pertussis-specific Taw in 80-90% of nasal cell donors.

Higher frequency of IFN-y and IL-17+ CD4 Tgwm in nasal mucosa of adults
vaccinated with wP than aP as infants.

IL-13 producing T cells dominate in those aP primed.

Pooled estimate VE:

o aP—79% (95% Cl 73-83; 12 =93%)

e WP—79% (69-86; I = 93%)

e mixed —84% (75-90; I = 92%)

e VE altered by study design, case definition, high statistical heterogeneity
(12> 50%), age groups, epidemic period, country.

Compared with 3 doses of wP primary course, odds of pertussis (OR, 95% Cl):

e 3doses aP3 —-3.86(2.56-5.82) p<0.001

e 3 doses aP5-0.89 (0.29-2.73) p=0.85

e wP/aP3 mix—2.47 (1.71-3.56), p<0.001

e wP/aP5 mix — 1.82 (0.52-6.37), p=0.35

When adjusting for year of birth and preschool booster, risk in aP5 group did

not differ from wP group.

Preschool booster (with any aP vaccine) gave similar protection when wP

primed (p=0.9); marginally increased odds of pertussis in aP5-low group vs aP3

when primed with aP (p=0.04).

Findings

Antibody specificity to pertussis antigens in response
to a recent pertussis infection correlates with

pertussis vaccine received in childhood.

IFN-y and IL-17+ B. pertussis-specific CD4 Trm can
persist in the respiratory tract for decades after
pertussis vaccination and is more prevalent in adults

who received wP primary doses.

CD4+ memory T cells that respond to B. pertussis are
found in the respiratory tissue and not in circulation.

Evidence that any pertussis vaccine confers protection
against pertussis disease, but wanes rapidly for aP

vaccines (See Table 8).

Confirmed that aP5 would produce similar protection

as wP.

A primary course with aP3 was associated with a
higher risk for pertussis than those primed with wP.
Further data required to compare duration of
protection as aP5 primed children were the youngest.
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Outcomes Ref | Participants

Mixed whole cell and acellular primary course

Safety 55 Cochrane review

wP vs aP nasal 53 Study in mice —respiratory tissue-resident

colonisation memory (Trw) cells —aP, wP and previous
infection. Mice challenged 6 and 2 weeks
prior to aerosolised live B. pertussis
challenge.

Allergy

Food anaphylaxis 56
hospitalisations

NSW administrative data of 218,093
Australian children 1997-1999, 86 children
aged 5-15 years hospitalised. Comparison
of food-induced anaphylaxis
hospitalisation of those given wP vs aP
first dose. Comparison with venom
induced anaphylaxis and all-cause
anaphylaxis.

Mixed wP/aP 57 OPTIMUM RCT, Australia.

schedule, IgE- Comparison of wP first dose with aP only
mediated schedule — 75 infants per arm. Australia
responses vaccinated at ~6w with either DTwP-Hib-

HepB or DTaP-IPV-HepB/Hib, then 2 and
4m (DTaP-IPV-HepB/Hib) and DTaP-IPV at
18m

Results

Risk of SAE following first dose in infants = wP vs aP RR 0.94 (0.77-1.16) 11
studies

No cases of encephalopathy in 7 RCT (32,300 infants wP and 83,003 infants
given aP)

. aP had delayed clearance in lungs and significantly higher bacterial
count at 7 days post challenge. wP cleared infection rapidly.
. wP reduced bacterial in nasal cavity in 3 days and completely by day 14.

But aP had not cleared infection by d14 and had similar bacterial counts
to unvaccinated mice.

. wP vaccinated mice had IFN-y and IL-17 production from spleen and
lung tissue; aP produced IL-5 not IFN-y and IL-17.

. wP —induced significant more B. pertussis-specific CD4 T cells (not
enhanced CD8 or B cells) in lung and nasal tissue.

. Long-term protection and prevention from colonisation after wP
vaccination was longer than aP but less than natural infection.

. When compared higher antigen content aP Infanrix with Boostrix —

Infanrix induced more complete protection against lung infection (but
timing of vaccination differed —4wk), but not against nasal colonisation.

Incidence rate / 100,000 child-years o
for food-induced anaphylaxis: o
e WP firstdose —3.5 (2.6-4.6)
e aPfirstdose—-5.1(3.5-7.1)

aP-5.1(3.5-7.1)

aHR wP vs aP =0.92 (0.53-
1.60)

all-cause anaphylaxis

e aHR-0.47(0.26-0.83) o wP —10.6 (0.9-12.4)
e  Venom anaphylaxis: o aP-12.8 (10.2-15.8)
o wP-4.9(3.96.2) o aHR=0.92(0.53-1.60)

Mixed schedule no-inferior for PT-IgG at 1m after 6m dose. No difference in
tetanus toxoid IgE at 7 months.
e |rritability was most common response after the first dose:
o inwP group -65/73 88%
o aPonlygroup-59/72 (82%)
e Severe systemic reactions:
o First dose wP/aP group = 19% vs 11% aP only
o Similar between groups for subsequent aP doses at 4 and 6 months.
e Paracetamol use 21 after first dose —wP (59/75, 79%) vs aP (52/75, 69%).
e Parental acceptance was high — 97% agreed they would have wP/aP
schedule again compared with 96% of aP-only group.

Findings

No increased risk for vaccine-associated severe
adverse events with either wP or aP first doses

Most persistent protection is provided by natural
infection — through accumulation and stimulation of
B. pertussis-specific IL-17 secreting Trmin the lung and
nasal tissues.

There was a highly significant correlation between
number of IL-17/IFN-y Trw cells and long-term
protection against nasal colonisation and IL-17 Tgrm
and lung infection.

aP protected against lung infection but not against
nasal colonisation. Polarised Th2 / antibody-dominant
response may suppress Trm induction and clearance of
bacteria from nasal tract after challenge.

Vaccination with wP in infancy was associated with
lower risk for food-induced anaphylaxis
hospitalisation (severe IgE-mediated food allergy)
than aP.

Mixed schedule had acceptable immunogenicity and
reactogenicity profile.
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Outcomes Ref | Participants Results

Maternal antibody interference with wP

Interference of 58 RCT 155 infants vaccinated with wP and e aPvwP primed
maternal 158 infants with aP containing vaccines at o higher pertussis Ab post
antibody on wP vs 2,4, 6,18 months born to Tdap primary course (p<0.001)
aP primary course vaccinated mothers. 79 control wP e wP (+Tdap) group vs EPl wP
vaccinated / unvaccinated mothers group (no Tdap)
(EP1 wP group). o lower anti-PT and anti-FHA
titres (p<0.001)
o somewhat lower anti-PRN
(p=0.03)
o Interference persisted after
booster.

e  EPIwP vs aP post priming and
post booster:
o higher anti-PT
o lower anti-FHA and anti-
PRN.

Findings
All groups — antibody had waned The presence of maternal antibodies had a greater
substantially at 18 months prior to impact on the antibody response to wP than aP
booster and increase post booster primary course vaccines.

with comparable anti-PT levels.
Differences in PT, FHA and PRN
antibody levels may be associated
with low amounts of FHA and PRN in
the wP vaccine (not specified).
Maternal antibody blunting did not
appear to affect the inhibition of
B.pertussis growth by the sera from
wP vaccinated infants.

Bactericidal ability of wP primed
infants was stronger than aP post
booster.

Abbreviations: aHR — adjusted hazard ratio; aP — acellular pertussis vaccine; EPI — Expanded programme for immunisation; IgE —immunoglobulin E; IFN-y — interferon gamma; IL-17 — interleukin 17; FHA — filamentous haemagglutinin; OR —
odds ratio; PCR — polymerase chain reaction; PRN — pertactin; PT — pertussis toxin; RCT — randomised controlled trial; SAE — serious adverse events; TRM — tissue resident memory T cells; wP — whole cell pertussis vaccine

Immunisation Advisory Centre - December 2024

70| Page



Review of Evidence: Pertussis, 2024

Table 16: Recombinant pertussis vaccine

Outcomes | Ref | Participants

Recombinant genetically detoxified PT vaccine

Safety 60

Immunogenicity = 61
and duration of
adolescent

booster

Post-marketing surveillance
in Thailand, 11,420
adolescents and adults,
including 1,778 pregnant
people

Observational 2-year follow-
up of phase II/Ill clinical trial
of TdaPgen and aPgen given to
adolescents vaccinated at
age 12-17 years. Compared
with chemically detoxified
Tdap vaccine (Tdapchem)

Results

Incidence rate of AE per 1000 recipients
e Total —11.5 (95% CI 9.7-13.6)
e aPgn—7.3(4.2-12.7)
e TdaPgen—12.2 (10.2-14.6)
e 131/11429 surveyed reported AEFIs
e 1AEFlreported by 77 /131 (58.8%)
e 2 AEFlreported by 31/131 (23.7%)
e Most were injection site pain - rate
8.7/1000 (7.2-10.6)
(aP 12 cases and TdaP 87 cases)
e TdaPgen Only
o myalgia—3.0(2.0-2.9) (32 reports)
o injection site swelling (1.8)
o rate~1/1000 — malaise, headache,
fever, fatigue

At 3 years after booster vaccination
Antibody waning stabilised 2- and 3-years
post TdaPgen and aPgen boosters significantly
above baseline.

(see Figure 10)

e Anti-PT GMR above baseline

e TdaPgen—2.5-fold (1.9-3.3)

e aPgen—3.0-fold (2.2-4.1)

e Tdapchem— back or below baseline.

At all timepoints, TdaPgen and aPgen PT-
specific IgG and neutralising Abs were
significantly higher than Tdapchem group.

1 case of lymphadenitis

All were mild and resolved in a few
days without sequelae; most were
reported after TdaPgen

For pregnant participants,
incidence of AEFI with either
vaccine was lower than for overall
study population at 1.1 per 1,000
(0.3-4.1)

Rate of congenital abnormalities
was 1.3% in this cohort and lower
than Thai prevalence rate of 8%.

Pertussis seropositivity for anti-PT IgG:

aPgen — 95.2 (89.8-100)

TdaPgen — 96.6% (92.0-100)
Tdapchem — 85.0% (76.0-94.0)
Anti-FHA 1gG — similar between
groups (>95%)

Pertussis booster response (=20
1U/1)

O aPgen-80.7% (70.8-90.5)

o TdaPgen— 74.6% (63.5-85.7)
o Tdapchem —40.0% (27.6-52.4)
All participants who received Td
vaccines were seropositive for
tetanus toxoid. And >85% for DT.

Findings

Post marketing surveillance showed that aPgen and TdaPgen
vaccines are safe in adolescents and adults, including
those who are pregnant.

Recombinant aP vaccines were associated with anti-PT
antibody responses sustained well above baseline for at
least 3 years, longer than that seen with a chemically
detoxified aP vaccine. Anticipated that a longer duration
of protection is also maintained.
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Outcomes | Ref | Participants ‘ Results ‘ Findings
Maternal 62 Post-marketing e  74% vaccinated at 27-36 weeks (mean 28.5 weeks). Immunisation with aPgen and TdaPgen is safe and effective
vaccination observational study —given e Cord blood pertussis antibody levels were 18- to 32-fold higher in the aPgen for pertussis antibody transfer to infants. Antibody levels
in pregnancy — 199 aPgen and exposed groups than Td only. tended to be higher for monovalent aPgen.
200 Tdapgen, 54 Td only. e Proportion of cord blood with anti-PT IgG >30I1U/ml

O aPgen—87.9 (83.4-92.5)
o TdaPgen—91.0% (87.0-95.0)

e Pregnancy, birth and neonatal outcomes were similar between groups. No
complications were vaccine-associated.

e Timing in pregnancy — before 27GW > 27-36GW and both around 20-fold greater
Ab levels than >36 weeks.

Abbreviations: AE — adverse event; AEFI —adverse events following immunisation; aPg, — recombinant acellular pertussis vaccine (genetically detoxified); FHA — filamentous haemagglutinin; GMR — geometric mean ratio; PRN — pertactin; PT —
pertussis toxin; TdaPge, — tetanus, diphtheria and recombinant pertussis vaccine; Tdapcem— tetanus, diphtheria and chemically detoxified acellular pertussis vaccine
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Literature review

SCOPUS

Pertussis vaccine 2018-1 July 2024 = 5108 documents
Limit to English, keywords vaccination and pertussis 3997
Selected 44 just in 2024 — decided to revisit search terms

MEDLINE

1. Pertussis vaccine — focussed - 7500

2. Limit English, 2019-current (3 July), 593

3. Deduplicate 498

4. Maternal — 13718222

5. 3 AND 4. Combined — 129, selected 67, removed duplicates = 46

6. Occupation* (limited English, humans, 2019-current) 245235

7. 3AND6=5

8. Health care workers 98517

9. (limited English, humans, 2019-current) 33205

10. 3AND9=0

11. Early childhood education 6027

12. limited English, humans, 2019-current) = 2395

13. 3AND11=0

14. Pertussis 10,9917

15. 13 AND 9 =18, selected 6

16. 9AND 14 =178

17. ‘monovalent pertussis vaccine’, limit 2018-current, English = 11

18. Recombinant pertussis vaccine = 14 — selected 1

19. Occupational vaccin®* limit 2019-current = 32, deduplicate 23 selected 4
Pubmed

pertussis vaccination cocooning strategies (2016-2024) -34 found, 22 selected
birth dose pertussis vaccine 2018 — 2024 — 97 results, selected 14

Further papers were found through other papers and published since this literature search was
conducted. Total library 379 after removing duplicates. Includes reports, product information (data
sheets), and webpages.
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