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ORIGINAL RESEARCH
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ABSTRACT

Objectives While protection against pertussis following
maternal tetanus-diphtheria-and-acellular-pertussis
(Tdap) vaccination was demonstrated in healthy term-
born infants, no evidence is available on Tdap vaccination
in combination with immune-modulating therapy during
pregnancy. In this pilot study, we explored whether
treatment with tumour necrosis factor alpha inhibitors
(TNFis) in pregnant patients with rheumatic disease
interferes with Tdap vaccine responses and affects
maternal anti-pertussis IgG antibody levels in newborns.
Methods Patients were included by a rheumatologist
during pregnancy in case they received maternal Tdap
vaccination in the late-second or early-third trimester of
pregnancy. Blood samples were obtained from mothers
during the first pregnancy trimester, 3 months after
delivery and from the umbilical cord. IgG antibody levels
against Tdap-included antigens were measured using a
bead-based multiplex immunoassay. Findings on patients
exposed to TNFis were compared with those from TNFi-
unexposed patients and with data from a historical
comparator study among healthy Tdap vaccinated mother—
infant pairs (n=53).

Results 66 patients (46 exposed and 20 unexposed

to TNFIs) were enrolled. No major differences in IgG
antibody levels were observed between TNFi-exposed and
unexposed mothers before maternal Tdap vaccination and
3 months after delivery. In cord sera, however, antibody
levels against pertussis toxin were significantly lower
after TNFi-treatment (35.94 1U/mL, 95% Cl 20.68 to
62.45) compared with no TNFi-treatment of mothers with
rheumatic disease (94.61 IU/mL, 95% Cl 48.89 to 183.07)
and lower compared with a cohort of healthy mothers
(125.12 1U/mL, 95% CI 90.75 to 172.50). We observed
similar differences for filamentous haemagglutinin,
pertactin, tetanus toxoid and diphtheria toxoid.
Conclusion These preliminary data indicate no major
differences in IgG antibody levels on maternal Tdap
vaccination in pregnant women with or without immune-
modulating treatment, although our findings suggest

that TNFis during pregnancy induce lower maternal anti-
pertussis-specific protective antibody levels in newborns.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Up to 90% protection against pertussis following
maternal tetanus-diphtheria-and-acellular-pertussis
(Tdap) vaccination has been demonstrated in
healthy term-born infants, but no evidence is avail-
able on maternal Tdap vaccination in combination
with immune-modulating therapy during pregnancy.

WHAT THIS STUDY ADDS

= Our findings indicate lower cord blood IgG antibody
levels in case of tumour necrosis factor alpha inhib-
itor (TNFi)-treatment during pregnancy.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Early start of primary series of three pertussis vac-
cinations in case of TNFi-exposure during preg-
nancy seems appropriate despite maternal Tdap
vaccination.

INTRODUCTION

Pertussis, also known as whooping cough, is
an extremely contagious bacterial respiratory
disease. The gram-negative bacterium Borde-
lella pertussis infiltrates respiratory epithelial
cells and produces several kinds of toxins
that interfere with secretion and bacterial
clearance, causing the clinical symptoms of
pertussis. The disease is especially dangerous
in early infancy before start of the primary
pertussis vaccination series, leaving newborns
in the first months of life at increased risk
for severe and potentially life-threatening
complications. Endemic cycles of pertussis
occur regularly and outbreaks have enhanced
B. pertussis circulation over time and thereby
pertussis infection in not fully vaccinated
infants in the most recent years.'"™ Asymp-
tomatic adolescents and adults in the same
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household seem to be the main source of transmission
to newborns.*

Maternal vaccination enhances protection against
vaccine-preventable infectious diseases in infants during
the very first months of life, as a result of transplacental
transfer of protective IgG antibodies.”™ This process is
mediated by the neonatal Fc receptor (FcRn) which is
expressed on syncytiotrophoblast cells, and antibody
transfer initiates between 12 and 17 week of pregnancy
with rates that increase throughout gestation.” Maternal
vaccination against tetanus, diphtheria and acellular
pertussis (Tdap) during the third trimester of pregnancy
was shown to offer an approximate 90% effectiveness in
protection against severe clinical pertussis until infants
reach the age of 2-3 months, before they receive primary
vaccinations.! © ¥ Nowadays, maternal Tdap vaccination
is recommended by a growing number of countries,
including the Netherlands."’

Current data on immunogenicity after maternal
Tdap vaccination concern studies in healthy preg-
nant women, generally vaccinated during the third
trimester.” ' No evidence about the effects of maternal
Tdap vaccination is available regarding women on
immune-modulating therapy for rheumatic diseases.
Biological disease-modifying antirheumatic drugs
(bDMARDs), for example, treatment with tumour
necrosis factor inhibitors (TNFis), are widely used
as treatment for rheumatic diseases, both during and
outside pregnancy.® Recent studies have shown that the
immune response on the COVID-19 vaccine is reduced
in patients treated with immune-modulatory agents
(including TNFi) for rheumatic disease.'*™'® However,
the available evidence on potential hampering effects
of TNFi-therapy on antibody responses to Tdap vacci-
nation in men and non-pregnant women is contradic-
tory due to low power of studies and,17 18 though several
reviews or studies point to a mildly reduced antibody
response in case of TNFi-treatment.'"** As a growing
number of pregnant women with chronic inflammatory
diseases receive TNFis, either alone or in combination
with prednisone or other immune-modulating drugs,
knowledge whether such treatment may interfere with
maternal Tdap vaccine responses and subsequent trans-
placental antibody transfer is urgently needed to adapt
vaccination strategies for newborns born to mothers on
TNFi-therapy.

In this pilot study, our coprimary objectives were
to assess the effects of TNFi-treatment in patients
with rheumatic diseases on maternal IgG antibody
levels against pertussis in both infants around birth,
and mothers 3 months after delivery. We performed
external validation through the comparison of antibody
levels in TNFi-exposed patients versus TNFi-unexposed
patients and also in healthy maternal Tdap vaccinated
women and their offspring from a historical compar-
ison cohort."!

METHODS

Study participants

Patients were derived from the PreCARA study, which is
a prospective cohort study on inflammatory rheumatic
diseases before and during pregnancy.23 Regarding
the current study, pregnant patients were included as
early as possible during pregnancy from January 2019
to February 2022, provided that they had received a
Tdap vaccination during pregnancy. Tdap vaccinations
were administered during the late-second or early-third
trimester of pregnancy. All women and their offspring
were followed until at least 3 months after delivery.
Subscribed medication for rheumatic disease, including
therapy with TNFis, was decided by a rheumatologist
prior to inclusion in this study, based on diagnosis and
patients’ medical conditions. Participants were divided
into two groups, that is, women on TNFis (used at any
moment during pregnancy) and women not on TNFis.
If patients were exposed to bDMARDS other than TNFis,
they were excluded from the primary analysis, as the
effects of non-TNFi bDMARDs on vaccination response
in mothers were outside the scope of this study. These
cases were assessed separately.

Venous blood samples were drawn from participants
during their first trimester of pregnancy (ie, before
Tdap immunisation) and approximately 3 months after
delivery, along with a cord blood sample immediately
after delivery. Samples were transported to the labora-
tory at room temperature and sera were stored at -80°C
awaiting laboratory analyses.

Data were compared with a historical comparator group
of healthy pregnant women without rheumatic disease
and their offspring, who participated in a maternal Tdap
vaccination immunogenicity study between January 2014
and March 2016, as described previously.11 All healthy
pregnant women received maternal Tdap vaccination
between 30 and 33 weeks gestational age (GA). In this
cohort, blood samples were drawn right before immuni-
sation and within 48 hours after delivery by finger prick,
along with a cord blood sample within the first few hours
after birth.

For defining demographic variables; maternal age
(years) was calculated as time interval between mothers’
birth date and the date of delivery. Duration of rheu-
matic disease (years) was defined as the time since diag-
nosis until the date of delivery. Duration of pregnancy
(weeks) was defined as time interval between first day of
last menstruation period and the date of delivery. Type
of rheumatic disease was defined as the official diagnosis
by a rheumatologist. Disease activity was determined by
the Disease Activity Score (DAS) with three variables: 28
swollen and tender joint count and C reactive protein
(CRP) DAS in 28 Joints (DAS28CRP) and Bath Anky-
losing Spondylitis Disease Activity Index and ASDAS
(Ankylosing Spondylitis Disease Activity Score) in each
trimester by a rheumatologist.
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Laboratory analysis

Sera were analysed in the laboratory of the National
Institute of Public Health and the Environment
(RIVM) as described previously.** In brief, IgG anti-
body concentrations against pertussis toxin (PT),
filamentous haemagglutinin (FHA), pertactin (Prn),
diphtheria toxoid (Dt) and tetanus toxoid (TT) were
determined by a bead-based fluorescent multiplex
immunoassay using Luminex xMAP-map-Luminex
technology.” In house reference serum and quality
controls were used for pertussis antigens and sera were
calibrated against the WHO International Standard
Pertussis Antiserum (serum reference 06/140). Native
PT (Netherlands Vaccine Institute) was used. The
lower limit of quantification was 0.21 international
units (IU)/mL as restricted by the dilution series of
the reference line. Sera from the comparator cohort
had been stored and analysed using the same proce-
dures and in the same laboratory.”

Statistical analysis

This is a descriptive pilot study in a prospectively
followed cohort of mother-infant pairs who were
divided into three groups: (1) patients on TNFis,
(2) patients not on TNFis and (3) healthy reference
cohort. Demographics and differences between these
three groups were estimated using basic descriptive
statistics analysing two groups to another separately,
for example, by t-tests, x° tests or non-parametric vari-
ants.

Absolute IgG antibody levels against the Tdap-vaccine
antigens were log-transformed, assessed for following
normal distributions and expressed in geometric mean
concentrations (GMGCs). We compared prevaccination
and postmaternal Tdap GMCs in mothers 3 months after
delivery between mother exposed and not exposed to
TNFi. We could not compare these data with the healthy
reference cohorts since considerable differences in
timing of maternal Tdap vaccination and postvaccination
blood sampling existed between the current PreCARA
study cohort and historical healthy comparison cohort.
Generalised estimating equation (GEE) models with an
exchangeable correlation structure were used to adjust
for any correlation between pairs of twins. For each of
the Tdap-included antigens, crude GEE models were
constructed. These models were constructed to calculate
the p values of GMC comparison between the groups
before and after vaccination, and in cord sera. Regarding
measurements in cord sera, we adjusted for GA at Tdap
vaccination and pregnancy duration. For postvaccination
measurements, we adjusted for time interval between
Tdap vaccination and the moment of postpartum blood
sampling; this comparison was only made between two
groups of PreCARA cohort and not with the healthy
participants.

Also by using GEE models, an indication of transpla-
cental transfer rates was estimated as ratios between
absolute fetal-to-maternal antibody levels (cord sera vs

maternal postvaccination sera at 3 months after delivery)
and compared between the two groups of rheumatic
disease patients.

As corticosteroid therapy may also reduce antibody
titres in response to vaccines,” %" a subgroup analysis was
performed to assess the effects of combination therapy
of TNFis with prednisone on GMCs in women with rheu-
matic disease.

All analyses were performed using R software, V.4.2.0.

RESULTS

Demographics

In total, 66 pregnant patients with rheumatic diseases and
a median age of 32.6 years (range 24—44) were enrolled
in this study, of whom 46 were exposed and 20 unexposed
to TNFis. Maternal Tdap vaccination was provided at a
median of 27.6 weeks GA (range: 20.0-36.1) in patients
exposed to TNFis, 27.0 weeks GA (range: 19.3-34.0) in
patients unexposed to TNFis and 31.2 weeks GA (range:
29.8-33.0) in healthy controls. Based on the patients’
medical history, 65 of total 66 patients had been vacci-
nated against pertussis diphtheria and tetanus as a child
(almost exclusively whole cell pertussis vaccine since
the neonatal acellular pertussis vaccine was introduced
under the Dutch Immunisation Program in 2001), and
therefore, maternal Tdap vaccination was considered
a booster in these cases. Most frequently used medica-
tion during pregnancy was certolizumab pegol (65%) in
TNFi-exposed patients and hydroxychloroquine (56%)
in TNFi-unexposed patients. Two patients received non-
TNFi bDMARDs (rituximab and anakinra, n=1 each) and
were not included in the primary analysis and analysed
separately (see online supplemental table 1).

The two groups of women with rheumatic disease
either exposed or unexposed to TNFis had similar
demographics, including age, pregnancy duration,
GA at vaccination and disease-related factors (table 1).
Healthy women were vaccinated later during pregnancy
compared with TNFi-exposed and unexposed women
(mean gestational week at vaccination: 31 weeks, vs 28
weeks and 27 weeks, respectively, p<0.01). Healthy women
had also a significantly longer pregnancy duration than
TNFi-exposed and a marginally longer pregnancy dura-
tion than TNFi-unexposed women (40 weeks, vs 39 weeks
and 39 weeks, respectively) (table 1).

GMCs before Tdap vaccination in pregnancy

GMCs against PT before vaccination were similar between
patients exposed and unexposed to TNFis and healthy
pregnant women (5.28 TU/mL, 95% CI 3.04 to 9.17 vs
4.25 TU/mL, 95% CI 2.12 to 8.53 vs 6.41 IU/mL, 95%
CI 3.99 to 10.28, respectively). All other measured Tdap
vaccine antigens also showed similar IgG levels except for
Dt and Prn, for which the GMC in healthy women was
lower than in TNFi-exposed patients (p<0.05) (table 2,
figure 1, online supplemental figure 1).
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Figure 1 Anti-pertussis toxin (anti-PT IgG) concentrations (IU/mL) before and after vaccination and in cord sera, represented
for women exposed or unexposed to TNFis, or healthy pregnant women, including their offspring. X-axis: type and time point
of blood sample draw. Y-axis: IgG antibody concentration against pertussis toxin (IU/mL). Significance *p<0.05, **p<0.01,

*kk

p<0.001. TNFis, tumour necrosis factor alpha inhibitors.

GMCs after Tdap vaccination in mothers with rheumatic
disease

Three months after delivery following maternal Tdap
vaccination, no significant differences in crude and
adjusted analyses were observed in maternal GMCs
against PT between TNFi-exposed versus unexposed
patients (35.24 TU/mL, 95% CI 20.76 to 59.83 vs 50.6
IU/mL, 95% CI 26.49 to 96.62, respectively), though
groups were small and 95% CI were large. Also, for the
other antigens, no significant differences in GMCs were
observed (table 2, figure 1, online supplemental figure
1).

GMCs in cord sera
In cord sera from infants born to mothers on TNFis,
GMCs against PT, Prn, FHA Dt and TT were significantly
lower compared with infants born to mothers who were
unexposed to TNFis and lower compared with healthy
women except for Dt (for PT: 35.94 IU/mL, 95% CI
20.68 to 62.45 vs 94.61 IU/mL, 95% CI 48.89 to 183.07
vs 125.12 TU/mL, 95% CI 90.75 to 172.50, respectively,
table 2). TNFi-treatment resulted into a threefold reduc-
tion of anti-PT levels in cord blood compared with no
treatment (adjusted GMC ratio 0.37,95% CI 0.17 to 0.77)
and a fourfold reduction compared with healthy controls
(adjusted GMC ratio 0.25, 95% CI 0.13 to 0.49).
Between patients unexposed to TNFis and healthy
women, cord serum GMCs were not significantly different

in crude analyses, though after adjustments the p value
was significant for FHA (492.55 TU/mL, 95% CI 317.85 to
761.64vs 321.19TU/mL, 95% CI 248.11 to 415.79, respec-
tively) (table 2, figure 1, online supplemental figure 1).

lgG antibody transfer rates

Patients on TNFis showed significantly lower IgG antibody
differences between cord blood levels and maternal anti-
pertussis IgG levels at 3 months postdelivery, potentially
suggesting lower transfer rates of all antigens compared
with patients not on TNFis (mean fetal-to-maternal anti-
body ratios for PT: 1.33, 95% CI 1.05 to 1.60 in patients
on TNFis vs 1.88, 95% CI 1.55 to 2.22 in patients not on
TNFis). The single exception was Prn (mean ratio 1.18,
95% CI0.91 to 1.45 in patients on TNFis vs 1.49, 95% CI
1.28 to 1.69 in patients not on TNFis, p=0.05), though
with the same trend that failed to reach the level of signif-
icance. IgG antibody transfer rates tended to be higher
in healthy women where ratios were between cord blood
and levels in mothers immediately after delivery (for PT:
1.99, 95% CI 1.82 to 2.15), but direct comparisons with
these women could not be made since maternal postsera
from patients were drawn at a different time point than
the healthy comparator group (table 3).

Combined therapy with TNFi and prednisone
Subgroup analysis showed a lower GMC against PT after
Tdap vaccination if patients were on combination therapy
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Table 3 Mean fetal-to-maternal ratio of IgG antibodies with 95% Cls in all study groups

Patients on TNFis Patients not on TNFis P value (TNFis vs no TNFis) Healthy women

Antigen n=43 n=18 n=52
Anti-PT 1.33 (1.05-1.60) 1.88 (1.55-2.22) <0.01 1.99 (1.82-2.15)
Anti-FHA 1.31 (1.02-1.61) 1.83 (1.50-2.17) 0.01 2.05 (1.85-2.25)
Anti-Prn 1.18 (0.91-1.45) 1.49 (1.28-1.69) 0.05 1.77 (1.62-1.93)
Anti-Dt 1.18 (0.96-1.41) 1.62 (1.43-1.82) <0.01 1.88 (1.71-2.05)
Anti-TT 1.22 (1.00-1.45) 1.69 (1.39-1.99) <0.01 2.09 (1.92-2.27)

Dt, diphtheria toxoid; FHA, filamentous haemagglutinin; Prn, pertactin; PT, pertussis toxin; TNFis, tumour necrosis factor inhibitors; TT,

tetanus toxoid.

of prednisone and TNFis, compared with prednisone
without TNFis, though with a very broad CI (15.96 IU/
mL, 95% CI 2.50 to 101.67, n=4 vs 105.14 IU/mL, 95%
CI 36.08 to 306.32, n=4) (p=0.01) due to low power. A
significant GMC difference was also observed in cord sera
between women on combination therapy versus solely
prednisone, again with a large CI (41.84 IU/mL, 95% CI
9.07 to 192.91 vs 170.98 TU/mL, 95% CI 50.36 to 580.41,
p=0.01). The few patients who used prednisone without
TNFis (n=4) showed similar GMCs against PT in cord
sera compared with healthy pregnant women (p=0.41)
(online supplemental figure 2).

Other biologicals

Among the two patients on non-TNFi bDMARDs, the
patient on rituximab showed a relatively low IgG anti-
body concentration against PT in cord serum (1.57 IU/
mL), but the patient on anakinra showed a concentra-
tion similar to that of healthy controls (152.4 IU/mL, see
online supplemental table 1).

DISCUSSION
To the best of our knowledge, this pilot study is the first
to explore IgG antibody levels against pertussis-specific
antigens following maternal Tdap vaccination in preg-
nant women on immune-modulating treatments with a
focus in TNFi-treatment. Postvaccination maternal serum
GMCs against Tdap-specific antigens appeared not signif-
icantly affected by TNFis. In addition, we observed up
to fourfold reduction in IgG antibody levels in infants’
umbilical cord blood samples if mothers were under
TNFi-therapy during pregnancy compared with mothers
with no TNFi-therapy and healthy pregnant women.
Evidence on vaccine responses in patients on immune-
modulating therapy is limited and contradictory.®
Regarding COVID-19 vaccination a meta-analysis of
several studies has shown a substantial reduction in the
humoralimmune response tovaccinationin non-pregnant
patients under TNFi-therapy compared with healthy
controls (OR 0.94 (95% CI 0.84 to 0.98)).% Studies on
other vaccines, for example, pneumococcal and hepatitis
A vaccines, also showed a reduced response in male and
non-pregnant female patients under TNFi-treatment.'? *!
Nevertheless, regarding the booster vaccination after a

complete childhood vaccination series, the majority of
studies suggest that vaccines like Tdap vaccination,
deliver sufficient vaccine (memory) responses in non-
pregnant adults on immune-modulating treatments.”*°
Our pilot study was in line with these findings of mostly
sufficient memory responses under immune-modulating
therapy, as we found no major reduction in IgG anti-
body responses after maternal Tdap vaccination in case
of TNFi-treatment during pregnancy, though the power
of our data was severely limited and a tendency to lower
responses existed.

While in our study, the maternal Tdap vaccine
response against several vaccine antigens appeared not
significantly affected by treatment with TNFis, a small
effect could not be excluded due to the small sample
size. In addition, lower anti-pertussis antibody levels
may have occurred in mothers postvaccination, since
TNFis have been described to cause more rapid waning
of IgG antibodies on vaccination.” ¥ This may result
in reduced transfer from mother to child. Noteworthy,
the use of TNFis was associated with significantly lower
GMCGs in cord sera for all the Tdap-included antigens.
In accordance, lower fetal-to-maternal antibody ratios
were observed after treatment with TNFis compared with
TNFi-unexposed women with rheumatic disease. This
translates to reduced passive immunity against pertussis
during first months after birth if the infant was born to
mothers under TNFi.

We have investigated the effects of several confounding
factors, which should also be assessed in future studies
considering larger numbers of participants. In our study,
healthy mothers were vaccinated later during preg-
nancy compared with patients with rheumatic disease.
The optimal timing for maternal vaccination remains
unknown, but a time interval of at least 6.0-7.5 weeks
before delivery for both term and preterm born infants is
postulated to result into enhanced antibody transfer.”*™*’
In our study, the pregnancy duration of TNFi-exposed
patients was somewhat shorter than in healthy women.
Differences in cord blood GMCs still remained signif-
icant even after adjustment for time interval between
Tdap vaccination and delivery. Therefore, it seems
plausible that the lower GMCs in infants after maternal
TNFi-exposure are related to the effect of the TNFis. In
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addition, apart from lower antibody responses another
hypothesis is that TNFis may alter the function of the
neonatal Fc receptor (FcRn), that is, expressed by the
syncytiotrophoblast, and that IgG antibody transfer
across the placenta may be hampered by, for example,
downregulation of FcRn. Competition between TNFis
and IgG antibodies within this saturable process seems
unlikely since the total amount of circulating IgG anti-
bodies outnumbers the peripheral concentration of
TNFis. We were unable to find studies on this topic and
further research is needed.

Based on the results of our study, when pregnant
patients receive a Tdap (booster) vaccination, and while
their Tdap vaccine response may not be significantly
affected, the ultimate levels in cord blood are less than
expected. If this is the case for all the transfer of immu-
noglobulins G, it could be an alternative explanation why
treatment with TNFis during pregnancy may be associated
with slightly more infections in children (OR compared
with the disease controlled group was 1.12 (95% CI 1.00
to 1.27), p=0.05), in a meta-analysis by Barenbrug et
al).*" Tt has to be noted though that for pertussis, still no
Correlate of Protection of IgG antibodies is available, and
effectiveness and immunogenicity could not be directly
compared with another.

Although only a few patients in this study received
TNFis and concomitant prednisone, they had signifi-
cantly lower GMCs against PT in cord sera compared with
the patients on prednisone without TNFis. To our knowl-
edge, there is currently no available evidence on immu-
nogenicity or efficacy of Tdap vaccination in patients with
prednisone and TNFi combination therapy even outside
of pregnancy. Further research with larger numbers is
highly required for confirmation.

Reduced antibody responses have already been
shown in non-pregnant adults following treatment
with rituximab after inactivated vaccine use.* Within
our study population, one patient was exposed to
rituximab and had a reduced placental IgG antibody
concentration of 1.57 IU/mL, which seems in line
with previous research. Nevertheless, we could not
further describe maternal antibody kinetics as no
maternal postvaccination samples were available from
the mother exposed to rituximab.

A pilot study comes with limitations. Our find-
ings are based on a small sample size in an obser-
vational study design and may offer signals for
potential immunogenic differences between patients
and control groups, although it cannot account for
many truly existing differences. External validation
is recommended using larger numbers of subjects in
each group within a parallel study design. Another
limitation is the use of a historical comparator group
with different time points of Tdap vaccination during
pregnancy, timing of blood sampling (except for cord
blood), and potential different exposure to endemic
pertussis during COVID-19 lockdown periods. There-
fore, comparison of maternal postvaccination GMCs

between rheumatic disease patients and healthy preg-
nant women was not possible. Nevertheless, within
the in-parallel included group of TNFi-exposed and
unexposed patients, the same study protocol was
followed, and therefore, these two groups could be
directly compared. A strength of the study is that,
even though the study design is limited by compar-
ison to data from a historical healthy control group,
laboratory procedures were similar and analyses were
performed by the same institute and research staff,
and therefore, any other bias than the factors that we
could adjust for in the analyses would be negligible.

Recommendation for clinical practice

In the Netherlands, after the introduction of maternal
Tdap vaccination since 2019, the first infant pertussis
vaccine is given around 3 months of age followed by a
second vaccination at 5 months and then at 11 months.
An extra pertussis vaccine is advised around 6 weeks
to 2 months of age in cases with no maternal Tdap
vaccination, preterm infants, infants from immuno-
deficient mothers and infants born to mothers under
TNFis.” ** Based on the results of our study and
considering the serious consequences of pertussis in
infants, particularly after preterm birth, the current
approach in the Netherlands and the early start of
primary series in the second month of life seems
appropriate. Furthermore, an extra maternal booster
during pregnancy could be considered, especially if
mother is under combination TNF and prednisone
therapy or in case of rituximab exposure.

CONCLUSION

Significantly lower cord serum GMOCs against all
Tdap-included antigens were observed if mothers
were on TNFi-treatment during pregnancy compared
with no TNFis or in healthy pregnant women. An
early start with pertussis vaccination series at 6 weeks
to 2 months of age is recommended in children born
to mothers on TNFi-therapies during pregnancy. An
alternative might be an extra Tdap vaccination during
pregnancy though no data are yet available to support
this strategy. The underlying mechanisms and clinical
consequences for lower IgG antibody levels in infants
remain unknown; further research is required.
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