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Abstract 

Background: 

Pertussis vaccination in pregnant women is a strategy currently recommended to 

foster passive maternal immunity and minimize severe complications from pertussis in not yet 

completely vaccinated infants. However, the potential interference of maternal antibodies on the 

development of infant antibody responses induced by childhood whole cell pertussis (wP) and 

acellular pertussis (aP) vaccination is not well-defined. 

Methods: 

This randomized controlled trial (NCT02408926) followed healthy term infants born 

to tetanus diphtheria acellular pertussis (Tdap)-vaccinated mothers at a tertiary care hospital in 

Thailand between 2015-2018. Infants were randomized to receive either acellular pertussis (aP)

containing vaccine (DTaP-IPV-Hib-HepB) or wP-containing vaccine (DTwP-HepB-Hib) at 2, 4, 6 and 18 

months of age. A comparison group comprised of wP-vaccinated children born to unvaccinated 

mothers. Antibody levels against pertussis toxin (PT), filamentous haemagglutinin (FHA) and 

pertactin (PRN) were evaluated at month 2 (pre-priming), month 7 (post-priming), month 18 (pre

booster), month 19 (one-month post-booster) and month 24 (six-month post-booster) using 

commercial enzyme-linked immunosorbent assays. 

Results: 

In the presence of Tdap-induced maternal antibodies, infants vaccinated with aP

containing vaccines possessed significantly higher antibody levels (p<0.001) against all three 8. 

pertussis antigens post priming compared to infants who received wP-containing vaccines. At one 

and six months post-booster, anti-PT levels were similar, whereas anti-FHA and anti-PRN levels 

were still significantly higher in the aP group. Significantly higher anti-PT levels (p<0.001) were 

detected among wP-vaccinated infants born to unvaccinated mothers compared to wP-vaccinated 

infants of Tdap-vaccinated mothers at post priming, one and six months post-booster. 

Conclusions: 

Maternal Tdap immunization can reduce the antibody responses in infants 

vaccinated with wP vaccines. This effect still persisted for anti-PT at the age of two years. 
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Acellular pertussis vaccine 

Bordetella pertussis 

Bacillus Calmette-Guerin 

Bivalent OPV 

Degrees Celsius 

Reduced dose of diphtheria-Tetanus toxoid 

Diphtheria Toxoid 

Diphtheria-Tetanus toxoid-acellular pertussis 

Diphtheria-Tetanus toxoid-whole-cell pertussis 

Enzyme-linked lmmunosorbent Assay 

Expanded Program on Immunization 

Filamentous Hemagglutinin 

Gestational age 

Gram (s) 

Geometric Mean Concentration 

Hepatitis B 

Hepatitis B surface antigen 

Haemophilus influenzae type b 

lmmunoglobulin G 

Inactivated Polio Vaccine 

Institutional Review Board 

International Units 

Japanese Encephalitis 

King Chulalongkorn Memorial Hospital 
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Measles-Mumps and Rubella 

Pertactin 

Pertussis Toxin 

Standard deviation 

Tetanus toxoid-reduced dose of diphtheria toxoid and acellular pertussis 

Tetanus Toxoid 

versus 
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1. Introduction 

Pertussis is a highly contagious respiratory disease that is difficult to control despite 

decades of worldwide vaccination implementation. Un vaccinated or incompletely vaccinated 

infants are at the highest risk for severe outcomes including respiratory failure, 

encephalopathy and death. 1 Current efforts to protect young infants include immunization 

during pregnancy, since this strategy induces high levels of Bordetella pertussis (B. 

pertussis)-specific antibodies in cord blood which continue to persist at a higher level in two

month-old infants compared to antibody levels in infants born to unvaccinated mothers.2•
4 

The effectiveness of maternal immunization in protecting the newborn against pertussis has 

been confirmed in experimental studies in non-human primates and in several observational 

and case-control studies in humans.5•8 Since 2012, the Advisory Committee on Immunization 

Practices (ACIP) made recommendations to vaccinate pregnant women with a tetanus toxoid, 

diphtheria toxoid and acellular pertussis vaccine (aP) (Tdap) during the third trimester of 

every pregnancy.9 This strategy has been implemented in an increasing number of countries 

worldwide and is likely to be the most cost-effective strategy for preventing disease in infants 

too young to be vaccinated. 10 

It is well known that the presence of pre-existing passive maternal antibodies may 

blunt the infant immune response to childhood pertussis vaccination, without a clear vision 

on the clinical significance of that blunting. In a murine model, maternal aP vaccination 

interfered with aP-induced immunity in the pups, but this effect was reduced when the first 

vaccine dose was postponed. 11 In human studies, high titers of naturally-acquired maternally

derived antibodies to pertussis toxin (PT) interfered with infant humoral immune responses to 

whole cell pertussis (wP) vaccine, 12
• 

13 but not to aP vaccine. 14 In contrast, Ibrahim et al 

reported more recently that higher pre-existing, naturally acquired maternal antibody titers 
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did not attenuate infant B. pertussis-specific antibody titers after wP vaccination. 15 In 

response to infant aP vaccination, Mufioz et al reported that infants born to Tdap-vaccinated 

mother manifested lower anti- FHA antibody levels following receipt of the third dose 

Diphtheria-Tetanus-acellular pertussis (DTaP)-containing vaccine but this effect disappeared 

after the administration of the fourth dose at 12 months of age. 3 A study from Belgium also 

reported that there was blunting of anti-PT antibody responses after primary immunization 

with DTaP-containing vaccine and the blunting still persisted after the fourth dose.2•
16 A 

study in Vietnam on the other hand found significant interference in anti-PRN responses after 

primary immunization, but this effect disappeared after the fourth DTaP-containing 

vaccination. 4•
17 

At the April 2014 meeting of the Strategic Advisory Group of Experts on 

immunization (World Health Organization) to prevent early mortality due to pertussis, it was 

concluded that findings of interference in infant humoral immunity induced by aP vaccines 

cannot be extrapolated to the situation ofwP vaccines without additional immunogenicity 

data. In many countries where wP vaccines are used in infants within the Expanded 

Programme on Immunization (EPI), possible interference of vaccine-induced maternal 

antibodies has to be considered. 

Between 2007 and 2014, 6-25 pertussis cases occurred in Thailand every year (0.01-

0.04 per 100,000).18 In 2015 and 2016, there was a burst with 51 cases (0.08/100,000) and 72 

cases (0.11/100,000), respectively. 19 Highest morbidity occurred in the youngest age 

category. However, incidence is likely under-estimated due to missed pertussis diagnosis and 

inadequate laboratory confirmation. In a recent cohort study, 73.3% of infants lacked anti-PT 

antibodies in cord blood, thus explaining the susceptibility for pertussis disease in the first 

months of life. 20 Vaccination during pregnancy could be a mean to protect young infants 

from birth on. In Thailand, wP vaccines are used in the EPI, allowing investigation of the 

2 



effect ofTdap in pregnancy on wP vaccination in infancy. We conducted a randomized 

controlled clinical trial to characterize the responses to aP- versus wP- containing vaccines in 

infants after primary and first booster vaccination, in comparison to the EPI schedule used in 

Thailand. 

3 



2. Material and methods 

2.1 Study design 

This study (ClinicalTrial.gov NCT02408926) was conducted according to the 

Declaration of Helsinki and Good Clinical Practice Guidelines (ICH-GCP). The Institutional 

Review Board of the Faculty of Medicine at Chulalongkorn University (IRB no. 604/57) and 

the ethical committee of the University of Antwerp (IRB no. 14/49/511) approved this study. 

This study enrolled healthy pregnant women, vaccinated with wP vaccines in childhood, who 

visited the antenatal care clinic at King Chulalongkorn Memorial Hospital and consented to 

Tdap vaccination (Boostrix®, GSK, Rixensart, Belgium) during the third trimester of 

pregnancy. The inclusion and exclusion criteria of pregnant women, vaccine reactogenicity, 

and B. pertussis-specific antibody titers in maternal and cord blood were previously 

described.21 Healthy full-term and late preterm infants born at gestational age of 36 weeks 

with birth weight higher than 2,500 grams were randomized to receive either the aP

containing vaccine (Infanrix hexa®, GlaxoSmithKline Biologicals, Rixensart, Belgium) or 

wP-containing vaccine (Quinvaxem®, Crucell-Janssen, Incheon, South Korea) vaccine. 

Written informed consent was obtained from the parents prior to infant enrolment. 

Randomization was performed 1; 1 with a block-size of four using a computer-generated 

sequence (www.randomization.com). Infants were randomized when they met inclusion 

criteria and parents signed the informed consent. This study was not blinded since infant 

vaccination schedules were different: the wP-vaccinated infants received oral polio vaccine 

(OPV) whereas the aP-vaccinated infants received inactivated poliovirus (IPV) vaccine 

combined within the hexavalent vaccine. Laboratory personnel was blinded. A comparison 

group of full-term infants born to non Tdap-vaccinated women was also recruited, although 

not randomized, and this group received wP-containing vaccine (Quinvaxem®) and was 

4 



designated as EPI wP group. The EPI wP group represented infants who received pertussis 

vaccination according to the current Thai EPI, as Thailand has not yet implemented maternal 

pertussis vaccination and currently uses wP routinely in the infant immunization program. 

2.2 Study vaccine 

All infants received pertussis-containing vaccines at 2, 4, 6 months of age (primary 

vaccination) and 18 months of age (first booster vaccination) according to the current 

recommendation in Thailand. Infanrix hexa® administered to infants in the aP group contains 

25 µg pertussis toxoid (PT), 25 µg filamentous haemagglutinin (FHA), 8 µg pertactin (PRN), 

10 µg hepatitis B surface antigen (HBsAg), 30 IU diphtheria toxoid (DT), 40 IU tetanus 

toxoid (TT), 10 µg Haemophilus injluenzae type b (Hib) polysaccharide conjugated to 25 µg 

of TT and 40, 8, and 32 D-antigen units ofIPV type 1, 2, and 3, respectively. PT, FHA and 

PRN were adsorbed on aluminium hydroxide (0.5 milligrams Al3+). HBsAg were adsorbed 

on aluminium phosphate (0.32 milligrams Al3+). This vaccine was given intramuscularly at 

the anterolateral thigh. 

Quinvaxem® administered to infants in the wP and EPI wP groups contains 

inactivated B. pertussis at more than 4 IU/dose of potency against pertussis, 10 µg HBsAg, 

30 IU ofDT, 60 IU of TT and 10 µg Hib oligosaccharide conjugated to 25 µg of CRM-197, a 

non-toxic mutant derivative of diphtheria toxin. Aluminium phosphate (0.3 milligrams A13+) 

is the adjuvant. Infants in the wP and EPI wP groups received bivalent OPV (Biofarma, 

Bandung Jawa Barat, Indonesia) containing~ 106·° CCIDso poliovirus type 1 and ~105
·
8 

CCIDso poliovirus type 3 per 0.1 ml oral dose. Infants in the wP and EPI wP groups also 

received the monovalent IPV vaccine (IMOV AX polio, Sanofi Pasteur, Lyon, France) 

containing 40, 8, and 32 D-antigen units ofIPV type 1, 2, and 3, respectively at 4-month 

vaccination visits, except two children in the wP group who reached 4 months before the 
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national polio vaccination policy changed. This vaccine was injected separately at the 

anterolateral thigh. 

All infants received an intradermal bacille Calmette-Guerin (BCG) vaccine and an 

intramuscular monovalent hepatitis B vaccine at birth. They also received Measles-Mumps

rubella (MMR) vaccine (Priorix®, GlaxoSmithKline Biologicals, Rixensart, Belgium or M

M-R®II, Merck & Co., Inc., New Jersey, USA) at 9 months of age and Japanese Encephalitis 

(JE) (CD.JEVAX®, Chengdu Institute of Biological Products, Chengdu, China) vaccine at 12 

and 19 months of age according to the current national vaccine program. They also received 

trivalent influenza vaccine (Influvac®, Abbott Biologicals, 01st, The Netherlands) at 7 and 9 

months of age. The live JE and influenza vaccine, which was not yet included in the Thai EPI 

during the study period, were administered to all infants as an incentive for participation. 

Some infants received the optional rotavirus vaccine given orally, pneumococcal vaccine, 

varicella zoster vaccine or rabies vaccine administered at a separate injection site. It was the 

parents' decision to buy rotavirus, pneumococcal, varicella zoster or rabies vaccines for their 

children, since these vaccines are not part of the EPI. 

2.3 Sample collection 

In the aP and wP groups, venous blood samples (2.5 ml) were collected from the 

infants at two months of age before they received the first pertussis-containing vaccine, one 

month after the last dose of the primary vaccination series (7 months of age), at 18 months of 

age before they received the first pertussis booster, one month after the first booster ( 19 

months of age) and six months after the first booster (24 months of age). Cord samples were 

also collected, and results on transplacental transport have been published previously.21 

According to protocol, intervals between birth and month 2, month 2 and 4, and month 4 and 

6 vaccination visits were 45 to 60 days. Intervals between the last dose of the primary 
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vaccination series or first booster and blood sampling were between 28 to 35 days. In the EPI 

wP group, blood samples (2.5 ml) were taken from infants only at month 7, 19 and 24. 

2.4 ELISA for antibody to B. pertussis antigens 

Anti-PT, anti-FHA and anti-PRN IgG were analyzed using a commercial ELISA 

(EUROIMMUN, Lubeck, Germany) according to the manufacturer's instructions. 

Experiments were performed as previously described.21 Samples with values below the lower 

limit of quantification (LLOQ), which was 5 IU/ml, were calculated as 50% of the LLOQ. 

The percentages of values below LLOQ ranged from 0.3% to 12% depending on types of 

antibodies and sample collection time point. Fifty percent of LLOQ (2.5 IU/ml) was used in 

the calculation of Geometric Mean Concentration (GMC). 

2.5 Statistical analysis 

A sample size calculation for the primary objective shows that, with significance 

level=0.05 and power =0.90, and if a difference in GMC of anti-PT IgG is expected to be 

20% less in the children who receive wP vaccine, with fixed variance, a population of 130 

infants in both arms is sufficient. Primary outcomes were the immunogenicity of the different 

vaccines in infants, reported as concentrations of anti-PT, anti-FHA and anti-PRN IgG 

measured with ELISA. Antibody titers are presented as GMC with 95% Confidence Interval 

(CI). The conventional t-test was used to compare parameters in the baseline characteristics 

and the GMC between groups using the antibody logarithmic scales. Blunting of vaccine 

immune responses among infants was defined as a significantly lower GMC of IgG 

antibodies at a certain time point in wP versus wP EPI infant groups. 
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3. Results 

3.1 Demographic characteristics of participants in the study 

The consort flow diagram of the study is depicted in Figure 1. In total, 370 pregnant 

women were vaccinated with Tdap. Recruitment of pregnant women took place from April 

2015 to September 2016. From these women, 311 healthy full-term and 4 late preterm infants 

(n=4) born at gestational age of 36 weeks with birth weight greater than 2,500 grams, were 

randomized to receive either the Infanrix hexa® vaccine (aP group; N=l56 term and 2 

preterm) or the Quinvaxem® vaccine (wP group; N= 155 term and 2 preterm). Seventy-nine 

full-term infants born to non Tdap-vaccinated women were also recruited at the same hospital 

and this group received wP vaccines (EPI wP group). There were no significant differences in 

the parameters of infants between the aP, wP and EPI wP groups. 
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Figure 1: The consort flow diagram. Tdap; Tetanus- diphtheria and acellular pertussis. GA; 

Gestational age. aP; acellular pertussis vaccine. wP; whole cell pertussis vaccine. mo; month. 

*One wP child received Quinvaxem® at month 7 which was not according to the protocol. 
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3.2 Antibody response to B. pertussis antigens in aP and wP-vaccinated infants 

born to mothers who received Tdap during pregnancy 

The kinetics of antibodies and GMC to PT, FHA, and PRN in cord blood and infant 

sera at 2, 7, 18, 19 and 24 months are depicted per group (Figure 2). At one month post

primary vaccination (month 7), infants who received aP-containing vaccines had significantly 

higher anti-PT (p < 0.001) and anti-PRN (p = 0.006) IgG when compared to their pre-priming 

level (month 2), but their anti-FHA IgG remained at a similar level. Although infants who 

received wP-containing vaccines also had significantly higher anti-PT lgG (p < 0.001) post

primary vaccination levels, their anti-FHA levels decreased significantly after primary 

vaccination (p < 0.001) compared to pre-priming levels. 

GMCs of all three types of B. pertussis-specific antibodies were significantly higher 

in aP-vaccinated infants compared to wP-vaccinated infants following primary series 

vaccination (p < 0.001) (Figure 3). 

At 18 months of age, just before the children received the first pertussis booster dose, 

IgG to PT, FHA and PRN had waned rapidly and the remaining levels were lower than the 

levels at 2 months of age in both groups. Children in both the aP group and the wP group had 

a statistically significant increase in antibody titers for all measured B. pertussis-specific 

antigens after their booster vaccination. At one and six months after the administration of the 

fourth pertussis-containing vaccine, anti-PT lgG was comparable between the aP and the wP 

group, however, the aP group possessed significantly higher anti-FHA (p < 0.001) and anti

PRN (p < 0.001) titers compared to the wP group. 
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Figure 2: Kinetics of anti-PT, anti-FHA and anti-PRN IgG in cord, pre-vaccination 

(month 2), post three-dose vaccination (month 7), pre-booster (month 18), one-month 

post-first booster vaccination (month 19) and six-month post-first booster vaccination 

(month 24) sera from the aP and wP groups. Bars indicate the 95% Confidence Intervals. 
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Figure 3: Geometric mean concentrations of anti-PT, anti-FHA and anti-PRN lgG in 

the aP, wP and EPI wP groups at birth (cord), months 2, 7, 18, 19 and 24. Cord antibody 

levels of the EPI wP infants were derived from the cord levels of Thai historical infant cohort 

born to mothers who did not receive Tdap during pregnancy.20 Error bars indicate the upper 

bound of 95% confidence interval (CI). *statistically significant difference compared to pre

priming or pre-booster, ** statistically significant difference compared to other groups at 

month 7 and 19 
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A comparison between the EPI wP and wP groups showed significantly lower anti-PT 

(p < 0.001), anti-FHA (p < 0.001), and non-significantly lower anti-PRN (p = 0.026) titers at 

one month after the third wP dose in the wP than in the EPI wP group, suggesting that 

maternal antibodies interfered with the infant immune response to wP post primary 

vaccination. At one month after the administration of the fourth dose, interference with the 

wP-induced immune response still persisted for anti-PT (p < 0.001) and anti-FHA (p < 

0.001). At six months after the fourth dose, only the interference with the wP-induced 

immune response still persisted for anti-PT (p < 0.001). 
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4. Discussion 

In this study, we evaluated for the first time the infant immune responses to aP- and to 

wP-containing vaccines used for primary and first booster vaccination following Tdap 

vaccination during pregnancy. In the presence of circulating B. pertussis-specific maternal 

antibodies, infants who received aP-containing vaccines had significantly higher levels of 

anti-PT, anti-FHA and anti-PRN IgG at month 7, after a three dose priming scheme, than 

infants who received wP containing vaccines. However, at month 19 and 24, anti-PT IgG 

levels were similar in both groups yet anti-FHA and anti-PRN antibody levels were still 

significantly higher in the aP group compared to the wP group. Previous comparative studies 

of infant antibody responses to aP- or wP-containing vaccines without maternal pertussis 

immunization also showed that aP-containing vaccines induce higher levels of antibodies to 

these three B. pertussis antigens than wP-containing vaccines,22
-
23 which could be attributed 

to the relatively higher proportion of these antigens in aP compared to some of the wP 

containing vaccines. 

Similar to the blunting effect found in aP-vaccinated infants,2-4 the presence of B. 

pertussis-specific maternal antibodis induced by Tdap vaccination during pregnancy also 

influenced the infant immune response to wP-containing vaccines at month 7, with 

significantly higher antibody level in the EPI wP group (no maternal immunisation) 

compared to the wP group (with maternal immunisation) for anti-PT and anti-FHA. Although 

this study did not randomize infants to the EPI wP and wP groups and we do not have 

baseline antibody levels to B. pertussis antigens at month 2 for the EPI wP infants, it is 

expected that the antibody levels at month 2 (pre-priming) in the BPI wP group are low, since 

our previous study demonstrated that antibody levels in cord sera of Tdap-unvaccinated 

pregnant women were low.20 As previous reports on the persistence of the blunting effect to 

aP-induced antibody responses in infants concluded that the blunting resolved after the first 
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pertussis booster was given, except for one study in Belgium, which still demonstrated a 

minor blunting effect for anti-PT after the boost,3
•16•17 we further followed this infant cohort 

to see whether the blunting effect persisted when a booster dose was administered in the 

second year of life. We found that the blunting effect for anti-PT and anti-FHA still persisted 

one month after the first booster with significantly lower antibody titers for anti-PT and anti

FHA antibodies after the booster vaccination in children from the wP group compared to 

children from the wP EPI group. At six month post-booster, the effect still persisted for anti

PT. 

As expected, maternally-derived B. pertussis-specific antibodies were still detectable 

at month 2 in both study groups of infants from vaccinated women. After aP immunization, 

antibody levels to PT and PRN rose significantly from month 2 to month 7, but aP did not 

appear to induce a rise in anti-FHA IgG following primary immunization. Ladhani et al. 

reported similar findings for anti-PT and anti-FHA IgG in a cohort of UK aP-vaccinated 

children.25 In contrast to the aP group, we found that following primary immunization with 

wP, anti-FHA IgG levels significantly decreased compared to the pre-priming levels. Only 

anti-PT IgG levels appeared to increase at month 7 compared to month 2 after wP 

administration. Nevertheless, at one month post first booster, children in all groups showed 

an increase in antibody titers for all measured B. pertussis-specific antigens. 

Regarding the effect of pre-existing maternal antibodies on the antibody responses in 

infants who received wP containing vaccines, Englund et al showed that naturally acquired 

pre-existing maternal antibodies to PT did not negatively influence the infant's PT antibody 

responses to DTaP, whereas for DTwP a negative influence on PT antibody responses in 

infants was found. 14 In contrast, the recent study by Ibrahim et al. 15 concluded that higher pre

existing, naturally acquired maternal antibody titers, did not have any attenuating effect on 

infant B. pertussis-specific post-primary immunization titers. However, women in both 
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studies were not vaccinated during pregnancy and in the study from Ibrahim et al., most 

infants did not receive a complete primary immunization schedule with wP-containing 

vaccines. Several clinical studies already demonstrated that Tdap-induced maternal 

antibodies can blunt the antibody response in aP-vaccinated infants.2•4 Our study compared 

infants receiving wP vaccine born to Tdap-vaccinated women and non Tdap-vaccinated 

women and clearly revealed blunting of the infant immune response in the presence of 

maternal antibodies. The comparison between the aP and wP vaccinated group confirmed that 

higher antibody titers to the three investigated antigens were generated with an aP 

vaccination schedule than with a wP vaccination schedule. Nevertheless, a good humoral 

immune response with an increase in antibody concentrations was seen post-booster 

vaccination. Not only humoral immune responses to vaccines contribute to protection of 

infants, but also cell-mediated immune responses.27 A group of infants in this cohort has been 

included in a sub-study to analyze T cell responses after either type of infant vaccination. 

These results will be reported separately. 

This is the first randomised controlled study examining the effect of maternal Tdap 

vaccination on infant wP immune responses. The study is large enough to have sufficient 

power to answer the endpoints of the study. Nevertheless, the lack of sera from the EPI wP 

group prior to vaccination prevented the assessment of seroconversion in that group and 

conclusions could therefore only be drawn by historical comparison. The lack of antibody 

determination for the other vaccine antigens, particularly TT and DT antigens that are part of 

the maternal vaccine, is another limitation of the study. However, additional antigens will be 

tested in the near future. 

Recommending authorities should consider a few more issues when introducing Tdap 

vaccination in pregnancy in a region/ country using wP-containing vaccines in infant 

immunization program; indeed some EPI schedules do not include a booster dose in the 
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second year oflife.27 The blunting effect remained for anti-PT and anti-FHA antibodies, 

despite a clear rise in antibodies after boosting. In addition, wP vaccines differ in composition 

worldwide and do differ in immunogenicity.23 Additional research might be necessary with 

specific wP-containing vaccines per manufacturer. Different brands of vaccines in mother 

and infants could also induce differences in immune responses. 11 

Although the clinical significance of the lower antibody levels in wP- compared to 

aP-vaccinated infants is yet unknown, it is worth to note that if countries that use wP in 

infants EPI consider introducing maternal Tdap immunization, they should closely monitor 

the vaccine-induced immune protection and strengthen pertussis surveillance, as a negative 

effect on anti-PT and the interference with infant antibody response to B. pertussis antigens 

following primary immunization has been found. 
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