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Abstract
Vaccination during pregnancy is effective in providing protection against vaccine-preventable diseases in young infants. Here, timely (second rather than third trimester) 
pertussis vaccination during pregnancy is recommended, conveying protection against Bordetella pertussis in both term and preterm born infants. Additionally, breastfeeding 
during the first months of life can be advised to achieve additional mucosal protection. One must note that after infant vaccination, humoral and limited cellular interference 
by maternal antibodies was observed. However, clinical relevance of maternal interference has yet to be determined, as evidence of good serological and cellular 
immunogenicity against DTaP-IPV-HB-PRP~T vaccine after primary and booster vaccination was provided. 

The immune system of the young infant, although uniquely adapted to 
cope with various early life changes, relies on maternal help to overcome 
first encounters with pathogens (1). The transfer of maternal antibodies 
(Mabs) and other immune components in utero and later via the breast 
milk, is essential to protect the newborn against infectious diseases 
during the first months of life. The strategy of vaccinating pregnant wom-
en augments the disease-specific Mab concentrations in the newborn 
and offers protection against the targeted pathogen until the start of the 
infant’s own primary immunization schedule or until the period of vul-
nerability is over (e.g. around 6 months for RSV) (2). The successes of 
this public health intervention have become more apparent over the last 
decades, as routine vaccination of pregnant women with tetanus tox-
oid, acellular pertussis (whooping cough), and inactivated influenza (flu) 
vaccines have led to a global reduction of neonatal tetanus, decreased 
pertussis outbreaks and have lowered the burden of seasonal influenza in 
pregnant women (3-5). The reassuring safety and efficacy data of vacci-
nating pregnant women with inactivated (non-live) vaccines has inspired 
many new targets for maternal immunization to improve global maternal 
and neonatal health against infectious diseases like e.g. RSV, CMV, GBS, 
and Zika (6). Yet, several questions regarding the strategy of in-pregnancy 
vaccination remain, for example: the optimal timing to vaccinate pregnant 
women or the effect of the strategy on preterm born infants. In addition, 
the observation that Mabs interfere with (or modulate) the infants’ anti-
body responses at the time of the infants’ vaccination, often resulting in 
significantly lower antibody concentrations amongst infants born to vac-
cinated mothers, has raised some concerns to the strategy (7, 8). Here, 
we explored the benefit of maternal pertussis vaccination (per example of 
a recommended maternal vaccine) in a preterm cohort and provide evi-
dence on the impact of high Mabs on both humoral and cellular immune 
responses after infants’ primary and booster vaccination. 

A prospective observational study (NCT02511327) conducted in Belgium, 
included mother-infant pairs who were either vaccinated or not vacci-
nated with a pertussis-containing vaccine (Tdap, Boostrix®, GSK Bio-
logicals) during pregnancy and did or did not deliver prematurely (Figure 
1). Infants were vaccinated with DTaP-IPV-HB-PRP~T vaccine (HexyonÆ, 
Sanofi Pasteur) at 8-12-16 weeks (primary vaccination) and at 13 or 15 
months of age (booster vaccination for preterm and term born infants, re-
spectively), according to the recommended Belgian vaccination schedule. 

This study confirmed that premature delivery is linked to a reduced 
transplacental transport, resulting in lower maternal-fetal transplacen-
tal transport ratios in preterm infants born to in-pregnancy vaccinated 
and unvaccinated women (9). Additionally, no influence of the maternal 
vaccination status on these transplacental transport ratios was detected. 
Nevertheless, at birth and before primary vaccination significantly higher 
Tdap antibody levels were observed in preterm infants from vaccinat-
ed women compared with term and preterm infants from unvaccinated 
women. Moreover, longer in-pregnancy vaccination to delivery intervals 
were significantly correlated with higher transplacental transport ratios 
in both term and preterm infants. These findings illustrate that preterm 
infants can profit from Tdap vaccination during pregnancy, even more so 
when the vaccination-delivery interval is increased by vaccinating earlier 
in pregnancy (e.g. second trimester rather than third trimester) (9). 

Additional advantages of maternal pertussis vaccination might be attained 
when preterm infants are being breastfed, as we demonstrated compara-
ble pertussis specific antibody levels in breast milk between in-pregnancy 
vaccinated mothers who delivered term or preterm babies that remained 
detectable up until 12 weeks after delivery (10). This strengthened the 
hypothesis that antibodies in breast milk could help bridge the vulnera-
bility gap induced by a shortened period of transplacental transport of 
antibodies linked to prematurity, and potentially offer additional mucosal 
and clinical protection. 
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Figure 1:   Schematic representation of the study design (A), serum and heparin sample collection in infants (B), serum and breast milk sample collection in women (C). * vaccination 
timepoint for preterm born infants.
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Next to the benefits of maternal Tdap vaccination in preterm infants, 
our research also provides a first report on the antibody responses to 
Hexyon® in preterm infants (Figure 2) (9). We hereby show that pri-
mary vaccination induces comparable antibody levels for all pertussis 
antigens in term and preterm infants, yet booster vaccination promoted 
significantly lower antibody levels for some pertussis antigens in preterm 
infants born to Tdap-vaccinated women when compared to their term 
counterparts. Nevertheless, their antibody levels for all Tdap vaccine an-
tigens remained comparable to those of term and preterm infants from 
unvaccinated women after booster vaccination, supporting immunogenic-
ity of Hexyon® vaccine after primary and booster vaccination in preterm 
infants. 

Despite this good serological immunogenicity in both term and preterm 
infants, the presence of high Mab concentrations at the time of primary 
vaccination significantly reduced the infant’s humoral immune responses 
to some of the Tdap antigens (Diphtheria Toxoid [DT] and Filamentous 
Hemagglutinin [FHA]) (9). After booster vaccination, this interference by 
Mabs was only observed for the DT antigen in term infants of vaccinated 
mothers. Still, all infants achieved antibody levels above the correlate of 
protection for DT, suggesting that interference by Mabs did not increase 
the infant’s susceptibility to Diphtheria. Unfortunately, it remains diffi-
cult to predict the clinical significance of this interference, especially for 
pertussis where no serological correlate of protection has been defined. 

So far research has focused on the effect of Mabs on the infant’s humoral 
immune response, however knowledge regarding the influence on the 
infant’s cell-mediated immune (CMI) responses are lacking (11). Previous 
data demonstrated that the infants’ T cell compartment remains largely 
unaffected after vaccination in the presence of Mabs, with some stud-
ies observing differences in cytokine secretions (12). Overall, it remains 
challenging to confirm the hypothesis that Mabs do or do not modulate 
the CMI responses of the infant, as most data originate from animal stud-
ies and no information on maternal vaccines like pertussis and influenza 
vaccination are available (11). Within our research the cellular responses 
of term and preterm infants born to in-pregnancy vaccinated women was 
evaluated. We demonstrated that both term and preterm born infants are 
capable of mounting a CMI response after primary and booster vaccination 
with Hexyon® vaccine, providing evidence on the immune competence of 
young infants (13). With regards to the hypothesis of cellular interfer-
ence by Mabs, no significant differences in the specific T lymphocyte 
responses of infants born to vaccinated or unvaccinated mothers were 
recognized after primary vaccination. However, infants who were cellular 
non-responders for IL-13 one month after booster vaccination were ob-
served to have significantly higher Mab concentrations at birth, implicat-
ing that Mabs might modulate the infant’s CMI responses later in life. In 
addition, a positive correlation between the infants’ serum antibodies and 
their lymphoblast proliferation and cytokine secretions after primary and 
booster vaccination was observed, adding weight to this hypothesis. Still, 
more research on the impact of high Mabs on the immune development 
of the infant and their possible long-term effects are needed.

In general, our research provides confidence towards the strategy of 
in-pregnancy vaccination for term and preterm infants, as both trans-
placental and antibodies provided by breast milk can offer additional 
protection during the first months of life. However, vaccinating term and 
preterm infants in the presence of high Mab concentrations resulted in 
lower antibody levels to some of the Tdap antigens. Moreover, modula-
tion of the infant’s CMI response by Mabs after booster vaccination was 
also observed. Yet, good serological and cellular immunogenicity against 
Hexyon® was established in both term and preterm infants, raising ques-
tions on the possible long-term effects of maternal immunization and its 
clinical significance.

REFERENCES: 

1. Kollmann TR, Kampmann B, Mazmanian SK, Marchant A, Levy O. Protecting 
the Newborn and Young Infant from Infectious Diseases: Lessons from Immune 
Ontogeny. Immunity. 2017;46(3):350-63.

2. Amirthalingam G, Campbell H, Ribeiro S, Fry NK, Ramsay M, Miller E, et al. 
Sustained Effectiveness of the Maternal Pertussis Immunization Program 
in England 3 Years Following Introduction. Clin Infect Dis. 2016;63(suppl 
4):S236-S43.

3. Thwaites CL, Beeching NJ, Newton CR. Maternal and neonatal tetanus. Lancet. 
2015;385(9965):362-70.

4. Baxter R, Bartlett J, Fireman B, Lewis E, Klein NP. Effectiveness of Vaccination 
During Pregnancy to Prevent Infant Pertussis. Pediatrics. 2017;139(5).

5. Sullivan SG, Price OH, Regan AK. Burden, effectiveness and safety of influenza 
vaccines in elderly, paediatric and pregnant populations. Ther Adv Vaccines 
Immunother. 2019;7:2515135519826481.

6. Maertens K, Orije MRP, Van Damme P, Leuridan E. Vaccination during pregnancy: 
current and possible future recommendations. Eur J Pediatr. 2020;179(2):235-42.

7. Maertens K, Cabore RN, Huygen K, Hens N, Van Damme P, Leuridan E. Pertussis 
vaccination during pregnancy in Belgium: Results of a prospective controlled cohort 
study. Vaccine. 2016;34(1):142-50.

8. Maertens K, Cabore RN, Huygen K, Vermeiren S, Hens N, Van Damme P, et al. 
Pertussis vaccination during pregnancy in Belgium: Follow-up of infants until 1 
month after the fourth infant pertussis vaccination at 15 months of age. Vaccine. 
2016;34(31):3613-9.

9. Maertens K, Orije MRP, Herzog SA, Mahieu LM, Hens N, Van Damme P, et al. 
Pertussis immunization during pregnancy: assessment of the role of maternal 
antibodies on immune responses in term and preterm born infants. Clin Infect Dis. 
2021.

10. Orije MRP, Lariviere Y, Herzog SA, Mahieu LM, Van Damme P, Leuridan E, et al. 
Breast milk antibody levels in Tdap vaccinated women after preterm delivery. Clin 
Infect Dis. 2021.

11. Orije MRP, Maertens K, Corbiere V, Wanlapakorn N, Van Damme P, Leuridan E, et 
al. The effect of maternal antibodies on the cellular immune response after infant 
vaccination: A review. Vaccine. 2019.

12. Rowe J, Poolman JT, Macaubas C, Sly PD, Loh R, Holt PG. Enhancement of 
vaccine-specific cellular immunity in infants by passively acquired maternal 
antibody. Vaccine. 2004;22(29-30):3986-92.

13. Orije MRP, García-Fogeda I, Van Dyck W, Corbière V, Mascart F, Mahieu L, et 
al. Impact of Maternal Pertussis Antibodies on the Infants’ Cellular Immune 
Responses. Clinical Infectious Diseases. 2021:ciab972.



232

Figure 2:   Antibody concentrations (with anti-pertussis toxin [PT] as an example [A]) and PT-specific cellular immune responses (CD3+CD4+ response as an example [B]) in term 
infants from vaccinated women (VT cohort), preterm infants from vaccinated women (VP cohort), term infants from unvaccinated women (UnVT cohort) and preterm 
infants from unvaccinated women (UnVP cohort) at the different study time points. Full depiction of the infants antibody responses against the DTaP-IPV-HB-PRP~T 
(Hexyon®) vaccine available in Maertens et al. (9) and full report of cellular responses available in Orije et al. (13). PT antibody concentrations are expressed in EU/mL and 
on a natural logarithmic scale. CD3+CD4+ lymphoblasts populations are presented in percentages (%CD4 blast; after correction with the unstimulated culture). 


