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ABSTRACT

Introduction: Pertussis (Whooping Cough) is a serious disease having the highest incidence and severe, potentially life-threat-
ening complication rates among young infants. Death due to pertussis occurs mostly in infants of < 3months of age. Unfortu-
nately, infants are unable to build their protection until they get vaccinated at 6-8 weeks of birth. Thus they remain unprotected
in the first months of life and during this time they are at the greatest risk of contracting the disease and falling very sick. On one
hand, the babies don’t have immunity of their own and on the other hand, they come in contact with individuals in the older age
group whose immunity has decreased over time and get infected. Immunization strategy to a particular group such as infant
caregivers and family members (Cocooning Strategy) achieved some success. Pertussis vaccination to pregnant ladies pro-
tects infants under the passive and active transplacental transfer of maternal antibodies giving protection to the infants till they
build their immune system through vaccination. Studies demonstrate that acellular pertussis vaccination ensures safety both
for mother and infant. The efficient transplacental transmission of maternal pertussis antibodies effectively prevents pertussis in
young infants during the first months of life.

Objective: A study reported higher pertussis antibody concentrations in the period between birth and administration of the first
dose of vaccine in infants born to mothers immunized with Tdap vaccine during pregnancy. Besides Cocooning and neonatal
immunization, vaccination of pregnant women offers hope to prevent the incidence of pertussis in infants of < 3 months of age.
The best timing of pertussis vaccination in pregnancy is yet to be determined.

Conclusion: The American College of Obstetricians and Gynaecologists (ACOG) recommends administering the tetanus tox-
oid, reduced diphtheria toxoid and acellular pertussis vaccine (Tdap) to pregnant women during each pregnancy in the 27-36
week gestational period or with at least 2 weeks before the expected date of delivery.

Keywords: Acellular pertussis vaccine (aP), Maternal immunization, Pertussis, GMC (Geometric Mean Concentration), Safety
and immunogenicity, Serious adverse event (SAD), Tdap vaccine, Whole-cell pertussis vaccine (wP).

INTRODUCTION occur throughout the world every year.? The disease burden

was reported to be the greatest in early infancy (among both

Globally pertussis (Whooping Cough) is acknowledged as  ynyaccinated and under-vaccinated infants) and teenagers.>>
a significant cause of morbidity and mortality in young in-  Ap estimated 5.1 million pertussis cases occurred glob-
fants. A significant number of morbidity and mortality due 411y in 2014 in infants resulting in 85,900 deaths. Low and
to pertussis infection is noticed in infants of <3 months of  jgdle-income countries having low vaccination coverage
age.! Despite being a vaccine-preventable disease and the  \yere worst affected with more than 80% of cases and 95%
existence of high coverage of effective immunization pro-  ,f deaths.> Due to a less robust surveillance system, the true
grammes, the disease continues to be one of the least con-  sicture of disease burden in these countries is not estimated
trolled infections affecting all age groups and also a public perfectly. However, despite> 95% vaccine coverage in re-

health concern.? source-rich nations, pertussis is still a very poorly controlled

As per the estimate of the World Health Organisation vaccine-preventable disease.”
(WHO) 50 million cases and 30,000 deaths approximately
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Pertussis, caused by the bacterium Bordetella pertussis, is
endemic in all countries. Despite effective vaccination pro-
grammes and high vaccine coverage achievement, epidemic
cycles do occur every 2-5 years (typically 3-4 years).!! The
reported rate of pertussis incidence in early infancy ( below 3
months ) per 1 lakh infants was 235 in the USAin 2017, 1368
in Pakistan and 4800 in South Africain 2016.*>'> Out of re-
ported 15,662 cases in 2019 in the USA, 1202 cases occurred
under 6 months of age and age incidence per 1 lakh cases
was 62.5, the highest in all age groups.' Incidence and death
rates due to Pertussis Outbreaks which occurred in Califor-
nia and Canada in 2010, Washington State in 2012 and Italy
in 2012 and 2014 were highest in early infancy.' Death due
to pertussis almost exclusively occur in infants below the age
of 3 months and out of these 76% of deaths are in the age
group of < 2 months.!>!6

In India, during the year 1987, 2011 and 2017 the reported in-
cidence of pertussis cases were 1,63,000,39,091 and 23,779
respectively. In 2017, states like MP, Jharkhand, Assam, UP,
West Bengal and UT Dadra & Nagar Haveli reported the
maximum cases and 6 deaths only.!” Due to under-reporting
the actual number will be much more taking into considera-
tion of low vaccination coverage with primary and booster
doses of diphtheria, pertussis and tetanus (DPT) vaccine in
the country. The data on pertussis infection and disease are
very much deficient in adolescents and adults. Actual Bor-
detella pertussis infection rates in the community, causing
typical pertussis disease in infants and children, is not avail-
able.'®

PATHOGEN

Bordetella pertussis is a tiny, fastidious Gram-negative coc-
cobacillus and infects the ciliated epithelial cells of the res-
piratory tract in human beings. Adjusting to the environmen-
tal conditions the Bordetella species alter their phenotype and
express virulence factors like pertussis toxin (PT), pertactin
(PRN) filamentous haemagglutinin (FHA), fimbriae (FIM)
type 2 and type 3, lipooligosaccharide (LPS), adenylate cy-
clase toxin (ACT) and tracheal cytotoxin (TCT). Though the
pathogenesis of pertussis is not clear, FHA, PRN and FIM
facilitate attachment to the epithelial cells and PT, TCT and
ACT permit evasion of host immune factors destroying the
epithelial cells.?

The available data suggest the evolution of strains with
time with different isolates in the pre and post-vaccination
era. Moderate changes have been detected in the genomic
sequences of PT, FIM and PRN in the circulating strains?.
Circulation of antigen-deficient isolates of PRN has been ob-
served in areas where aP vaccine is used.” However, to date
there is no evidence of less effectiveness of vaccines against
different B.pertussis allelic variants.?

MODE OF TRANSMISSION

Through droplets transmission, pertussis spreads from in-
fected to healthy individuals. In its early catarrhal stage, the
organism is very much contagious with a secondary attack
rate of almost 90% in non-immune household contacts.'
Though infectivity diminishes rapidly after the catarrhal
stage, the possibility of transmitting infection for 3 weeks
or more, persists following the onset of typical coughing at-
tacks. Adolescents and adults are the remarkable sources of
transmission to unvaccinated young infant contacts. In a sys-
tematic review of the identified source of infection in infants
below the age of 6 months, it was observed that the contacts
in the family contributed 74%-96% of cases.”” The pooled
analysis demonstrated that out of the household contact cas-
es, 39% (95%, CI: 33%-45%) were mothers, 16% (95%, CI:
12%-21%) were fathers and 5% (95%, CI: 2%-10%) were
grandparents.’

ACELLULAR PERTUSSIS VACCINE

The use of whole-cell pertussis (wP) vaccine caused a de-
cline in morbidity and mortality of pertussis. Public anxiety
regarding the safety of wP vaccines and increased concerns
on the frequently encountered local side-effects forced the
researchers to develop acellular pertussis (aP) vaccines in
Japan in 1981. Later in 1986, the vaccine was licensed in the
US and at present is in use in developed countries.?! wP vac-
cines were replaced by vaccines due to the added advantage
of significant lesser side-effects. The reproducible produc-
tion process, use of purified antigens and removal of lipopol-
ysaccharides (LPS) and other parts of the bacterial cell wall
during purification of soluble antigenic material, is another
significant added advantage. These vaccines contain one or
more of the separately purified antigens like pertussis toxin
(PT), pertactin (PTN), fimbrial hemagglutinins 2 and 3 (FIM
type 2 and type 3), filamentous hemagglutinin (FHA). Vac-
cines differ from one another both in the number and quan-
tity of antigen components and the bacterial clone used for
primary antigen production, purification and detoxification
methods, incorporated adjuvants and the use of preservatives
like thiomersal.? The efficacy and duration of protection of-
fered by Tdap vaccines are similar to that of whole-cell vac-
cines.'®

EVOLUTION OF PERTUSSIS VACCINATION IN
PREGNANCY

Most of the morbidity and mortality, on account of pertussis
disease, occurs in infants below the age of 3months'. Vac-
cination of neonates with pertussis vaccine starts at 2 months
of age when 1% dose of DTaP/DTwP vaccination is initiated,
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the earliest possible vaccination being at 6 weeks of age in
developing countries.”? Thus a window of significant vulner-
ability to contract infections from family members and care
givers does exist. 12 The infant would be protected against
pertussis infection during the first months of life through the
effective transplacental transmission of maternal antibodies
against pertussis disease. Ordinarily, these transplacentally
acquired antibodies are detected at least up to 6-8 weeks of
birth when the 1* dose of immunization is usually started but
the antibody concentration required to protect against pertus-
sis infection is not known.'® Cocooning approach to vacci-
nating previously unimmunised family members, caregivers
and women in the postpartum period with Tdap vaccine to
provide a protective cocoon of immunity around the neonate
was initiated following the Advisory Committee on Immu-
nization Practices (ACIP) of the Centers for Disease Con-
trol and Prevention (CDC) recommendations in 2006.%* 2
However, the cocooning approach with high coverage which
requires multiple doses for parents and family members as
a minimum proved challenging and was not cost effective.’
Studies demonstrate the inherent limitations in adopting the
cocooning approach as a stand-alone prevention strategy
against pertussis in infants. However, it is still a recommend-
ed component in the multi-prong strategy to lessen pertussis
disease burden.” To provide protection both for the mother
and the neonate during the earliest weeks of life, in June
2011, the ACIP recommended administering a dose of Tdap
to all pregnant women after 20 weeks of gestation.?® ACIP,
again in 2013, issued its updated recommendation that ir-
respective of prior history of vaccination with Tdap vaccine,
one dose of Tdap vaccine must be administered during each
pregnancy, the timing being between 27-36 weeks of ges-
tation. However, maternal immunization may safely be ex-
ecuted at any time during pregnancy, if the situation warrants
conditions like wound management, pertussis outbreaks or
other life-threatening circumstances where the protection re-
quirement supersedes the benefit of immunization during 27-
36 weeks of gestation.”” From 2013, other reported evidence
suggest in favour of Tdap vaccination during the later part of
the second or early part of the third trimester with at least 2
weeks gap between vaccination and delivery.?®

The rationale of pertussis vaccination in preg-
nancy

Definite evidence exists regarding the effectiveness of ma-
ternal pertussis immunization in reducing infection in in-
fants in first few months after birth, the most vulnerable
high risk period of pertussis morbidity and mortality. First,
maternal immunization is recognized as an ideal dual strat-
egy offering direct protection of the infant through mater-
nal antibody induction and transplacental transfer to infants
for protection from birth in one hand and indirect infant
protection through prevention of infection and transmission

of maternal infection on the other. Second, theoretically
Tdap, being an inactivated vaccine can pose no concern on
safety in pregnant ladies. Third, pertussis is not identified
to create more morbidity in women during pregnancy. So
Tdap can be administered in the later part of pregnancy thus
avoiding concerns regarding interference with fetal devel-
opment or associated pregnancy loss, much common in the
1* trimester. Another added advantage of vaccination to-
wards the later part of pregnancy is that maternal antibodies
are highest due to highly efficient placental transport from
approximately 34 weeks of gestation. Theoretically, this
timing optimizes maternally derived antibodies level in ne-
onate for more sustained protection. Fourth, Tdap induces
the production of maternal antibodies of the immunoglobu-
lin G, subclass which in turn are transported transplacen-
tally both actively and passively to the neonate. Fifth, these
antibodies are required to persist for a short period only in
the neonate for protection against fatal and severe infant
disease till the first dose of the primary series vaccination
is administered and the infant builds his immune system.?
Sixth, in situations where maternal immunization is not
fully protective, infants born to Tdap vaccinated pregnant
women demonstrated significantly less morbidity, includ-
ing risk of hospital and intensive care unit admission if they
suffer from pertussis.?’

Vaccination safety in pregnancy

Several studies regarding the safety and immunogenicity of
vaccines in different age groups have established better toler-
ance and lower adverse event rate than wP vaccines. Studies
conducted on Tdap vaccination in pregnancy did not reveal
increased adverse events in any form including pregnancy
loss or poor neonatal outcome.?”’ In 2011, the US adopted
to vaccinate Tdap unvaccinated pregnant women, with Tdap
vaccine irrespective of the interval from prior tetanus toxoid
containing vaccine administration.’' Later this was updated
to administer Tdap during the third trimester of every preg-
nancy.”” After a pertussis epidemic, causing several infant
casualties, the United Kingdom adopted Tdap vaccination in
pregnancy in 2012 and other countries followed later.””

Since the original US recommendation of 2011, several stud-
ies reported on the evaluation of Tdap maternal immuniza-
tion safety. Munoz FM et al. in a randomized, double-blind,
placebo-controlled study, demonstrated no Tdap-associated
serious adverse events in mothers and infants.*** A similar
predominantly short-lived post-vaccination adverse event
was reported in 52 women who received Tdap and 51 wom-
en who received TT during pregnancy in a randomized con-
trol study in Vietnam by Hoang HT et al. without any occur-
rence of Tdap-associated SAE.?3¢ In an observational cohort
study. Donegan et al reported no evidence of increased risk
of early or late stillbirth in Tdap vaccinated pregnant women
after vaccination.*® Concomitant administration of influ-
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enza vaccination with Tdap in pregnancy did not result in
the increased incidence of adverse events or untoward birth
outcome.* Tdap being a combination vaccine with tetanus
and diphtheria toxoids, concern arose that frequent use of
TT may cause adverse events. However, Sukumaran et al. In
a retrospective cohort study did not find any significant dif-
ferences in rates of adverse events or poor birth outcomes.*

THE IMMUNE RESPONSE FOLLOWING IMMU-
NIZATION

The Us Phase 1-2 study demonstrated that Tdap immuniza-
tion was immunogenically resulting in 5.6-fold greater GMC
of pertussis toxin (PT) antibodies both in mothers and infants
at birth with pregnant ladies, vaccinated with Tdap during
pregnancy than those who did not receive the vaccine.® In
another cohort study, infant cord samples at delivery taken
from 312 women, vaccinated with Tdap during 3™ trimester
of pregnancy as per the required norm, reported GMC to PT
to be 47.3 IU/ml whereas in 314 women without Tdap vac-
cination in pregnancy it was 12.93 IU/ml only (P<0.001).%’

The possibility of vaccination to pregnant women interfer-
ing with the induction of antibody production in infants after
their primary immunization is a factor of concern. However,
the up to date available critical evaluation of the immunolog-
ical data suggests that induction of high antibodies in infants
at delivery for sustenance through the critical first months of
life is of paramount benefit in the prevention of mortality due
to pertussis in infants rather than possible mild interference
with infant immune response that can be taken care of by
booster immunization after 12 months of age.*®

Effectiveness of maternal immunization in pre-
venting pertussis in infants

Two studies conducted recently in United Kingdom provide
clear cut evidence regarding pertussis vaccination to preg-
nant women protecting infants at very young age. Amirthal-
ingam et al demonstrated that vaccine effectiveness was 91%
(95% CL 84% to 95%) in preventing pertussis in infants be-
low the age of three months in case the pregnant woman re-
ceived vaccination at least 7 days prior to delivery.*® Dabrera
et al. also found similar results in a case control study of
infants with pertussis in England and Wales.*

CONCLUSION

In spite of various strategies, pertussis still remains a public
health concern and is a significant life-threatening problem
for young infants infected with pertussis. Vaccinating preg-
nant women is most likely the best cost-effective strategy for
disease prevention in infants, too young to be immunized.
Probably it is more effective and favourable than cocooning

which may have some impact in preventing disease in par-
ticular settings to achieve significant coverage in a phased
and timely manner. Although the optimal timing of maternal
immunization is still debatable (there is a lack of consensus
for the vaccination timing in pregnancy) and whether the ob-
served immune interference in infants (correlation between
the presence of antibodies and immunity to pertussis) has
any clinical relevance, this strategy has shown safety, immu-
nogenicity and effectiveness in preventing disease in young
infants in countries using aP vaccine. *' The benefit of this
strategy needs to be further evaluated in women, receiving
primary vaccination with aP vaccine in childhood and also,
evaluation should be carried out in resource-poor countries
where wP vaccine is used in National immunization sched-
ule. It is desired that efforts should continue to optimize
pertussis vaccine uptake by pregnant women. ACOG ad-
vises obstetrician-gynaecologists and obstetric caregivers to
strongly recommend Tdap vaccination to all pregnant wom-
en in each pregnancy between 27-36 weeks of gestational
age. Along with other strategies the development of a robust
maternal pertussis vaccination program can eradicate infant
pertussis-associated deaths globally.
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