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Executive summary
Even with immunisation programmes, pertussis remains a significant cause of morbidity and
mortality worldwide. Infants are especially vulnerable to this highly contagious bacterial
infection due to the immaturity of their immune and respiratory systems.
Pertussis epidemics occur every 3 to 5 years in most high income countries, including New
Zealand (NZ). During the previous epidemic in NZ from 2011-2013, six infants under the
age of 2 months died and hundreds were hospitalised. A national pertussis outbreak is
ongoing as of October 2018. From the official start of the outbreak period on the 16 October
2017 to the end of December 2018, 3,944 pertussis cases were notified, 308 were aged less
than 1 year and approximately half of these infants were hospitalised (section 2.1).(1, 2)
In this review, the most recent literature published during January 2016 to September 2018
is presented to answer key questions relevant to better pertussis control and the best
options for the National Immunisation Schedule (the Schedule). This is not a systematic
review, not all aspects of pertussis immunisation have been reviewed, and cost-benefit is
not considered.

Vaccines available in New Zealand
The Schedule in NZ includes combined tetanus-diphtheria three-component acellular
pertussis (aP) vaccines for infants and children younger than 7 years (combinations
including DTaP, Infanrix®Hexa and Infanrix®-IPV [GlaxoSmithKline/GSK]) and older children
and adults (Tdap; Boostrix® [GSK]). A combined five-component Tdap vaccine is also
available on the private market (Adacel®, Sanofi Pasteur)(section 1.1).
The antigens included in three-component vaccines are pertussis toxin (PT), filamentous
haemagglutinin (FHA) and pertactin (PRN), with the addition of fimbriae 2 and 3 (FIM2/3) in
the five-component aP vaccines. Each of these components have been identified as
significant virulence factors of Bordetella pertussis bacterium that facilitate adhesion of the
bacterium and alter the inflammatory response within the respiratory epithelium. Pertussis
toxin is the single most significant determinant of severe symptomatic disease and death in
unimmunised infants and children. Antibodies against pertussis toxin help to provide
considerable, but not complete, protection.
Comparison between types of vaccines
Comparing the effectiveness between these vaccine formulations is made challenging by
differences in, (1) the method by which the pertussis toxin in detoxified, and (2) the
quantity of each antigen in the vaccines. This is further complicated by different timing of
immunisation schedules in different countries and clinical trials. Although systematic reviews
have been conducted, the quality of evidence is low due to the variability between studies.
All currently licensed pertussis vaccines are combined with tetanus and diphtheria vaccines.
Adult formulations (from 10 years of age) have lower quantities of diphtheria toxoid, and
some, as in NZ, have less pertussis toxin (Tdap) than those given in childhood (DTaP).
To add to the difficulty, when evaluating the effectiveness of pertussis immunisation, no
definitive antibody correlate of protection for pertussis antigens has been established.
Variability between assays means that assay cut-off levels, as used in some studies, cannot
be used to compare between studies. There is no defined antibody level for serological
protection.

Pertussis vaccination in pregnancy
Vaccination of mothers during pregnancy provides passive immunity to infants from birth for
the first few months of life through IgG transferred across the placenta.
The current recommendations in NZ are for pregnant women to received Tdap vaccination
between 28-38 weeks of pregnancy to provide this passive immunity. The timing of the
vaccination event in pregnancy to provide the optimum protection for NZ infants is
reviewed.
Most pregnant women have no serological evidence of recent pertussis infection or
vaccination, and half do not have detectable anti-pertussis toxin antibodies. Without
antenatal vaccination, few infants would be born with any passive protection against
pertussis.(3)
Routine surveillance data from 1997 – 2014 in Queensland, Australia, showed that the
highest disease burden for pertussis was in early infancy before 4 months of age and in
women of child-bearing ages of 15-45 years.(4)
Mothers are likely to be a significant source of infection to their infants. Therefore,
vaccination in pregnancy provides dual benefits to both age groups by reducing infection in
mothers and providing passive protection to newborn infants.(5, 6)
In NZ, the uptake of vaccination in pregnancy has been slow since its introduction to the
Schedule in 2013 (estimated to be somewhere from 13% - 44%). Awareness and
acceptance have been gradually improving.(7-9)
Safety of pertussis vaccination in pregnancy (section 3.2)
No safety concerns have been identified for pregnant women or their infants following
vaccination during pregnancy with Tdap. Pregnant women reported more severe injection
site pain than non-pregnant women, but medical attention was not required.(10)
In NZ, Tdap exposure in pregnancy was associated with some protection against low birth
weight, small-for-gestational age, moderate to later preterm birth, and was associated with
a higher mean birth weight. A greater likelihood of health-seeking behaviour by vaccinated
mothers compared with unvaccinated mothers may result in residual confounding to explain
these improved infant outcomes.(8, 11)
QUESTION: At what time in gestation is the optimal age for maternal vaccination?
Pregnant women respond robustly to Tdap given during pregnancy, although less than for
non-pregnant women.(10) However, levels of anti-pertussis antibodies decline rapidly within
one year of vaccination. Therefore, to provide adequate passive protection to infants against
pertussis toxin, booster doses are required in each pregnancy. No literature was identified
that considered the effects of frequent boosters and maternal antibodies for infants later in
the birth order from multi-parous mothers (section 3.3).
The presence of maternal antibodies in the infant is protective against pertussis and severe
pertussis at least until 2 months of age. Infants born to vaccinated mothers were
significantly less likely to be hospitalised with pertussis, were at lower risk of intensive care
admission and had shorter hospital stays than infants not vaccinated in pregnancy (section
3.4).(12-15)

Effect of timing of maternal immunisation on infant pertussis antibody levels and
vaccine effectiveness (sections 3.3.3 and 3.4.1)
Several studies have investigated anti-pertussis antibody titres in pregnant women,
umbilical cord blood and infants during their primary series. Although these immunogenicity
studies can provide an indication of the antibody levels, there is no established correlate of
protection for pertussis; caution is needed when using antibody titres to predict clinical
effectiveness against disease.
To establish the optimal timing for the maternal vaccination, a balance needs to be achieved
between greater accumulation of protective antibody and the waning of antibody in both the
mother and the infant. If maternal pertussis IgG levels are too low at birth, seroprotection is
unlikely to be maintained until the infant is fully immunised and able to generate sufficient
antibodies of their own. If Tdap is given too early in pregnancy, there is a risk that maternal
antibody levels wane before birth; if given too late, there is insufficient time for adequate
antibody to transfer, particularly for infants born prematurely less than two weeks after
vaccination.
Maternally-derived pertussis antibody declines rapidly after birth and by 2 months of age
(median half-life of <50 days when given 21-38 weeks gestation) and is significantly
influenced by the concentration of antibodies at birth.(16) Anti-pertussis toxin antibodies,
which wane more rapidly than anti-FHA antibodies, provide the greatest protection to infants
against the systemic effects of pertussis infection.(17)
Maternal pertussis vaccination from 28 weeks to at least 7 days before birth has been shown
to be significantly protective (VE 91% against pertussis and 95% against pertussis-related
deaths) up to 2 months of age in the UK.(12)
According to US studies, the optimum timing for maternal vaccination is between 27-31
weeks gestation, and up to 36 weeks gestation. Tdap vaccination given between 27-36
weeks gestation was 85% more effective than vaccination given post-partum to mothers in
preventing pertussis in infants aged less than 8 weeks of age in the US.(18)
The higher cord blood anti-PT antibody concentrations were achieved when mothers were
vaccinated early rather than later in the third trimester (27-31 weeks versus 32-36 weeks,
peaking at 30 weeks),(19) although in another study, no significant difference between two
similar time periods (27-30 versus 31-36 weeks) were found.(20)
However, a Swiss study found that maternal vaccination in the second trimester (13-25
weeks gestation) resulted in significantly higher anti-PT and FHA IgG in neonates born fullterm than when given after 26 weeks. Infant seropositive rates were also higher in those
vaccinated in the second trimester than the third (80% vs 55%; odds ratio 3.7,
p<0.001).(21) Based on these findings, since 2016 in the UK, maternal vaccination has been
recommended from 16 weeks gestation, ideally at 20 weeks, on the basis that a longer time
between vaccination and delivery increases the antibody levels at birth.(22, 23)
Maternal Tdap received after 20 weeks gestation was shown to be 69% protective against
pertussis during the first year of life after three primary doses of DTaP in the US.(13)
Timing of maternal vaccination to protect infants born prematurely (sections 3.3.3
and 3.4.2)
Infants born prematurely, before 37 weeks gestation, are at greater risk of being
hospitalised with pertussis and have longer hospital stays than infants born full-term.(24)
Following the implementation of the maternal vaccination programme in the UK, fewer
infants born full-term were hospitalised with pertussis, which meant that a larger proportion

of the infants with pertussis were born preterm (proportion of pertussis cases born preterm
rose from 9.8% to 12.1%). Of the full-term cases, 14.3% had received a maternal
vaccination after 35 weeks gestation and the latest gestational age for vaccination of any
preterm mother was 33 weeks (the programme commenced at 28 weeks gestation).(24) As
also observed in Northern Territory, Australia, preterm infants were twice as likely to have
been born before their mothers could receive maternal Tdap, when recommended from 28
weeks gestation, than those born full-term, and were less likely to have passive
protection.(25)
Most infants born prematurely benefit from maternal vaccination given before 26 weeks
gestation or early in the third trimester, and have significantly higher anti-pertussis, tetanus
and diphtheria antibody levels up to 2 months of age, as compared with premature infants
of unvaccinated mothers. It has therefore been recommended that the maternal
immunisation programmes commence at 20 weeks to improve the chances of infants born
prematurely to have received a maternal vaccination.(22)
IgG concentrations in umbilical cord-blood were significantly correlated with the number of
days between maternal vaccination and delivery in infants born prematurely (at 28-35
weeks gestation) to mothers vaccinated in the third trimester according to the former UK
schedule (28-34 weeks). Antibodies to PT and FHA increased 4% and 7% per day,
respectively, from maternal vaccination to birth. All the premature infants of vaccinated
mothers had significantly higher anti-pertussis, tetanus and diphtheria antibodies at 2
months of age (prior to start of primary series) than those born to unvaccinated mothers.(23)
As part of the Swiss study mentioned above, none of the infants born preterm to mothers
who were vaccinated in the second trimester (13-25 weeks) were seronegative, whereas
almost one quarter of preterm infants born in the third trimester were seronegative
following third trimester vaccination (from 26 weeks; p=0.002). To maximise maternal-fetal
antibody transfer, a 15-days interval was sufficient to observe significantly higher cord-blood
antibody titres in the preterm population.(26)
Conclusions - At what time in gestation is the optimal age for maternal
vaccination?
•

Offering vaccination earlier than 28 weeks gestation would provide protection for
more infants born preterm.

•

For optimal balance between antibody accumulation and waning too soon, the best
timing appears to be around 20-33 weeks gestation.

•

Although maternal vaccination has been shown to be effective against pertussis when
given at least 7 days before delivery, an interval of at least 15 days between
vaccination and delivery is preferred to maximise antibody transfer.

•

To improve the current recommendations, pregnant women should be encouraged to
be vaccinated as soon as possible within the recommended window.

QUESTION: Do maternal antibodies interfere with infant primary immunisations?
The presence of maternal antibodies can affect the immunogenicity of infant primary series
vaccinations. Passive protection from maternal antibodies needs to be balanced with the
potential for clinically relevant interference of the infants’ immunisations. Although maternal
pertussis antibodies protect the youngest infants from pertussis prior to commencing the
primary series immunisations, it is unclear what clinical effect these may have on pertussis
immunity in older infants upon completion of the priming doses.
In the majority of studies reviewed, the primary series immunisations were initiated at 2
months of age. In the NZ context, it is important to consider the influence of maternal
antibodies where the primary infant series commences at 6 weeks of age.(27)
If clinically relevant interference is shown as the uptake of maternal vaccination improves,
the timing of the start of the infant primary series may need to be delayed to allow more
time for maternal antibody levels to wane to minimise this risk, or specifically delayed for
infants of vaccinated mothers.
Effect of interference of maternal antibodies with pertussis immunity and vaccine
effectiveness (sections 3.3.4 and 3.3.5)
There is evidence that infants born to mothers vaccinated with Tdap in pregnancy have
lower antibody responses to one or more pertussis antigens following the primary schedule.
However, no evidence of clinically significant blunting in protection was found during the first
year of life after maternal vaccination and primary infant doses for those immunised from 2
months of age in the US or England.(28-30)
Preliminary NZ data have shown maternal Tdap to be 71% effective against pertussis up to
6 weeks of age, with a small additional protective effect among infants who received at least
two doses of routine DTaP up to 6 months of age (section 3.4).(14) However, these NZ data
suggest that interference of the infant primary immune response against pertussis due to
the presence of maternal antibodies when commencing the primary series at the earlier age
of 6 weeks (rather than 8 week or 2 months as in other countries) could be clinically
relevant (unpublished data).
A meta-analysis of immunogenicity data from several clinical trials (collected prior to routine
maternal immunisation programmes) found that pre-existing maternal antibodies inhibited
infant responses to 20 out of 21 primary series vaccine antigens. For pertussis antigens,
two-fold higher pre-existing antibodies were associated with 11% lower antibody post
vaccination against PT and FHA and 22% lower anti-PRN antibody. Mathematical models
showed that this effect may be offset by a delay in primary vaccination of between 2.2 to 5
weeks.(31)
Interference appears to be long lasting. Antibody responses to pertussis booster doses given
at 12-24 months were also affected, indicating that the quality of the immune response to
the first dose of an antigen is important for subsequent exposures.(31) In Canada, lower
responses to PT were shown to persist from 6 months to prior to, and one month after, a
12-month booster dose.(29)
Significantly lower anti-PT IgG were also observed at 15 months of age in Belgian infants
born to mothers vaccinated in pregnancy (p=0.006), whereas anti-tetanus and PRN
antibodies were non-significantly higher in the vaccinated group and anti-PRN antibodies
were significantly higher 1 month post booster.(32) In a further study, the avidity (indicative
of memory and antibody maturation) of anti-PT antibodies were shown to be significantly
lower after booster doses at 15 months of age among maternally-vaccinated infants.(33)

In animals, it was observed that infant vaccinations appear to interfere with the protective
function of the maternal antibodies. When mother and infant mice were immunised with two
different pertussis vaccine formulations (from GSK and Sanofi Pasteur), no interference was
observed.(34) The authors suggested that use of different vaccine formulations for the
maternal and infant doses might overcome reduction in antibody function seen when the
same vaccine was used, but no human data are available to confirm or refute these murine
data.
The clinical relevance of this interference remains unclear. It is important to consider how
maternal vaccination alters clinical effectiveness of the primary series and to consider
whether delaying the start of the primary series for infants vaccinated in pregnancy may be
necessary. Further insight is anticipated in a NZ context from an ongoing HRC/PHARMAC
funded study (PIPIO2).(27)
Effect of interference of maternal antibodies on other antigens in primary series
immunisation and the timing of the infant immunisation schedule (section 3.3.5
and 4.2)
As mentioned above, the meta-analysis of clinical trial immunogenicity data from clinical
trials found that pre-existing maternal antibodies inhibited infant responses to primary
vaccines for 20 out of 21 primary series antigens, and that this effect was still evident
following booster doses at 12-24 months of age for inactivated polio and diphtheria
vaccines. Inhibition was reversed when children were first vaccinated at an older age. For
the antigens with known correlates of protection, “blunting” did not appear to reduce
antibody protection to below threshold levels in most infants.(31)
The magnitude of any blunting is likely to depend on the timing of the antenatal and primary
series vaccinations, but data are too limited to identify optimal maternal or infant
vaccination timing, particularly in relation to vaccination programmes in pregnancy.
Following the introduction of the maternal vaccination programme in England, significantly
lower immune responses to diphtheria and diphtheria-derived CRM-conjugated antigens
(some PCV-13 serotypes and MenC-CRM) were seen in infants of TdaP-IPV vaccinated
mothers compared with infants not vaccinated in pregnancy. Antibodies against tetanus and
Haemophilus influenzae type B (Hib) were significantly higher in maternally-vaccinated
infants. The findings favoured either the use of TT-conjugated rather than CRM-conjugated
vaccines in infants, and tetanus-pertussis or aP-only vaccines in pregnancy, especially
following any prior Tdap booster during a previous pregnancy.(30)
In infants of mothers vaccinated in pregnancy, blunting of the antibody responses was
observed against some pneumococcal serotypes after two doses of PCV-13 (at 8 and 16
weeks of age) until 12 months of age in Belgium. Despite the lower antibody responses, the
proportion of infants achieving antibody thresholds for presumptive seroprotection was not
significantly affected after primary or booster vaccinations.(35)
DTaP is recommended to be administered at the same time as conjugate vaccines, such as
meningococcal C or ACWY, pneumococcal or Hib, as part of the primary series to avoid any
potentially immunosuppressive effects of epitope competition (for diphtheria proteins, in
particular).(36, 37)
The magnitude of any effect of maternal antibodies on primary series and booster
vaccinations is likely to depend on the timing of antenatal vaccinations and starting age of
the primary series. Current data are too limited to identify an optimal schedule, particularly
when commencing the Schedule at 6 weeks of age, as in NZ.

Conclusions – Do the presence of maternal antibodies interfere with infant primary
immunisations?
•

Antibody interference is observed for some primary series vaccines containing
diphtheria and pertussis antigens (and polio where TdaP-IPV is given in pregnancy).
There is insufficient data, as yet, to confirm or exclude a clinically meaningful
interference.

•

Any clinical significance of interference is likely to be amplified when starting the
schedule at 6 weeks rather than 8 weeks, as in NZ. We are awaiting findings of an
ongoing NZ study.

•

Less pertussis is observed in the youngest infants when the primary immunisations
start at 6 weeks of age rather than at 2 months. However, maternal antibody
interference with the primary series could lead to a fairly equivalent increase in
disease in the older infants.

•

With the aim of reducing interference with diphtheria and tetanus-containing
vaccines, an aP-only vaccine (containing PT, FHA and PRN antigens) has been
proposed for use in pregnancy. A pertussis toxin-only vaccine has also been
suggested to possibly provide passive protection to the infant through neutralising
anti-PT antibodies. Where available, data is limited around the use of such vaccines.

•

Delaying the infant schedule would only be appropriate if almost all mothers received
vaccine in pregnancy, or if it was judged feasible to implement different schedules for
infants of mothers either vaccinated or unvaccinated in pregnancy. Data is limited to
judge the best age to commence the primary series for maternally-vaccinated
infants.

Addressing the gap between birth and primary
vaccinations
QUESTION: How can we protect infants of mothers who are not vaccinated during
pregnancy? (Section 4)
Beginning the primary series at 6 weeks rather than 2 months of age, accelerates protection
against severe pertussis for the youngest infants, but protection remains incomplete until at
least two weeks after receipt of the second dose.
Options to protect infants born to mothers who did not received Tdap in pregnancy were
reviewed, including administering a pertussis-only vaccine at birth, cocooning by vaccinating
close family members, or adjusting the timing of the infant schedule.
Birth doses
A birth dose of aP-only vaccine, if licensed, has the potential to enhance protection prior to
12 weeks of age to infants born preterm or to mothers who did not receive Tdap in
pregnancy (section 4.1). In an Australian clinical trial of infants whose mothers were not
vaccinated in pregnancy, significantly more infants who received a dose of aP-only vaccine
(unlicensed) at birth had detectable anti-PT and PRN antibodies at 10 weeks of age, after
the first scheduled primary dose, than infants who were not vaccinated at birth (93.2% vs
50.8%; p<0.001) and four-fold higher anti-PT titres. Some interference in primary series
responses (Hib, hepatitis B and diphtheria, not pneumococcal) were observed, but clinical
significance was not established.(38)

Timing of the infant schedule (section 4.2)
Delays in the timeliness of primary immunisations potentially risk reduced disease control in
young infants, especially for those born to mothers who were not vaccinated in
pregnancy.(37, 39)
Pertussis incidence was predicted by mathematical modelling for four infant immunisation
schedules using immunisation data from Argentina (DTwP) and Belgium (DTaP). The highest
reduction in pertussis incidence was achieved with a 6-10-14 weeks schedule (36% in
infants up to 1 year of age) and a 2-3-4 months schedule (26%), compared with a 2-4-6
months schedule. A delay in the first dose to 3 months (3-4-5 months schedule) increased
the risk of severe pertussis by 9%, but reduced total pertussis incidence by 10% up to 1
year of age. Although the model did not consider maternal vaccination or blunting effects of
antibodies, it included a protective effect of maternal antibodies up to 6 weeks of age for a
fraction of infants.(40)
Data is limited around the effectiveness in terms of pertussis control of a 2+1 immunisation
schedule in association with maternal vaccination.
Conclusions - How can we protect infants of mothers who are not vaccinated
against pertussis during pregnancy?
For infants of unvaccinated mothers, alternative options could be considered, including:
•

A birth dose of aP-only vaccine – no licenced vaccine is currently available, but this
supports the general notion that in the absence of maternal vaccination, an earlier
first dose given before 6 weeks of age, is beneficial.

•

Delaying the start of primary series vaccinations for all infants increases the risk of
pertussis in those born to mothers not vaccinated in pregnancy.

•

Two primary schedules starting at different ages for maternally-vaccinated and
maternally-unvaccinated infants could reduce maternal antibody interference, but
may cause programmatic challenges.

QUESTION: Does vaccination of healthcare workers protect infants?
Tdap vaccination of healthcare workers (HCWs) may provide limited protection to infants in
their care. A systematic review found that there is moderate evidence that booster Tdap
doses are protective against nosocomial transmission by HCW to all age groups, specifically
infants (section 4.4).(41)
Pertussis toxin antibodies wane rapidly, but antibodies against adhesion factors (FHA and
pertactin) are longer lived. However, there is insufficient evidence to determine the optimum
frequency of booster doses required to maintain protection in adults (section 5.1.2).(42)
Conclusions - Does vaccination of healthcare workers protect infants?
•

Many people do not know they are infected or show minimal symptoms of pertussis.
There is moderate evidence that booster Tdap doses are protective against
nosocomial transmission in HCW.

•

Due to a lack of correlate of protection for pertussis, data around the requirements
and timing for repeat boosters are limited.

QUESTION: Does vaccination of close contacts protect infants?
Many adults are unaware that they are infected and potentially transmitting pertussis. At
least one positive pertussis case was found to be a possible source of infection to a
hospitalised infant aged less than 3 months in 86% of UK households. Out of all the contacts
tested from these families, 29% of non-coughers tested positive for pertussis infection and
in 38% of the cases, mothers were the probable source of infection, followed by siblings
(31%) and fathers (10%).(6)
Vaccinating both parents post-partum provides protection for infants whose mothers did not
received Tdap in pregnancy. This ‘cocooning’ was shown to be somewhat beneficial,
although statistical significance was not reached, and may be considered when no antenatal
vaccination occurred (section 4.4).(43)
The possibility that inactivated trivalent influenza vaccination in pregnancy might reduce
pertussis in mothers and transmission to their infants was raised by retrospective analysis of
a RCT from South Africa.(44) The notion that vaccinating parents and other family members
against influenza may reduce the risk of symptomatic B. pertussis and influenza in the
newborn could help promote the importance of maternal influenza immunisation, which lags
pertussis (section 3.4.4).
Conclusions - Does vaccination of close contacts protect infants?
•

Although the current vaccines do not effectively prevent transmission of pertussis,
vaccinating those in close contact with infants does help to prevent disease in infants.
The incremental benefit when the mother has been immunised is unclear.

•

Further protection of infants against pertussis and other respiratory infections may be
gained by promoting influenza vaccination of close contacts as well as mothers.

Duration of protection
QUESTION: Does waning immunity affect pertussis protection in childhood?
A positive impact of pertussis vaccination has been demonstrated across all age-groups.
Age-appropriate pertussis vaccination was shown to reduce the severity of symptoms and
complications of the disease, with a 60% reduction in the odds of severe disease (seizure,
encephalopathy, pneumonia and/or hospitalisation) in children aged 7 months to 6 years,
and a 30% reduction in post-tussive vomiting in those aged 19 months to 64 years in the US
(section 5.2.1).(45)
A major issue with the pertussis vaccination is that it has a limited duration of protection.
More rapid waning of immunological memory following booster doses and a resurgence in
disease incidence has been particularly associated with the switch from whole cell to
acellular pertussis vaccines in most developed countries.(46)
Mathematical modelling based on Australian epidemiological data found that the protection
afforded by natural infection was likely to be decades longer than vaccine immunity for
either wP or aP vaccines, but especially for aP vaccines (section 5.1).(47)
The more rapid waning in protection from aP vaccines was shown in Canada, where
individuals who had been primed with aP vaccines were more than twice as likely to have
pertussis than those who had been primed with the previously used wP vaccine. Even after
five doses of an aP-containing vaccine, pertussis immunity waned in children at a rate of
around 27% per year in those children younger than 12 years. The more remote from the
last vaccination, the greater the risk of pertussis.(48)

In children who were solely primed and boosted with aP-containing vaccines from mid-2013
onwards, the incidence rate of laboratory-confirmed pertussis in the UK was 7.7 times
higher than during 2009-2011. However, this increase also coincided with commencement of
oral fluid pertussis testing of children, so some observed increase may be attributable to
greater testing.(12)
Pertussis protection provided by the primary series (commencing at 6 weeks of age) was
sustained through to 4 years of age in NZ with VE of at least 91% against pertussis
hospitalisation and 84% against notified non-hospitalised pertussis. During the period
included in the study (2006-2013), no evidence was found that removal of the toddler
booster dose in 2006 had resulted in waning protection.(49) This finding was opposite to a
similar Australian study.(50) Both studies were conducted prior to the introduction of
maternal vaccination. The potential of reduced antibody responses in infants born to
immunised mothers heightens the need to keep the case for a toddler dose under review,
especially for children at increased risk of severe pertussis beyond the age of 6 months,
such as those born prematurely or with significant cardio-respiratory disease.
Spacing of the primary series of DTaP with the first two doses given at 6 weeks and 3
months and then a third dose in the second year of life (2+1 schedule) may offer
immunologically better spacing between the second and third doses and enhance protection
against pertussis in the second year of life. Implementation of this schedule would depend
upon the influence maternal antibodies has on infant immunity following the first two doses,
particularly in infants aged between 6 and 12 months.
Conclusions - Does waning immunity affect pertussis protection in childhood?
•

Children primed solely with aP vaccines experience shorter duration of protection and
increased disease incidence the more remote from the last vaccine dose compared to
those initially primed with wP.

•

No waning of vaccine effectiveness was observed in NZ before the age of 4 years
following the removal of the toddler booster dose and prior to the introduction of the
maternal vaccination programme. This contrasted with similar data from Australia.

•

Although evidence of reduced antibody responses is relatively well established, it is
not known whether maternal vaccination interferes with the clinical effectiveness of
the pertussis programme in infants up to the age of 2 years. Such evidence would
strengthen the case for a booster dose in the second year of life.

•

The case for a booster dose is stronger among children with comorbidities
predisposing them to severe pertussis despite full immunisation.

•

Immunologically, wider spacing between the second and third doses (i.e. 2+1
schedule) may enhance protection in the second year of life, but risks reduced
protection between 6-12 months of age.

QUESTION: What is the role of the Tdap booster given in adolescence against
pertussis? (section 5.4.2)
It has been estimated that only 10% of those fully immunised with DTaP up to 4 years of
age continue to have substantial levels of pertussis antibodies 8.5 years after their last DTaP
dose.(37, 51)
A direct benefit of Tdap boosters in adolescents was shown by a systematic review and
modelling study, which found that children who completed their full immunisation series by
the age of 11 years received considerable added protection against pertussis after a Tdap
booster, such that, the relative risk of pertussis was significantly reduced (relative risk 0.3)

and protection remained for at least four years compared to children who only received the
primary series (relative risk 0.8).(52)
However, booster doses given after the age of 10-12 years were to shown provide only
short-lived direct protection against pertussis, especially when all previous doses were aP
vaccines.(47) Immunity typically waned within two to four years, increasing the risk of
pertussis by around one-third per year since the Tdap booster and appeared to decline more
rapidly in those who were fully primed with aP vaccines in infancy.(53)
Pertussis immunisation is only effective for the recipient groups and does not provide
indirect protection. There is no good evidence that adolescent doses prevent disease
transmission, and although their contact with infants is typically limited, indirect herd
immunity benefits are unlikely to protect infants.
Although protection against disease is short-lived, the clinical severity of pertussis is reduced
by boosting the immunity in adolescence, and hence minimising time absent from school at
a time of considerable academic pressure (section 5.2.1).(45)
The timing of pertussis boosters is likely to become more relevant as Tdap is given to
women in pregnancy who were primed soley with aP vaccines. As protective levels of
antibodies wane rapidly, the adolescent booster may influence the response to pertussis
vaccination in pregnancy by either improving the antibody response or resulting in more
rapid waning.(54)
Conclusions - What is the role of the Tdap booster given in adolescence against
pertussis?
•

The benefits of a booster dose of Tdap given in adolescence is unclear. Currently, as
part of the NZ Schedule, adolescents are given Tdap at the age of 11-12 years.

•

The protection is likely to be short-lived, particularly in those primed with aP as
infants (born since 2000).

•

The adolescent booster dose does not appear to provide herd immunity to younger
age groups.

•

However, the adolescent booster is likely to reduce disease severity, which is most
important in adolescents with respiratory co-morbidities.

•

Anti-pertussis toxin immunity wanes more rapidly following each booster dose in
those primed with aP vaccines.

•

It is unclear whether omitting the adolescent Tdap dose in will have an effect on the
response to any booster doses given in adulthood, particularly to those given in
pregnancy.

QUESTION: Can we overcome the skewing of the immune response with acellular
pertussis vaccine regimens and is it important for the future? (section 5.1)
Options for acellular versus whole cell vaccines – if we were to go there?
Immunity declines more rapidly in those who were fully primed with aP vaccines rather than
wP in infancy. As the age-cohorts who were solely vaccinated with aP vaccines reach
adulthood, it is unclear how effective or long-lasting maternal boosters will be when given to
women who were primed only with aP vaccines, rather than those who were immunised with
whole-cell pertussis (wP) or mixed wP/aP schedules in childhood.(47)
The first dose of aP vaccine has been purported to determine the characteristics of the T cell
response following re-exposure, and this has been associated with lower effectiveness, more

rapid waning and limited ability to prevent transmission compared with wP or wild-type
primed immunity.(55, 56)
One hypothesis for the more rapid waning and increased disease incidence seen in aP
primed individuals, is that the aP vaccines induce a more T-helper 2 type immune response
as compared with a T-helper-1/T-helper-17 type response induced by wP vaccines. Although
this aP response generates a good antibody response to reduce virulence of the disease by
neutralising pertussis toxin and to prevent adhesion of the bacteria to the cells of respiratory
tract by antibodies (generating neutralising immunity), it is less able to kill B. pertussis to
prevent colonisation and clear infection (sterilising immunity), resulting in more carriage and
transmission (section 5.1.1).(55)
There is a risk that as fully-aP primed individuals reach adolescence and adulthood (i.e.
those born since 2000), more booster doses will be needed to control pertussis. In that
generation, the immunity to pertussis has been permanently altered. For the future, new
vaccines are required that perhaps contain adjuvants to prime with a Th1/Th17 bias and/or
less altered pertussis toxin.
Although wP pertussis vaccines are associated with less waning of immunity than aP
vaccines, they are one of the most reactogenic vaccines and are associated with high fevers,
prolonged crying and injection site reactions in infants and young children.(57) In developing
countries, as part of the Expanded Programme on Immunisation, DTwP is given within a
short time-frame (6-10-14 weeks of age) based on the rationale that reactogenicity is
reduced.(58) However, a return to these vaccines is unlikely to be considered a viable option
in NZ for the full schedule.
An option proposed in the literature is to give DTwP as the first dose at a young age (6
weeks to 2 months) when the risk of adverse events is less, and for subsequent priming
doses to be aP-containing vaccines.(55, 56) However, there is no empirical data and the
strength of evidence required to justify a mixed schedule and associated service delivery
issues is not yet available. An immunogenicity study has recently been funded in Australia to
explore this option.
Strategies to reduce waning immunity
Some studies suggest that the waning immunogenicity and effectiveness of the current aP
vaccines result from the process used to detoxify pertussis toxin. Conformational changes to
the pertussis toxin may alter the epitopes presented to the immune system. Priming of the
immune response is not affected, but repeat booster doses with the same denatured toxin
result in the immune dominance against non-protective rather than protective antigens
(section 5.1.3).(54, 59)
Unlike neighbouring countries in 2013 Denmark had not had a pertussis epidemic since
2002. At the time, Denmark used mono-component aP vaccines containing high doses of
hydrogen peroxide-detoxified pertussis toxin with high VE in children (93% and 73% against
severe and mild pertussis, respectively). In a clinical trial, response rates in adults to the
TdaP booster were significantly higher than two multicomponent Tdap vaccines containing
lower doses of glutaraldehyde/formaldehyde deactivated PT (92% versus 47.1% and
77.2%).(60)
Or do we wait for newer vaccines?
The use of alternative methods to detoxify PT, such by hydrogen peroxide treatment or
genetic modification, which better maintain the conformational structure of PT, may
overcome waning protection and induce more effective antibodies. These vaccines are
currently unavailable or continue to be in development (section 5.1.1).

Using recombinant DNA technology, genetically-inactivated PT has been investigated in aP
vaccine formulations in clinical trials and was found to show significantly greater
immunogenicity and antibody duration than chemically detoxified PT.(61-63)
New vaccine formulations using adjuvants are also being evaluated to induce a more
sterilising immunity.
It is important to consider new options to reduce problems in the future with fully aP-primed
individuals. However, pertussis is a severe disease, particularly for infants. Maternal
vaccination and DTaP priming are helping to protect the youngest infants and should
therefore be continued, but the longer term impact of these vaccines in the general
population is uncertain.
Conclusions - How do we overcome the skewing of the immune response using aP
regimens and is it important for the future?
•

It is very important to continue to consider the effect the aP vaccines have on the
long-term immune response against pertussis. Anyone born since 2000 in NZ will
have been primed with aP vaccines.

•

This is expected to have consequences for booster doses in pre-schoolers,
adolescents and mothers-to-be.

•

Repeat boosters with the same vaccine formulation appears to result in dominant
immunity against non-protective epitopes and more rapid waning of protection.

•

Options for acellular vaccines vs whole cell – if we were to go there?

•

o

Giving wP as a first priming dose may reduce skewing of T cells immunity to Th2,
but the overall risk benefit is not well established.

o

Reactogenicity of wP vaccines increases with the number of doses received.
Careful consideration is required in relation to vaccine confidence – it has been
shown that adverse experiences during the first vaccinations can result in
maternal hesitancy for subsequent vaccinations, especially if four-component
meningococcal B vaccine (Bexsero®) was to be added to the infant schedule.

o

An alternative means suggested to reduce waning is to use pertussis toxin which
has been genetically detoxified rather than chemically detoxified (hydrogen
peroxide or formaldehyde) in vaccines. Recent trials of such vaccines have shown
superior immunogenicity, but are not yet registered outside of Thailand.

Or do we wait for newer vaccines?
o

New vaccines, using recombinant technology or adjuvants to reduce skewing of
the immune response, are in development, but may take several years to be
licenced.

o

Pertussis is a severe illness that most seriously affects our youngest infants – the
immunisation programme must look to the best use of currently available
vaccines with the primary aim of protecting infants against severe pertussis.

o

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

International schedules
Most high income countries, including Canada, most European countries, the US and the UK
start the infant immunisation schedule from 8 weeks or 2 months of age (section 6).
Australian recommendations state that the first dose may be given as early as 6 weeks and
this has become more common than 8 weeks.
The spacing of the primary series varies between countries – with either two primary doses
and a booster in the second year of life (2+1), three primary doses and a toddler booster
(3+1), or just three doses and no toddler booster (3+0). Most countries administer a
booster before school commences and some provide or recommend a booster in early
adolescence and for adults who have not previously received at Tdap booster in adulthood.
Not all countries have a recommendation for vaccination in pregnancy. Since 2016, the UK
has recommended routine commencement of maternal vaccination in the second trimester,
currently from 16 weeks, ideally from 20 weeks. Switzerland also recommends vaccination
from the second trimester (preferably weeks 13-26). Other countries recommend
vaccination during the third trimester, commencing from week 27 or 28 to ideally 32 weeks
(section 6).
The choice of schedule is determined by the local disease incidence and timing of other
vaccines on the schedule.

Updates suggested for Immunisation Handbook 2017
14.3.2 NZ epidemiology - Update required in light of recent epidemic (currently 2015 data
are presented).
14.4.2 Efficacy and effectiveness – For the childhood schedule (Infanrix-hexa), these
were not specifically reviewed for this document, since the focus was on different questions.
The data presented in the Handbook were pivotal clinical trial data. Influences of maternal
antibodies are not fully defined and therefore may not be appropriate to add to the
Handbook at this stage.
To add – Pertussis immunisation has a positive impact on disease severity. A positive
impact of pertussis vaccination has been demonstrated and age-appropriate pertussis
vaccination has been shown to reduce the severity of symptoms and complications of the
disease. Age-appropriate vaccination in the US was associated with a 60% reduction in the
odds of severe disease (seizure, encephalopathy, pneumonia and/or hospitalisation) in
children aged 7 months to 6 years, and a 30% reduction in post-tussive vomiting in those
aged 19 months to 64 years (section 5.2.1).
Duration of protection - Waning of immunity against pertussis is seen in children, even
after five doses of an acellular pertussis-containing (aP) vaccine, at a rate of around 27%
per year (section 5.2.3). It has been estimated that only 10% of children vaccinated with
DTaP would be immune to pertussis 8.5 years after their last dose. In adolescents, following
the adolescent booster, waning is more rapid at around 35% per year, such that VE declines
to less than 10% after four or more years (section 5.2.4). Antibodies to FHA and PRN are
longer lived than those against pertussis toxin (section 5.1.2).
4.1.2 During pregnancy
Include published NZ data demonstrating safety (PIPS study) (section 3.2.1).
Effectiveness of the UK programme – use more up-to-date references for three years of
programme and systematic reviews from other countries (section 3.4).

Outstanding questions and challenges
Several questions remain around pertussis immunisation, globally. The main aim of the
immunisation programme is to protect those most vulnerable from severe disease. Morbidity
and mortality is highest in infants under 1 year of age. However, it can be a severe disease
in all age groups. The current aP vaccines have been shown to be less able to prevent
disease transmission and symptoms than the formerly used wP vaccines, but are much less
reactogenic and better accepted by parents and health professionals. Key questions for
which more data and/or newer vaccines are required include:
•

How do we reduce transmission of pertussis to gain herd immunity?

•

What effect do maternal antibodies have on clinical effectiveness of primary series
vaccines? How can we avoid blunting of protection in infants?

•

Should we continue priming with aP vaccines? What is the long-term effect on
population immunity?

•

What is the best timing to give pertussis vaccine in pregnancy to balance antibody
transfer with waning antibody levels post-partum?

•

Can we improve pertussis immunity with the existing licensed vaccines? Do we need
to consider different formulations or wait for better designed vaccines to be
developed?

Literature Review
1 Background – pertussis infection and
vaccination
Pertussis, commonly known as whooping cough, can be a life-threatening illness in young
children, particular infants under the age of 1 year. As a result, pertussis prevention is a key
driver in the design of the National Immunisation Schedule. The primary aim of a pertussis
immunisation programme is to reduce the risk of severe pertussis, particularly in infants in
whom pertussis-associated morbidity and mortality is the greatest.
There are several challenges around pertussis vaccination, since neither the currently
available pertussis vaccines nor infection with wild-type Bordetella pertussis seem to induce
long-lasting protection.(64)
As stated 30 years ago by the former director of the Pertussis Reference Laboratory in the
UK - ‘[There] must be few medical subjects that have generated so much controversy and
even outright contradiction, as pertussis.’(65) This comment stills holds true, and even more
so, because it was made before development of acellular vaccines.
In 2000 in New Zealand, as in most high-income countries, whole-cell pertussis (wP)
vaccines containing killed B. pertussis were replaced with acellular pertussis (aP) vaccines,
which contain up to five antigenic virulence proteins. These aP vaccines are considerably less
reactogenic than the wP vaccines, but appear to have lower effectiveness, are less able to
prevent transmission, and induce shorter-lived immunity.(64) Prior to the switch to DTaP,
DTwP vaccine had been used routinely in New Zealand since 1960.
This is a review of scientific literature published from 2016-2018, additional to literature
around pertussis vaccinations already presented in a previous review of literature examining
childhood immunisation scheduling in 2017,(37) and expanding on topics discussed in 2015 at
workshop hosted by the Immunisation Advisory Centre and the Ministry of Health that
discussed pertussis control strategies in NZ.(9, 66)
The aim of this review is to answer key questions relevant to better pertussis control and the
best options for the Schedule in NZ. It is not a systematic review, not all the aspects of
pertussis immunisation have been reviewed, and cost-benefit analyses are not considered.
Since wP vaccines are not part of the NZ Schedule, this review will focus on aP vaccines
only. Conclusions given represent the author and reviewer’s interpretation and
comprehension of the literature.

1.1 Pertussis-containing vaccines licensed in New Zealand
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 (Tdap). The number of Bordetella
pertussis antigens can vary between vaccine brands. In New Zealand, a three-antigen
pertussis vaccine is available as part of the Schedule containing detoxified pertussis toxin
(PT), filamentous haemagglutinin (FHA) and pertactin (PRN). These vaccines are used in
children under the age of 7 years as part of the primary series or as early boosters, and are
given in combination with other vaccines to reduce the numbers of injections required at any

one time, including inactivated poliovirus (IPV), hepatitis B (HepB) and conjugated
Haemophilus influenzae type B (Hib) vaccines.
Reduced antigen formulations are available as booster doses from 7 years of age. These
contain tetanus toxoid and reduced doses of diphtheria toxoid and pertussis antigens
(Tdap). They are also used as part of a catch-up primary series for unimmunised individuals
from 10 years of age. Three-antigen and five-antigen (with additional FIM2/3 antigens)
acellular pertussis vaccines are available. Also available in some countries are TdaP vaccines
that contain higher pertussis antigen content than the Tdap vaccine in New Zealand.
The pertussis vaccines licensed for use in New Zealand are listed below and described in
Table 1. (67-70)
DTaP combinations
Infanrix-hexa®, GSK

Three pertussis antigens

DTaP-IPV-HepB-Hib

Combined diphtheria-tetanus-acellular pertussis, inactivated poliovirus, hepatitis
B and Haemophilus influenzae type B vaccine (DTaP-IPV-HepB/Hib), containing
≥30IU DT, ≥40IU TT, 25µg PT, 25µg FHA, 8µg 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), containing ≥30IU DT, ≥40IU TT, 25µg PT, 25µg FHA, 8µg PRN
and IPV types 1, 2 and 3

DTaP-IPV
Tdap combinations
Boostrix®, GSK

Three pertussis antigens

Boostrix®-IPV

Combined tetanus, reduced antigen dose of diphtheria and three-component
acellular pertussis vaccine (Tdap) containing ≥2IU DT, ≥20IU TT, 8µg PT, 8µg FHA
and 2.5µg PRN adsorbed 0.5mg aluminium and suspended in isotonic sodium
chloride. A formulation combined with IPV is also available for catch-up.

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 ≥20IU TT, ≥2IU DT, 2.5µg PT, 5µg FHA, 3µg
PRN and 5µg 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; GSK –
GlaxoSmithKline; IU – international units; HepB – hepatitis B, Hib – Haemophilus influenzae type B; IPV - inactivated
poliovirus; PRN – pertactin, PRP - polysaccharide polyribosylribitol phosphate; PT – pertussis toxin; SSI - Statens Serum
Institut
Table 1: Pertussis-containing vaccines available in New Zealand, October 2018. (Source:
Medsafe)

2 Epidemiology
2.1 New Zealand epidemiology
Epidemics of pertussis occur every 3-5 years in New Zealand and elsewhere. During the
more recent epidemic from 2011-2014, several hundred infants were hospitalised and three
infants aged under 6 weeks died. In response, in 2013, pregnant women were encouraged
to be vaccinated in the third trimester (weeks 28-38 of gestation). However, uptake of this
vaccine has been slow and the data around maternal vaccinations is limited.
he focus of the current National Immunisation Schedule is to protect infants too young to be
immunised and to protect immunised infants when they are most vulnerable, particularly
those of Māori and Pacific ethnicity, who continue to be at high risk of severe disease. The
most recent epidemic was declared as of 16 October 2017. Pertussis notifications since 2009
are shown in Figure 1. From October to December 2017, 967 cases of pertussis were
notified (576 confirmed, 367 probable and 24 suspect). During 2017, there were a total of
2,101 cases; 127 were in infants younger than 1 year, of which 66 (52%) were hospitalised.
The highest rates were reported in infants (214.4/100,000) and children aged 5-9 years
(90.3/100,000).(2) Although it is a notifiable disease, many more less severe cases in older
children and adults are likely to be circulating disease within the community.
From 1 January 2018 to 31 December 2018, a further 2,943 cases were notified (56.5 cases
per 100,000 population) and in total, 222 cases (7.5%) were hospitalised. Of the notified
cases, 181 (6.2%) were infants younger than 1 year of which 93 cases (51.4%) were
hospitalised, as presented in Table 2. The highest rates were seen in infant cases <1 year of
Māori and Pacific ethnicities (515.8 and 525.8 per 100,000, respectively), while the highest
rates in children aged 1-4 years were European and Other (194.5/100,000) and Māori
(135.1/100,000).(1)
It has not been determined yet what effect the introduction of antenatal vaccination has on
the incidence and severity of pertussis in infants in New Zealand.
Figure 1: Number of pertussis notifications by month and year, January 2009 December 2018. (Source: ESR)
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Table 2: Number of (confirmed, probable and suspect) pertussis notifications, rates and
hospitalisations by age group, January-December 2018 (Source: ESR)

3 Maternal vaccination
3.1 Background
In recent years, the main focus for pertussis prevention in infants too young to be
immunised has been through passive immunity by giving maternal booster doses of tetanusdiphtheria and acellular pertussis (Tdap) vaccines during pregnancy. In this way, the infant
is provided temporary protection until fully immunised through their own vaccinations. By
vaccinating during pregnancy, infants are protected by both passive antibody transfer from
the mother and also by reducing the risk of the mother acquiring the infection and passing it
to her baby. Mothers have been shown to be a significant source of pertussis infection to
their infants.(6)
A study that analysed routine surveillance data from 1997 to 2014 in Queensland, Australia,
found that the highest pertussis disease burden, prior to the introduction of the maternal
vaccination programme, was in early infancy (younger than 4 months of age) and women of
child-bearing ages (15-45 years). Therefore, maternal vaccination is likely to provide dual
benefit to both of these groups.(4)
Considerable research has been conducted both internationally and in New Zealand to
assess the immunity, safety and effectiveness of giving pertussis booster vaccinations to
pregnant women to protect their infants. This section will review some of this work.
Maternal pertussis vaccinations (with Tdap) from 28 to 38 weeks gestation have been
funded as part of the National Immunisation Schedule since 2013 in NZ. The uptake has
been slow and difficult to monitor due to the way claims for funded vaccine were made in
primary care. Maternal vaccination is now recorded on the National Immunisation Register,
but the accuracy of the data entry for pregnancy vaccination is currently unclear. In NZ,
maternity care is predominantly midwife-led, often with independent midwives rather than
midwives associated with a general practice, whereas the delivery of the vaccine is
predominantly through general practice. As a result, mothers are less likely to access
vaccination services provided by their general practice during their pregnancy. Estimates

suggest that uptake ranges from 13% - 44%.(7-9) However, awareness and acceptance of
vaccinations during pregnancy have been gradually increasing.
In the light of the current pertussis outbreak, it is especially important to consider the
influence maternal pertussis vaccination will have on the incidence and severity of pertussis
in infants, particularly those under 6 months of age.
The role of maternal immunisation in protecting infants against disease prior to the
commencement of their primary immunisation is being recognised internationally. A 2017
systematic review of the literature published during 2011-2016 demonstrated an increasing
body of evidence to support pertussis vaccination in pregnancy to reduce pertussis morbidity
and mortality in young infants in terms of safety (based on 10 papers), immunogenicity (14
papers) and effectiveness (two papers).(5) Some of the most recent literature is presented
here.

3.2 Safety of maternal vaccination
A major consideration of vaccinating in pregnancy is the safety of the fetus and birth
outcomes. There is no plausible biological reason for aP vaccines or Tdap vaccines to be
unsafe when given in pregnancy, because only the IgG antibodies induced by the vaccine,
and not the vaccine components, are passed across the placenta to the fetus. However, it is
important to assess this fully.
3.2.1 Pregnancy outcomes
In studies conducted by the University of Auckland and collaborators, the safety of pertussis
immunisation in pregnancy and pregnancy outcomes have been assessed in New Zealand
following immunisation with Tdap (Boostrix) during weeks 28-38 of gestation.
No biologically plausible adverse maternal outcomes were detected following Tdap
immunisation in pregnancy in New Zealand. A national retrospective observation study, the
Pertussis Immunisation in Pregnancy Study (PIPS), was conducted using linked
administrative datasets for a cohort of 68,550 vaccine-eligible women during 2013, of which
8,178 (11%) were vaccinated. The study found no unexpected safety risks associated with
Tdap vaccination. A protective effect was observed for pre-eclampsia with severe features,
preterm labour, preterm delivery and antenatal bleeding.(8)
PIPS found no association between receipt of Tdap and gestational diabetes mellitus, fetal
growth restriction, placental abruption, chorioamnionitis, labour dysfunction, fetal distress,
post-partum haemorrhage, maternal fever during or after labour, C-section delivery,
maternal sepsis, anaemia or neurologic disorders. An increased risk of lactation disorders
and perineal tears were observed and considered likely to be attributed to residual
confounding, such as differential healthcare among vaccinated and non-vaccinated women.
Vaccinated women were disproportionately European, had higher incomes, obstetrician
antenatal care, and were more likely to have differential health-seeking behaviours or the
likelihood of receiving interventions than unvaccinated women.(11)
3.2.2 Infant outcomes
When the infant outcomes were considered as part of PIPS, no safety concerns were
identified in infants of women who were vaccinated in pregnancy.(8) There was a protective
effect of Tdap exposure against low birth weight, small-for-gestational age, and moderate to
later preterm birth, and it was associated with a higher mean birth weight. Maternal Tdap
exposure in pregnancy did not affect sepsis or infection in the newborn, asphyxia,
microcephaly, deformities of the feet or infant Apgar score. Infant exposure to Tdap during

pregnancy was associated with a higher risk for ankyloglossia (‘tongue-tie’), which may be
associated with the observed increase in diagnoses related to concerns over lactation
disorders. These are likely also to be attributed to residual confounding and differential
health-seeking behaviours of vaccinated women with a greater likelihood of receiving
interventions than unvaccinated women.(11)
During 2012-2014, a small prospective observational study (Safety Monitoring of Adverse
Reactions to Tdap Vaccine in Pregnancy [SMART-VIP]) was conducted in the Canterbury
region of NZ. Infants were followed for between 6-12 months after birth. When compared
with the baseline population, no significant differences in birth weight, gestational age at
birth, congenital abnormalities or infant groups were detected in infants of mothers who
received Tdap in pregnancy. No cases of pertussis occurred in this cohort despite high rates
of disease in the community at that time.(71)
3.2.3 Vaccination response in pregnancy
Tdap was concluded to be equally well-tolerated in pregnant and non-pregnant women. An
observational study was conducted in the US to compare injection-site and systemic
reactions following receipt of Tdap in 374 pregnant (gestational age 20-34 weeks, median
age 28.9 years) and 225 non-pregnant women (median age 28.3 years). Fewer than 3%
reported severe local or systemic reactions or any fever. Significantly more pregnant women
reported moderate to severe injection site pain compared with non-pregnant, but did not
seek medical attention (17.9% vs 11.1%). No other moderate or severe systemic or local
reactions differed significantly between the women who were pregnant or not. Prior Tdap
receipt did not increase moderate to severe local or systemic reactions in pregnant
women.(10)
3.2.4 Summary of vaccine safety in pregnancy
No safety concerns have been identified for pregnant women, their fetuses or their infants
following vaccination during pregnancy with Tdap. The severity of injection site pain was
increased in pregnant compared with non-pregnant women, but medical attention was not
required.
Tdap exposure was associated with some protection against low birth weight, small-forgestational age, moderate to later preterm birth and was associated with a higher mean
birth weight. Residual confounding related to health-seeking behaviour of vaccinated
mothers is also likely to be associated with improved infant outcomes.
Although, documented lactation disorders and ankyloglossia were increased in infants of
vaccinated mothers, this was not thought to be as a direct result of vaccination; rather, the
health-seeking and socioeconomic status of the mothers who chose to be vaccinated.

3.3 Immunogenicity of vaccination in pregnancy
3.3.1 Maternal antibody levels
A study in Canada found that most infants born to mothers not vaccinated in pregnancy
would receive little or no passive protection from maternal antibodies. Although there is no
established antibody correlate of protection for pertussis, based on the WHO Standard
Pertussis Antiserum (National Institute for Biological Standards and Control) code: 06/140, a
cut-off of anti-PT IgG ≤35 IU/ml was considered negative for pertussis protection and >45
IU/ml considered to be positive and consistent with exposure through infection or
vaccination. When anti-PT IgG titres were measured in plasma samples from 1,752 women
in the second trimester of pregnancy (gestation weeks not defined), almost all (97.5%) had

no serological evidence of recent pertussis infection or vaccination, and nearly half (43.6%)
had antibody titres below the assay limit (geometric mean titre 5.5 IU/ml, range 0-154
IU/ml). Only 31 women (2%) had anti-PT levels ≥45 IU/ml suggestive of a recent infection
or re-immunisation. The women were recruited as part of a larger study between 2008 and
2011 from ten Canadian cities.(3)
When the immunogenicity of Tdap vaccination was compared between pregnant (at 20-34
GW) and non-pregnant women in the US, the serological response to all vaccine antigens
were robust and rose significantly above baseline for all antigens in both groups. However,
post vaccination titres against PT, FHA, tetanus and diphtheria were significantly higher in
non-pregnant women as compared with pregnant women (p<0.01), but not for FIM or PRN
GMTs. Both pre- and post-vaccination antibody levels were lower among pregnant than nonpregnant women.(10)
Post-partum antibody levels were measured in women vaccinated with either Tdap or Td as
part of a RCT in Canada. Mean gestation when vaccinated was 34.5 weeks with a mean
interval of 5.2 (SD 1.3) weeks before delivery.(29) Antibody levels against all pertussis
antigens peaked at delivery to 2 months post-partum, then decreased by just over 50%
over the year post-partum. All remained significantly higher than pre-immunisation levels.
Conclusions
Pregnant women have a robust immunological response to Tdap during pregnancy. Since the
levels of pertussis antibodies are below protective levels in most women, without vaccination
few infants would receive sufficient passive immunity to protect against pertussis.
Anti-pertussis antibody levels wane rapidly within a year post-partum but remain higher
than pre-vaccination levels.
3.3.2 Waning of post-partum antibody levels in infants born to mothers vaccinated
in pregnancy
A study in Spain found that, due to the rapid decline in maternal antibodies after birth, it
was important to start infant vaccination on time at 2 months of age. The study, which
included 37 infants born in Spain to mothers who were vaccinated with Tdap between 21
and 38 weeks of gestation, found that anti-PT IgG geometric mean concentrations (GMCs)
declined significantly from 52.7 IU/ml (95% CI 34.7-80.2) in cord blood to an estimated 7.5
IU/ml (4.2-13.3; p<0.001) at 2 months of age. The median half-life of maternal antibodies
was 47 days and it was estimated that 51.4% of infants would have detectable anti-PT IgG
before the start of their primary vaccinations at 2 months of age – the presence of antibody
at 2 months was significantly influenced by higher cord-blood concentrations (p<0.001).(16)
In Mexico, a double-blind parallel group RCT evaluated the safety and immunogenicity of
Tdap in 171 pregnant women and their children (90 received Tdap and 81 controls received
saline placebo). Six blood samples were collected immediately prior to and 4 weeks after
Tdap vaccination or placebo given at 30 to 32 weeks gestation, from umbilical cord blood
and from infants of the participants at 2, 4 and 6 months of age prior to administration of
routine pentavalent DTaP-IPV/Hib vaccine.(17) Except for samples taken prior to vaccination,
anti-pertussis levels were significantly higher in vaccinated mothers and their infants up to 2
months of age than in the control group mothers and infants. Figure 2 and Figure 3 (see
section 3.3.4) show a decline in antibody levels was observed from birth (cord blood) to 2
months of age with a ratio of 1.78 for anti-PRN IgG and 2.5 for anti-PT IgG. Since the
antibody titres required for protection against pertussis is undefined, it is unclear whether
the levels of remaining antibody in these infants are sufficiently protective. There was a
sharp decline in anti-PRN IgG up to 6 months of age. There was no PRN response in either

group following infant vaccination - DTaP vaccine used in Mexico appears to only contain
pertussis toxin, not PRN antigens.(72)

Figure 2: Anti-pertactin IgG antibodies in
maternal and infant serum. (Reproduced
with permission, Villarreal Perez, 2017)
MBV – mother before Tdap or placebo
vaccination; MAV – mother after vaccination;
COR – umbilical cord; CH2M, CH4M, CH6M –
child at 2, 4, 6 months of age prior to routine
immunisations

Conclusions
Maternally-derived antibody levels in the newborn decline rapidly after birth and particularly
after 2 months of age. Depending on the concentration of antibodies at birth, infants may
have insufficient levels of pertussis antibodies to provide protection against the disease after
2 months of age.
3.3.3 Effect of timing of maternal immunisation on infant pertussis antibody levels
The timing of maternal immunisation is important to consider - to balance the waning of
anti-PT antibody in the mother with the accumulation of sufficient antibody to protect the
newborn for the first few months of life. Preterm infants may not acquire sufficient antibody
or may be born before the mother has been vaccinated, whereas vaccination too early in
pregnancy may result in insufficient antibody levels at birth in full-term infants.
When vaccination is considered within the third trimester, as recommended in many
countries, the optimum timing is unclear. One study in the US did not find that antibody
concentrations in cord blood varied significantly by gestational age at vaccination, when
given between 27-36 weeks. Cord blood anti-PT IgG (at ≥10 EU/ml) were achieved in 87%
and 97% of those vaccinated at 27-30 weeks and 31-36 weeks of gestation (p=0.13),
respectively. The study enrolled 88 pregnant women in New York who were vaccinated with
Tdap (Adacel).(19)
However, another US study based in Texas found that immunisation early in the third
trimester was associated with the highest antibody concentrations. This prospective
observational cohort study investigated the cord blood anti-PT antibody levels from mothers
vaccinated with Tdap (vaccine brand not disclosed) during pregnancy weeks 27 to 36. The
peak in cord blood GMC was seen when vaccination was given at week 30. GMC of anti-PT
antibodies slightly increased from 27 to 30 weeks (slope estimate 0.04; p=0.58), were
highest when Tdap was administered during weeks 27-30, and thereafter declined
significantly (slope -0.05, p=0.01). In a post hoc analysis, comparing those mothers
vaccinated in 27–31 weeks gestation to those vaccinated in 32-36 weeks, the adjusted GMC
ratio (adjusted for maternal age, ethnicity and gestation at delivery) was 1.4 (1.1-1.8;
p=0.007).(20)

A comparison between vaccination in the second and third trimester was made as part of a
prospective observational study conducted in Switzerland between July 2014 and February
2016. Cord blood samples were collected from term and preterm neonates of mothers who
had received Tdap during the second trimester (weeks 13 – 25 of gestation) or according to
Swiss recommendations in the third trimester from 26 weeks gestation.(21, 26)
The study found that earlier, second trimester maternal Tdap immunisation (from 13 to 25
weeks gestation) significantly increased anti-PT and anti-FHA IgG antibodies in neonates
born at full term (p<0.001 for both antigens), as compared with vaccination after 26 weeks
gestation: anti-PT 57.1 EU/ml (95% CI 47.8-68.2) versus 31.1 EU/ml (25.7-37.7); anti-FHA
284.4 EU/ml (241.3-335.2) vs 140.2 EU/ml (115.3-170.3). The expected infant
seropositivity rates (defined as anti-PT IgG at birth of >30 EU/ml, with antibody persistence
>5 EU/ml at 3 months) were significantly higher following second trimester (80%) compared
with third trimester (55%) vaccination, and with an adjusted odds ratio of 3.7 (95% CI 2.16.5; p<0.001). The full-term infant part of the study included 122 mother-infant pairs
immunised in the second trimester and 213 pairs immunised in the third trimester.(21)
Based on this study, the Joint Committee on Vaccination and Immunisation in the UK
advised that maternal pertussis vaccination be offered between 16 and 32 weeks of
gestation from 1 April 2016.(22) This timing coincides with the routine 20-week ultrasound
scan.
3.3.3.1 Premature infants – timing of maternal vaccination
As part of the Swiss study described above, birth antibody levels in the preterm infants were
also significantly higher for both anti-PT and anti-FHA antibodies following vaccination in the
second trimester (at 13-25 weeks gestation) compared with vaccination in the third
trimester (after 26 weeks): anti-PT IgG 41.3 (95% CI 29.6-57.5) vs 22.1 EU/ml (14.334.2), p=0.024; anti-FHA IgG 201.1 (149.7-270.1) vs 120.2 (80.6-179.2) EU/ml, p=0.040.
None of the 37 preterm infants born to mothers immunised in the second trimester were
seronegative. Eleven out of 48 infants born following third trimester immunisation were
seronegative, 38% of these infants were born at between weeks 30-33 of gestation and
20% were born at 34-36 weeks. The study concluded that, although placental antibody
transfer has been established as being most efficient during the third trimester, a longer
transfer time appears to result in a greater accumulation of antibody in the fetus. To
maximise maternal-fetal antibody transfer, a 15-day interval was sufficient to observe
significantly higher cord antibody titres in the preterm population.(26)
In a UK-based study, IgG concentrations in infants at 2 months of age were positively
correlated with the number of days between maternal vaccination and delivery. Anti-PT IgG
increased 4% per day (95% CI 1-6%; p=0.011) and anti-FHA increased 7% per day (95%
CI 3-10%; p=0.001) in infants born prematurely at 28-35 weeks gestation to mothers who
were vaccinated during the third trimester (Tdap-IPV was routinely offered from 28-34
weeks gestation; median interval between vaccination at delivery was 24 days [interquartile
range 9-35 days]).(23) Compared with premature infants of unvaccinated mothers, infants of
vaccinated mothers had significantly higher pertussis, diphtheria and tetanus antibody levels
at 2 months of age, prior to their first vaccinations (p<0.001). In this UK-based study, 31
out of 160 premature infants were born to mothers who received Tdap-IPV in pregnancy.(23)
Conclusions
Particularly to extend protection to infants born prematurely, maternal vaccination in the
second trimester is suggested. Antibody is transferred and accumulates from at least 13
weeks gestation.

Infants born prematurely benefit from maternal vaccination when given early in the third
trimester and have significantly higher anti-pertussis, tetanus and diphtheria antibody levels
to at least 2 months of age as compared with premature infants of unvaccinated mothers.
The longer the time between vaccination and delivery the greater the protection achieved.
One study found that more infants are seropositive for up to 3 months after birth if their
mothers were vaccinated before 26 weeks gestation than those vaccinated after (80% vs
55%).
However, the longevity of the maternal antibodies in the mother and the infant is unclear. If
the antibody response is induced as early as 16 weeks, it is unknown whether there are
sufficient levels to continue to protect full-term infants in the first months of life, as
compared with when vaccination occurs later in the pregnancy.
Vaccination late in the third trimester (after 34 weeks) results in less antibody transfer than
when given earlier. Despite this, it is likely better to vaccinate the mother at least 2 weeks
before delivery than to risk her infant being born with no passive pertussis protection.
Due to waning maternal pertussis antibody levels in the infant - even in infants of vaccinated
mothers - it appears necessary to commence the primary series by 2 months of age.
3.3.4 Interference of infant pertussis immune response to primary series
A review of ten studies that assessed laboratory markers of pertussis responses following
primary vaccination schedule of infants showed evidence of lower response to one or more
pertussis antigen in infants of vaccinated mothers.(28)
In one reviewed study of premature infants born to mothers who had been vaccinated with
Tdap (from 28 weeks gestation), IgG GMCs were significantly higher at age 2 months
against pertussis antigens, tetanus and diphtheria prior to primary vaccination (DTaP-IPVHib [Pediacel®] at 2, 3 and 4 months), although after completion of the primary course,
antibodies to FHA and diphtheria were significantly lower at age 5 months. As part of the UK
immunisation schedule, these infants also received MenC-CRM and PCV-13 vaccines
concurrently.(23)
However, no evidence of clinically significant blunting was found in the US and England in
the first year of life after maternal vaccination and primary infant doses (starting at age 2
months).(13, 28)
A, RCT in Canada (as described in section 3.3.1) found that infants of mothers who received
Tdap in pregnancy had significantly higher PT antibody levels at birth and at 2 months of
age, and significantly higher FHA, PRN and FIM antibody levels at birth, age 2 and 4 months,
but significantly lower pertussis antibody levels at age 6 and 7 months, than infants whose
mothers had received Td in pregnancy (p<0.001, for each).(29) These differences persisted
for PT, FHA and FIM antibodies until 12 months of age and 1 month after a 12-month
booster. Infants of Tdap vaccinated mothers had higher diphtheria antibody levels at 6
months and tetanus antibody at 12 months (p=0.043 and 0.039, respectively). The clinical
relevance of these blunted responses to primary immunisations is not clear, but could lead
to increased risk of pertussis from the second half of the first year of life or later. A total of
272 infants were born to mothers who received either Tdap or Td at an average of 34.5
weeks gestation (on average 5.2 weeks prior to delivery). The infants were vaccinated
according to the Canadian immunisation schedule 2-4-6 months of age and a booster was
given early at 12 months instead of 18 months.(29)
A blunting effect against pertussis was observed in a study in England, in which the immune
responses to primary series vaccines were investigated in infants of TdaP-IPV-vaccinated
mothers (Repevax®, 5-component aP). Infants (n=141) were vaccinated with DTaP5-IPV-

Hib-TT (Pediacel®) vaccine at 2, 3 and 4 months. Immune responses were compared with a
historical cohort of infants born to mothers not vaccinated in pregnancy. Infants of
vaccinated mothers had high pertussis antibody levels pre-immunisation, but only PT
antibodies increased post-immunisation and FHA antibodies fell. Antenatal pertussis
vaccination blunted subsequent responses in infants to pertussis vaccine, but at levels not
considered to affect disease control.(30)
In the Mexican RCT (mentioned above in section 3.3.2), apparent interference was observed
between maternal antibodies and the production of anti-PT antibodies in response to DTaP in
the infants of Tdap-vaccinated mothers when compared with mothers given placebo
controls. A lower, or possibly delayed anti-PT response to DTaP was observed at 4 and 6
months of age than was seen in controls (Figure 3).(17)
Figure 3: Anti-pertussis toxin IgG in
maternal and infants pairs. (Reproduced
with permission, Villarreal Perez, 2017)
MBV – mother before vaccination; MAV –
mother after vaccination; COR – umbilical cord;
CH2M, CH4M, CH6M – child at 2, 4, 6 months of
age prior to routine immunisations

Based on animal studies, further evaluations of the effect of maternal antibodies may
consider using different vaccine formulations for the maternal and infant doses to overcome
the apparent loss of antibody function seen when the same vaccine is used. When mother
and infant mice were immunised with two different vaccines, infant vaccination was not
found to interfere with the protective effects of maternal antibodies. This interference did
not affect antibody titres, rather infant vaccination reduced the protective functions of the
maternally–derived antibodies in vitro and in vivo.(34)
A recent publication (published 2019) investigated the antibody responses to primary
vaccinations in infants born to mothers who were vaccinated in pregnancy compared with
those unvaccinated in pregnancy (31 mother-infant pairs in total). The results from the
prospective cohort study in the UK supported maternal immunisation as a method of
protecting infants for their first few weeks of life. Infants from Tdap vaccinated mothers had
significantly elevated antibodies to all Tdap antigens at birth and at 7 weeks of age (prior to
primary series at 8 weeks) compared with infants of mothers unvaccinated in pregnancy.
Following primary pertussis immunisations (at 8, 12 and 16 weeks of age), the antibody
levels in infants were also comparable between groups. Vaccination in pregnancy did not
effect the half-life of Tdap antibodies in the infant compared with those that were present
from previous vaccinations or exposure.(73)
3.3.4.1 Response after toddler dose
At one month after administration of DTaP at 15 months of age (following Belgian primary
schedule at 8, 12, and 16 weeks), the GMC of anti-PT Ig G was significantly lower in infants
of vaccinated mother (Tdap [Boostrix] in weeks 18-34 gestation) compared with control

groups (not vaccinated against pertussis for at least 10 years; p=0.006) and nonsignificantly lower for diphtheria and FHA antibodies, whereas, tetanus and PRN antibodies
were non-significantly higher in the vaccinated group. Following the booster dose, the only
significant difference in antibodies observed after one month were significantly higher titres
of anti-PRN IgG (p= 0.001) in the vaccinated group.(32)
As part of a spin-off study of above, the influence of maternal vaccination on the avidity
(strength of binding to antigen) of pertussis antibodies in infants following their primary
series was analysed. Avidity is used to assess priming of immunological memory and
antibody maturation. The avidity of IgG against diphtheria toxin (DT), tetanus toxin (TT),
pertussis toxin, FHA and pertactin was measured one month before and one month after
dose four of DTaP vaccination at age 15 months. The study included 55 infants born to
mothers vaccinated in pregnancy with Tdap and 26 infants born to mothers not vaccinated.
Prior to the fourth dose, there was no significant difference in the avidity of any of the
vaccine-specific IgG between the groups (relative avidity index between 40-60% for TT, PT,
FHA and PRN, less than 40% for DT). Although it increased in both groups, the avidity of PTspecific IgG was significantly lower after the fourth dose in infants born to vaccinated
mothers (68.1% vs 78.7%; p<0.003). Since there is no defined levels of protection for
pertussis or data around the functional properties of these antibodies, the clinical relevance
is unknown.(33)
In a review described previously, four studies found that lowered pertussis components in
maternally vaccinated infants were no longer significant following a booster dose in the
second year of life, suggesting that long-term protection was not compromised.(28)
Conclusions
The presence of maternal antibodies may affect the immunogenicity of infant pertussis
vaccinations. However, it is unclear whether there is any clinical relevance in terms of
pertussis protection for infants born to mothers vaccinated in pregnancy.
The studies to date have predominantly investigated antibody responses when the first
primary dose is given at 2 months of age. Some literature suggests that this blunting
continues in to the second year of life. It is especially relevant to consider the role of the
presence of maternal antibodies in blunting the infant primary immune response in relation
to pertussis control in infants in the NZ context, where the primary infant series commences
before 2 months at 6 weeks of age and no toddler booster is given.
3.3.5 Interference with the immune response of other schedule vaccines
Maternal antibody concentrations in infants and the timing of infant immunisations can
influence infant vaccine responses. In a meta-analysis, de-identified immunogenicity data
were obtained from serum collected during 32 GSK-sponsored clinical trials of licensed and
unlicensed vaccines that were administered to more than 7,600 infants in 17 countries
across Africa, Australia, East Asia, Europe, Latin America and Russia. Antigen-specific
antibody concentrations were compared prior to priming vaccinations (given according to
four schedules at 6-10-14 weeks, 2-3-4 months, 2-4-6 months or 3-4-5 months), one
month after priming, and before and after booster vaccinations. Pre-existing maternal
antibodies inhibited infant antibody responses to priming doses for 20 out of 21 primary
series antigens. Children who were vaccinated at an older age had higher antibody
responses to priming doses for 18 to 21 antigens after adjusting for maternal antibody
concentrations (ranging from 10-71% higher per month older; 15% per month for ant-PT
antibodies). The largest effect was seen for IPV with two-fold higher pre-existing antibody
resulting in 20-28% lower post-vaccination geometric mean ratios. For pertussis antigens,
two-fold higher pre-existing antibody was associated with 11% lower post vaccination

antibody against PT and FHA and 22% lower anti-PRN antibody. Models showed that an
inhibitory effect in infants of two- to five-fold increase in maternal antibodies due to prenatal
immunisation can be offset by a delay in primary vaccination of between 2.2 and 5 weeks
(pertussis 2.2 to 5.04 weeks, diphtheria 2.6 to 5.9 weeks and tetanus 1.7 to 3.9 weeks). It
was noted that the clinical relevance was not known and these data were obtained prior to
the introduction of routine maternal immunisation programmes. None-the-less, this metaanalysis study found that the effects of maternal antibodies and the infants’ age at the start
of the primary series are not only observed in response to the pertussis priming series, but
for many antigens, continue to affect antibody responses to booster vaccinations given at
12-24 months. Hence, the quality of the immune response to the first dose of antigen is
suggested to be of importance.(31)
As well as an observed blunting effect against pertussis, a study in England also observed
blunting in the immune response to primary series vaccines against diphtheria and
diphtheria-derived CRM-conjugated antigens in infants of TdaP-IPV-vaccinated mothers
(from 28 weeks gestation) compared with a historical cohort of infants born to mothers not
vaccinated in pregnancy. Infants (n=141) were vaccinated according to the immunisation
schedule with DTaP-IPV-Hib-TT vaccine at 2, 3 and 4 months, PCV-13 at 2-4 months and
one or two doses of MenC-CRM or MenC-TT at 3-4 months of age. Following antenatal Tdap
vaccination, infant antibody levels to diphtheria and some CRM-conjugated antigens
(pneumococcal serotypes 3, 5, 9V and MenC-CRM given at 3 months) were significantly
lower (p<0.001) than those of unvaccinated mothers, but in most infants antibodies
achieved protective threshold levels and were not considered to adversely affect disease
control. Antibodies against tetanus and Hib were higher in infants whose mothers had been
vaccinated antenatally (p<0.001). This study favoured the use of TT-conjugated rather than
CRM-conjugated vaccines in the infant programme or a tetanus-pertussis only vaccine for
mothers.(30)
As part of a prospective controlled trial of Tdap vaccination in pregnancy conducted in
Belgium, a blunting effect was observed after primary vaccination for some pneumococcal
serotypes in infants of mothers who were vaccinated in pregnancy compared with controls.
The GMC of antibodies against serotypes 1 3, 4, 5, 6A, 7F, 9V, 14 and 19A were significantly
lower after two doses of PCV-13 given 8 and 16 weeks of age until 12 months of age in
infants of mothers who received Tdap (mean gestation 28.8 weeks). Despite this blunting
effect on antibody levels, there was no significant difference in the seroprotection rates
between the vaccine and control group after primary or booster vaccination (except for
serotype 3). The study concluded that in a Belgian setting, the clinical effect was likely to be
low since protective antibody levels were achieved for almost all the serotypes and
circulation of vaccine serotypes was almost non-existent.(35)
Conclusions
Infants born to mothers who were vaccinated in pregnancy have blunted antibody responses
to primary vaccinations commenced after 8 weeks of age. The clinical relevance of this
interference is not yet determined, and for most antigens with known levels of protection,
antibody levels remain above seroprotective thresholds. Responses to poliovirus (when given
Tdap-IPV in pregnancy), pertussis antigens and diphtheria or diphtheria-derived protein
conjugates are most affected.

3.3.6 Potential role for an anti-pertussis toxin only vaccine in pregnancy
To overcome the risk that antibodies to the tetanus and diphtheria antigens in Tdap boosters
might interfere with the infant primary series vaccinations, including the polysaccharide
conjugated vaccines such as pneumococcal, Hib and meningococcal vaccines, a study in
baboons used a monocomponent aP vaccine (containing pertussis toxin inactivated with
hydrogen peroxide) in eight pregnant baboons and found it to be sufficient to protect young
baboons against clinical pertussis disease when challenged at 5 weeks of age. It was found
that the challenged infants were heavily colonised with B. pertussis, confirming that the
presence of neutralising anti-PT antibodies can prevent the most severe symptoms
associated with pertussis. The authors anticipate that human mothers with prior experience
of pertussis vaccination or infection are likely to produce a stronger antibody response to the
vaccine.(74)
3.3.7 Summary - immunogenicity of maternal vaccination and effect on infant
immunity
Without antenatal vaccination, few infants would be born with any passive protection against
pertussis. Since there is no defined correlate of protection for pertussis antibodies,
immunogenicity studies do not inform clinical protection.
Pregnant women respond robustly to Tdap given during pregnancy. However, maternallyderived antibody declines rapidly in both the mother and the infant after birth. By four
months, the levels in infants of vaccinated mothers are similar to infants of mothers not
vaccinated antenatally. Depending on the concentration of antibodies at birth, infants may
have insufficient levels of pertussis antibodies to provide protection against the disease until
fully immunised.
Infants born prematurely can benefit from maternal vaccination given earlier than 26 weeks
gestation or early in the third trimester, and have significantly higher anti-pertussis, tetanus
and diphtheria antibody levels up to 2 months of age as compared with premature infants of
unvaccinated mothers. Sufficient time between vaccination and delivery helps to increase
the protection from passive transfer of antibody.
No recent literature was found that described the pattern of waning more than a few months
after delivery in the mother. However, since maternal antibodies wane within a couple of
months of birth, it is likely that levels in the mother during a subsequent pregnancy would
not be sufficient to provide protection to another fetus and therefore, booster doses each
pregnancy would be necessary. It may be beneficial to give pregnant women aP only
vaccines, especially following a previous Tdap booster.
Passive protection from maternal antibodies needs to be balanced with interference with the
infants’ immunisations. The presence of maternal antibodies can affect the immunogenicity
of infant primary series vaccinations, as has been shown for pertussis and diphtheria
antibodies. However, the clinical relevance is unclear and it is unknown to what extent
infants born to mothers vaccinated in pregnancy may have reduced disease control.
For the antigens with known correlates of protection, this blunting does not appear to reduce
protection below protective threshold levels in most infants. The magnitude of this effect is
likely to depend on the timing of the primary series and antenatal vaccinations. Data is
limited to identify an optimum schedule.
A delay in the timing of the first dose of the primary series may overcome this effect
somewhat, but may also put the youngest infants at higher risk of some other vaccinepreventable disease in their first 6 months.

3.4 Effectiveness of maternal vaccination in disease control
Maternal vaccination aims to control pertussis and reduce disease severity in infants prior to
being fully immunised with their primary series vaccinations. The clinical relevance of the
effect the presence of maternal antibodies may have on the infant immunisation is important
to consider in terms of pertussis control. Recent data published in the last two years on the
effectiveness of maternal pertussis vaccination are reviewed in this section.
Three years following the introduction of maternal pertussis vaccinations in the UK with
TdaP-IPV vaccine, given after 28 weeks gestation and at least seven days before delivery,
vaccine effectiveness (VE) against laboratory-confirmed pertussis has been sustained at
91% (95% CI 88-94%) in infants <3 months of age and 90% (86-93%) for infants aged <2
months. Maternal vaccination, given more than seven days before delivery, was shown to be
95% effective against infant deaths due to pertussis. There was no evidence of increased
risk of disease after primary immunisation (at 2-3-4 months) for infants who received
maternal vaccination. Maternal vaccination coverage was around 70%, with more than twothirds receiving vaccine more than eight weeks prior to delivery. Additional protection was
retained after the first infant dose at 2 months of age (VE 82%), VE declined to 69% after
the second primary dose (at 3 months), but there was no evidence of additional protection
after the third infant dose (at 4 months), although the numbers are small.(12)
Infants with pertussis aged less than 63 days had significantly lower risk of hospitalisation if
their mothers had received Tdap during pregnancy (at 27-36 weeks gestation) compared
with infants of mothers who were not vaccinated in pregnancy (unadjusted VE 72% [95% CI
49-85%] according to a retrospective cohort study conducted in California, US. When
adjusted for chronological and gestational age and DTaP receipt ≥14 days prior to disease
onset), VE was 58%. Hospitalised infants of vaccinated mothers were at a lower risk of
intensive care unit admission and had shorter hospital stays (relative risk 0.5 [0.4-0.6] and
0.8 [0.7-0.9], respectively). The age cut-off for pertussis onset was set at 63 days as the
first dose of DTaP was scheduled at 2 months of age. No infants of vaccinated mothers with
pertussis died or required intubation.(15)
Another study conducted by the same research groups found that Tdap vaccination in
pregnancy was 85% (33-98%) more effective than post-partum Tdap vaccination in
preventing pertussis in infants less than 8 weeks of age. The cohort consisted of 74,504
mother-infant pairs, of which, 42,941 (58%) were vaccinated in pregnancy and 31,563
(42%) were vaccinated post-partum (representing 7.5% of the California birth cohort).(18)
A US-based retrospective cohort study, using healthcare service data from Kaiser
Permanente North California, found that maternal Tdap was 91.4% (95% CI 19.5-99.1%)
effective against pertussis in infants during the first 2 months of life and 69.0% (43.682.9%) effective during the first year of life. VE was 87.9% (41.4 to 97.5%) before any
DTaP doses, 81.4% (42.5-94.0%) between doses one and two, and 6.4% (-165.1 to 66.9
[wide 95% CI due to low numbers]) between doses two and three, and 65.6% (4.5 – 87.8)
after three primary doses. The data time period from 2010-2015 encompassed two pertussis
epidemics. The study population included 148,981 infants born from 2010, and of these,
68,168 (45.8%) of the infants’ mothers had received Tdap after 20 weeks of pregnancy.
There were 110 laboratory-confirmed pertussis cases aged ≤1 year, including 17 cases aged
≤2 months.(13)
Most recent data in NZ comes from the Pertussis in Pregnancy Infant Outcomes (PIPIO)
study (HRC grant reference 14/682), conducted at the University of Auckland, in which data
from combined from several national health administrative databases in NZ were used to
investigate the relationship between fetal exposure to maternal pertussis vaccination (given

during 28-38 weeks gestation) and pertussis disease in infants first 6 weeks and first 6
months of life (unpublished, presented in project report).(14) The large population-based
retrospective cohort study found that the adjusted point estimate VE for protection from
maternal vaccination against pertussis in the first 6 weeks of life was 71% (95% CI -115 to
96), and was consistent with other studies. Unfortunately this study was underpowered to
achieve statistical significance for pertussis diagnosis at under 6 weeks of age. A repeat
study is underway. A small additional protective effect of maternal vaccination was observed
among infants who received ≥2 doses of routine vaccination up to 6 months of age.(14)
Conclusions
Tdap vaccination during the third trimester of pregnancy protects young infants under 8
weeks of age against pertussis as compared with infants born to mothers who were not
vaccinated or those vaccinated post-partum. The effect declined with time until completion
of the infants’ primary series immunisation.
3.4.1 Timing of the maternal dose - effectiveness
A Californian study found that infants of mothers who received Tdap vaccination at 27-36
weeks gestation (in particular, from 27-31 weeks) were significantly less likely to have
pertussis under the age of 12 weeks than infants whose mothers received Tdap during
pregnancy, but outside of the 27-36 weeks window (OR 0.22 [95% CI 0.8-0.63]). The
overall VE of Tdap at 27-36 weeks gestation was 85% (33-89%) for preventing pertussis in
infants less than 8 weeks of age, and VE was 64% (11-85%) when vaccinated at any point
in pregnancy, as compared with post-partum vaccination of the mother (adjusted VE 72% vs
53% against pertussis <12 weeks of age, respectively). The timing of Tdap in the second
trimester (14-26 weeks) increased the odds of pertussis by 12 weeks of age compared with
during the 26-36 weeks window (OR 4.60 [1.39-15.25] – based on 11 cases and 35,959
controls).(18)
A national cohort study in the US found that infants whose mothers received antenatal Tdap
(up to 2 weeks prior to delivery) had a 43% lower rate of pertussis (HR =0.57 [0.35-0.92]
and 68% lower risk of hospitalised pertussis (HR 0.32 [0.11-0.91]) than those whose
mothers were not vaccinated or received Tdap postpartum. The cohort included 675,167
mother-infant pairs born during 2010-2014 (insured population). Pertussis rates were lowest
for infants of mothers who received Tdap in the third trimester (from 27 weeks to at least 2
weeks prior to delivery; HR = 0.42 [0.23-0.78]. In comparison, in those whose mothers
receive Tdap earlier than 27 weeks gestation, the rates of pertussis hospitalisations tended
to be less, but the rates for any pertussis were not reduced (HR 1.10 [0.54-2.25]).
However, it was noted that the number of cases born to mothers who received Tdap prior to
27 weeks was very small (ten cases [0.06%] hospitalised).(75)
In the UK, the VE of maternal vaccination on infant pertussis was shown to be 91% when
given at least 28 days and 7-28 days before delivery, but for a small number of cases, VE
declined to 43% (based on only three cases) when given 0-6 days before or 1-13 days after
delivery.(12)

3.4.2 Preterm infants
It was found that preterm infants (born at before 37 weeks gestation in the UK) were at
increased risk of being hospitalised with pertussis and benefited less than full-term infants
(born after 36 weeks gestation) from maternal vaccination programmes starting at 28 weeks
gestation. The effect of the introduction of maternal pertussis vaccination on pertussis
infection and disease severity in preterm infants was considered in a UK based study.
Hospitalised pertussis cases of infants aged <60 days, before they were eligible for primary
vaccinations and admitted between April 2009 to March 2016, were compared pre and postimplementation of the maternal vaccination programme (which began in 2012 from 28
weeks gestation). During this time there were 13 infant deaths associated with pertussis, of
which, five (38.5%) were born prematurely. A higher proportion of preterm infants were
hospitalised with pertussis (138/1309, 10.6%) than the population estimate of 7.4% live
births being born preterm, and this proportion increased from 9.8% (83/847) to 12.1%
(56/462) following the programme implementation. Hospital stays of a longer duration were
associated with prematurity, younger age, additional respiratory illness and mothers
unvaccinated in pregnancy: mothers were vaccinated in 26.1% full-term vs 14.3% preterm
cases [p=0.092]; in 14.3% of full-term cases the mothers were vaccinated after 35 weeks.
The study concluded that mothers of preterm infants had reduced opportunity to be
vaccinated (available from 28 weeks gestation at the time of the study), since the latest
gestational age for vaccination of any preterm mother was 33 weeks.(24)
A cross-sectional population study in Australia’s Northern Territory found that a significant
proportion of preterm infants (66.5%) did not benefit from maternal vaccination starting at
28 weeks gestation (maternal coverage in 2016 was 48.9%). The mothers of infants born at
term were twice more likely to have received antenatal Tdap than preterm births (aOR
=1.97 [95% CI 1.53-2.50], p<0.0001). To maximise protection for all infants, the authors
recommended the implementation of pertussis vaccination from 20 weeks gestation.(25)
Since 1 April 2016, the UK has recommended Tdap vaccination from 20 weeks of gestation
and funded vaccine is available from 16 weeks gestation.(22)
3.4.3 Maternal antibody interference
There is evidence that the presence of maternal antibodies in infants of mothers who were
vaccinated in pregnancy interferes with the immune response in infants to primary series
immunisations and may lead to reduced effectiveness of the infant immunisation
programme. Clinical data is limited.
Preliminary data from the PIPIO study in NZ suggest that the presence of maternal
antibodies could interfere with infant immunity to pertussis following completion of the
primary series when vaccinations are begun at an early age (scheduled to commence at 6
weeks in NZ rather than from 8 weeks as in the UK), potentially resulting in an increased
risk of pertussis in infants after maternal antibodies have waned below protective levels.
Funded by a PHARMAC-HRC partnership (HRC reference 18/773), an extension study
designated PIPIO2 is underway to address this concern further within the NZ context.(27)
3.4.4 Protective role for maternal influenza vaccination
A potential role for inactivated trivalent influenza vaccination in pregnancy was identified to
protect against pertussis by retrospective testing of pharyngeal specimens collected during
2011-2012 as part of an RCT conducted in South Africa. Enrolled participants were
monitored for respiratory illness during pregnancy and for 24 weeks post-partum. A total of
3,125 specimens were tested for B. pertussis. Eleven vaccine recipients and 26 placebo
recipients tested positive for pertussis (risk ratio 0.4 [95% CI 0.2-0.8]; p=0.012); the

overall risk ratio including indeterminate pertussis episodes was 0.5 (0.2-0.7; p=0.007).
This post-hoc observation suggested that influenza vaccination may have a protective effect
on the rates of pertussis infection in adult women and a possible synergy between the two
pathogens.(44)
It is plausible that vaccinating both parents and other family members against influenza may
also help to reduce the risk of the infant’s exposure to B. pertussis.

3.5 Summary – maternal vaccination
Most women have no serological evidence of recent pertussis infection or vaccination, and
around half do not have detectable anti-PT antibodies. Without antenatal vaccination, few
infants would be born with any passive protection against pertussis toxin, the major
virulence factor in pertussis disease.
The immune response in pregnant women to Tdap boosters is robust and generate good
antibody responses. Vaccination of mothers during pregnancy provides passive immunity to
infants for the first few months of life through IgG transferred across the placenta.
There are no safety concerns for the mother or her fetus following vaccination with Tdap in
pregnancy.
The presence of maternal antibodies in the infant is protective against pertussis and severe
pertussis at least until 2 months of age (VE >90%).
The optimal timing for the maternal vaccination has not yet been established. Too early risks
maternal antibody levels waning, and too late gives insufficient time for antibody to be
generated and transferred, particularly for infants born before 36 weeks gestation. A balance
needs to be achieved between greater accumulation of antibody and the waning of antibody
in the mother and the infant.
Based on the studies reviewed, the timing likely to provide the best protection for most
preterm and full-term infants appears to be from 20 weeks to around 33 weeks of gestation
(latter half of trimester two and first half of trimester three). Currently in New Zealand, the
recommendations are for vaccination during weeks 28-38. However, the UK recently
updated recommendations for vaccination from ideally 20 weeks, and as early as 16 weeks
gestation, on the basis that a longer time between vaccination and delivery increases the
antibody protection. Elsewhere, studies have found that the optimal time is from 27-31
weeks (early in trimester three). Although, this timing is preferred, infants of mothers
vaccinated more than 7 days prior to delivery received sufficient antibody protection until 8
weeks of age (VE 91% against pertussis and 95% against pertussis death), therefore the
current recommendation of up to 38 weeks is valid for most full-term deliveries.
There is limited literature around the protectiveness of maternal antibodies beyond the start
of the primary series. However, these antibodies appear to create some interference with
the infant immune response to their primary series vaccinations. This interference may be
off-set by a delay in the commencement of the primary series. The clinical relevance has not
yet been determined, particularly in the NZ context.
In the majority of studies presented, the primary series immunisations were initiated at 8
weeks or 2 months of age. It is especially relevant to consider the influence of maternal
antibodies in the NZ context where the primary infant series currently commences earlier at
6 weeks of age. Although maternal vaccination has been shown to be protective against
pertussis in infants under 6 weeks of age in NZ, unconfirmed data indicate that starting the
immunisation schedule at this earlier age could result in greater, more clinically relevant

interference of the vaccine responses to the primary series. Timing at the start of the infant
series for those who have received maternal vaccination may need to be delayed to at least
8 weeks reduce this risk and to allow more time for maternal antibody levels to wane.
For immunity against other vaccine-preventable diseases, this blunting of the immune
response does not appear to reduce seroprotection below threshold levels in most infants for
non-pertussis antigens with known correlates of protection. The magnitude of the blunting
effect is likely to depend upon timing of the primary and antenatal vaccinations. Data is
limited to identify an optimum schedule for pertussis or other vaccine antigens in light of
maternal vaccination.

4 Approaches to address the gap between
birth and primary immunisations
This section considers other options to improve the protection against pertussis, especially
for the youngest infants before they are fully immunised with their primary series
vaccinations in the absence of maternally transferred antibody protection.

4.1 Birth doses of pertussis vaccine
In the 1940s, whole cell pertussis vaccines given at birth were shown to interfere with
vaccination responses to the primary course. When DTaP was given at birth in 2008,
immune interference to subsequent vaccines was observed due to the diphtheria and
tetanus antigens.(76)
More recently, a RCT in Australia used an investigational aP-only vaccine at birth and
demonstrated good immunogenicity and higher antibody titres against PT and PRN at 10
weeks of age than those who had not received a birth dose.(38) The trial was conducted at
four sites in Australia and involved 440 healthy full-term infants to compare the IgG
antibody responses to vaccines at 6, 10, 24 and 32 weeks of age following vaccination at
birth (up to 5 days of age) with three-component aP vaccine and HepB vaccine, or HepB
alone. After stratification by maternal Tdap receipt during or prior to pregnancy, the infants
were randomised to receive aP-only vaccine or not. The infants were also vaccinated
according to the Australian Immunisation Schedule at 6, 16 and 24 weeks.(38)
Birth doses induced higher levels of anti-PT, PRN and FHA antibodies at 6 weeks of age in
infants whose mothers had been vaccinated within 5 years of delivery. At 10 weeks of age,
192/206 (93.2%) of infants vaccinated at birth had detectable anti-PT and anti-PRN
antibodies, as compared with 98/193 (50.8%) infants in the HepB only control group
(p<0.001). Those vaccinated at birth had four-fold higher anti-PT IgG GMC than the control
group.(38)
At 32 weeks of age, all the infants who received aP vaccine at birth had detectable anti-PT
IgG. Those that received a birth aP dose had significantly lower GMC for Hib, HepB,
diphtheria and tetanus antibodies than the control group, but the proportion of infants with
antibody levels above protective thresholds were the same in both groups and no differences
were detected for any pneumococcal serotypes. The highest anti-pertussis antibody levels at
32 weeks were among infants born to mothers who had not been vaccinated within 5 years
in those given aP at birth, followed by the control group.(38)
The study concluded that a birth dose of aP-only vaccine has the potential to provide
protection against severe pertussis among infants whose mothers were not vaccinated

during pregnancy with Tdap. The availability of monovalent pertussis vaccine may also be
beneficial for the maternal vaccination programme where additional boosting against tetanus
and diphtheria is not necessary.(38)

4.2 Timing of infant schedule
The WHO recommends that the first three doses of DTaP or DTwP be given before 6 months
of age. Many developed countries follow a 3+1 or 2+1 primary series. It is recommended
that the first dose be given from 6 weeks of age, ideally between age 6-8 weeks and the
subsequent doses 4-8 weeks apart. As reviewed by Martinón-Torres et al (2018), in 2015
around 86% of infants globally received three doses of combined DTaP or DTwP vaccine with
130 countries achieving at least 90% coverage. However, a proportion of these infants did
not receive the first dose within this time window.(77)
Since our previous literature review on the childhood schedule assessed the effect of delays
in primary doses from older publications (pre-2016),(37) this section reviews only the most
recently published data (from 2016-2018).
In summary, although there is no consensus as to what spacing is optimum for the infant
schedule, timeliness is potentially important for disease control. Recommendations to start
at 6 weeks of age may help enable earlier infant protection and to reduce any delay in the
delivery of the first dose, which is offered at 8 weeks, 2 or 3 months of age in most high
income countries.(37) In Australia, changing from age 8 weeks to 6 weeks was estimated to
reduce annual pertussis notifications by 8% and hospitalisations by 9%.(39)
A mathematical model was used to compute pertussis transmission incidence for four infant
immunisation schedules based on immunisation data from Argentina and Belgium (using
DTwP and DTaP vaccines). The model did include a protective effect of maternal antibodies
up to 6 weeks of age for a fraction of infants, but did not consider vaccination during
pregnancy or blunting effects of the antibodies. The model also assumed protection from wP
and aP vaccines was similar during the primary series. It found the highest reduction in
incidence was achieved through a 6-10-14 week schedule, in which a 36% reduction
pertussis incidence was reached in 0-1 year-olds when compared with a 2-4-6 month
schedule. A significant decrease in severe pertussis incidence was shown when the first dose
of the 2-4-6 months schedule was accelerated to 6 weeks of age. Lower incidences were
also obtained by using a 2-3-4 months schedule in which 26% reduction in total incidence
was predicted. A delay in the first dose to 3 months (3-4-5 months) increased the risk of
severe pertussis by 9%, but reduced total pertussis by 10% up to 1 year of age.(40)
These findings were based on high coverage (85-99%) and vaccine effectiveness (from 0.5
after dose one to 0.9 after doses two and three). These results did not consider differences
in VE in the youngest age group (as may be observed with higher levels of maternal
antibodies), but the authors commented that if VE of the first dose was 20% lower when
given at 6 weeks rather than 2 months, the incidence of severe disease for the 0-2 months
age group would be reduced by 6%. However, for greater reductions in VE, there was no
noticeable benefit for the 0-2-months age group and incidence of severe cases increased by
over 5% in the 0-1-year age group, overall.(40)
Conclusion
The timing of the infant doses can have a significant effect on disease incidence in the very
young and up to 1 year of age. Delays in infant doses increase the risk of pertussis disease
in the youngest infants, but not the older infants. Depending on the VE, starting the
schedule at 6 weeks is more protective than at 2 months. However, this does not take into

consideration the affect higher levels of maternal antibodies have on vaccine effectiveness
when vaccinated at 6 weeks.

4.3 To avoid interference with co-administered vaccines
Consideration of the primary schedule needs to ensure that disease control is maintained for
other diseases as well as pertussis. DTaP-containing vaccines are recommended to be given
at the same time as conjugate vaccines, such as meningococcal C or ACWY, PCV and Hib
vaccines, to avoid potentially immunosuppressive effects of epitope competition.(36) Further
details were presented in our previous literature review.(37) Briefly, pre-existing dominant
immune responses to conjugate proteins can either inhibit or enhance the immune response
to the polysaccharide that is conjugated.

4.4 Cocooning protection for close contacts
4.4.1 Vaccination of family members
A study in the UK found that in 54 out of 63 households (86%) at least one positive
pertussis case was found to be a possible source of infection to a hospitalised infant aged
under 3 months. Out of all the contacts tested from these families, 97/220 (44%) tested
positive and 31/108 (29%) who were non-coughers tested positive for pertussis infection. In
38% of the cases, mothers were the probable source of infection, followed by siblings (31%)
and fathers (10%).(6)
Vaccination of both parents after delivery and at least 28 days prior to illness onset was had
a VE of 77% (95% CI 18-93%) in reducing pertussis infection in Australian infants who did
not have maternal vaccination protection. Adjusted VE was 64% (-58 to 92%) after
adjusting for maternal education, presence of a sibling within the household and the infant’s
primary course status. The study conducted in Victoria, Australia used a matched casecontrol design for cases notified between January 2010 and December 2011 in infants aged
<1 year and born during a state-led cocooning programme (prior to maternal vaccination
programmes). It was concluded that, although statistical significance was not reached, some
protection may be provided to infants by cocoon immunisations of both parents postpartum, particularly in circumstances where maternal antenatal vaccination did not occur.(43)
According to the Victoria Immunisation Schedule, as of July 2018, Victoria funds Tdap
boosters for pregnant women from 28 weeks gestation for every pregnancy, and for
partners of women who are at least 28 weeks pregnant and parents/guardians of infants
under 6 months of age who have not received a Tdap booster in the last 10 years.
As mentioned in section 3.4.4, influenza vaccination of mothers can help to protect infants
against pertussis infection.(44) Therefore, it is plausible that vaccinating both parents and
other family members against influenza may also help to reduce the risk of the infant’s
exposure to B. pertussis.
4.4.2 Vaccination of healthcare workers
A systematic review found moderate evidence that Tdap vaccinations in healthcare workers
were effective in preventing pertussis in all age groups and specifically in infants. The review
investigated the effectiveness of Tdap against nosocomial pertussis outbreaks or infections
among unprotected infants, and focussed on eight studies involving healthy adolescents and
adults, and simulated populations. The duration of protection and rate of waning was
unclear.(41)

4.5 Summary – schedule options to protect infants
Beginning the primary series at 6 weeks rather than 2 months of age provides protection
from pertussis for the younger infants, but those who are not fully immunised remain at
risk, particularly infants too young to have received their first dose.
Options to protect infants born to mothers who did not received Tdap in pregnancy include
administering a pertussis-only vaccine at birth, cocooning by vaccinating close family
members or adjusting the timing of the infant schedule.
Infants who received a dose of aP-only vaccine at birth had significantly more anti-pertussis
antibodies at 10 weeks of age, after the first scheduled dose, than infants who were not
vaccinated at birth (in the absence of maternal vaccination). Some interference in primary
series responses was observed, but the clinical significance of this was not established. This
option may provide protection for the first few months of life to infants born preterm or to
mothers who did not receive Tdap in pregnancy.
Vaccinating both parents may provide some indirect protection to infants whose mothers did
not received Tdap in pregnancy, although statistical significance was not reached. Influenza
vaccine given during pregnancy may also provide additional protection to the mother against
acquiring pertussis and thereby reduce the risk of passing it to her infant.
There is some evidence that vaccination of healthcare workers caring for neonates and
infants provides protection to infants against pertussis, but the duration of protection and
optimum timing of booster doses is unknown.

5 Duration of protection of pertussis
immunisation
A major issue with pertussis vaccination is that a limited duration of protection has been
observed, especially for acellular vaccines. More rapid waning of immunological memory
following booster doses and a resurgence in disease incidence has been particularly
associated with the switch from whole cell to acellular pertussis vaccines in most developed
countries. Another factor in the apparent resurgence has been the use of polymerase chain
reaction (PCR) assays to diagnose more pertussis cases, particularly in adolescents and
adults, which are more sensitive and rapid than cultures.(78)
This section will describe recent studies investigating this phenomenon and the effect
waning immunity has had on pertussis immunisation programmes, focussing on acellular
pertussis vaccinations.

5.1 Immunological memory
Immunological memory is the cornerstone for immunisation. Protection against circulating
disease, such as pertussis, relies on establishing and maintaining memory against the
disease. Factors that influence immunological memory associated with acellular pertussis
vaccines are considered.
Although pertussis immunity is not reported as being long-lived, a modelling study in
Australia found that, based on observed epidemiology, the protection afforded by natural
infection was likely to be decades longer than vaccine immunity (for wP and aP vaccines),

and that median duration of protection from wP was longer than from aP vaccines, but the
difference was not statistically significant.(47)
5.1.1 Immune response to acellular pertussis vaccines
There are two key functions for the immune response against pertussis:
1. To reduce virulence of the disease by neutralising pertussis toxin and to prevent
adhesion of the bacteria to the cells of respiratory tract by antibodies.
2. To kill the organism to prevent colonisation and transmission from the respiratory
tract, known as sterilising immunity.
As described in more detail in a previous literature review, acellular pertussis vaccines have
been shown to induce permanent mixed T cell response with a T helper-2 (Th2)/T helper-17
bias of cellular response to pertussis antigens.(37) This bias appears to be fixed for life after
the first dose of aP vaccine and is not altered by subsequent exposure to aP boosters, wild
type infection or wP antigens.(55) Although this aP response generates a good antibody
response to reduce virulence of the disease by neutralising pertussis toxin and to prevent
adhesion of the bacteria to the cells of respiratory tract by antibodies (generating
neutralising immunity), it is less able to kill B. pertussis to prevent colonisation and clear
infection, resulting in more carriage and transmission (sterilising immunity).(55)
In lieu of improved pertussis vaccines being developed, first dose priming with wPcontaining vaccine (DTwP) may induce longer-lived T helper-1 (Th1)-dominant immunity,
and help to more rapidly clear infection and thereby reduce transmission.(55, 56) Subsequent
primary series doses, booster doses and pregnancy doses could continue with aP-containing
vaccines. However, this strategy would need to be balanced against the concerns for the
higher reactogenicity profile of wP-containing vaccines, which was the reason most
developed countries moved away from these vaccines.
The adverse reactions associated with wP vaccines included injection site reactions and mild
fevers in about a half of DTwP recipients. Some infants are reported to have prolonged, high
pitch crying beginning within 12 hours of vaccination. However, in the UK a change of
schedule from 3-5-10 months to 2-3-4 months substantially reduced post-vaccination fever
and injection site redness and reaction rates of wP did not differ from aP vaccines.
Successive vaccinations were associated with increased incidence of injection site reactions
and fever (up to 18 month booster). Hypotonic-hyporesponsive episodes and febrile seizures
were uncommon (both at a rate of 0.06% compared with DT only). These reactions are
disturbing to parents.(57)
For the Expanded Programme on Immunisation the diphtheria-tetanus-pertussis schedule is
given at 6-10-14 weeks (i.e. 4 weeks apart) in developing countries. The rationale is that
the reactogenicity of wP vaccines is significantly reduced when given in early short
timeframe schedules.(58)
5.1.2 Antibody persistence in adults
As reported in section 3.3.1, the serum of most pregnant women contains almost no
detectable pertussis antibody, prior to vaccination. However, booster doses of Tdap given to
adults can provide seroprotection for a few years. A phase II RCT extension study in the US
followed adults aged 19-64 years for five and nine years after vaccination with three- or
five-pertussis component Tdap vaccines, and were compared with newly recruited controls
(age 28-73 years) in year nine. At nine years, both participants in the vaccinated and
control groups received a booster dose. Seroprotection rates at years five and nine were
≥98% for diphtheria and tetanus. The proportion of participants with antibody
concentrations above assay cut-off (seropositive) was similar between the two vaccine

groups: year five ≥76.6% PT, ≥99.2% for FHA and ≥96.5% for PRN, and year nine ≥84.9%
PT, ≥99.2% FHA and ≥98.5% for PRN. The anti-pertussis antibody GMCs were higher than
pre-vaccination levels at year nine, but tended to decrease between years five and nine (for
example, anti-PT GMC in Tdap3 group was 14.6 EU/ml in year five and 8.2 EU/ml in year
nine) At one month post booster, the percentage of participants with anti-pertussis
antibodies above assay cut-off was ≥98.8% for PT and 100% each for FHA and PRN in all
three groups, and GMCs increased around seven to eight times higher for each pertussis
antigen. It was concluded that this study supported decennial booster doses of Tdap to
adults.(42)
To evaluate decennial booster responses, an observer-blind RCT was conducted in the US. It
showed robust antibody responses to booster doses of Tdap (Adacel®) in 1,002 adults (aged
18-64 years, mean 29 years) compared with Td given 8-12 years after a dose of Tdap was
previously administered. Geometric mean titre ratios post to pre-vaccination were: 8:1 for
PT, 5.9 for FHA, 6.4 for PRN and 5.2 for FIM2/3 antibodies. Responses to tetanus and
diphtheria were non-inferior between the groups and seroprotective in more than 99% of
recipients. The booster doses were well tolerated, with no significant differences in injection
site or systemic reactions.(79)
5.1.3 Epitope alteration of pertussis toxin by detoxification.
One hypothesis for waning effectiveness reported following booster doses is that priming
with aP vaccines risks inducing immune memory towards non-protective neo-epitopes
created as a result of chemically detoxifying the pertussis toxin used in these vaccines.
Although the antibodies induced by primary vaccination are effective in disease prevention,
booster doses or exposure to the natural infection are likely to stimulate memory B cells
against non-effective PT epitopes to produce ineffective, and therefore, less protective
antibodies (described as ‘antigenic sin’). Additional booster doses are likely to exacerbate
this by activating more dominant memory T and B cells specific for the non-protective
epitopes, leading to reduced vaccine effectiveness and less durable protection.(54)
It has been known for over 20 years that epitope changes could to interfere with mouse
monoclonal antibody binding to pertussis toxoids. As published in 1996, genetic, hydrogen
peroxide or formaldehyde detoxification of PT reduced epitope binding in solid-phase assay
by 2.9%, 31.4% and 78.1%, respectively, and 9.1%, 50.0% and 71.4% in solution when
compared with native pertussis toxin. It was concluded that these effects are likely to have
implications for the quality assessment of detoxified PT in aP vaccines.(59)
The T cell responses induced by two different aP-containing vaccines were compared in 97
children aged 6-7 years in Italy. Positive T cell responses to PT were detected in 36% of
children five years after primary vaccination (at 3, 5 and 11 months of age). Positive PTspecific T-cell proliferation and CD4 IL-2+ cells were significantly higher in the children
primed with Hexavac® (Sanofi Pasteur) than in those who received Infanrix-hexa® (GSK)
vaccine. These differences were maintained at a lower level in the children who had received
the preschool booster (Boostrix®, GSK). The reasons for these differences were unclear. One
hypothesis was that the method of detoxification of PT alters expression of protective or
non-protective epitopes, since in Hexavac the PT is detoxified with glutaraldehyde only,
compared with glutaraldehyde and formaldehyde as used in Infanrix.(80)
To overcome this ‘antigenic sin’ phenomenon, high dose (40µg vs 20µg) hydrogen peroxide
detoxified PT vaccines could be used in the childhood schedule, which have less epitope
disruption.(54) For example, unlike in neighbouring countries, in Denmark no pertussis
epidemics were seen from 2002 to 2014 and deaths are rare (one every 2 -3 years, none
between 2010 and 2014).(81) This has been attributed to the use of mono-component aP

combination vaccines, which contain high doses of less denatured hydrogen peroxidedetoxified PT (40µg PT priming DTaP and 20µg PT in TdaP booster; Staten Serum
Institut).(60) The primary series is given at 3, 5 and 12 months and a preschool booster at 5
years (to extend immunity and provide indirect protection to infants).(81) VE of 93% was
shown against severe and 73% against mild pertussis in 500,000 Danish children during a
double-blind RCT. Response rates to the TdaP booster were significantly higher (92%) in
adults than to the two multicomponent aP vaccines that contain lower doses of
glutaraldehyde/formaldehyde deactivated PT (47.1% and 77.2%).(60)
Note that, according to the Staten Serum Institut (SSI), a short—lived pertussis epidemic
was reported in the summer and autumn of 2016 (53% of cases under 2 years of age were
unvaccinated).(82) Denmark routinely used DTaP-IPV-Hib vaccine, DiTeKiPol/Hib® (AJ
Vaccines) until March 2019.
Genetically-inactivated pertussis toxin has been investigated in aP vaccine formulations, as
reviewed by McIntyre and Edwards (2018), and were found to show significantly greater
immunogenicity and antibody duration than chemically detoxified PT in clinical trials.
Through the use of recombinant DNA technology, the native structure of immunogenic PT
epitopes is maintained.(61, 62) Recombinant aP and Tdap vaccines demonstrated significantly
higher immune responses to PT and FHA in health adults as compared with a conventional
Tdap vaccine (Adacel) in a phase I/II RCT in Thailand.(63)
Conclusions
The chemical methods used to detoxify pertussis toxin cause conformational changes to the
antigen, exposing different epitopes, which may result in dominant immunity against nonprotective epitopes rather than protective immunity. Booster doses with the same vaccines
are likely to enhance this altered immune specificity, resulting in fewer protective antibodies
being produced. Since there are fewer protective antibodies, they wane below seroprotective
levels in a short time period. Priming with vaccines containing hydrogen peroxide or
genetically detoxified PT may help to overcome the rapid waning in protection seen following
booster doses, particularly in adolescents.
High doses of less denatured, detoxified PT may further enhance the immune response and
booster responses against protective epitopes.
5.1.4 Summary – immunological memory
The first dose of aP vaccine determines the characteristics of the T cell response following
re-exposure, and this has been associated with lower effectiveness, more rapid waning and
limited ability to prevent transmission compared with wP or wild-type immunity.
Furthermore, there are concerns that the methods for detoxifying pertussis toxin in the aP
vaccines may result in more dominant immunity against non-protective epitopes, resulting
in less protective immunity later in life following booster doses, particularly for those primed
with aP vaccines.
To reduce this effect, more consideration of the formulation of vaccines used for priming and
boosting is required.
Pertussis vaccination provides immunological memory against vaccine antigens. Antibodies,
particularly against FHA and PRN persist for at least nine years, however, pertussis toxin
antibodies wane more rapidly.

5.2 Duration of effectiveness and impact
In association with waning in immune memory and antibody levels, the effectiveness of
pertussis vaccination has also been reported to decline rapidly. This decline appears to be
particularly pronounced in individuals primed with acellular rather than whole cell vaccines.
This section considers recently published literature on the impact pertussis vaccination has
on pertussis disease control and the effect of waning protection. Since the focus of this
review is on aP vaccines, comparisons between wP and aP vaccines are not presented unless
applicable to aP vaccinations.
5.2.1 Impact of pertussis vaccination
A positive impact of pertussis vaccination has been demonstrated, showing that ageappropriate pertussis vaccination reduces the severity of symptoms and complications of the
disease.(45)
Based on 9,801 pertussis cases aged at least 3 months and reported through the Enhance
Pertussis Surveillance programme in the US, age-appropriate vaccination was associated
with a 60% reduction in the odds of severe disease (seizure, encephalopathy, pneumonia
and/or hospitalisation) in children aged 7 months to 6 years, and a 30% reduction in posttussive vomiting in those aged 19 months to 64 years. Of these cases, 77.6% were
appropriately vaccinated, 78.9% were aged under 20 years and 55.8% were aged 7-19
years. In those aged 13-19 years, there was a marginally significant association with
increased odds of severe disease for each additional year following Tdap vaccination (1.33fold increase; 95% CI 1.00-1.76; p=0.049). No association was observed between time
since Tdap receipt and severe disease or post-tussive vomiting in any other age group.
Health-seeking behaviour to receive early treatment of symptoms, such as post-tussive
vomiting, is also more likely in those who had been vaccinated and to contribute to this
protective effect. Age-appropriate vaccination was defined as DTaP by age 3-4 months, 5-6
months, and 7-18 months for doses one to three of primary series; four doses by 19 months
to 6 years; five doses (or four if given after fourth birthday) at 7-12 years, and six doses (or
five if dose four given after fourth birthday or Tdap received) at 13-19 years; and for ages
≥20 years Tdap received regardless of other vaccination history. It is important to note that
the majority of those aged older than 16 years would have received at least one dose of wP
vaccine.(45)
5.2.2 Duration of protection in toddlers
A case-control study conducted in NZ did not show waning VE in young children, in contrast
to what was observed in a similar Australia study.(49) In Australia, in the absence of a toddler
dose, waning VE was reported in children aged less than 4 years.(50) The NZ study found
that pertussis protection provided by the primary series (commencing at 6 weeks of age)
was sustained through to 4 years of age, with VE of at least 91% against pertussis
hospitalisation. The VE against non-hospitalised, notified pertussis was sustained after three
DTaP doses from 86% in the 5-11 months age group to 84% among 3 year-olds. VE
following the first booster at 4 years of age continued to 7 years of age (VE 93% to ≥91%).
At the time (2006-2013), the NZ study did not find that removal of the toddler dose in 2006
disproportionately affected disease incidence among toddlers and supported the current
schedule starting at 6 weeks of age with a booster at age 4 years.(49)
It should be noted the data used in this study was prior to the commencement of the
maternal vaccination programme. A booster dose in the second year of life may become
increasingly necessary in NZ. As maternal Tdap vaccination uptake increases, interference of

maternal antibodies with the infant response to primary series could be observed in more
infants, and which may lead to increased incidence of pertussis in toddlers.
A 2+1 series, with the third dose given around 12 months of age, potentially offers
immunologically better spacing between second to third doses and enhances protection in
the second year of life. However, any interference from maternal antibodies during the
priming doses could result in infants aged 6-12 months being less well protected against
pertussis.(37)
The use of 2+1 schedules is increasing in developed countries in line with co-administration
with pneumococcal conjugate and rotavirus vaccines. A DTaP5-IPV-Hib vaccine (Pediacel®) is
licensed in a 2+1 schedule in Europe. An investigative DTaP5-IPV-HepB-Hib vaccine was
compared with Pediacel when administered as a 2+1 schedule (2, 4 and 11-12 months of
age) and found to have comparable immunogenicity, and to have comparable
immunogenicity to a 2+1 schedule with DTaP3-IPV-HepB/Hib vaccine (Infanrix-hexa) used
as part of the primary series in NZ.(83)
5.2.3 Duration of protection in children
Children (aged <12 years, prior to Tdap) who were more remote from their fifth dose of
DTaP were less well protected against pertussis than those who had more recently received
dose-5 of DTaP (recommended at ages 2, 4, 6, 15-18 months and 4-6 years). The adjusted
OR of pertussis increased by 1.30 per year (1.15-1.46) after five doses of DTaP compared
with PCR-negative controls in a case-control study conducted in California using Kaiser
Permanente Northern California health system data. Protection waned at an average rate of
27% per year.(46)
A test-negative case-control study conducted in Ontario, Canada found that VE was 80%
(95% CI 71-86%) against pertussis from two weeks to a year following vaccination, after
one to three years VE was 84% (77-89%), declining to 62% (42-75%) after four to seven
years and to 41% (0-66%) at eight or more years after vaccination. The schedule in Ontario
recommends DTaP to be given at age 2, 4, 6, 18 months and 4-6 years, Tdap at 14-16
years and a single adult dose. Adjusted OR for waning effectiveness of the aP vaccine was
1.27 (1.20-1.34) per year since vaccination among those up-to-date for age. Individuals
who were primed with aP had 2.2 times increased odds of pertussis than those who had
been primed with the previously used wP vaccine. The study linked 5,867 individuals born
after 1 April 1992 and tested for pertussis during December 2009 to March 2013: 486
pertussis-positive (mean age ± SD = 7.7 ± 5.7 years) and 5,381 pertussis-negative (mean
age 5.0 ± 5.0); excluding infants younger than 3 months and those registered with the
Ontario health insurance after the age of 6 months.(48)
In the UK from mid-2013 onwards, the greatest increase in incidence of laboratoryconfirmed pertussis disease was noted in children aged 5-9 years who were solely primed
and boosted with aP-containing vaccines. In this age group, the rate during 2013-2015 was
7.7 times higher in than during 2009-2011 (from 0.6 to 4.6/100,000). The average rate of
incidence was 4.1/100,000 during 2009-2011 and 7.5/100,000 from 2013-2015 (1.8 times
higher) across the population. Oral fluid testing enhanced case ascertainment in ages 5-16
years from 2013.(12)
Conclusions
Waning of immunity against pertussis is seen in children, even after five doses of a
pertussis-containing vaccine, at an average rate of 27% per year. The more remote from
the last vaccination, the greater the risk of pertussis. Note that these studies only consider
laboratory-tested pertussis and not milder cases that may further reduce disease control.

Protection of children immunised solely with aP vaccinations may decline more rapidly than
those who have had mixed schedules and been primed with wP vaccines.
5.2.4 Duration of protection in adolescents
A meta-analysis, described in more detail in the previous schedule review, estimated that
only 10% of those vaccinated with DTaP would be immune to pertussis 8.5 years after their
last DTaP dose. It reported that where a preschool booster was offered at 4-6 years, a
booster is likely to be required for adolescents from the age of 10 years, in line with the
current Tdap booster at 11 years of age in New Zealand.(37, 51)
However, little protection remains two to three years after vaccination with a Tdap booster
in adolescents previously immunised with only DTaP. The effectiveness and waning
immunity of Tdap was investigated among adolescents vaccinated exclusively with DTaP
using Kaiser Permanente Northern California data. Based on 1,207 pertussis cases aged 1019 years, the VE of Tdap during the first year after vaccination was 68.8% (59.7-75.9%)
and decreased to 8.9% (-30.6 to 36.4%) after four or more years post vaccination equivalent to an average waning of protection of 35% per year. Adolescents with a longer
post-vaccination period from their last Tdap were more likely to test positive for pertussis
(hazard ratio per year 1.35 [1.22-1.50]). In California, 96.5% received Tdap by their 14th
birthday.(84)
A retrospective cohort analysis found that protection against pertussis declines significantly
within two years in adolescents following Tdap booster regardless of the type of primary
vaccine given in childhood. Data from two integrated healthcare systems, Kaiser
Permanente Washington and Northwest, were used to identify those aged 11-18 years
following the introduction of the 11 year-old Tdap booster (n=165,541, May 2005 –
December 2012). A total of 187 pertussis cases were confirmed; of these 114 (61%) had
completed the five-dose primary series. Within two years of vaccination with Tdap, VE was
69% (54-79%) and significantly decreased after two or more years among the entire study
population to 34% (1-55%; p<0.01).(85)
5.2.4.1 Effectiveness of booster doses in adolescents
A systematic review and modelling study was conducted by Chit et al (2018), which
investigated the effectiveness of pertussis vaccination over time. It estimated that the
absolute VE of the full aP series (five DTaP doses and one Tdap dose) to be 85% (95% CI
84-86%) against pertussis and declined by 11.7% (11.1-12.3%) per year. The relative VE of
boosting with Tdap compared with only five-dose primary series was estimated to be 91%
(87-95%) which declined by 9.6% per year. At 3, 5 and 7 years after the full aP series, the
absolute protection against pertussis was expected to be 49%, 37% and 28%,
respectively.(52) At one year after Tdap booster, children who completed their full series by
the age of 11 years received considerable added protection against pertussis from their Tdap
booster, such that, as compared to children who only received the primary series, the RR of
pertussis was 0.3 (0.25 to 0.36) and was retained for at least four years (RR 0.8 [ 0.690.94]).(52) (Details of timing of primary series not given. As all studies reviewed were USbased, it was likely to commence at 2 months of age)
The effectiveness of the Tdap vaccination programme against pertussis in adolescents aged
11-18 years was evaluated in the US and included consideration of the transition between
wP and aP vaccines between 1990 to 2014. The incidence of pertussis increased from 1.7 to
2.0 per 100,000 between 1990 and 2003 and was highest in infants aged less than 1 year.
Among all other age groups, pertussis rates were comparable until the late 2000s. By 2014,
the second highest incidence was seen in 11-18 year olds. A positive impact of Tdap was
seen immediately following its introduction to adolescents (slope -0.50, p<0.001), but the

trend reversed in 2010 and disease rates increased at a faster rate than all other age groups
combined (slope 0.57, p <0.01). This change corresponded to the ageing of the cohorts fully
primed with aP vaccines in infancy.(53)
Following an increase in pertussis cases in Israel, booster doses of Tdap were added to the
routine immunisation schedule for 7 year-olds in 2005. During 2008-2010, catch-up booster
were also given to 13 year-olds who had not received the previous booster. Since 2011, all
children are offered a second booster dose of Tdap in eighth grade (13 year-olds) to replace
Td boosters. Immunisation coverage averaged 90% and 93% for the first and second
boosters, respectively. The effectiveness of the booster programmes was assessed using
age-group incidence from 1999 to 2016, before and after the programme.(86)
Significant differences were seen in disease incidence between the three cohorts (no
booster, one booster at 13 years or both boosters at 7 and 13 years). When adjusted for
cyclical incidence variations (as approximated by incidence in those aged older than 65
years), VE following one booster was 80.9% and two boosters was 94.6% at age 14 years.
In the following year (at age 15), adjusted VE declined to 74.5% and 91.8%, respectively.
The programme did not appear to prevent transmission of disease, VE declined one year
after the adolescent booster, crude morbidity rates were not reduced and the programme
was only effective among the recipient groups. The gains in VE of the second booster were
much smaller than the gains from no booster to one dose at age 13 for two years (VE
increased by 14-17% after second booster, compared with VE of 75-81% for one dose).(86)
5.2.4.2 Modelling the role of booster doses for vaccine-acquired immunity.
Based on Australian sero-epidemiological data, predictive models were used to compare
alternative vaccination schedules and booster doses to mitigate pertussis infection.(47) It was
shown that replacement of the 18 months dose with an adolescent dose in 2003 resulted in
a 40% increase in pertussis infections by 2013 in the 18-37 months age groups. The model
compared three dosing schedules:
•

Six-doses: 2-4-6, 18 months, 4 years and 15 years (reinstate toddler dose to
schedule)

•

Five doses: 2-4-6, 18 months, and 4 years (replace adolescent dose with toddler
dose)

•

Five doses: 2, 4, 12 months, 4 years, 15 years (delay 6-month dose to 12 months)

Based on observed epidemiology, the protection afforded by natural infection was found to
be decades longer than vaccine immunity (for wP and aP vaccines), and that median
duration of protection from wP was longer, but not significantly different, from aP
vaccines.(47)
When future scenarios were considered, the addition of the 18 month-dose to the current
schedule produced the greatest reduction in infant incidence. A 43% reduction in incidence
over 2014-2020 was predicted in the 18 months – 4 years age-group and an 8% reduction
was predicted in infants. Replacing the adolescent dose with an 18-month dose benefited
pre-schoolers (35% reduction), but resulted in resurgence in the 15-30 years age group (by
23%). In the third scenario, replacing the 6-month with a 12-month dose, had some benefit
to the 18 month to <4 year range (25% reduction) but increased infections during the first
year of life by 6%. To maximise reduction in infections, it was concluded that multiple
booster doses over the first two decades of life were needed to provide comparatively shortlived vaccine-acquired immunity.(47)
There were limitations for data used in this model, including that it did not consider the role
of maternal vaccination in pertussis incidence in women and their infants, since the data

were collected prior to the introduction of the maternal vaccination programme.(47) It was
also based on primary series commencing at 2 months not 6 weeks as in NZ and now in
Australia. Additionally, the details of prior vaccinations were not obtained for the individual
pertussis cases and the model was only as good as the notification data – milder cases may
not have been notified.
Conclusions
Booster doses in adolescents provide short-lived direct protection against pertussis, but do
not appear to prevent disease transmission to other age groups.
Protection against pertussis wanes rapidly, within 2-3 years after booster doses of Tdap in
adolescence (35% per year), and declines more rapidly in those who were fully primed with
aP vaccines in infancy than those primed solely with wP or both.
According to a mathematical model, to maximise protection against pertussis infection
multiple booster doses are required, including a toddler and adolescent dose. Delaying the
third primary dose from 6 months to 12 months could help to improve infection rates in
toddlers but likely to result in increased disease in the first year of life, when the
consequence of infection are most serious.
5.2.5 Duration of protection in adults
To date in developed countries, a high proportion of mothers-to-be were primed with wP
vaccines in childhood. However, the generation (born since 2000 in New Zealand) who have
been solely primed with aP vaccines are beginning to approach parenthood. In a
commentary, van den Biggelaar discussed the implications for ‘all-aP’-primed adolescents
and adults. Booster doses given in early adolescence do not appear to provide adequate
protection for older adolescents or young adults. Waning in protection and the risk of mild
pertussis infection in aP-vaccinated adults is likely to put infants at increased risk of infection
transmitted from their parents. The author argues that although maternal vaccination
appears very effective in preventing infant pertussis in the current cohorts of pregnant
women who were primed with wP or mixed wP/aP schedules, the effectiveness of repeat
Tdap boosters in ‘all-aP’-primed mothers is unclear and may lead to inadequate protection of
infants.(54)

5.3 Summary – duration of protection
A positive impact of pertussis vaccination has been demonstrated and age-appropriate
pertussis vaccination reduces the severity of symptoms and complications of the disease.
However, waning of immunity against pertussis is seen in children, even after five doses of a
pertussis-containing vaccine, at a rate of around 27% per year. The more remote from the
last vaccination, the greater the risk of pertussis.
Pertussis vaccination provides immunological memory against vaccine antigens. Antibodies,
particularly against FHA and PRN persist for at least 9 years, however, pertussis toxin
antibodies wane more rapidly. Conformational changes to the pertussis toxin are likely to
occur during chemical detoxification and repeat boosters with the same denatured toxin risk
the development of dominant immune responses to non-protective epitopes.
Booster doses in adolescence provide short-lived direct protection against pertussis, but do
not prevent disease transmission to other age groups. Within two to three years after
booster doses of Tdap in adolescence, protection against pertussis wanes rapidly at a rate of
around 35% per year and most rapidly in those who were fully primed with aP vaccines in
infancy. The waning of immunity appears be more rapid following repeat booster doses into

adulthood. The effectiveness or duration of immunity of maternal boosters is uncertain when
given to women who were primed only with aP vaccines in childhood.
The addition of a toddler dose is likely to improve protection against pertussis for children
prior to the start of school, but an adolescent dose is likely to continue to be required to
boost immunity in teenagers and young adults. However, a high uptake of parental
vaccination may negate the need for this dose, since the protective antibodies induced are
not long-lasting, do not provide indirect protection to other age groups and disease is less
severe than in young children.

6 International policy and practice
This section provides a review of the immunisation practices and recommendations for
acellular pertussis vaccines, internationally. This review has been restricted to immunisation
schedules and policies in Australia, Canada, selected European countries, the UK and the US.
Regional variations between provinces, states and territories have not been individually
reviewed. Refer to Table 3 for a summary.

6.1 Australia
The Australian schedule provides DTaP-IPV-HepB/Hib at starting from 6 weeks-2 months
and 4 and 6 months of age, with DTaP-containing vaccine at 18 months, and DTaP-IPV at 4
years of age. Tdap boosters are given at age 10-15 years through state-led school-based
programmes and in the third trimester of each pregnancy (optimally between 28-32 weeks
gestation).(87)

6.2 Canada
In Canada, the primary series is given at 2, 4 and 6 months of age with DTaP-IPV-HepB/Hib
and a booster at 18 months with DTaP-IPV-Hib or DTaP-IPV-HepB/Hib. Booster doses are
given preschool at age 4-6 years with either Tdap-IPV or DTaP-IPV; Tdap is also
recommended at age 13-16 years (school grade 7-9), as one booster per adult life-time, and
in each pregnancy after 26 weeks (in some provinces only).(88, 89)
The National Advisory committee on Immunisation (NACI) recommended immunisation with
Tdap in each pregnancy from February 2018. The ideal timing was given to be 27 to 32
week gestation, but evidence was also found to support a wider range from 13 week to
delivery.(90)

6.3 Europe
The pertussis immunisation schedules vary widely across Europe: some recommend
vaccination at 2, 3, 4 months, 2, 4, 6 months or 3, 5 and 11 months of age. In some
European countries, the first two primary doses are close together at 2 and 4 or 3 and 5
months with a gap to 11 or 12 months of age for the third dose (2+1). Several countries
have mandatory vaccination. Most countries have boosters in the second year of life (from
11-18 months of age), except the UK and Ireland. Poland is the only European country to
continue using whole-cell pertussis vaccination (unless contraindicated) with an acellular
pertussis booster at 6 years of age.(91)

Recommendations for vaccination in pregnancy from the second semester have been in
place in Switzerland since 2013 (when no pertussis vaccine had been given in more than 5
years). However, the most recent recommendations are for vaccination during weeks 13-26
gestation in each pregnancy independent of previous vaccinations.(92, 93)

6.4 United Kingdom
As of September 2018, the national immunisations schedule in the UK provides DTaP-IPVHepB/Hib at 8, 12 and 16 weeks of age, with a DTaP-IPV booster at 3 years 4 months of age
and a Td-IPV booster at 14 years. Tdap-IPV is provided in pregnancy from 16 weeks
gestation (ideally at 20 weeks).(94)

6.5 United States
As part of the US immunisation schedule, DTaP-containing vaccines are given at 2, 4, 6
months of age and boosters at 15-18 months and 4-6 years (under 7 years) of age. Tdapcontaining boosters are recommended at age 11-12 years; in pregnancy at between 27-36
weeks gestation; and for adults, one dose with Tdap is recommended then Td every 10
years.(95)

6.6 Summary
International recommendations are summarised in Table 3.

Table 3: Summary of international immunisation recommendations for pertussis vaccines,
as of October 2018

Country

USA

Age of pertussis
vaccination

Primary
Schedule

2, 4, 6, 15-18m

3+1

Special recommendations

Pregnancy 27-36gw

4-6y, 11-12y
Canada

2, 4, 6m, 18m

3+1

4-6y, 13-16y
Australia

6w/2, 4, 6m, 18m

3+1

One aP dose per adult life-time
Pregnancy from prior to 36gw (ideally 27-32 weeks)

Pregnancy third trimester (28-32gw ideal)

4y, 10-15y
NZ

6w, 3, 5m

3+0

Pregnancy 28-38gw

4y, 11y
Austria

2, 4, 11m

2+1

6y
Denmark

3, 5, 12m

2+1

Tdap-IPV every 10 years from age 18-60y, unfunded Tdap 12y,
if received Td-IPV at 7-9y

Mono-component aP vaccine.

5y
8w or 2, 4, 11m

2+1

France

Tdap-IPV booster at 25y if no pertussis containing booster
given in previous 5 years (until 39y)

6y, 11-13y

Germany

2, 3, 4, 11-13m

Mandatory primary series

3+1

From 18y, first booster as Tdap, then Td 10 yearly

5-6y, 9-17y
Ireland

2, 4, 6

3+0

Pregnancy 27-36 gw (only funded with medical card)

4-6y, 12-13y
Sweden

3, 5, 11m

2+1

5y, 13-15y
UK

2, 3, 4m

3+0

In pregnancy from 16 gw (ideally from 20gw)

3y and 4m
Abbrev: w - weeks, gw – gestational weeks, m – months, y –years; Td – tetanus-diphtheria; Tdap – tetanus-diphtheriaacellular pertussis; IPV –inactivated polio vaccine.

7 Updates suggested for Immunisation
Handbook 2017
14.4.2 Efficacy and effectiveness – for the childhood schedule (Infanrix-hexa), these
were not specifically reviewed for this document, since the focus was on other specific
questions. The data presented in the Handbook were pivotal clinical trial data. Influences of
maternal antibodies are not fully defined and therefore may not be appropriate to add to the
Handbook at this stage.
To add – Pertussis immunisation has a positive impact on disease severity. A positive
impact of pertussis vaccination has been demonstrated and age-appropriate pertussis
vaccination has been shown to reduce the severity of symptoms and complications of the
disease. In the US, age-appropriate vaccination was associated with a 60% reduction in the
odds of severe disease (seizure, encephalopathy, pneumonia and/or hospitalisation) in
children aged 7 months to 6 years, and a 30% reduction in post-tussive vomiting in those
aged 19 months to 64 years (section 5.2.1).
Duration of protection - Waning of immunity against pertussis is seen in children, even
after five doses of an acellular pertussis-containing (aP) vaccine at a rate of around 27% per
year (section 5.2.3). It has been estimated that only 10% of children vaccinated with DTaP
would be immune to pertussis 8.5 years after their last dose. In adolescents, following the
adolescent booster, waning is more rapid at around 35% per year, such that VE declines to
less than 10% after four or more years (section 5.2.4). Antibodies to FHA and PRN are
longer lived than those against pertussis toxin (section 5.1.2).
4.1.2 During pregnancy
Include NZ data demonstrating safety from PIPS study (section 3.2.1).
No safety concerns have been identified for pregnant women or their infants following
vaccination during pregnancy with Tdap. In a NZ-based study, Tdap exposure was
associated with some protection against low birth weight, small-for-gestational age,
moderate to later preterm birth, and with a higher mean birth weight. Residual confounding
for improved infant outcomes may be influenced by greater likelihood of health-seeking
behaviour by vaccinated mothers compared with unvaccinated mothers.
Effectiveness of the UK programme – use more up-to-date references for three years of
programme. Three years following the introduction of maternal pertussis vaccinations in the
UK with TdaP-IPV vaccine, given after 28 weeks gestation and at least seven days before
delivery, vaccine effectiveness (VE) against laboratory-confirmed pertussis has been
sustained at 91% (95% CI 88-94%) in infants <3 months of age and 90% (86-93%) for
infants aged <2 months. Maternal vaccination, given more than seven days before delivery,
was shown to be 95% effective against infant deaths due to pertussis (section 3.4).

8 Methodology for review
8.1 Objectives
8.2 Literature search strategy
Medline search terms and strategy
1.
2.
3.
4.

Pertussis vaccine – Keyword MeSH map, all subheadings = 4958
Limit English, Human, 2016 – current [27/8/18] 249 – selected 103
Pertussis vaccine [kw] NOT whole-cell [title] 241
Limit #3 to English, human, 2015-current [27/8/18] 27

Pubmed searches
1.
2.

Search Pertussis vaccine effectiveness, limit 2017-2018 selected 18 out of 81
Pertussis [MeSH] Whooping cough focus, epi immunology prevention & control transmission = 3599
Limit English, humans 2016-current [4/9/18] – 249, selected 111, removed duplicates = 64

3.

("adolescent"[MeSH Terms] OR "adolescent"[All Fields]) AND ("whooping cough"[MeSH Terms] OR
("whooping"[All Fields] AND "cough"[All Fields]) OR "whooping cough"[All Fields] OR "pertussis"[All
Fields]) AND ("immunity, herd"[MeSH Terms] OR ("immunity"[All Fields] AND "herd"[All Fields]) OR "herd
immunity"[All Fields] OR ("herd"[All Fields] AND "immunity"[All Fields])) = 49
Limit 2015-2018 – 6 out of 7 selected

Grey literature
Grey literature consisted of unpublished study reports or reports of studies from which data
has been presented at international conferences. Use of data given by permission from the
principal investigator.
Additional searches
Where questions arose additional searches were undertaken to ensure there was no further
available data. Where articles were missing they were accessed and added to the library. All
duplicates were removed from the final library.
8.2.1 Final Endnote Library 289, including articles and reports
Where systematic reviews and/or meta-analyses were available the preceding literature has
been excluded from the review, unless further details were required from the original
papers.

8.3 Participants/populations
This study primarily reviewed the use of pertussis vaccines in pregnant women, newborn
infants, infants, children and adolescents. The role and timing of these vaccines were
considered in terms of pertussis disease control.

8.4 Study designs
The studies included in this update are meta-analyses, systematic reviews, reviews,
randomised controlled trials, case-control studies, case reports and observational studies
using database matching.
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