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Overview 

Infant pertussis remains a major cause of hospitalizations and sometimes 
death in the first months of life, before protection is achieved upon primary 
vaccinations. Among older (fully) vaccinated children and healthy adults the 
disease generally manifests milder and less typical. However, both pertussis 
vaccination and the disease offer protection of limited duration. Therefore, 
pertussis is still endemic and vaccinated individuals have remained an important 
source of transmission of pertussis to newborns, despite high vaccination 
coverage worldwide. Infants too young to be vaccinated and particularly preterm 
infants are the most vulnerable for developing severe disease complications, 
leading to an overrepresentation of pertussis hospitalizations of preterms in many 
countries, e.g. 150% in the Netherlands. To prevent pertussis in young infants in 
the months before protection by vaccinations is achieved, many countries - 
including 28 in Europe - offer a maternal pertussis vaccination during pregnancy. 
This enhances production of maternal pertussis-specific antibodies, that are 
actively transferred across the placenta from mother to child. This strategy 
provides newborns about 90% protection against pertussis directly after birth until 
they are ready to receive primary infant vaccinations. Most countries encourage 
maternal vaccination in pregnant women between 28 and 32 weeks of gestational 
age, when transplacental antibody transfer is at a higher rate. However, this may 
be too late for sufficient transfer over time in case of premature delivery. Many 
studies have investigated the effects of maternal vaccination on the benefits for 
term infants. In contrast, evidence on timing of vaccination throughout pregnancy, 
particularly for protecting preterm infants, remains very scarce. For this reason, 
this thesis explores the effects of timing of maternal vaccination against pertussis 
during pregnancy, in particular for preterm infants, in order to investigate if a 
sufficient amount of antibodies is transferred to protect term and in particular 
preterm babies from clinical pertussis.  

To this aim, we designed a longitudinal cohort study named ‘Premature Infants 
and Maternal Pertussis Immunization’ (PIMPI). This study was conducted among 
pregnant women under primary, secondary and tertiary antenatal care in the 
Netherlands and covered three major aspects of maternal pertussis immunization, 
i.e. immunogenicity at different time points of maternal vaccination during 
pregnancy, reactogenicity of the vaccine and acceptance of maternal pertussis 
vaccination in the second versus third trimester, with special focus on potential 
benefits for preterm infants in case of second trimester (200/7-240/7 weeks of 
gestation) vaccination versus third trimester (300/7-330/7 weeks of gestation) 
vaccination. This thesis describes the results of the study, together with other 
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aspects that may contribute to the prevention of pertussis in early infancy through 
maternal immunization, e.g. the evaluation of immunization programs, pathogen 
circulation, vaccine safety, and targeting immunocompromised pregnant women. 
 
Pertussis 

Clinical manifestation 
Pertussis, or whooping cough, is a highly contagious respiratory disease, 

caused mainly by the bacterium Bordetella pertussis and occasionally by B. 
parapertussis. B. pertussis may infiltrate respiratory epithelial cells, where it 
produces toxins that induce necrotic tissue damage, leading to the traditional 
cough.1 After a short incubation period, a typical infection initiates with the 
catarrhal stage, that manifests with symptoms of a common cold or malaise. It is 
also the stage with the highest rate of transmission to others and holds a secondary 
attack rate of 90% to fellow household members without immunological 
protection.2 Towards (yet) unvaccinated individuals, the basic reproduction 
number (R0) for pertussis was estimated between 12-17.3-5 The catarrhal stage lasts 
about 1-2 weeks and then progresses into the paroxysmal stage, that manifests in 
multiple consecutive coughs with a high-pitched “whoop”-sound during 
inhalation, often followed by vomiting. The cough gets gradually milder during the 
convalescent stage, although it may last several weeks or months until final 
recovery. Pertussis may be confirmed either directly (PCR or culture) or indirectly 
(serology), with the direct techniques most sensitive in the very early stages of 
disease and the indirect technique during later stages (Figure 1).6 Previously 
infected persons may become susceptible for re-infection after approximately 4-20 
years because of waning immunity.7  

The severity of clinical pertussis symptoms ranges widely between individuals. 
In older children and healthy adults who have been usually infected before or have 
been vaccinated against pertussis, pertussis often manifests mildly and symptoms 
may even remain unrecognized. Nonetheless, immunocompromised adults, 
elderly, and especially infants who are too young to be vaccinated may suffer from 
more severe pertussis and complications due to absent, low and/or waning 
immunity, which may require hospitalization.8-10 It is estimated that more than half 
of all infants who get infected under six months of age need hospitalization, with 
atypical presentations like apnea or cyanosis.11-13 Especially preterm infants are 
vulnerable of severe disease, resulting into an overrepresentation in pertussis 
hospitalizations in many countries.14,15 For instance in the Netherlands, more than 
12% in the share of all hospitalized infants in the Netherlands are preterms, while 
they represent only 8% of the national birth cohorts.16 Severe complications in this 
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group include secondary pneumonia, convulsions, respiratory failure and death.17 
 

 
Figure 1. Relative diagnostic sensitivities of culture (green), PCR (blue), serology (red), and clinical 
diagnosis (orange) during different stages of a B. pertussis infection.6  

 

Epidemiology and history of vaccination 
Before the first pertussis vaccines became available in the 1950s, pertussis 

was a highly prevalent and lethal childhood disease that caused over 4000 deaths 
each year in the USA and around 375 deaths per year in the Netherlands, with 
incidence rates of 3.2/100,000 and 3.8/100,000, respectively.18,19 The introduction 
of whole cell pertussis (wP) pediatric vaccination programs contributed to a more 
than 99% reduction in pertussis-related deaths worldwide.18,20,21 The wP vaccine, 
that consists of inactivated and detoxified B. pertussis bacteria, was however quite 
reactogenic and adverse events became the center of attention after 20 years of 
immunization at the time of low pertussis incidence. In response to the concerns 
about the reactogenicity and safety of wP vaccination, acellular pertussis (aP) 
vaccines were developed and introduced in the nineties of the previous century in 
many countries in Europe and the USA. Most of the aP vaccines contain three or 
five purified antigens produced by B. pertussis, i.e. pertussis toxin (PT), 
filamentous hemagglutinin (FHA), pertactin (Prn) and in some aP vaccines also 
fimbriae (FIM) 2 and 3. Acellular pertussis vaccines are much less reactogenic and 
induce similar to higher pertussis-specific antibody levels compared to wP 
vaccines after primary infant vaccinations.22-25 Clinical trials also showed 
comparable or better vaccine efficacy in the first years after introduction.26,27 It was 
later constated that the endurance of protection over time is shortened, which led 
to more symptomatic infections after aP compared with wP vaccination in 
adolescents.28-30 Acellular pertussis vaccines also induce different cellular 
immunity than wP vaccines, showing less Th17 and Th1 activity that is relevant for 
clearance of the infectious agent and therefore the reduction of transmission.31,32 
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Despite the global vaccination effort targeting pertussis, the disease re-emerged in 
the late-nineties in many countries after a long period of low incidence despite 
steady and high vaccine coverage rates.33-36 The cause for the resurgence was 
multifactorial and came with improved diagnostics, enhanced surveillance, 
pathogen adaptation over time and altered immunity after the switch from wP to 
aP vaccines.31-34,37,38  

The Netherlands implemented several changes in the National Immunization 
Program (NIP) in response to the increase of pertussis in infancy. In 1999, the first 
infant wP vaccination was scheduled at two months of age instead of three months 
of age. In 2001, an aP vaccine - containing PT, FHA, Prn - was added to the 
combined diphtheria, tetanus and poliomyelitis preschool booster dose at four 
years of age, since these preschool children appeared often infected and a source 
for transmission to newborns. From 2005 onwards, an aP vaccine completely 
replaced the wP vaccines in the primary vaccination series with a combination 
vaccine that also included diphtheria, tetanus and polio. Nevertheless, the 
pertussis incidence in infants younger than five months of age failed to show a 
lasting decrease following these changes.39 Nowadays, the disease is still endemic 
across all age groups and comes with epidemic peaks every 3-4 years in the 
Netherlands, in which young infants under 6 months of age account for the highest 
number of pertussis notifications and hospitalizations (Figure 2).20,39,40 The most 
recent change in the Netherlands was the addition of a so called maternal 
vaccination in 2019, which can be administered to pregnant women from 22 weeks 
of gestational age until labor. The vaccine contains the acellular pertussis antigens 
of PT, FHA and Prn in combination with toxoids of tetanus and diphtheria and 
provides infants protection from birth until primary infant vaccinations.41 More 
detailed information on the maternal vaccination principles is provided later on in 
this chapter. 
 

Surveillance of the National Immunization Program 
In the Netherlands, general surveillance of infectious diseases under the NIP 

consists of five pillars: 1) surveillance of vaccination uptake, 2) surveillance of 
safety, 3) disease surveillance, 4) pathogen surveillance and 5) 
immunosurveillance. These pillars together provide input for evaluating and, if 
necessary, improving the NIP, e.g. when new vaccination strategies are 
implemented. Nevertheless, surveillance of many infectious diseases and in 
particular pertussis remains suboptimal. For instance, registration of pertussis 
cases is mandatory for disease surveillance, however a clinical diagnosis depends 
on the awareness of general practitioners to recognize the disease, and may be 
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affected by the reluctance of the public to seek medical attention, particularly if the 
disease manifests mildly. Furthermore, laboratory confirmation, which is 
necessary for notification, is often not performed, because of additional costs and 
weak impact on the progression of disease. True incidence rates based on reported 
notifications are therefore severely underestimated.13,42 

Many studies have investigated the circulation of B. pertussis globally by 
assessing serologic population-based antibody responses induced by a recent 
infection (pillar 5) in order to strengthen disease surveillance (pillar 3).11,43-51 
However, in many countries, insufficient laboratory facilities hamper case 
confirmation and thus, no information about the transmission of B. pertussis is 
available. It remains highly necessary to keep performing serosurveillance studies 
in these countries, as it may be the only way to track the circulation of B. pertussis 
and monitor the surveillance of pertussis. This may be the case on the islands that 
comprise the Caribbean Netherlands, i.e. Bonaire, St. Eustatius and Saba.  

 

 

 
Figure 2. Number of pertussis notifications per 100,000 per age category in the Netherlands between 
2000-2022.52 *Notifications in 2020-2022 were lower presumably due to a relatively low transmission 
rate during the COVID-19 lockdown periods, similar to many other infectious diseases.53 
 
Maternal immunization 

Principles of maternal vaccination 
Unvaccinated infants during the first months of life depend on maternal 

antibodies for protection against disease. Maternal IgG antibodies are transferred 
across the placenta, mediated by the neonatal Fc-receptor that is expressed by the 
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syncytiotrophoblast. This is a saturable process that initiates between 13-17 weeks 
gestational age (GA) and increases with time as the cytotrophoblast layer becomes 
discontinuous.54 The process will also initiate active transfer later throughout 
pregnancy as infant antibody levels referred to their mothers’ increase from 10% 
(17–22 weeks GA) to 50% (28–32 weeks GA), until they exceed maternal levels 
around 33-36 weeks (Figure 3).55-57 Immunization of pregnant women with a 
tetanus, diphtheria and acellular pertussis (Tdap) vaccine enhances maternal IgG 
antibody levels against these three diseases in pregnant women so that more 
disease-specific antibodies are being transferred to their offspring. Subsequently, 
infants are provided with immunological protection from birth until they are old 
enough to receive protection following primary vaccinations.58-61 In addition to this 
process, maternal vaccination offers secondary benefits to infants through breast 
milk IgG and IgA pertussis-specific antibodies and potentially through cocooning, 
although aP vaccines are claimed not to affect the clearance of infection and 
vaccinated persons may remain source of infection.62-64 Nevertheless, cocooning 
still provides partial post-partum protection as the mother is less likely to be a 
source of transmission due to her acquired protection from recent vaccination.  

Many studies have assessed the association between Tdap vaccination during 
pregnancy and the prevention of clinical pertussis under the age of three months 
in term born babies, with infants’ primary vaccination series often at two or three 
months. These studies concluded that maternal Tdap vaccine effectiveness ranges 
consistently between 85% and 95%.65-71 In addition, the maternal Tdap vaccination 
is found safe, and it is confirmed that no increased risks of any adverse (pregnancy 
related) outcomes are observed in women or their offspring after maternal Tdap 
vaccination.72-76 Putting these findings together resulted into many countries - 
including 28 in Europe – having enrolled a strategy to offer a pertussis-containing 
vaccination to women during pregnancy.77 
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Figure 3. Fetal-to-maternal ratio of IgG antibody levels related to gestational age.55 

 

Timing of maternal vaccination during pregnancy 
The most dominant antigen responsible for the burden of pertussis in young 

infants is pertussis toxin.78,79 Achieving optimal antibody levels against PT in 
infants after birth depends on multiple factors; antibody levels post-vaccination in 
mothers, pregnancy duration, time interval between vaccination and delivery, 
placental function, vaccine type and maternal health status and the type of anti-
pertussis vaccination series the mother received during infancy; wP vaccines seem 
to induce higher boosting and transfer effects against pertussis during childbearing 
age compared with aP vaccines.55,80 Tdap vaccine-induced antibodies within this 
group of women generally approach peak levels 12-28 days post-vaccination, and 
decay gradually with time.81 With the knowledge that the overall transfer rate is the 
highest at the end of the third trimester, a Swiss randomized trial investigated 
umbilical cord sera for anti-PT and FHA IgG levels after second trimester (i.e. 13-
25 weeks GA) vs third trimester (i.e. ≥26 weeks GA) Tdap vaccination in term-born 
babies.82 The authors concluded that second rather than third trimester 
vaccination optimized term infant antibody levels (e.g. mean for anti-PT: 57.1 vs 
31.1 ELISA units/mL, respectively, p<0.001) which was postulated to be due to a 
longer interval between vaccination and delivery (Figure 4A). However, when 
stratifying for GA at vaccination, infant antibody levels rose gradually with later 
maternal vaccine administration until they peaked at 30-33 weeks GA, after which 



 General introduction 

18 

they steeply declined with a shorter interval between vaccination and delivery 
(Figure 4B). As these strata were small, the authors cautiously interpreted that a 
maternal Tdap vaccination should be administered between 13-33 weeks GA, 
assuming a full-term delivery. A later study among term infants from mothers who 
were vaccinated between 27-36 weeks GA concluded that a Tdap vaccination 
should be administered early in the third trimester, as PT IgG antibody levels in 
full-term cord sera were highest if mothers were vaccinated around 27-30 and 
peaked at 30 weeks GA.83  

While there is still quite some controversy about optimal timeliness of maternal 
vaccination regarding term infants, evidence for preterm infants remains very 
scarce. Thus far, two studies suggested that earlier Tdap vaccination throughout 
pregnancy may be preferred over later vaccination in order to enhance anti-PT 
levels in preterm infants at birth.84,85 A longer time interval between maternal 
vaccination and delivery resulted in higher antibody levels in cord sera from 
preterm infants, but overall antibody levels remained lower compared to full-term 
infants. These studies were however limited to vaccination from ≥240/7 weeks GA,84 
or studied a very small sample size (n=9).85 To gain more insight on maternal 
vaccination timing regarding preterm infants, we designed a longitudinal cohort 
study named ‘Premature Infants and Maternal Pertussis Immunization’ (PIMPI), in 
which several aspects of maternal Tdap vaccination between 200/7-240/7 weeks GA 
were investigated in pregnant women. The PIMPI-study primarily assessed 
antibody levels against all Tdap-included antigens in a large group of 221 preterm 
and full-term mother-infant-pairs after maternal Tdap vaccination between 200/7-
240/7 weeks GA. 
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Figure 4. Individual concentrations (panel A) and geometric mean concentrations (GMCs) (panel B) for 
anti–PT and anti–FHA in cord sera by trimester or GA at maternal Tdap vaccination.82 The dotted line 
indicates the arbitrary cutoff for expected infant seropositivity according to Eberhardt et al. (anti-PT = 
30 enzyme-linked immunosorbent assay units expressed in EU/mL). GMCs and 95% confidence 
intervals (95% CIs) are indicated for the different strata for GA at maternal Tdap vaccination. 

 

Current maternal vaccination strategy in the Netherlands 
Apart from optimizing immunogenicity and transplacental antibody transfer, 

preventing pertussis in early preterm and full-term infancy through maternal 
immunization comes with many other challenges. First, the willingness of pregnant 
women to accept the vaccination depends on many factors, i.e. data on 
effectiveness and perceived safety,86-89 perceived risk of disease susceptibility and 
severity,87,88 attitude of women’s healthcare professional towards maternal Tdap 

A. 

B. 
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immunization,86,87,89-94 and logistical matters for obtaining the vaccine.95 All these 
factors together require a well-established enrollment strategy for offering a 
vaccine to pregnant women. In the Netherlands, the maternal Tdap vaccination 
was introduced as part of the NIP in December 2019 and is now offered to all 
pregnant women from 22 weeks GA onwards until labor. One of the reasons for 
such a wide time interval is that it offers women a better opportunity to obtain the 
vaccine, which previously led to an increase of vaccine coverage in England of 
about 15%.96,97 Nonetheless, a high vaccination coverage does not necessarily 
mean that the entire population is well-protected as the optimal timing for maternal 
vaccination is unknown. Studies showed that women in their second trimester are 
less willing to accept a maternal Tdap vaccination compared to women later 
throughout gestation.98,99 However, these studies were performed without the 
knowledge that second-trimester maternal vaccination provides more time for 
transplacental antibody transfer, and some studies point to increased protection 
against pertussis as a result of an enlarged time interval between vaccination and 
delivery.82 Therefore, it is important to investigate if the determinants that underlie 
Tdap vaccine acceptance in the second trimester of pregnancy changed due to this 
new information. 

As for logistical matters, antenatal care providers are supposed to make 
pregnant women aware of the maternal Tdap vaccination and hand out an 
information package. Women are then referred to a youth healthcare facility for 
more counseling (if requested) and for Tdap vaccination. Before the corona 
pandemic, up till 2019, this strategy resulted in a vaccine coverage that ranges 
around 70%52,100 In Flanders, Belgium, the current maternal Tdap vaccine coverage 
ranges around 85%. It is known that apart from the pregnant women, the attitude 
of healthcare professionals towards maternal Tdap immunization also contributes 
to vaccine uptake.86,87,89-94 Therefore, in order to provide insight for refining the 
current protocol and possibly how to increase vaccine uptake, the process of 
vaccine implementation and its execution from antenatal care providers’ 
perspective shortly after the maternal Tdap inclusion in December 2019 needs 
evaluation.  

Another challenge is that implementations of new vaccinations require 
extensive reactogenicity and safety monitoring, particularly when targeting new 
and/or vulnerable populations such as pregnant women (pillar 2 of surveillance of 
the NIP). Widespread safety concerns may hamper attitudes towards vaccination, 
probably resulting in a decrease of the vaccination coverage.101,102 It has to be noted 
that not all adverse outcomes that follow shortly after immunization necessarily 
implicate a causal relation to the vaccine, as the timing of a reaction following 
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immunization may also be due to coincidence.103 Nevertheless, public safety 
signals must be taken seriously, even though the vaccination is considered well-
tolerated and safe for utilization in pregnant women. This evidence though is 
mainly based on third trimester vaccination.104-107 The reactogenicity and safety of 
second-trimester Tdap vaccination has yet to be evaluated in the Netherlands since 
offering the vaccine to all pregnant women is ongoing since 2019, and safety-
related concerns must be compared to third trimester Tdap vaccination. 
Furthermore, the baseline incidence rates of adverse pregnancy outcomes in the 
years prior to the maternal Tdap vaccination implementation in 2019 in the 
Netherlands need to be mapped, in order to put into perspective the safety 
concerns that may rise in the years following the implementation. 

It must also be considered that maternal vaccine implementations may have 
consequences for neonatal vaccine schedules. In the Netherlands, a maternal Tdap 
vaccination replaces the first infant vaccination for term infants who may then be 
vaccinated at 3, 5 and 11 months of age with a DTaP-IPV-Hib-HepB vaccine. 
Preterm infants are excluded from this reduced and postponed schedule and 
receive an extra DTaP-IPV-Hib-HepB vaccination between 6-9 weeks of age. Based 
on the results of the PIMPI-study, we should evaluate – for term-borns and 
preterm-borns separately – whether the adapted vaccine schedule remains 
necessary for preterms, or that maternal Tdap vaccination between 200/7-240/7w GA 
induces sufficient antibody levels in infants so that the reduced 2+1 schedule may 
also be feasible. As preterm infants as a whole regarding undergo different stages 
maternal antibody transfer during pregnancy, and the majority of preterms is born 
after 32w GA, we divided this group in early-preterms (born <320/7 weeks GA) or 
late-preterm infants (born ≥320/7 weeks GA) in order to investigate the benefits from 
second trimester Tdap vaccination adjusted for the gestational age at which the 
infant is born.  

Other questions concern targeting specific (sub)-populations that may not be 
fully protected by maternal vaccination. The effects of Tdap vaccination during 
pregnancy may be impaired when the mother gets treatment with biological 
disease-modifying antirheumatic drugs (bDMARDs), e.g. for rheumatic disease. It 
is presumed that fewer IgG antibodies are transferred to infants as bDMARDs may 
hamper the maternal immune response to vaccines.108,109 To date, no evidence 
about vaccine responses during pregnancy and subsequent IgG antibody transfer 
following immune-modulating therapy during pregnancy is available and it is 
unknown if any additional (vaccine) measures targeting this group are required. 
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Aims of this thesis 
This thesis describes the transplacental transfer of pertussis-specific 

antibodies in preterm and full-term infants through second trimester (between 
200/7-240/7weeks GA) maternal immunization. In Part I, we aim to describe the 
immunogenicity of maternal Tdap vaccination before 24 weeks GA regarding term 
and preterm infants, how specific vulnerable populations should be targeted, and 
the safety of the vaccine. Part II of this thesis describes the social and psychological 
aspects of maternal immunization as a Public Health intervention. We report on 
socio-psychological determinants that may underlie vaccine acceptance, and we 
evaluate the maternal Tdap vaccination implementation as part of the National 
Immunization Program from antenatal care providers’ point of view), including 
several aspects that may influence the vaccination strategy. Within these two 
parts, we specified our research objectives as follows, in order to: 
- evaluate the current maternal and infant vaccination guidelines through 

o investigating the differences in neonatal IgG antibody levels against 
pertussis up to two months after preterm and full-term birth in infants 
born to mothers who were Tdap vaccinated between 200/7-240/7weeks 
GA. 

o investigating the differences in neonatal IgG antibody levels against 
pertussis up to two months after full-term birth in infants born to 
second vs third trimester Tdap vaccinated mothers. 

o assessing Tdap vaccine responses in immunocompromised pregnant 
women and determine whether transplacental IgG antibody transfer is 
hampered. 

o evaluating the reactogenicity and safety of second vs third trimester 
maternal Tdap vaccination.  

o putting into perspective legitimate safety concerns regarding maternal 
Tdap vaccination that may possibly rise in the near future. 

o gaining insight on B. pertussis circulation on the islands of CN by 
relating serosurveillance to local disease surveillance. 

- further improve communication on the current maternal Tdap vaccination 
strategy to professionals and public by 
o identifying pregnant women’s sociopsychological factors that influence 

vaccine acceptance during the second trimester of pregnancy. 
o evaluating the implementation of the maternal Tdap vaccination from 

the perspective of the antenatal care providers. 
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Outline of this thesis 

Part I 
Chapter 2 describes the design of the PIMPI-study. We provided the rationale 

for the study and its objectives, details on study procedures, inclusion criteria, 
sample size calculations and methods for statistical analyses. In Chapter 3, IgG 
antibody levels against all Tdap-included antigens in preterm and full-term infants 
up to two months after birth were assessed, where infants were born to mothers 
who were Tdap vaccinated between 200/7-240/7 weeks GA. We referred our data to 
a historical comparator cohort of mothers and their offspring, who received a 
maternal Tdap vaccination between 300/7-330/7 weeks GA.110 Chapter 4 describes 
post-hoc analyses of the aforementioned immunogenicity study presented in a 
brief report, focusing on antibody transfer to early vs late preterms, here defined 
as <320/7 weeks vs ≥320/7 weeks GA, respectively. In addition, the decay rates for 
maternal antibodies in the first two months after birth were estimated. In Chapter 
5, antibody levels in vaccinated pregnant women on immune-modulating treatment 
for rheumatic disease are described. Vaccine responses and transplacental 
antibody transfer rates were assessed for pregnant patients exposed vs unexposed 
to bDMARDs, while ultimately referring to healthy controls. Chapter 6 describes 
reactogenicity of second trimester immunization in a questionnaire study that we 
compared to similar data of the abovementioned historical comparator cohort.110 
In addition, we referred safety data from the population of Tdap vaccinated 
questionnaire responders to data from the Dutch perinatal registry (DPR) 
consisting mainly of (presumably) unvaccinated pregnant women in 2018. To 
emphasize the safety of maternal Tdap vaccination, Chapter 7 describes a 
retrospective cross-sectional study that assessed the baseline incidence of 
maternal and neonatal adverse pregnancy outcomes between 2006-2018, as 
derived from the DPR.111 We can use these incidences in the near future to put into 
perspective any safety concerns that may rise in the years following the inclusion 
of the maternal Tdap vaccination in the Netherlands in December 2019. Lastly in 
Chapter 8, a seroepidemiological study on Bordetella pertussis circulation on the 
islands of the CN was presented with estimations on how serosurveillance relates 
to disease surveillance. Secondly, we identified factors that may contribute to the 
risk of (asymptomatic) infection. 
 

Part II 
In Chapter 9, we describe a prospective questionnaire study, in which we 

identified the determinants that underlie acceptance or rejection of second-
trimester maternal Tdap vaccination among pregnant women. To evaluate the 
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maternal Tdap vaccine inclusion under the immunization program in the 
Netherlands in December 2019, we performed a quantitative (Appendix) and a 
qualitative study (Chapter 10) among healthcare personnel providing antenatal 
care. First, we assessed attitudes regarding maternal vaccination and their 
underlying factors in a questionnaire study among antenatal care providers 
(manuscript written and published in Dutch). Subsequently, we conducted semi-
structured interviews with a random selection of questionnaire responders in 
order to evaluate their attitudes towards maternal vaccination. Finally in Chapter 
11, we summarize and discuss the main findings that were presented in this thesis, 
as well as our recommendations for optimizing maternal or infant vaccine 
schedules targeting pertussis. 
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Abstract 
Background 

Maternal immunization confers passive immunity to the fetus by transplacental 
antibody transfer. Infants may be better protected against pertussis if the mother 
received a diphtheriae, tetanus and acellular pertussis (Tdap) vaccination in the 
second trimester of pregnancy compared to the third trimester. This study 
evaluates IgG antibody concentrations in term and preterm infants at birth and two 
months after birth after maternal Tdap-vaccination between 200/7-240/7w of 
gestation vs third trimester Tdap-vaccination. Further aims are assessing the 
determinants that underlie acceptance of second trimester maternal Tdap-
vaccination as well as the tolerability of vaccination.  
 

Methods 
This prospective cohort study consists of two parts. In the acceptance part, 

pregnant women complete a questionnaire on determinants that underlie 
acceptance of a second trimester Tdap-vaccination, which is offered subsequently 
between 200/7-240/7w of gestation. Vaccinated women complete an additional 
questionnaire on vaccination tolerability. Vaccinated women may also participate 
in the immunogenicity part, in which blood is drawn from mother at delivery and 
from infant at birth and two months after birth. Women are also eligible for the 
immunogenicity part if they received a Tdap-vaccination between 200/7-240/7w of 
gestation via the national immunization program and get hospitalized for an 
imminent preterm delivery. Blood sampling continues until 60 term and 60 preterm 
mother-infant-pairs have been included. Pertussis-specific IgG antibody 
concentrations are determined in serum using a fluorescent bead-based multiplex 
immunoassay. For term infants, non-inferiority in IgG antibody concentrations 
against pertussis toxin (anti-PT) will be assessed referred to a historical control 
group in which mothers were Tdap-vaccinated between 300/7-320/7w of gestation. 
For preterm infants, non-inferiority of anti-PT IgG concentrations is referred to as 
85% of infants having ≥20 international units/mL at two months after birth.  
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Discussion 
This study investigates acceptance, tolerability and immunogenicity regarding 

maternal Tdap-immunization between 200/7-240/7w of gestation. Its results provide 
insight into the effects of second trimester Tdap-vaccination on IgG antibody 
concentrations in term and preterm infants before primary infant vaccinations. 
Results on acceptance and tolerability guide antenatal care providers in 
communication with pregnant women and maintain the safety of second trimester 
Tdap-vaccination.  
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Background 
Pertussis is a respiratory infectious disease caused mainly by Bordetella 

pertussis. Especially young infants are at increased risk of severe complications, 
hospitalization and sometimes even death.1 Infant vaccinations against pertussis 
started around 1950 with steady high coverage, leading to lower incidences.2,3 
However, in the nineties of the previous century, pertussis re-emerged in many 
countries, including the Netherlands.4 Incidences in all ages increased with 
epidemic peaks every 3-4 years (figure 1).5  

The Netherlands implemented several changes in the national immunization 
program in response to the increase. In 1999, the first pertussis containing 
vaccination was scheduled at 2 months (m) instead of 3m. Late in 2001, an acellular 
pertussis component was added to the preschool diphtheria, tetanus and 
poliomyelitis booster dose at 4 years (y) of age and from 2005 onwards, the primary 
infant pertussis vaccinations also contained an acellular pertussis component 
instead of whole cell pertussis. However, surveillance data show that the 
incidence in young infants did not decrease following these changes (figure 1).5 In 
fact, an increase within this vulnerable age group was observed during every 
epidemic peak.2 Adolescents and adults are likely a source of transmission to 
young infants.6  

 

 
Figure 1. Number of pertussis notifications per 100,000 per age category in 2005-2019.7  

 
In 2011, increased incidence rates of reported pertussis cases were followed 
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by a large outbreak in 2012 in the Netherlands and surrounding countries, 

including England.8 In response to an increasing number of pertussis related 
deaths, the English government decided to offer a maternal pertussis vaccination 
by means of a tetanus, diphtheria, acellular pertussis and poliomyelitis (Tdap-IPV) 
vaccine to all pregnant women during the third trimester. Maternal vaccination 
induces protection of young, not yet (fully) vaccinated infants. It confers passive 
immunity to the fetus by transplacental antibody transfer, which starts around 17 

weeks (w) of gestational age (GA) and peaks in the third trimester.9 After birth, 

maternal antibodies wane rapidly over time.10 
The uptake in England ranged around 70% and observational data showed a 

high vaccine effectiveness without any important safety concerns.10,11 To date, 
over 25 countries recommend maternal pertussis immunization with reassuring 
effectiveness and safety data. In December 2015, the Health Council of the 
Netherlands advised to offer a pertussis vaccination to all pregnant women in their 
third trimester.12 In July 2018, the Ministry of Health, Welfare and Sports, decided 
to follow the advice of a maternal pertussis vaccination program. First vaccinations 
were offered mid December 2019.  

Most countries offer third trimester Tdap-vaccination because of its benefits 
for newborns in general. However, preterm infants are less protected by third 
trimester Tdap-vaccination due to too short time intervals between vaccination 
and delivery. This was demonstrated in data from England, showing that preterm 
infants were overrepresented in pertussis hospitalizations and with an increase 
from 9.8% to 12.1% in the share of preterm infants after the introduction of third 
trimester Tdap-vaccination.13 A similar overrepresentation of preterm infants 
among pertussis hospitalizations is shown in Norway (10% vs 5.2%),14 and in the 
Netherlands (11.8% vs 7.8%).15 To offer women more opportunities for vaccination, 
England widened the interval for maternal Tdap-vaccination to the second 
trimester,16 resulting in an increase of the vaccination coverage of about 15%.17 

The overrepresentation of pertussis in preterm infants in England reduced strongly 
since widening this interval.18 Switzerland also recommends vaccination from 
second trimester onwards and showed that infants of second trimester vaccinated 
mothers had higher antibody levels at birth than infants of third trimester 
vaccinated mothers.19 Importantly, they also showed that preterm infants of 
second trimester vaccinated mothers had higher pertussis antibody levels at birth 
than preterm infants of third trimester vaccinated mothers.20 By contrast, Winter 
et al. demonstrated that third trimester Tdap-vaccination was more effective in 
preventing clinical pertussis than vaccination earlier during pregnancy (85% vs 
64%).21 However, both studies used different endpoints, i.e. Eberhardt et al. used 
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immunogenicity as outcome measure, while Winter et al. used effectiveness as 
outcome measure. In the Netherlands, Tdap-vaccines are offered to pregnant 
women from 22w GA onwards and administered via youth public healthcare 
services. Studies show that women in their second trimester are less willing to 
accept the vaccination compared to women later throughout gestation.22,23 
However, these studies were performed without current knowledge that preterm 
infants are worse off than term infants following third trimester pertussis 
vaccination.  

We set up this study of pregnant women and their infants to fill the knowledge 
gap on the effects of second trimester maternal Tdap-vaccination for the 
prevention of pertussis in term and preterm infants. In a prospective study that is 
divided into two study parts, i.e. acceptance and immunogenicity, we aim to assess 
the determinants that underlie acceptance of Tdap-vaccination in the second 
trimester of pregnancy and how second trimester Tdap-vaccination induces 
maternal antibody levels in term and preterm infants before primary vaccinations. 
Furthermore, we aim to assess tolerability of a maternal Tdap-vaccination. 

 

Methods/design 

Study design and objectives 
This study is conducted as a prospective cohort study of pregnant women, with 

follow-up of their infants up to 2m of age. It is divided into two parts. In the 
acceptance part, determinants that underlie acceptance of second trimester Tdap-
vaccination are assessed using a questionnaire, as followed up by the tolerability 
after vaccination. In the immunogenicity part, pertussis-specific IgG antibody 
concentrations are determined in term and preterm infants at birth and 2m after 
birth if the mother accepted the vaccination between 200/7-240/7w GA. 

 
Primary Objectives 

Immunogenicity part 
- To evaluate non-inferiority of anti-Pertussis Toxin (PT) IgG antibodies in 

term infants at 2m of age born of mothers who received a Tdap-vaccination 
between 200/7-240/7w GA, compared to a reference anti-PT IgG at 2m of age 
in a historical control group of term infants born of mothers who were 
vaccinated between 30-32w GA in the period January 2014 to February 
2016.  

- To evaluate non-inferiority of anti-PT IgG in preterm infants at 2m of age 
born of mothers who received a Tdap-vaccination between 200/7-240/7w GA, 
as referred to at least 85% of preterm infants having anti-PT IgG 
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concentrations ≥20 international units (IU)/mL as used in many 
immunogenicity studies. 

 
Secondary Objectives  

Acceptance part 
- To assess pregnant women’s social cognitive determinants and underlying 

beliefs on maternal Tdap-vaccination between 200/7-240/7w GA and 
distinguish results among women who are pregnant for the first time, 
women who were pregnant before, and in both groups, women with and 
without a known increased risk of preterm delivery. 

- To assess the correlation between social cognitive determinants and 
underlying beliefs and actual behavior, i.e. acceptance of a maternal Tdap-
vaccination between 200/7-240/7w GA. 

- To compare social cognitive determinants and underlying beliefs of 
maternal Tdap-vaccination between 200/7-240/7w GA with those of third 
trimester maternal vaccination.  
 

Tolerability (extension of the acceptance part) 
- To assess tolerability of the maternal Tdap-vaccination, administered to 

pregnant women between 200/7-240/7w GA. 
- To assess possible adverse pregnancy outcomes of maternal Tdap-

vaccination between 200/7-240/7w GA. 
 

Immunogenicity part 
- To compare pertussis specific IgG concentrations at 2m of age (i.e. before 

the primary infant vaccinations) between term and preterm infants. 
- To compare the decay in pertussis-specific maternal IgG concentrations in 

the first 2m after birth between term and preterm infants. 
- To compare pertussis-specific IgG concentrations at delivery between 

mothers who delivered term and preterm. 
- To compare pertussis-specific IgG concentrations in mothers who received 

second trimester Tdap-vaccination and a group that received third 
trimester vaccination. 

- To determine levels of pertussis-specific IgG transferred from the mother 
to the neonate relative to the interval from vaccination to delivery, if 
possible depending on the variation in interval. 
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Study population and setting 
The study population consists of pregnant women who receive primary, 

secondary or tertiary antenatal care. Participants are included by their antenatal 
care provider and followed-up prospectively in both the acceptance and 
immunogenicity study parts. By including women in secondary and tertiary care, 
we aim to oversample women with an increased risk for preterm delivery, e.g. 
women with multiple pregnancy, history of preterm delivery, cervical conization in 
the medical history and uterus anomaly.  

In order to be eligible to participate in this study, women must be 18y or older, 
pregnant, and in relation to the immunogenicity part of the study, both parents (or 
mother and legal guardian) must be willing to adhere to the protocol and perform 
all planned visits and sample collections for themselves and their newborn child. 
Women who meet any of the following criteria are excluded from participation in 
the immunogenicity part of this study: history of having received a pertussis 
containing vaccination in the past two years; known or suspected serious 
underlying condition that can interfere with the results of the study such as but not 
limited to cancer, autoimmune disease, immunodeficiency, seizure disorder or 
significant psychiatric illness; receipt of any high-dose (≥20 mg of prednisone daily 
or equivalent) daily corticosteroids within two weeks of study entry (inhaled or 
other local steroids are acceptable) with exception of corticosteroids to enhance 
maturation of fetal lungs in case of imminent early delivery; receipt of other 
immune modulating medication, for instance biologicals; receipt of blood products 
or immunoglobulins, within three months of study entry (rhesus negative women 
who receive anti-rhesus (D) immunoglobulin will not be excluded from the study); 
presence of bleeding disorder; having experienced a previous severe adverse 
reaction to any vaccine; receipt of any vaccine(s) within two weeks of study vaccine 
(except influenza vaccine which may be given concomitantly); all mothers who give 
birth before 240/7w GA. 

 

Recruitment and follow-up 
In the acceptance part, women complete an online questionnaire on the 

determinants of acceptance of second trimester Tdap-vaccination. The vaccine is 
offered between 200/7-240/7w GA and administered by their antenatal care provider 
if accepted. Vaccinated women complete a second questionnaire on the tolerability 
of vaccination. They are also eligible for participation in the immunogenicity study 
part. In this part, a blood sample from the mother and infant (cord blood) is drawn 
at delivery and a second sample from the infant at 2m of age, i.e. before the first 
infant vaccination. Study samples are stored at the laboratory of the National 
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Institute for Public Health and the Environment. Recruitment continues until blood 
samples are drawn from 60 term and 60 preterm mother-infant-pairs. 

During the recruitment phase, two alternative recruitment routes were added 
to increase inclusion speed for both study parts (figure 2). The alternative 
acceptance route focuses on recruitment of women for the acceptance part via 
midwives in primary care facilities. The alternative immunogenicity route focuses 
on faster recruitment of preterm infants via secondary and tertiary antenatal care. 

 
Alternative acceptance route 

After completing the questionnaire on the determinants that underlie 
acceptance of second trimester Tdap-vaccination, midwifes inform pregnant 
women about the possibility of getting a Tdap-vaccination via youth public 
healthcare services. Vaccination status is requested retrospectively via the 
national immunization registry. The vaccine is not administered by the antenatal 
care provider in this route. 

 
Alternative immunogenicity route 

Antenatal care providers in hospitals ask consent for sampling cord blood and 
finger-stick-blood if a women gets hospitalized for an imminent preterm delivery 
and proves that she received a Tdap-vaccination between 200/7-240/7w GA via the 
national immunization program. In case of an unclear answer, vaccination status 
is requested retrospectively via the national immunization registry. Further study 
procedures for blood sampling are identical to those in in the immunogenicity part. 

 
Figure 2. Participant recruitment and alternative recruitment routes in antenatal care in primary care 
facilities or hospitals.  
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Questionnaires 
Acceptance 

The online questionnaire focuses on behavioral determinants and beliefs that 
underlie acceptance of a second trimester Tdap-vaccination. It consists of about 
sixty questions and statements assessing demographics, social cognitive 
determinants, underlying beliefs, past experiences, women’s information desires 
and considerations regarding information provision and implementation of 
maternal Tdap-vaccination. A Dutch version of the questionnaire is provided in 
appendix 1. 

 
Tolerability 

This questionnaire contains questions about the onset of local reactions and 
solicited systemic adverse events (AE) within one week post-vaccination. Local 
reactions include swelling, redness, and pain at the injection site. Systemic AEs 
include fever, headache, tiredness, nausea, vomiting, diarrhea, dizziness, loss of 
appetite, stiffness of muscles and joints, itch, abnormal sweating, skin rash, 
swollen lymph nodes, sore throat, upper airway infection, coughing, fainting, and 
influenza-like illness. The questionnaire also includes questions about solicited 
systemic events at baseline, i.e. in the week pre-vaccination. Time interval and 
duration of symptoms are collected, as well as the use of analgesics, medical 
intervention, and absence from work and/or other activities. A Dutch version of the 
survey is provided in appendix 2. 

 

Blood sample collection infant and mother (heel or finger stick) 
For IgG testing using the X-map Luminex technology, a maximum of 2mL infant 

cord blood is used. Furthermore, a maximum of 300 µl blood samples of the mother 
at birth and of the infants at 2m of age is collected by heel or finger stick. Samples 
are tested for IgG antibody concentrations against pertussis antigens, diphtheria 
and tetanus. Antibody concentrations will be assessed in serum using a fluorescent 
bead-based multiplex immunoassay.24  

 

Defining prematurity  
We define preterm infants as infants born before 350w GA, although normally 

the cut-off for prematurity is set before 370/7w GA. We assume that for preterm 
infants born between 350/7-366/7w GA second or third trimester maternal Tdap-
vaccination will generally allow enough time for sufficient transfer of antibodies. 
We will use the same definition for term infants as used in the historical control 
group, i.e. ≥370/7w GA.  
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Investigational product 
Boostrix is a suspension for injection in a prefilled syringe containing 

diphtheria, tetanus and acellular pertussis vaccine (adsorbed, reduced antigen 
content). The Boostrix vaccine will be given as a single 0.5mL intramuscular 
injection, in the deltoid muscle of the upper arm between 200/7-240/7w GA. For 
subjects who are ill or have a moderate or high fever (rectal temperature of >38.0 
°C), vaccination will be postponed until the symptoms of illness and the fever have 
disappeared. Pregnant women in the historical cohort25 received the same vaccine 
investigational product. 

 

Sample size calculation for immunogenicity part 
To reach non-inferiority in term infants, the lower limit of the 95% confidence 

interval (CI) of the geometric mean concentration (GMC) after second trimester 
vaccination divided by the GMC after third trimester vaccination must be ≥0.5, with 
a one-sided 2.5% significance level and 80% power. As the GMC of anti-PT IgG in 
the historical control group (n=58) was 26.1 IU/mL (95% CI 19.5-35.0), we need to 
include 53 term infants in the study. Taking into account 10% drop out or failed 
blood sampling, 58 term infants suffice.  

Furthermore, non-inferiority in preterm infants is defined as 85% of infants 
with an anti-PT IgG above the 20 IU/mL at 2m of age. This cut-off is used in many 
immunogenicity studies. With 10% precision, we need to include 49 blood samples 
from preterm mother-infant-pairs. Taking into account 10% drop-out or failed 
blood sampling, 54 preterm infants suffice. Due to the probability of multiple 
pregnancies in the preterm infant group and the likeliness of correlation between 
twins and triplets, preterm mother-infant-pairs are included and counted as one 
after multiple birth.  

 

Statistical analyses 
Acceptance part 

Items targeting social cognitive determinants and beliefs are measured on 7-
point Likert scales. Items with the same underlying theoretical construct will be 
averaged into one single construct in case internal consistency is sufficient 
(Cronbach’s alpha α>.60 or Pearson correlation coefficient r>.50). Spearman’s 
correlation test will be used to explore univariate associations for attitude with 
social cognitive determinants, underlying beliefs and possible barriers and 
facilitators. We will control for the false discovery rate in multiple testing according 
to the Benjamini-Hochberg procedure. Next, variables with the largest predictive 
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value for women’s attitude towards pertussis vaccination during pregnancy will be 
determined by random forest analysis. We will compare results with a similar 
study which assessed the determinants of acceptance of third trimester maternal 
vaccination, to distinguish determinants on the acceptance of maternal Tdap-
vaccination in second versus third trimester of pregnancy.26  

 
Tolerability (extension of the acceptance part) 

The percentage and 95% CI of pregnant women experiencing adverse events 
(AE) within one week after Tdap-vaccination are described by type and severity of 
the AE. Using binary generalized mixed models (GLMM), the association between 
the occurrence of symptoms in the week before and the week after vaccination will 
be analyzed. Proportions of absence from work and/or other activities, and medical 
intervention within seven days after vaccination will be calculated together with 
95% CI as well as the association of these items before and after vaccination using 
GLMM. 

 
Immunogenicity part 

For term and preterm infants, GMCs and 95% CIs will be calculated for IgG 
antibodies against three pertussis antigens in the vaccine (PT, filamentous 
hemagglutinin (FHA), pertactin (Prn)), tetanus and diphtheria in mothers and 
infants at delivery, and for infants at 2m of age, i.e. before the start of infant 
vaccination. Differences in GMCs between the two groups will be analyzed with a 
t-test. All reported p-values are 2-sided, p-values <0.05 are considered significant.  

The decay in IgG antibody concentrations against PT, Prn, FHA, tetanus and 
diphtheria from birth until 2m of age will be analyzed with a paired t-test that 
compares GMCs at birth and at 2m of age, for term and preterm infants separately. 
The ratio between maternal GMCs and infant GMCs at birth will be calculated for 
term and preterm infants separately and stratified for time interval between 
vaccination and delivery.  

For term infants, we will compare the results with another maternal Tdap-
vaccination trial in which pregnant women received a Tdap-vaccination between 
300/7-320/7w GA. Anti-PT IgG concentrations of the 58 term infants from the 
comparator trial were also measured at 2m of age.  

 

Discussion 

General implications of results 
This prospective cohort study will investigate the acceptance, tolerability and 

immunogenicity regarding maternal Tdap-vaccination between 200/7 and 240/7w GA. 
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Its results will provide valuable insights into anti-PT IgG antibody concentrations 
in term and preterm infants before primary infant vaccinations and how the 
vaccination schedule of these infants may be optimized in response to second 
trimester Tdap-vaccination. Determinants and beliefs that underlie pregnant 
women’s acceptance of second trimester Tdap-vaccination may guide antenatal 
care providers in the communication and recommendation of vaccinating early 
throughout gestation. Furthermore, assessing local reactions and solicited 
systemic adverse events following second trimester Tdap-vaccination will aid in 
communication about its safety profile. 

Changes in the Dutch vaccination schedule may be considered if non-
inferiority of anti-PT IgG antibodies in preterm infants at 2m is addressed. 
Currently in the Netherlands, a Tdap-vaccination during pregnancy replaces the 
first infant vaccination for term infants who may then be vaccinated at 3, 5 and 11m 
with a DTaP-IPV-Hib-HepB vaccine. Preterm infants are excluded from this 
reduced schedule and receive an extra vaccination at 2m of age. GMCs of preterm 
infants at 2m of age may inform us whether such a reduced schedule is also 
feasible for (late) preterm infants if they relate to GMCs at corresponding ages in 
term infants. For term infants, non-inferiority of anti-PT IgG antibody 
concentrations after second trimester Tdap-vaccination informs us that anti-PT 
IgG antibodies may still be higher at 2m of age, compared to third trimester Tdap-
vaccination. Since more than 93% of all annual births in the Netherlands are born 
after 370/7w GA,27 the results of this study may provide reassurance for pregnant 
women to obtain the maternal Tdap-vaccination at the earliest opportunity 
throughout gestation, i.e. at 22w GA in the Netherlands.  

 

Strengths 
This is the first time that anti-PT IgG concentrations are investigated in term 

and preterm infants up to 2m of age in response to second trimester Tdap-
vaccination. The prospective study design with measurements at birth and 2m of 
age allows us to assess the velocity of antibody decay before primary infant 
vaccinations. Drawing blood samples from mother-infant-pairs at delivery 
provides additional insight in the rate of placental antibody transfer corrected for 
gestational age. Combining these aspects in immunogenicity with the acceptance 
part into a single study design results in efficient follow-up of women participating 
in both study parts and also complete the questionnaire on tolerability.  

To our knowledge, behavioral determinants and beliefs that underlie maternal 
Tdap-vaccination acceptance have not yet been assessed specific for 
administering the vaccine in the second trimester of pregnancy. The use of multiple 
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recruitment routes allows us to assess acceptance in women in primary care 
facilities and hospitals, thus reaching both healthy pregnant women and women 
with an increased risk of preterm delivery. The results may ultimately be used for 
communication early in pregnancy, especially when the risk of preterm delivery is 
addressed.  

 

Limitations 
Assessing antibodies in term mother-infant-pairs based on a historical 

comparator results in performing analyses at different timepoints, which might 
affect pertussis antibody responses. However, the differences between these 
cohorts are limited to the time interval of Tdap-vaccination throughout gestation in 
both studies. Remaining study procedures, e.g. recruitment, data management and 
the used investigational product, are similar and performed by the same research 
institute and laboratory.  

Since a maternal Tdap-vaccine could be obtained free of charge via study 
participation, pregnant women with high intention of acceptance may introduce 
selection bias due to high willingness of participation. After December 2019 when 
the vaccination is offered within the National Immunization Program for which no 
money is charged, women may still be likely to participate in this study for 
obtaining the vaccine from their antenatal care provider, instead of making an 
appointment for vaccination at a youth public healthcare service. Altogether, the 
results of second trimester Tdap-acceptance among pregnant women may be 
estimated more optimistic than in real life.  

The results of our study are limited to a follow-up time of 2m after birth. 
Maternal antibodies are known to interfere with term infants’ immune responses 
after primary vaccination series, which is known as blunting.25,28-30 The likeliness 
of a reduced immune response after primary vaccinations is not assessed in infants 
born of mothers who received second trimester maternal Tdap-vaccination and 
remains implicated for future research.  
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Supplementary materials 
Appendix 1. Questionnaire on determinants that underlie acceptance of early maternal pertussis 
immunization (in Dutch) 

Vragen Antwoordmogelijkheden 
Persoonlijke informatie 
Op welke datum bent u uitgerekend? <datum> 
Wat zijn de 4 cijfers van uw postcode? <getal vier cijfers> 
Wat is uw leeftijd in jaren? <getal twee cijfers> 
Wat is uw geboorteland? Nederland, Suriname; (voormalige) 

Nederlandse Antillen; Turkije; Marokko; 
anders 

Wat is uw hoogst voltooide opleiding? geen opleiding (lager onderwijs niet 
afgemaakt); lager onderwijs (basisschool, 
speciaal basisonderwijs); lager of 
voorbereidend beroepsonderwijs (zoals 
LTS, VMBO-basis, kader of GL); 
middelbaar algemeen voortgezet 
onderwijs (zoals MAVO, MBO-kort, VMBO-
TL); middelbaar beroepsonderwijs (MBO); 
hoger algemeen en voorbereidend 
wetenschappelijk onderwijs (zoals HAVO, 
VWO, atheneum, gymnasium); hoger 
beroepsonderwijs (HBO); 
wetenschappelijk onderwijs (universiteit)  

Voor de hoeveelste keer bent u zwanger? 1e; 2e; 3e; 4e; 5e; 6e; 7e; 8e; 9e; 10e of 
vaker 
 

Hoeveel eigen kinderen heeft u? 1; 2; 3; 4; 5; 6; 7; 8; 9; 10 of meer 
Wat is de geboortedatum van uw (jongste) 
kind?1 

<datum> 

Doet uw (jongste) kind mee aan het 
Rijksvaccinatieprogramma?1 

ja, volledig (alle vaccinaties gekregen die 
het voor zijn/haar leeftijd zou moeten 
hebben); ja, gedeeltelijk (niet alle 
vaccinaties gekregen die het voor zijn/haar 
leeftijd zou moeten hebben); nee; weet ik 
niet  

Tijdens mijn zwangerschap sta ik onder 
controle bij: 

verloskundige; klinisch/tweedelijns 
verloskundige; arts-assistent van het 
ziekenhuis; gynaecoloog 

De onderstaande overtuigingen zijn van 
toepassing op mij: 
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 Geloofsovertuiging 1 (helemaal niet van toepassing); 2; 3; 4; 5; 
6; 7 (heel erg van toepassing) 

 Homeopathie 1 (helemaal niet van toepassing); 2; 3; 4; 5; 
6; 7 (heel erg van toepassing) 

 Natuurgeneeswijzen 1 (helemaal niet van toepassing); 2; 3; 4; 5; 
6; 7 (heel erg van toepassing) 

 Antroposofie 1 (helemaal niet van toepassing); 2; 3; 4; 5; 
6; 7 (heel erg van toepassing) 

Kinkhoest en kinkhoestvaccinatie tijdens de zwangerschap 
Hoe ernstig zijn de gevolgen van kinkhoest 
voor baby’s volgens u? 

1 (niet ernstig); 2; 3; 4; 5; 6; 7 (zeer ernstig) 
 

Stel dat u zich niet tijdens de 
zwangerschap tegen kinkhoest laat 
vaccineren, hoe groot acht u dan de kans 
dat uw baby kinkhoest krijgt? 

1 (zeer klein); 2; 3; 4; 5; 6; 7 (zeer groot) 

Stel dat u zich tijdens de zwangerschap 
tegen kinkhoest laat vaccineren, hoe groot 
acht u dan de kans op negatieve gevolgen 
voor het verloop van uw zwangerschap? 

1 (zeer klein); 2; 3; 4; 5; 6; 7 (zeer groot) 

Stel dat u zich tijdens de zwangerschap 
tegen kinkhoest laat vaccineren, hoe groot 
acht u dan de kans dat uw baby later last 
krijgt van bijwerkingen? 

1 (zeer klein); 2; 3; 4; 5; 6; 7 (zeer groot) 

Stel dat u zich tijdens de zwangerschap 
tegen kinkhoest laat vaccineren, hoe groot 
acht u dan de kans dat u bijwerkingen 
krijgt? 

1 (zeer klein); 2; 3; 4; 5; 6; 7 (zeer groot) 

Hoe ernstig zijn de bijwerkingen van de 
kinkhoestvaccinatie tijdens de 
zwangerschap voor uzelf volgens u? 

1 (niet ernstig); 2; 3; 4; 5; 6; 7 (zeer ernstig) 

Hoe ernstig zijn de bijwerkingen van de 
kinkhoestvaccinatie tijdens de 
zwangerschap voor uw baby volgens u? 

1 (niet ernstig); 2; 3; 4; 5; 6; 7 (zeer ernstig) 

Ik vind dat het doormaken van kinkhoest 
bijdraagt aan een positieve mentale en 
lichamelijke ontwikkeling van mijn baby. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik vind dat het doormaken van kinkhoest 
positief is voor mijn baby. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik vind dat de kinkhoestvaccinatie tijdens 
de zwangerschap een goede manier is om 
negatieve gevolgen van kinkhoest bij 
baby’s te voorkomen. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 
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Ik denk dat de kinkhoestvaccinatie tijdens 
de zwangerschap veilig is voor de 
zwangere vrouw. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik denk dat de kinkhoestvaccinatie tijdens 
de zwangerschap veilig is voor de baby. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik vind dat het kinkhoestvaccin nog 
onvoldoende op veiligheid is getest bij 
zwangere vrouwen. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik vind dat vaccinaties onvoldoende 
beschermen tegen de infectieziekten 
waartegen gevaccineerd wordt. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik denk dat er stoffen in vaccins zitten die 
schadelijk kunnen zijn voor de gezondheid 
van mijn baby. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik denk dat de kinkhoestvaccinatie aan 
zwangere vrouwen wordt aangeboden 
zodat de farmaceutische industrie hier 
geld aan kan verdienen. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik denk dat als de kinkhoestvaccinatie al in 
andere landen (bijv. Engeland en België) 
aan zwangere vrouwen wordt 
aangeboden, dat de vaccinatie dan veilig 
zal zijn. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik denk dat vaccineren tegen kinkhoest 
tijdens de zwangerschap zorgt voor 
minder kinkhoest bij baby’s 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik denk dat door het vaccineren tegen 
kinkhoest tijdens de zwangerschap, 
baby’s beschermd zijn totdat ze zelf 
gevaccineerd kunnen worden. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik denk dat vaccineren tegen kinkhoest 
tijdens de zwangerschap zorgt voor meer 
complicaties tijdens mijn zwangerschap. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik denk dat vaccineren tegen kinkhoest 
tijdens de zwangerschap zorgt voor een 
minder goede weerstand van mijn baby. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik denk dat er een goed alternatief is voor 
kinkhoestvaccinatie tijdens de 
zwangerschap. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Keuze wel of niet te laten vaccineren tijdens de zwangerschap 
Ik vind het advies van de verloskundige of 
gynaecoloog om mij te laten vaccineren 

1 (helemaal niet belangrijk); 2; 3; 4; 5; 6; 7 
(heel erg belangrijk) 
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tegen kinkhoest tijdens mijn 
zwangerschap 
Ik vind het advies van mijn partner om mij 
te laten vaccineren tegen kinkhoest tijdens 
mijn zwangerschap 

1 (helemaal niet belangrijk); 2; 3; 4; 5; 6; 7 
(heel erg belangrijk) 

Ik denk dat de mensen die belangrijk voor 
mij zijn het zullen waarderen als ik mij 
tijdens de zwangerschap tegen kinkhoest 
laat vaccineren. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik denk dat mijn verloskundige of 
gynaecoloog vindt dat ik mij tijdens de 
zwangerschap tegen kinkhoest moet laten 
vaccineren. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik denk dat de meeste zwangere vrouwen 
zich tijdens de zwangerschap tegen 
kinkhoest laten vaccineren. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik vind dat het bij mijn 
verantwoordelijkheid als zwangere hoort 
om mij tijdens de zwangerschap tegen 
kinkhoest te laten vaccineren om mijn 
baby te beschermen. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik vind dat het bij mijn 
verantwoordelijkheid als zwangere hoort 
om de kinkhoestvaccinatie tijdens mijn 
zwangerschap te weigeren. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik vind dat het bij de verantwoordelijkheid 
van iedere zwangere hoort om zich tijdens 
de zwangerschap tegen kinkhoest te laten 
vaccineren om hun baby te beschermen. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik vind dat het bij de verantwoordelijkheid 
van iedere zwangere hoort om de 
kinkhoestvaccinatie tijdens hun 
zwangerschap te weigeren. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Stel dat u zich tijdens de zwangerschap 
niet tegen kinkhoest laat vaccineren en uw 
baby krijgt later kinkhoest. Hoeveel spijt 
zult u dan hebben van uw besluit zich niet 
te laten vaccineren? 

1 (helemaal geen spijt); 2; 3; 4; 5; 6; 7 (heel 
erg veel spijt) 

Stel dat u zich tijdens de zwangerschap 
wel tegen kinkhoest laat vaccineren en uw 
baby krijgt last van bijwerkingen. Hoeveel 
spijt zult u dan hebben van uw besluit zich 
te laten vaccineren? 

1 (helemaal geen spijt); 2; 3; 4; 5; 6; 7 (heel 
erg veel spijt) 
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Mij laten vaccineren tegen kinkhoest 
tijdens de zwangerschap is iets waar ik 
lang over na moet denken. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik ben mij bewust van de voor- en nadelen 
van het vaccineren tegen kinkhoest tijdens 
mijn zwangerschap. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik heb getwijfeld over het wel of niet laten 
vaccineren tegen kinkhoest tijdens mijn 
zwangerschap. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Keuze wel of niet te vaccineren tijdens de zwangerschap (vervolg) 
Als ik eraan denk om mij tijdens mijn 
zwangerschap te laten vaccineren, dan 
vind ik dat: 

1 (helemaal niet eng); 2; 3; 4; 5; 6; 7 (heel 
erg eng) 

 Wat vindt u eng als u aan vaccineren 
tijdens de zwangerschap denkt?2 

<open invulveld> 

Als ik eraan denk dat mijn pasgeboren 
baby kinkhoest zou kunnen krijgen, dan 
vind ik dat: 

1 (helemaal niet eng); 2; 3; 4; 5; 6; 7 (heel 
erg eng) 

 Wat vindt u eng als u eraan denkt dat 
uw baby kinkhoest zou kunnen 
krijgen?3 

<open invulveld> 

Als er een alternatief is voor het 
vaccineren tegen kinkhoest tijdens de 
zwangerschap, dan zal ik daarvoor kiezen. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik vind dat ongeboren baby’s te kwetsbaar 
zijn om ze al tijdens de zwangerschap te 
belasten met een vaccin. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik vind dat vaccineren tijdens de 
zwangerschap tegenstrijdig is met zo min 
mogelijk medicijngebruik tijdens de 
zwangerschap. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik vind het vaccineren tegen kinkhoest 
tijdens mijn zwangerschap: 

1 (heel erg slecht); 2; 3; 4; 5; 6; 7 (heel erg 
goed) 

Ik vind het vaccineren tegen kinkhoest 
tijdens mijn zwangerschap: 

1 (heel erg onbelangrijk); 2; 3; 4; 5; 6; 7 
(heel erg belangrijk) 
 

Ik vind het vaccineren tegen kinkhoest 
tijdens mijn zwangerschap: 

1 (heel erg onnodig); 2; 3; 4; 5; 6; 7 (heel erg 
nodig) 

Ik ben van plan mij tijdens mijn 
zwangerschap tegen kinkhoest te laten 
vaccineren. 

1 (zeker niet); 2; 3; 4; 5; 6; 7 (zeker wel) 
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Ik verwacht dat ik mij tijdens mijn 
zwangerschap tegen kinkhoest zal laten 
vaccineren. 

1 (zeker niet); 2; 3; 4; 5; 6; 7 (zeker wel) 

Het is waarschijnlijk dat ik mij tijdens mijn 
zwangerschap tegen kinkhoest zal laten 
vaccineren. 

1 (zeker niet); 2; 3; 4; 5; 6; 7 (zeker wel) 

Informatiebehoefte en praktische overwegingen 
Hoeveel vertrouwen heeft u in de 
informatie die u van uw verloskundige of 
gynaecoloog krijgt over de 
kinkhoestvaccinatie tijdens de 
zwangerschap? 

1 (helemaal geen vertrouwen); 2; 3; 4; 5; 6; 
7 (heel veel vertrouwen) 

Hoeveel vertrouwen heeft u in informatie 
van het RIVM over de kinkhoestvaccinatie 
tijdens de zwangerschap? 

1 (helemaal geen vertrouwen); 2; 3; 4; 5; 6; 
7 (heel veel vertrouwen) 

Hoeveel vertrouwen heeft u in het besluit 
van de overheid om een 
kinkhoestvaccinatie tijdens de 
zwangerschap aan te bieden? 

1 (helemaal geen vertrouwen); 2; 3; 4; 5; 6; 
7 (heel veel vertrouwen) 

Ik vind het niet fijn dat de 
kinkhoestvaccinatie een combinatievaccin 
is, waardoor ik ook gevaccineerd word 
tegen andere infecties (difterie en tetanus). 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik vind het fijn als mijn kind iets later kan 
beginnen met de vaccinaties en een prik 
minder nodig heeft, doordat ik me tijdens 
de zwangerschap laat vaccineren. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Ik voel mij door anderen onder druk gezet 
bij het maken van een keuze rondom het 
vaccineren tegen kinkhoest tijdens mijn 
zwangerschap. 

1 (helemaal mee oneens); 2; 3; 4; 5; 6; 7 
(helemaal mee eens) 

Dit waren alle vragen. Als u nog 
opmerkingen heeft over de vragenlijst, dan 
kunt u dat hier aangeven. 

<open invulveld> 

1Vraag van toepassing als ‘Hoeveel eigen kinderen heeft u?’ is 1 of meer. 2Vraag van toepassing als ‘Als 
ik eraan denk om mij tijdens mijn zwangerschap te laten vaccineren, dan vind ik dat:’ is 4 of hoger. 
3Vraag van toepassing als ‘Als ik eraan denk dat mijn pasgeboren baby kinkhoest zou kunnen krijgen, 
dan vind ik dat:’ is 4 of hoger. 
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Appendix 2. Questionnaire on local reactions and solicited systemic adverse events before and after 
vaccination (in Dutch) 

Vragen Antwoordmogelijkheden 
Persoonsgegevens 
Op welke datum kreeg u de kinkhoestvaccinatie? <datum> 
Heeft u een chronische ziekte/aandoening? ja; nee 
 Welke? <open invulveld> 
 Gebruikt u hiervoor medicijnen? ja; nee 
 Welke medicijnen? <open invulveld> 
Heeft u een aandoening die invloed kan hebben op 
uw zwangerschap? 

ja; nee 
 

 Welke? <open invulveld> 

Symptomen in de week vóór de vaccinatie 
Geef hieronder aan of u symptomen had in de week vóórafgaande aan de vaccinatie. Als 
u bij de symptomen 'ja' invult, beantwoord dan ook de vervolgvragen. 

Had u last van koorts? ja; nee 
 Wat was de hoogst gemeten temperatuur? 38 tot 39°C; 39 tot 40°C; 40 tot 

41°C; hoger dan 41°C 
 Hoe is dit gemeten? rectaal; oksel; oor; tast; anders; 

niet gemeten 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van hoofdpijn? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van vermoeidheid? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van misselijkheid? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van braken? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
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 Toelichting <open invulveld> 
Had u last van harde buiken? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van diarree? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van duizeligheid? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van een verminderde eetlust? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van gewrichts- of spierstijfheid? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van jeuk? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van overmatig zweten? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van huiduitslag? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van gezwollen klieren in de nek, oksel of 
lies? 

ja; nee 
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 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van keelpijn? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van verkoudheid? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van hoesten? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van flauwvallen? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van griep of griepachtige klachten? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van iets anders? Zo ja, vul in: <open invulveld> 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Vragen over de symptomen vóór de vaccinatie 
Als u op alle vragen over de symptomen 'nee' heeft ingevuld, dan kunt u de volgende 
vragen overslaan. 
Heeft u medische hulp gezocht naar aanleiding van 
de symptomen? 

ja; nee 

 Hoe heeft u medische hulp gezocht? telefoon huisarts; bezoek 
huisarts; bezoek ziekenhuis; 
opname in ziekenhuis; 
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natuurgeneeskundige; extra 
contact met verloskundige of 
gynaecoloog; anders 

Heeft u pijnstillers of medicijnen gebruikt in de week 
voor de vaccinatie? 

ja; nee 

 Welke pijnstillers? <open invulveld> 
 Hoe lang heeft u de pijnstillers gebruikt in de 

week voor de vaccinatie? 
1 tot 2 dagen; 3 of meer dagen 

Heeft u zich vanwege de symptomen ziek gemeld 
voor uw werk, in de week voor de vaccinatie? 

ja; nee 

 Hoe lang heeft u zich vanwege de klachten 
ziekgemeld van uw werk? 

1 tot 2 dagen; 3 of meer dagen 

Vul in als er nog bijzonderheden waren in de week 
voor de vaccinatie: 

<open invulveld> 

Symptomen in de week ná de vaccinatie 
Geef hieronder aan of u symptomen had in de week ná de vaccinatie. Als u bij de 
symptomen 'ja' invult, beantwoord dan ook de vervolgvragen. 

Had u last van koorts? ja; nee 
 Wat was de hoogst gemeten temperatuur? 38 tot 39°C; 39 tot 40°C; 40 tot 

41°C; hoger dan 41°C 
 Hoe is dit gemeten? rectaal; oksel; oor; tast; anders; 

niet gemeten 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van hoofdpijn? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van vermoeidheid? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van misselijkheid? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van braken? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
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 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van harde buiken? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van diarree? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van duizeligheid? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van een verminderde eetlust? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van gewrichts- of spierstijfheid? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van jeuk? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van overmatig zweten? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van huiduitslag? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
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Had u last van gezwollen klieren in de nek, oksel of 
lies? 

ja; nee 

 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van keelpijn? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van verkoudheid? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van hoesten? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van flauwvallen? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van griep of griepachtige klachten? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Heeft u last gehad van pijn op de prikplek? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Heeft u last gehad van roodheid op de prikplek? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Heeft u last gehad van zwelling op de prikplek? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
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 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Heeft u last gehad van een harde bult op de prikplek? ja; nee 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Had u last van iets anders? Zo ja, vul in: <open invulveld> 
 Hoe ernstig was het? iets; matig; veel 
 Wanneer is dit begonnen? <datum> 
 Hoeveel dagen heeft het geduurd? 1; 2; 3; 4; 5; 6; 7; meer dan 7 
 Toelichting <open invulveld> 
Vragen over de symptomen ná de vaccinatie 
Als u op alle vragen over de symptomen 'nee' heeft ingevuld, dan kunt u de volgende 
vragen overslaan. 
Heeft u medische hulp gezocht naar aanleiding van 
de symptomen? 

ja; nee 

 Hoe heeft u medische hulp gezocht? telefoon huisarts; bezoek 
huisarts; bezoek ziekenhuis; 
opname in ziekenhuis; 
natuurgeneeskundige; extra 
contact met verloskundige of 
gynaecoloog; anders 

Heeft u pijnstillers of medicijnen gebruikt in de week 
na de vaccinatie? 

ja; nee 

 Welke pijnstillers? <open invulveld> 
 Op welk moment heeft u de pijnstillers genomen? 0-6 uur na de vaccinatie; 4-24 

uur na de vaccinatie; 24-48 uur 
na de vaccinatie; langer dan 48 
uur na de vaccinatie 

 Hoe lang heeft u de pijnstillers gebruikt in de 
week na de vaccinatie? 

1 tot 2 dagen; 3 of meer dagen 

Heeft u zich vanwege de symptomen ziek gemeld 
voor uw werk, in de na voor de vaccinatie? 

ja; nee 

 Hoe lang heeft u zich vanwege de klachten 
ziekgemeld van uw werk? 

1 tot 2 dagen; 3 of meer dagen 

Vul in als er nog bijzonderheden waren in de week na 
de vaccinatie: 

<open invulveld> 
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Abstract 

Importance 
Maternal tetanus, diphtheria, and acellular pertussis (Tdap) vaccination 

protects newborns against severe pertussis. Data on transplacental antibody 
transfer on Tdap vaccination before 24 weeks’ gestation remain scarce and are 
particularly relevant for preterm infants to increase the time interval for maternal 
antibody transfer. 

 

Objective 
To assess noninferiority of anti–pertussis toxin (anti-PT) immunoglobulin G 

(IgG) antibody levels at age 2 months in early- to late-term infants following Tdap 
vaccination between 200/7 and 240/7 weeks’ gestation compared with 300/7 and 330/7 
weeks’ gestation and compared with preterm infants. 

 

Design, Setting and Participants 
This prospective, multicenter cohort study included pregnant women aged 18 

years or older in birthing centers and hospitals in the Netherlands between August 
2019 and November 2021 who received Tdap vaccination between 200/7 and 240/7 
weeks’ gestation. Women with imminent premature birth were recruited if they 
had received maternal Tdap vaccination between 20 and 24 weeks’ gestation. 
Blood samples were collected from mothers at delivery, from the umbilical cord, 
and from infants at age 2 months. Data from infants’ blood samples at age 2 months 
were compared with a reference cohort (recruited between January 2014 and 
February 2016) of early- to late-term infants of the same age whose mothers had 
received Tdap vaccination between 300/7 and 330/7 weeks’ gestation. 

 

Exposure 
Maternal Tdap vaccination between 200/7 and 240/7 weeks’ gestation or 300/7 and 

330/7 weeks’ gestation. 
 

Main outcomes and measures 
The primary outcome was the geometric mean concentration (GMC) of anti-PT 

IgG antibodies in early- to late-term infants (≥370/7 weeks’ gestation) at age 2 
months, comparing maternal Tdap vaccination between 200/7 and 240/7 weeks’ vs 
300/7 and 330/7 weeks’ gestation (reference cohort). Anti-PT GMC in 2-month-old 
infants born preterm (<350/7 weeks’ gestation) compared with early- to late-term 
infants after maternal Tdap vaccination between 20 and 24 weeks’ gestation was a 
secondary outcome. 
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Results 
In total, 221 women who delivered 239 offspring were enrolled in the study; 66 

early- to late-term infants (median gestational age [GA], 40.6 weeks [IQR, 39.8-41.0 
weeks]; 38 [57.6%] male) and 73 preterm infants (median GA, 32.1 weeks [IQR, 
29.5-33.0 weeks]; 42 [54.5%] female) had blood samples collected at 2 months of 
age. Anti-PT GMC was 14.7 IU/mL (95% CI, 10.6-20.4 IU/mL) in early- to late-term 
infants following maternal Tdap vaccination between 200/7 and 240/7 weeks’ 
gestation compared with 27.3 IU/mL (95% CI, 20.1-37.1 IU/mL) in 55 infants in the 
reference group (median GA, 40.3 [IQR, 39.1-41.0]; 33 [60.0%] female). The mean 
anti-PT GMC in preterm infants in the study group was 11.2 IU/mL (95% CI, 8.1-
15.3 IU/mL) (P = .23 compared with early- to late-term infants). 

 

Conclusion and Relevance  
In this cohort study, 2-month-old preterm and early- to late-term infants 

showed significantly lower anti-PT antibody levels following maternal Tdap 
vaccination between 200/7 and 240/7 weeks’ gestation compared with 300/7 and 330/7 
weeks’ gestation; preterm and early- to late-term infants had similar anti-PT 
antibody levels, but both groups showed significantly lower antibody levels 
compared with the reference group. Epidemiological research should investigate 
whether maternal Tdap vaccination before 24 weeks’ gestation provides sufficient 
protection against clinical pertussis, particularly in preterm infants, as long as no 
correlate of protection is available.  
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Introduction 
According to the World Health Organization (WHO), 81% of infants worldwide 

(105 million) received 3 doses of a diphtheria, tetanus, and pertussis vaccine in 
2021, protecting them against vaccine-preventable diseases that may cause 
serious, even fatal, illness and disability.1 Despite high vaccine coverage, pertussis 
remains endemic in many countries. Newborns and infants too young to be fully 
vaccinated are at the highest risk of severe complications.2 To protect newborns 
and infants in the first months of life, maternal vaccination with a tetanus, 
diphtheria, and acellular pertussis (Tdap) vaccine from 20 weeks’ gestation 
onward has been offered to all pregnant women in the Netherlands since 
December 2019. Infant diphtheria, tetanus, and pertussis (DTaP), inactivated 
poliovirus (IPV), Haemophilus influenzae type b, and hepatitis B vaccinations are 
given at 3, 5, and 11 months of age (2 + 1 dose schedule) for protection against 
pertussis provided that the mother received Tdap vaccination during pregnancy. 
An extra vaccination at 2 months of age (3 + 1 dose schedule) after maternal Tdap 
vaccination is advised if an infant is born before 37 weeks’ gestation or if the time 
interval between maternal vaccination and delivery is shorter than 2 weeks, since 
transfer of immunity against pertussis on maternal Tdap vaccination may be 
insufficient. 

During pregnancy, maternal immunoglobulin G (IgG) antibodies are actively 
transferred across the placenta, mediated by the neonatal Fc receptor expressed 
on syncytiotrophoblast cells. This saturable process initiates at approximately 13 
to 17 weeks’ gestation and increases throughout gestation. Around 33 to 36 weeks’ 
gestation, fetal IgG antibody levels exceed maternal IgG serum levels and increase 
to 150% of maternal levels near the due delivery date.3 Tdap vaccination in the third 
trimester enhances maternal antipertussis IgG antibody levels in newborns.4-7 
Maternal Tdap vaccination was reported to prevent 70% to 90% of clinically 
confirmed pertussis cases and about 90.5% of pertussis hospitalizations in 
newborns and infants younger than 3 months of age in the UK from 2013 to 2018.8,9 

There is no consensus on the optimal timing of maternal Tdap vaccination to 
achieve the highest antibody transfer. Most studies suggest that Tdap vaccination 
early in the third trimester results in the highest anti–pertussis toxin (anti-PT) IgG 
antibody levels at birth,4-7 while a Swiss study favored second-trimester 
vaccination, potentially due to a longer time interval between Tdap vaccination and 
delivery.10,11 Recently, it was estimated that a period of 7.5 weeks or more before 
delivery optimizes antibody transfer.5 Tdap vaccination before 24 weeks’ gestation 
may therefore be particularly relevant for preterm offspring, the group most 
vulnerable for severe pertussis. Preterm infants have a hospitalization rate for 
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pertussis that is 1.5-times higher than predicted based on the total proportion of 
infants in the national UK birth cohort.12 Offering maternal Tdap vaccination from 
20 weeks’ gestation also widens the opportunity for pregnant women to receive the 
vaccine, but few studies have reported antibody levels after maternal Tdap 
vaccination at or before 24 weeks’ gestation or in preterm infants.6,11 These studies 
had insufficient power to draw firm conclusions. 

In this study, pertussis-specific IgG antibody levels after maternal Tdap 
vaccination between 200/7 and 240/7 weeks’ gestation were evaluated in early- to 
late-term (hereafter, term) and preterm offspring with follow-up until 2 months of 
age. We primarily assessed whether maternal Tdap vaccination between 200/7 and 
240/7 weeks’ gestation would be associated with similar anti-PT antibody levels in 
term infants at 2 months of age compared with maternal Tdap vaccination between 
300/7 and 330/7 weeks’ gestation. Therefore, data were compared with those from a 
reference study (recruitment between January 2014 and February 2016) including 
55 term infants following maternal Tdap vaccination between 300/7 and 330/7 weeks’ 
gestation.13 Additionally, we compared antibody levels in term and preterm infants 
following maternal Tdap vaccination between 200/7 and 240/7 weeks’ gestation. 

 

Methods 
Study participants  

In this prospective, multicenter cohort study, antenatal care practitioners 
working in birthing centers or hospitals recruited pregnant women aged 18 years 
or older between August 2019 and November 2021. The study design and 
procedures were previously described.14 In brief, women were included through 2 
recruitment routes; from August 2019, healthy pregnant women were invited to 
participate and received Tdap vaccination between 200/7 and 240/7 weeks’ gestation 
as part of the study. In addition, after 2019, once the Dutch National Immunisation 
Programme (NIP) offered Tdap vaccination to all pregnant women from 20 weeks’ 
gestation onward, women with imminent preterm labor were recruited on 
presentation at the hospital provided that they received Tdap vaccination between 
200/7 and 240/7 weeks’ gestation. These women were vaccinated through the NIP, 
unrelated to this study but with the same Tdap vaccine as used in the study. 
Women were excluded if they had received Tdap vaccination within the past 2 
years or if there was a known or suspected underlying condition that could 
interfere with study results. Other exclusion criteria were previously described.14 
Mother-infant pairs were followed up until 2 months after delivery. Data 
on Bordetella pertussis–specific IgG antibodies from mother-infant pairs in the 
study were compared with data from the reference study performed between 
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January 2014 and February 2016 that comprised term infants at age 2 months after 
maternal Tdap vaccination between 300/7 and 330/7 weeks’ gestation.13 Both studies 
used identical vaccines and study procedures for collection and timing of 
collection of blood samples. Laboratory procedures were performed in the same 
laboratory using identical procedures. This study was conducted in accordance 
with the Declaration of Helsinki and approved by the Central Committee on 
Research Involving Human Subjects in the Netherlands. Oral and written informed 
consent was obtained from parents or legal guardians. The study followed the 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
reporting guideline. 

 
Maternal vaccine  

Pregnant women received a Tdap vaccine (Boostrix) containing adsorbed B. 
pertussis antigens (ie, inactivated PT, filamentous hemagglutinin [FHA], pertactin 
[Prn], diphtheria toxoid [DT], and tetanus toxoid [TT]).15 The Tdap vaccine was 
administered as a single 0.5-mL intramuscular injection in the deltoid muscle. 

 
Blood sampling  

Finger-stick blood samples (≤300 μL) were collected from mothers within 24 
hours after delivery. Umbilical cord blood samples (≤2 mL) were collected at 
delivery, and heel-stick blood samples from infants (≤300 μL) were collected during 
home visits before primary vaccination at age 2 months (±5 days). For preterm 
infants, who often start receiving vaccinations between 6 and 9 weeks in the 
Netherlands, blood samples were collected before the first vaccination. Serum 
samples were stored at −20 °C awaiting analyses. 

 
Laboratory analyses 

Immunoglobulin G antibody concentrations against PT, FHA, Prn, DT, and TT 
were measured by bead-based fluorescent multiplex immunoassay using Luminex 
xMAP technology (ThermoFisher Scientific), as previously described.16 For the B. 
pertussis antigens, the assay was calibrated against the WHO international 
standard for pertussis antiserum (serum reference 06/140), interpolated using a 5-
parameter fit, and expressed in international units (IU/mL). 

 
Statistical analyses 

Anti-PT IgG antibody levels following maternal Tdap vaccination are associated 
with prevention of clinical pertussis.17 Our primary outcome was to assess 
noninferiority of anti-PT antibody levels in term infants at 2 months of age following 

https://www.equator-network.org/reporting-guidelines/strobe/
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maternal Tdap vaccination between 200/7 and 240/7 weeks’ gestation compared with 
Tdap vaccination between 300/7 and 330/7 weeks’ gestation (reference cohort). The 
lower limit of the 95% CI of the geometric mean concentration ratio (GMR) between 
the main and the reference cohorts was set at 0.5 or greater for noninferiority. 
Secondary outcomes were the geometric mean concentration (GMC) of PT IgG 
levels in preterm infants at 2 months’ postnatal age after maternal Tdap 
vaccination between 200/7 and 240/7 weeks’ gestation compared with the term 
cohort after maternal Tdap vaccination between 20 and 24 weeks’ gestation and 
the IgG antibody levels against all Tdap vaccine antigens (ie, PT, FHA, Prn, DT, and 
TT) in blood samples from infants at 2 months of age, the umbilical cord, and 
mothers at delivery among term and preterm mother-infant pairs (eFigure 
in Supplement 1). 

To assess our primary research question and allow 80% power and an α of 5%, 
58 term and 54 preterm mother-infant pairs were required.14 We aimed for 
inclusion of 60 pairs in each group to allow loss to follow-up regarding the available 
blood samples. 

For the scope of this study, we defined preterm as birth between 240/7 and 346/7 
weeks’ gestation since offspring antibody levels are expected to exceed maternal 
antibody levels at the end of this time window, and these late-preterm offspring 
may therefore resemble offspring born at full term regarding transplacental 
antibody transfer.3 Term birth was defined as 370/7 or more weeks’ gestation. 

Comparison of baseline characteristics was done using either t, Mann-
Whitney U, or Fisher exact test. The IgG-antibody concentrations against all 
antigens were log-transformed and computed into GMCs with corresponding 95% 
CIs. In all groups, including the reference cohort,13 GMCs at different time points 
were assessed using generalized estimating equation models with a gaussian 
distribution with identity link function. An exchangeable correlation structure 
enabled adjustment for similarities in antibody levels among siblings who were 
twins or triplets. No additional adjustment was applied. The GMRs were calculated 
from the GMCs within different groups and expressed with 95% CIs. R, version 
2023.03.1 (R Project for Statistical Computing) was used with the geepack package 
for analyses.18 Findings were based on available data, and missing data were 
handled by complete participant analyses. Two-sided P < .05 was considered 
significant. 

 

Results 
In total, 221 pregnant women who received second-trimester Tdap vaccination 

were included. They delivered 239 offspring, of whom 148 (61.9%) were term and 

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2821651#note-ZOI240772-1
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91 (38.1%) were preterm. The preterm offspring included 14 pairs of twins and 2 
sets of triplets. All 148 term offspring (range, 370/7-420/7 weeks’ gestation) were 
singletons; 66 of these (28 [42.4%] female; 38 [57.6%] male) had a blood sample 
collected at 2 months of age. The 91 preterm offspring (range, 252/7-346/7 weeks’ 
gestation) were born to 73 mothers, and 73 of these offspring (42 [54.5%] female; 
35 [45.5%] male) had a blood sample obtained at age 2 months (Figure 1). Detailed 
demographics of study and reference mother-infant pairs are shown in Table 1. 
The median gestational age (GA) at birth was not significantly different between 
term infants in the study group (40.6 weeks [IQR, 39.8-41.0 weeks]) and the 
reference group of 55 infants (33 [60.0%] female; 22 [40.0%] male; median GA, 40.3 
weeks [IQR, 39.1-41.0 weeks]). Median GA was significantly different for preterm 
offspring (32.1 weeks [IQR, 29.5-33.0 weeks]) compared with term offspring in both 
the study cohort and the reference cohort. The media GA at maternal Tdap 
vaccination in the study groups of term and preterm mother-infant pairs (22.0 
weeks [IQR, 20.9-23.1 weeks] and 22.9 weeks [IQR, 22.0-23.4 weeks], respectively) 
was significantly different from the median GA in the term mother-infant pairs in 
the reference cohort (31.1 weeks [IQR, 30.5-31.7 weeks]). The median time interval 
between maternal Tdap vaccination and delivery was 18.3 weeks (IQR, 17.1-19.7 
weeks) for term births and 9.4 weeks (IQR, 6.9-10.7 weeks) for preterm births in 
the study cohort and 9.0 weeks (IQR, 8.1-9.9 weeks) for term births in the reference 
cohort (Table 1).13 
  

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2821651#zoi240772f1
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2821651#zoi240772t1
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2821651#zoi240772t1
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Table 1. Baseline characteristics at mother and infant level for preterm/term mother-infant-pairs. 

 

Maternal Tdap-
vaccination between 

200/7-240/7w GA 

 Maternal Tdap-
vaccination 

between 300/7-
330/7w GA 

 
Preterm 

birth 
Term 
birth 

 Term birth 
(reference 

cohort) 

 n=73a n=66a  n=55a 

Maternal age at delivery (years); 
mean (sd) 

31.4 (3.8) 31.7 (4.0)  32.6 (3.3) 

Gestational age at maternal 
immunization (weeks); median 
[IQR] 

22.9 [22.0-
23.4] 

22.0 [20.9-
23.1] 

 31.1 [30.5-31.7] 

Pregnancy duration (weeks); 
median [IQR] 

32.1 [29.5-
33.0] 

40.6 [39.8-
41.0] 

 40.3 [39.1-41.0] 

Pregnancy duration; n (%)     
 252/7-276/7 weeks gestational age 13 (17.8) NA  NA 
 280/7-316/7 weeks gestational age 25 (34.2) NA  NA 
 320/7-346/7 weeks gestational age 35 (47.9) NA  NA 
 370/7-396/7 weeks gestational age NA 21 (31.8)  23 (41.8) 
 400/7-420/7 weeks gestational age NA 45 (68.2)  32 (58.2) 

Interval between maternal 
immunization and delivery 
(weeks); median [IQR] 

9.4 [6.9-
10.7] 

18.3 [17.1-
19.7] 

 9.0 [8.1-9.9] 

Multiple pregnancy; n (%)b     
 No 45 (78.1) 66 (100.0)  55 (100.0) 
 Yes; twins 13 (19.2) 0 (0.0)  0 (0.0) 
 Yes; triplets 2 (2.7) 0 (0.0)  0 (0.0) 

Sex; n (%)     
 Male 35 (45.5) 38 (57.6)  22 (40.0) 
 Female 42 (54.5) 28 (42.4)  33 (60.0) 

Birthweight (grams); mean (sd)c 1631 (499) 3622 (430)  3446 (481) 
Birthweight percentile 
corrected for gestational age; 
mean (sd)c  

38.8 (31.5) 53.1 (27.8)  42.4 (28.0) 

Age at blood sampling (days); 
mean (sd)d 

55.2 (6.2) 61.0 (3.0)  61.4 (2.1) 
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a: 73 preterm infants born to 60 mothers (due to multiple pregnancies) donated a blood sample at two 
months of age, as did 66 term infants plus 55 term infants in the reference cohort. b: 7 dichorionic-
diamniotic twins, 4 monochorionic-diamniotic twins, 2 monochorionic-monoamniotic twins, 2 
trichorionic-triamniotic triplets. Numbers add up to 60 infants (including siblings makes 77) for the total 
number mother-infant-pairs, but only 73 of 77 infants donated a blood sample at two months of age. c: 
Birthweight and birthweight percentiles were presented for firstborn infant only in case of multiple 
pregnancy. d: [Two-month] blood samples were drawn as close as possible to [infant] immunization but 
may have been performed earlier than at two months of age because in the Netherlands, routine 
preterm primary vaccinations are administered between 6-9 weeks after birth.  

 
At 2 months of age in term infants, the anti-PT GMC after maternal Tdap 

vaccination between 200/7 and 240/7 weeks’ gestation (14.7 IU/mL; 95% CI, 10.6-20.4 
IU/mL) was significantly lower than the GMC in the reference cohort after Tdap 
vaccination between 300/7 and 330/7 weeks’ gestation (27.3 IU/mL; 95% CI, 20.1-37.1 
IU/mL) (Table 2 and Figure 2). The GMR was 0.54 (95% CI, 0.34-0.85), with the 2.5% 
bound of the 95% CI at 0.34 (97.5% bound at 0.85) refuting noninferiority 
requirements. 

At 2 months of age after maternal Tdap vaccination between 200/7 and 240/7 
weeks’ gestation, no significant differences in anti-PT GMCs were observed in 
preterm infants compared with term infants (11.2 IU/mL [95% CI, 8.1-15.3 IU/mL] 
vs 14.7 IU/mL [95% CI, 10.6-20.4 IU/mL]) (P = .23) (Table 2 and Figure 3).  

In term infants at 2 months of age, besides anti-PT levels, the GMC of IgG 
against Prn was significantly lower after Tdap vaccination between 200/7 and 240/7 
weeks’ gestation compared with 300/7 to 330/7 weeks’ gestation (59.8 IU/mL [95% CI, 
38.4-93.0 IU/mL] vs 110.3 IU/mL [95% CI, 71.6-170.0 IU/mL]). No differences in 
GMCs were observed for FHA, DT, or TT for term infants in the study compared 
with the reference cohort (Table 2 and Figure 2). In preterm infants compared with 
term infants at age 2 months after maternal Tdap vaccination between 200/7 and 
240/7 weeks’ gestation, GMCs were significantly lower for FHA (48.8 IU/mL [95% CI, 
37.3-63.8 IU/mL] vs 83.1 IU/mL [95% CI, 63.6-109.1 IU/mL]) and TT (1.2 IU/mL [95% 
CI, 1.0-1.5 IU/mL] vs 1.5 IU/mL [95% CI, 1.2-1.9 IU/mL]), whereas no significant 
differences were observed for Prn and DT (Table 2 and Figure 3). 

In umbilical cord serum samples from term offspring, significantly lower GMCs 
were observed when mothers received Tdap vaccination between 200/7 and 240/7 
weeks’ gestation compared with 300/7 and 330/7 weeks’ gestation for PT (58.6 IU/mL 
[95% CI, 46.4-74.2 IU/mL] vs 125.1 IU/mL [95% CI, 94.0-166.3 IU/mL]) and Prn 
(295.5 IU/mL [95% CI, 216.7-402.8 IU/mL] vs 500.5 IU/mL [95% CI, 322.5-776.7 
IU/mL]). No differences were observed for FHA, DT, and TT IgG levels (Table 
2 and Figure 2). In umbilical cord serum samples, GMCs from preterm offspring 
compared with term offspring following maternal Tdap vaccination between 200/7 
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and 240/7 weeks’ gestation were significantly lower for FHA (193.5 IU/mL [95% CI, 
155.2-241.3 IU/mL] vs 295.2 IU/mL [95% CI, 249.1-349.9 IU/mL]) and Prn (143.7 
IU/mL [95% CI, 97.3-212.4 IU/mL] vs 295.5 IU/mL [95% CI, 216.7-402.8 IU/mL]). No 
differences between term and preterm offspring were observed for PT, DT and TT 
(Table 2 and Figure 3). 

Comparing antibody levels at delivery among mothers of term offspring in the 
study and reference group, the anti-PT GMC at delivery was significantly higher in 
the reference group (61.8 IU/mL [95% CI, 46.8-81.7 IU/mL] vs 32.9 IU/mL [95% CI, 
26.0-41.6 IU/mL]). No differences for the other Tdap antigens were found (Table 
2 and Figure 2). Comparing preterm and term mother-infant pairs following Tdap 
vaccination between 200/7 and 240/7 weeks’ gestation, mothers had significantly 
higher GMCs after preterm than term delivery for all antigens (eg, PT 60.4 IU/mL 
[95% CI, 44.1-82.7 IU/mL] vs 32.9 IU/mL [95% CI, 26.0-41.6 IU/mL]) except Prn 
(Table 2 and Figure 3). Sensitivity analyses using a Tdap vaccination cutoff of 
February 27, 2020, the first day of COVID-19 social distancing measures in the 
Netherlands, were conducted and found no differences in antibody levels after 
birth among mothers or infants before vs during COVID-19-measures. 

 

 
Figure 1. Flow chart of study procedures.  
GA; gestational age. a: including 14 twins and 2 triplets, of whom one sample was not drawn due to 
perinatal death. b: 2 infants donated sample at two months but no cord blood sample. c: 4 infants 
donated sample at two months but no cord blood sample. d: 73 infants from 60 mothers donated a blood 
sample at two months of age. 

 

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2821651#zoi240772t2
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2821651#zoi240772f3
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2821651#zoi240772t2
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2821651#zoi240772t2
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2821651#zoi240772f2
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2821651#zoi240772t2
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2821651#zoi240772f3


Chapter 3 

75 

  
T

ab
le

 2
. G

eo
m

et
ri

c 
m

ea
n 

co
nc

en
tr

at
io

ns
 a

nd
 r

at
io

s 
w

it
h 

95
%

 c
on

fi
de

nc
e 

in
te

rv
al

s 
in

 p
re

te
rm

/t
er

m
 in

fa
nt

s 
w

it
h 

m
ot

he
rs

 v
ac

ci
na

te
d 

20
0/

7 -2
40/

7 w
 G

A
 a

nd
 te

rm
 

in
fa

nt
s 

w
it

h 
m

ot
he

rs
 v

ac
ci

na
te

d 
30

0/
7 -3

30/
7 w

 G
A

.  
 

M
at

er
n

al
 T

da
p

-v
ac

ci
n

at
io

n
 

be
tw

ee
n

 2
00/

7 -
24

0/
7 w

 G
A

 
(g

en
er

al
 c

oh
or

t)
 

 
M

at
er

n
al

 T
da

p
-

va
cc

in
at

io
n

 
be

tw
ee

n
 3

00/
7 -

33
0/

7 w
 G

A
 

(r
ef

er
en

ce
 c

oh
or

t)
 

 
 

 
 

 
D

el
iv

er
y 

be
tw

ee
n

 
25

2/
7 -

34
6/

7 w
 

G
A

 (p
re

te
rm

) 

D
el

iv
er

y 
be

tw
ee

n
 

37
0/

7 -
42

0/
7 w

 
G

A
 (a

t 
te

rm
) 

 
D

el
iv

er
y 

be
tw

ee
n

 
37

0/
7 -

42
0/

7 w
 G

A
 (a

t 
te

rm
) 

G
M

R
 a

t 
te

rm
 

(g
en

er
al

 c
oh

or
t)

 
vs

 a
t t

er
m

 
(r

ef
er

en
ce

 
co

h
or

t)
 

p
-v

al
u

e 
G

M
R

 
p

re
te

rm
 

vs
 a

t t
er

m
 

p
-v

al
u

e 
 

M
ot

h
er

 a
t 

de
li

ve
ry

 
n

=7
3 

n
=1

38
 

 
n

=5
5 

 
 

 
 

 
A

nt
i-

Pe
rt

us
si

s 
to

xi
n 

60
.4

 (4
4.

1-
82

.7
) 

32
.9

 (2
6.

0-
41

.6
) 

 
61

.8
 (4

6.
8-

81
.7

) 
0.

53
 (0

.3
5-

0.
80

) 
<0

.0
01

 
1.

84
 (1

.2
4-

2.
72

) 
0.

00
2 

 
A

nt
i-

Fi
la

m
en

to
us

 
he

m
ag

gl
ut

in
in

 
22

0.
5 

(1
71

.5
-

28
3.

5)
 

16
1.

1 
(1

35
.5

-
19

1.
5)

 
 

16
3.

4 
(1

32
.5

-2
04

.6
) 

0.
99

 (0
.7

3-
1.

34
) 

0.
92

0 
1.

37
 (1

.0
2-

1.
84

) 
0.

04
0 

 
A

nt
i-

Pe
rt

ac
tin

 
20

3.
1 

(1
34

.6
-

30
6.

4)
 

17
6.

5 
(1

29
.9

-
23

9.
8)

 
 

28
6.

0 
(1

82
.4

-4
48

.3
) 

0.
62

 (0
.3

5-
1.

08
) 

0.
07

5 
1.

15
 (0

.6
9-

1.
92

) 
0.

58
5 

 
A

nt
i-

D
ip

ht
he

ri
a 

to
xo

id
 

0.
62

 (0
.5

0-
0.

77
) 

0.
30

 (0
.2

4-
0.

37
) 

 
0.

35
 (0

.2
6-

0.
47

) 
0.

85
 (0

.5
8-

1.
24

) 
0.

35
3 

2.
01

 (1
.5

0-
2.

91
) 

<0
.0

01
 

 
A

nt
i-

Te
ta

nu
s 

to
xo

id
 

5.
58

 (4
.5

5-
6.

84
) 

3.
32

 (2
.8

8-
3.

83
) 

 
3.

53
 (2

.9
9-

4.
16

) 
0.

94
 (0

.7
4-

1.
21

) 
0.

58
8 

1.
68

 (1
.3

1-
2.

14
) 

<0
.0

01
 

 



IgG antibodies in preterm and term-born infants 

76 

  
T

ab
le

 2
. C

on
ti

nu
ed

. 
 

M
at

er
n

al
 T

da
p

-v
ac

ci
n

at
io

n
 

be
tw

ee
n

 2
00/

7 -
24

0/
7 w

 G
A

 
(g

en
er

al
 c

oh
or

t)
 

 
M

at
er

n
al

 T
da

p
-

va
cc

in
at

io
n

 
be

tw
ee

n
 3

00/
7 -

33
0/

7 w
 G

A
 

(r
ef

er
en

ce
 c

oh
or

t)
 

 
 

 
 

 
D

el
iv

er
y 

be
tw

ee
n

 
25

2/
7 -

34
6/

7 w
 

G
A

 (p
re

te
rm

) 

D
el

iv
er

y 
be

tw
ee

n
 

37
0/

7 -
42

0/
7 w

 
G

A
 (a

t 
te

rm
) 

 
D

el
iv

er
y 

be
tw

ee
n

 
37

0/
7 -

42
0/

7 w
 G

A
 (a

t 
te

rm
) 

G
M

R
 a

t 
te

rm
 

(g
en

er
al

 c
oh

or
t)

 
vs

 a
t t

er
m

 
(r

ef
er

en
ce

 
co

h
or

t)
 

p
-v

al
u

e 
G

M
R

 
p

re
te

rm
 

vs
 a

t t
er

m
 

p
-v

al
u

e 
 

In
fa

n
t c

or
d 

bl
oo

d 
n

=8
6 

n
=1

46
 

 
n

=5
4 

 
 

 
 

 
A

nt
i-

Pe
rt

us
si

s 
to

xi
n 

52
.8

 (4
0.

7-
68

.6
) 

58
.6

 (4
6.

4-
74

.2
) 

 
12

5.
1 

(9
4.

0-
16

6.
3)

 
0.

47
 (0

.3
1-

0.
72

) 
<0

.0
01

 
0.

90
 (0

.6
3-

1.
30

) 
0.

62
8 

 
A

nt
i-

Fi
la

m
en

to
us

 
he

m
ag

gl
ut

in
in

 
19

3.
5 

(1
55

.2
-

24
1.

3)
 

29
5.

2 
(2

49
.1

-
34

9.
9)

 
 

33
0.

9 
(2

61
.2

-4
19

.3
) 

0.
89

 (0
.6

5-
1.

22
) 

0.
43

0 
0.

66
 (0

.5
0-

0.
87

) 
0.

00
6 

 
A

nt
i-

Pe
rt

ac
tin

 
14

3.
7 

(9
7.

3-
21

2.
4)

 
29

5.
5 

(2
16

.7
-

40
2.

8)
 

 
50

0.
5 

(3
22

.5
-7

76
.7

) 
0.

59
 (0

.3
3-

1.
05

) 
0.

04
9 

0.
49

 (0
.3

0-
0.

80
) 

0.
02

2 

 
A

nt
i-

D
ip

ht
he

ri
a 

to
xo

id
 

0.
52

 (0
.4

2-
0.

65
) 

0.
48

 (0
.3

9-
0.

59
) 

 
0.

64
 (0

.4
8-

0.
86

) 
0.

74
 (0

.5
0-

1.
09

) 
0.

09
3 

1.
10

 (0
.8

0-
1.

52
) 

0.
40

3 

 
A

nt
i-

Te
ta

nu
s 

to
xo

id
 

5.
17

 (4
.2

0-
6.

36
) 

5.
95

 (5
.1

5-
6.

88
) 

 
7.

39
 (6

.1
9-

8.
82

) 
0.

81
 (0

.6
2-

1.
04

) 
0.

05
7 

0.
87

 (0
.6

8-
1.

11
) 

0.
13

2 

 



Chapter 3 

77 

  
T

ab
le

 2
. C

on
ti

nu
ed

. 
 

M
at

er
n

al
 T

da
p

-v
ac

ci
n

at
io

n
 

be
tw

ee
n

 2
00/

7 -
24

0/
7 w

 G
A

 
(g

en
er

al
 c

oh
or

t)
 

 
M

at
er

n
al

 T
da

p
-

va
cc

in
at

io
n

 
be

tw
ee

n
 3

00/
7 -

33
0/

7 w
 G

A
 

(r
ef

er
en

ce
 c

oh
or

t)
 

 
 

 
 

 
D

el
iv

er
y 

be
tw

ee
n

 
25

2/
7 -

34
6/

7 w
 

G
A

 (p
re

te
rm

) 

D
el

iv
er

y 
be

tw
ee

n
 

37
0/

7 -
42

0/
7 w

 
G

A
 (a

t 
te

rm
) 

 
D

el
iv

er
y 

be
tw

ee
n

 
37

0/
7 -

42
0/

7 w
 G

A
 (a

t 
te

rm
) 

G
M

R
 a

t 
te

rm
 

(g
en

er
al

 c
oh

or
t)

 
vs

 a
t t

er
m

 
(r

ef
er

en
ce

 
co

h
or

t)
 

p
-v

al
u

e 
G

M
R

 
p

re
te

rm
 

vs
 a

t t
er

m
 

p
-v

al
u

e 
 

In
fa

n
t a

t 
2m

 o
f a

ge
 

n
=7

3 
n

=6
6 

 
n

=5
5 

 
 

 
 

 
A

nt
i-

Pe
rt

us
si

s 
to

xi
n 

11
.2

 (8
.1

-
15

.3
) 

14
.7

 (1
0.

6-
20

.4
) 

 
27

.3
 (2

0.
1-

37
.1

) 
0.

54
 (0

.3
4-

0.
85

) 
0.

00
5 

0.
76

 (0
.4

8-
1.

20
) 

0.
23

1 

 
A

nt
i-

Fi
la

m
en

to
us

 
he

m
ag

gl
ut

in
in

 
48

.8
 (3

7.
31

-
63

.8
) 

83
.1

 (6
3.

6-
10

9.
1)

 
 

83
.7

 (6
7.

4-
10

3.
9)

 
0.

99
 (0

.7
0-

1.
42

) 
0.

96
7 

0.
59

 (0
.4

0-
0.

86
) 

0.
00

9 

 
A

nt
i-

Pe
rt

ac
tin

 
38

.9
 (2

4.
7-

61
.5

) 
59

.8
 (3

8.
4-

93
.0

) 
 

11
0.

3 
(7

1.
6-

17
0.

0)
 

0.
54

 (0
.2

9-
1.

01
) 

0.
04

5 
0.

65
 (0

.3
5-

1.
23

) 
0.

24
9 

 
A

nt
i-

D
ip

ht
he

ri
a 

to
xo

id
 

0.
11

 (0
.0

8-
0.

14
) 

0.
12

 (0
.0

9-
0.

16
) 

 
0.

13
 (0

.1
0-

0.
17

) 
0.

89
 (0

.5
9-

1.
35

) 
0.

57
0 

0.
93

 (0
.6

3-
1.

37
) 

0.
72

7 

 
A

nt
i-

Te
ta

nu
s 

to
xo

id
 

1.
19

 (0
.9

5-
1.

50
) 

1.
53

 (1
.2

4-
1.

89
) 

 
1.

67
 (1

.4
2-

1.
97

) 
0.

92
 (0

.7
0-

1.
21

) 
0.

51
6 

0.
78

 (0
.5

7-
1.

06
) 

0.
02

9 

G
A

; g
es

ta
ti

on
al

 a
ge

, G
M

R
; g

eo
m

et
ri

c 
m

ea
n 

co
nc

en
tr

at
io

n 
ra

ti
o.

 G
eo

m
et

ri
c 

m
ea

n 
co

nc
en

tr
at

io
ns

 a
re

 p
re

se
nt

ed
 in

 in
te

rn
at

io
na

l u
n

it
s 

pe
r 

m
ill

ili
te

r.
 W

om
en

 
va

cc
in

at
ed

 b
et

w
ee

n 
20

0/
7 -2

40/
7 w

 G
A

 w
ho

 d
el

iv
er

ed
 t

er
m

 o
r 

pr
et

er
m

 in
fa

nt
s 

w
er

e 
in

cl
ud

ed
 in

 t
he

 c
ur

re
nt

 s
tu

dy
; w

om
en

 v
ac

ci
na

te
d 

be
tw

ee
n 

30
0/

7 -3
30/

7 w
 G

A
 

w
ho

 d
el

iv
er

ed
 te

rm
 in

fa
nt

s 
w

er
e 

in
cl

ud
ed

 in
 th

e 
re

fe
re

nc
e 

co
ho

rt
. 



IgG antibodies in preterm and term-born infants 

78 

Figure 2. Individual IgG-antibody concentrations and GMCs after second- vs third-trimester Tdap-
vaccination in term mother-infant-pairs at different timepoints.  
DT; diphtheria toxoid, FHA; filamentous hemagglutinin, GA; gestational age, GMC; geometric mean 
concentration, IU/mL; international units per milliliter, Prn; pertactin, PT; pertussis toxin, TT; tetanus 
toxoid. Whiskers represent GMCs with corresponding 95% confidence intervals. Labels are presented 
only in case of a significant effect. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.  
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Figure 3. Individual IgG-antibody concentrations and GMCs after second-trimester Tdap-vaccination in 
term vs preterm mother-infant-pairs at different timepoints.  
DT; diphtheria toxoid, FHA; filamentous hemagglutinin, GA; gestational age, GMC; geometric mean 
concentration, IU/mL; international units per milliliter, Prn; pertactin, PT; pertussis toxin, TT; tetanus 
toxoid. All women were vaccinated between 200/7-240/7w GA. Whiskers represent GMCs with 
corresponding 95% confidence intervals. Labels are presented only in case of a significant effect. 
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.  
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Discussion 
In this prospective cohort study, anti-PT IgG levels in term infants at 2 months 

of age following maternal Tdap vaccination between 200/7 and 240/7 weeks’ gestation 
were inferior to those in the group with Tdap vaccination between 300/7 and 330/7 
weeks’ gestation, with an approximate 2-fold reduction in GMCs of anti-PT IgG 
levels. As long as the mechanisms of protection following maternal Tdap 
vaccination are not fully understood and no correlate of protection is available, 
anti-PT IgG levels are often used in studies like ours as surrogate markers for 
protection.17 Anti-PT levels in umbilical cord blood are correlated with protection 
against pertussis,19 and lower anti-PT IgG levels may point to less protection 
against pertussis in newborns. We also observed a reduction in anti-Prn antibody 
levels after maternal Tdap vaccination between 20 and 24 weeks’ gestation 
compared with the reference group. 

The GA at which to administer maternal Tdap vaccination for the highest 
antibody transfer may vary per vaccine antigen. Many studies have suggested that 
Tdap vaccination between 270/7 and 300/7 weeks’ gestation results in maximal 
pertussis-specific antibody levels and avidity in term offspring, though these 
studies provided no data on Tdap vaccination before 24 weeks’ gestation.4,7,20-25 In 
contrast, an observational Swiss study suggested that Tdap vaccination earlier in 
pregnancy led to higher maternal antibody transfer, potentially because of the 
longer transfer time before delivery.10 The recent ‘Optimising the Timing of 
Whooping Cough Immunisation in Mums (OpTIMUM) randomized clinical trial’ 
observed the highest pertussis-specific IgG antibody levels in umbilical cord serum 
when mothers received the Tdap vaccine early in the third trimester (28-32 weeks’ 
gestation) compared with earlier than 24 weeks’ and 24 to 27 weeks’ gestation.6 
Notably, the number of preterm offspring included in that study was too small to 
draw conclusions for this most vulnerable group (15 [4%]; 5 per study group).6  

The reduction in anti–B. pertussis antibodies in offspring following maternal 
Tdap vaccination before 24 weeks’ gestation may possibly be explained by the fact 
that peak levels of anti–B. pertussis antibodies following vaccination are achieved 
when maternofetal antibody transfer is still suboptimal. This appears not to be 
compensated by the increased time of around 9 weeks for transport until delivery. 

Based on epidemiological studies, a minimum of 2 to 4 weeks between 
maternal Tdap vaccination and delivery seems required for protection of term 
offspring against clinical pertussis.6 Up to 7 to 8 weeks was estimated to result in 
optimal antibody transfer.5 Nevertheless, even in the case of a similar 9-week time 
interval between maternal Tdap vaccination and delivery in this study, GMCs in 
preterm offspring following maternal Tdap vaccination between 200/7 and 240/7 
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weeks’ gestation were at least 2-fold lower than those in term offspring from the 
reference group following maternal Tdap vaccination between 300/7 and 330/7 
weeks’ gestation. Also, while a longer interval in case of maternal Tdap vaccination 
between 20 and 24 weeks’ gestation was associated with almost similar anti-PT 
antibody levels in term and preterm offspring after a time interval of 9 weeks and 
18 weeks, respectively, a significant reduction in anti-PT levels but also anti-FHA 
and anti-Prn levels compared with Tdap vaccination between 300/7 and 330/7 weeks’ 
gestation was observed. The OpTIMUM trial also showed significantly lower anti-
PT antibodies after maternal Tdap vaccination at 240/7 weeks’ gestation or earlier.6  

In a study from Belgium,7 maternal Tdap vaccination at around 27 weeks’ 
gestation resulted in improved maternal-derived, pertussis-specific antibody 
levels in preterm offspring, potentially due to receiving the vaccine at a time in 
pregnancy with a long enough interval before delivery together with a 
postvaccination antibody peak during the third trimester that has improved 
antibody transfer compared with the second trimester. This is relevant for most 
preterm offspring because currently, 84% of all preterm newborns in the 
Netherlands are delivered at or after 32 weeks’ gestation.26  

In the UK, timing of Tdap vaccination changed in 2016 from 28 weeks’ to 16 
weeks’ gestation onward. A subsequent analysis of data on pertussis cases in the 
hospital showed that the effectiveness of maternal Tdap vaccination against 
pertussis-related hospitalization in infants had remained high.27 It must be noted 
that the overall maternal Tdap vaccination coverage over the period of the study 
also increased, which might have contributed to robustly high maternal Tdap 
vaccine effectiveness rates. With an undefined correlate of protection, studies like 
ours cannot draw conclusions on clinical effectiveness of maternal Tdap 
vaccination at or before 24 weeks’ gestation. Epidemiological studies on 
effectiveness with data stratified for GA at birth are required. 

While protection against severe pertussis following maternal Tdap vaccination 
has been confirmed by many observational studies,8,9 important knowledge gaps in 
the protective mechanisms remain. In addition to quantitative antibody levels, 
quality and functionality of anti–B. pertussis antibodies may contribute to 
protection against clinical pertussis, as may maternal immune cells, such as T 
cells, are transferred to the offspring during pregnancy and may vary with timing 
of maternal vaccination.28-30 To our knowledge, the present study is the first to 
investigate transplacental antibody transfer following maternal Tdap vaccination 
before 240/7 weeks’ gestation in a large group of preterm- and early- to late-term 
infants up to the age of their first vaccinations and to compare antibody transfer 
with a well-defined cohort of 55 mother-infant pairs after Tdap vaccination 
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between 300/7 and 330/7 weeks’ gestation. 
 

Limitations 
This study has limitations. Most importantly, the term offspring from the 

reference cohort were recruited within different periods. The present study was 
performed partially during nonpharmaceutical COVID-19 interventions, with 
reduced B. pertussis circulation compared with the 2014 to 2016 inclusion period 
of the reference cohort.31 Lower endemic B. pertussis transmission might result in 
reduced preexisting antibody levels due to a lack of boosting in women of 
childbearing age32 and may have impacted the antibody response to maternal Tdap 
vaccination. Sensitivity analyses with a Tdap vaccination cutoff at February 27, 
2020, the first day of COVID-19 social distancing measures in the Netherlands, 
yielded no differences in antibody levels in mothers or infants after birth before 
and during COVID-19-measures in the present study. The vaccination history of 
mothers in the study and reference cohorts were similar. Starting in 1957 (ie, the 
start of the Dutch NIP), a whole-cell pertussis vaccine was used for infant 
vaccinations. In 1996, an acellular pertussis component was added to the DT-IPV 
booster dose administered at age 4 years. All participating mothers were born 
before 2005, the year when the infant acellular pertussis–boosted vaccine replaced 
infant whole-cell pertussis vaccines. In the near future, more pregnant women will 
receive the acellular pertussis primary or booster vaccine. This may impact anti-
pertussis immune status and response to maternal Tdap vaccination.33 

We did not study the antibody response to Tdap vaccination in mothers 
vaccinated earlier vs later during pregnancy. Potential differences may exist. We 
found that maternal antibodies at delivery following Tdap vaccination before 24 
weeks’ gestation were significantly higher with a shorter interval between Tdap 
vaccination and delivery, suggesting a rapid decline after peak levels following 
vaccination. Another limitation is the rate of loss to follow-up for samples. We 
included more term and preterm infants compared with other studies, but many 
appointments for blood sample obtainment at 2 months of age were cancelled due 
to COVID-19–related safety measures, resulting in large dropout rates among 2-
month-old infants. However, samples from 66 term and 73 preterm infants yielded 
enough power to assess noninferiority. The dropout group at age 2 months was not 
selective and not expected to affect results. Finally, we performed a sensitivity 
analysis to compare mothers with imminent preterm labor recruited on 
presentation at the hospital with other mothers of preterm offspring vaccinated as 
part of the study (n = 46 vs 14). We found no statistically significant differences, but 
differences in clinical baseline factors that may correlate with preterm labor may 



Chapter 3 

83 

have occurred. However, we had no clinical data to compare these 2 groups in 
detail. 

 

Conclusions 
In this cohort study, maternal Tdap vaccination between 200/7 and 240/7 weeks’ 

gestation compared with 300/7 and 330/7 weeks’ gestation was associated with 
significantly lower anti-PT antibody levels in 2-month-old term and preterm infants 
despite a similar interval between maternal vaccination and delivery in preterm 
infants after Tdap vaccination between 200/7 and 240/7 weeks’ gestation and term 
infants after 300/7 and 330/7 weeks’ gestation. Further epidemiological research 
should determine whether maternal Tdap vaccination before 24 weeks’ gestation 
provides sufficient protection against clinical pertussis both in term and preterm 
infants as long as no correlate of protection is available. 

 

Supplementary materials 
 

 

Supplemental eFigure 1. Comparisons for the primary and secondary aim of this study. 
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Abstract 
Post-hoc analysis of maternally-derived antibodies at birth and age 2 months 

following second trimester maternal Tdap-vaccination between 20-24 weeks 
gestational age (GA), showed a faster decay-rate of Tdap-related IgG in early-
preterms born before 32w GA compared to moderate-to-late-preterms and full-
terms. This is different from previous studies and merits further research. 
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Brief report 
Before the first immunizations against pertussis at age 2-3 months (mo), 

infants, and particularly preterms, remain vulnerable for developing severe 
pertussis.1 Enhanced maternally derived anti-pertussis antibody levels in infants 
following maternal tetanus-diphtheria-and-acellular-pertussis (Tdap) vaccination, 
was shown to be 90% effective in protection of newborns against pertussis during 
this period.2 The height of maternally-derived anti-pertussis antibodies at birth and 
at 2mo-of-age after maternal Tdap-vaccination is determined by many factors, e.g. 
gestational age (GA), the time interval between maternal vaccination and birth, 
placental function and postnatal antibody decay.3,4 Therefore, anti-pertussis 
antibodies at 2mo may differ between full-terms and preterms.5 However, 
knowledge about the persistence of pertussis-specific vaccine-induced maternal 
antibodies, in particular in the case of early second trimester Tdap-vaccination and 
early-preterms born before 32w GA, is limited. 

We recently reported on a prospective study on transplacental IgG transfer 
following maternal Tdap-vaccination between 20-24w GA, i.e. early during the 
advised immunization period, in full-terms and preterms.6 We compared anti-
B.pertussis-IgG levels at birth and 2mo. In this post-hoc analysis, we compared 
antibody levels in cord blood and at 2mo between early- and moderate-to-late-
preterms versus full-terms, and estimated Tdap-specific antibody decay-rates 
between birth and 2mo-of-age in these groups.  

For the analysis, three groups were defined: mother-infant pairs of early-
preterms (birth 250/7-316/7w GA), moderate-to-late-preterms (320/7-346/7w GA) and 
full-terms (370/7-420/7w GA). We did not include 35-36w GA preterms because their 
antibody transfer resembles transfer in full-terms due to active transplacental 
transport.7 Blood was collected from mothers within 24h after delivery, from the 
umbilical cord and from infants at age 6-9w if premature and 2mo±5d in full-terms 
and in all cases before the first pertussis immunization. The study was approved 
by the Central Committee on Research Involving Human Subjects 
(NL66966.000.18). Informed consent was obtained from parents or legal 
guardians.8,9 

IgG-antibody concentrations against pertussis toxin (PT), filamentous 
hemagglutinin (FHA), pertactin (Prn), and toxoids of diphtheria (DT) and tetanus 
(TT) were determined as described10 and were log-transformed. Geometric mean 
concentrations (GMCs) with corresponding 95%CI were calculated. GMC-
differences between the groups and at different time-points were compared by 
utilizing a marginal generalized estimating equation model, taking into account the 
between-variation.  

The decay-rate (i.e. time in which antibody concentrations decrease 2-fold) of 
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maternal antibodies in infants until 2mo-of-age was estimated with a linear mixed 
effects model of log2-transposed antibody concentrations with random slope, 
adjusted for timeliness of blood sampling. The antibody decay-rate was expressed 
as the inverse of the regression slope in days. An infant was included in the analysis 
if measurements of Tdap-specific antibody concentrations for cord blood and 2mo 
were available, were above the lower-limit-of-quantification and indicated a decay. 
Baseline characteristics are reported as means and standard deviations or as 
absolute numbers and percentages. Comparison of baseline characteristics was 
done using either a t-test, Mann-Whitney U, or Fisher’s exact test.  

Complete data were available from 37 early- and 36 moderate-to-late-preterms 
and 66 full-terms (Supplementary table 1). Mean GA at Tdap-vaccination was 
22.6w, 22.7w and 22.0w for mothers of early- and moderate-to-late-preterms and 
full-terms, respectively. This corresponded with mean time intervals between 
maternal Tdap-vaccination and delivery of 6.3w, 10.5w and 18.3w. 

At age 2mo, anti-PT GMCs were 8.63IU/ml (95%CI 5.52-13.48; early-preterms), 
14.58 (9.25-22.99; moderate-to-late-preterms) and 14.70 (10.58-20.41; full-terms) 
(Figure1). Though lower in early-preterms, differences between the small groups 
were non-significant. Anti-FHA and -Prn GMCs in early-preterms were significantly 
lower compared to moderate-to-late-preterms and full-terms (Supplementary 
table2; Figure1). Anti-TT GMC in early-preterms was significantly lower compared 
with full-terms, but not with moderate-to-late-preterms. For the anti-DT GMC, no 
significant differences were found between the groups.  

In cord blood, no differences were observed for anti-PT GMCs: 56.24IU/ml 
(39.98-79.12), 49.30 (32.50-74.78) and 58.65 (46.38-74.16) for the groups. For anti-
FHA and anti-Prn, GMC in early-preterms was significantly lower than in full-
terms, but not compared with moderate-to-late-preterms (Supplementary table 2; 
Figure 1). For anti-DT GMC and anti-TT GMC, no significant differences were found.  

In mothers of early-preterms, anti-PT GMC at delivery was 75.24IU/ml (48.90-
115.79) compared with 47.64 (29.85-76.03; mothers of moderate-to-late-preterms) 
and 32.88 (26.01-41.57; mothers of full-terms) and associated with the time interval 
between Tdap-vaccination and delivery (data not shown). Maternal anti-FHA- and 
anti-Prn GMCs did not differ between the groups (Supplementary table 2; Figure 1). 
Anti-DT and -TT GMCs were significantly higher in mothers of early-preterms 
compared with mothers of moderate-to-late-preterms and full-terms.  

Decay-rates of maternal antibodies were significantly faster in early-preterms 
compared with moderate-to-late-preterms or full-terms for all antigens, e.g. for PT, 
this was 21.7d vs 32.9d and 32.2d, respectively. No differences were found 
between moderate-to-late-preterms and full-terms (Table 1). 
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Table 1. Antibody decay estimates with corresponding 95% confidence intervals in number of days at 
which half of all measured antibody concentrations remained in early- and late-preterms and full-term 
infants. 

GA, gestational age. 

 
We recently described that maternal Tdap-vaccination between 200/7-240/7w GA 

resulted in almost similar antibody levels against PT, DT and TT at birth and 2mo-
of-age between preterms (i.e. all infants born 250/7-346/7w GA), compared with full-
terms, although Tdap-vaccination before 24w GA resulted in at least two-fold lower 
anti-PT antibody levels compared with maternal Tdap-vaccination between 300/7-
330/7w GA.6 Results of these post-hoc analyses of the study data suggest that Tdap-
vaccination between 200/7-240/7w GA leads to lower Tdap-related antibody 
concentrations at 2mo-of-age in early-preterms but that levels in moderate-to-late-
preterms born after 32w GA are very similar to full-terms. This would indicate that 
lower levels in early-preterms at age 2mo is not only explained by the sometimes 
lower maternally derived IgG levels at birth, but also by faster decay-rates of 
maternal antibodies in the first months of life.  

When we compare our data with an individual participant data meta-analysis 
(n=1426, mainly full-terms), point-estimates of half-lives of Tdap-related 
antibodies ranged between 28.7d for anti-TT to 35.1d for anti-Prn, similar to the 
decay-rates we observed for moderate-to-late-preterms and full-terms, but 
different from the much faster decay rates of 21d we observed in early-preterms. 
The faster decay rate in early-preterms is in contrast with findings in preterms by 
Maertens et al., who reported longer half-lives of maternal Tdap-related IgG levels 
after birth in preterms vs full-terms.11 Data of the Maertens study combined with 
another study on maternal Tdap-vaccination in term mother-infant-pairs 
performed in Thailand were included in a detailed study by Embacher et al. on 
determinants of half-lives of maternally-derived antibodies after Tdap-vaccination. 

IgG antibody 

Delivery 
between 250/7-

316/7w GA 

Delivery 
between 320/7-

346/7w GA 

Delivery 
between 370/7-

420/7w GA 

Anti-Pertussis toxin 21.7 (19.2-24.4) 32.6 (29.1-34.6) 32.1 (30.6-33.7) 
Anti-Filamentous 
hemagglutinin 

22.0 (20.0-24.5) 33.0 (30.2-36.5) 33.5 (32.1-35.0) 

Anti-Pertactin 21.8 (19.6-24.5) 31.8 (28.4-33.6) 31.9 (30.4-33.6) 
Anti-Diphtheria 
toxoid 

20.8 (19.1-22.9) 28.7 (26.8-31.4) 29.4 (28.3-30.7) 

Anti-Tetanus toxoid 22.0 (19.9-24.5) 29.3 (27.1-31.9) 30.8 (29.5-32.2) 
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The authors found that being born at term, having a higher maternal antibody 
concentration at birth, an increased change in infant weight in the first two months 
of life and no breastfeeding shortened IgG half-life, whereas female sex and a 
longer interval between maternal vaccination and delivery were associated with an 
increased half-life. Taking all covariates from both studies together (if applicable), 
authors found longer half-lives in preterms vs full-terms, which differs from the 
shorter half-life in early-preterms in our post-hoc analysis. While the method to 
estimate decay rates in our study is rather similar to the studies from Embacher, 
Maertens and a study by Oguti et al.,4,5,11 there are however important differences 
between our post-hoc study and the two studies Embacher used for analyses. First, 
in our study women were vaccinated much earlier during pregnancy (mean GA 
22.6w, 22.7w and 22.0w for the three groups) compared with 29.3w (full-terms) 
and 28.8w (preterms) in Maertens et al. and 30.7w (full-terms) in the Thai study by 
Wanlapakorn et al. without preterms 11,12 Second, our early-preterms had a much 
lower GA with a mean GA at birth of 28.9w while this was 33.2w for moderate-to-
late-preterms and 34.0w for all preterms described by Maertens et al.  

Besides the lower gestational age of early-preterms and the earlier Tdap-
vaccination around 22w, other factors like relative weight gain, more frequent 
blood-withdrawal and breastfeeding practices in early-preterms between birth 
and 2mo-of-age may have contributed to the contrasting results between our post-
hoc analysis and the studies of Embacher and Maertens.5,11 Furthermore, antibody 
concentrations at delivery were relatively high in mothers of early-preterms after 
maternal Tdap-vaccination before 24w GA, e.g. anti-PT GMC in mothers of early-
preterms was 75.24 compared with 47.64 (mothers of moderate-to-late-preterms) 
and 32.88 (mothers of full-terms). Besides quantitative, also qualitative 
characteristics of maternally derived IgG antibodies may affect protection against 
pertussis and may be different following timing of maternal Tdap-vaccination and 
delivery.13  

This study represents post-hoc analyses of a larger study investigating disease-
specific transplacental antibody transfer following 200/7-240/7w Tdap-vaccination in 
full-terms and all preterms born between 25w and 35w GA.6 Our findings on early- 
and moderate-to-late-preterms therefore come with limited power and should be 
interpreted with caution.  

In the Netherlands, infant DTaP-IPV-Hib-HepB-vaccinations are administered 
at 3, 5 and 12mo-of-age, provided that the mother was Tdap-vaccinated during 
pregnancy at least 14d before delivery and the infant is full-term. Preterms born 
before 37w GA obtain an additional dose between 6-9w-of-age. Further studies are 
needed to confirm similar antibody levels and IgG half-lives compared with full-
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terms in case the child is born after 32w GA, and with a sufficient interval between 
maternal vaccination and delivery. This may impact vaccination strategies in case 
of moderate-to-late-preterm birth.  

 

 

Figure 1. Individual IgG antibody concentrations and GMCs with 95%CI after 200/7-240/7w GA Tdap-
vaccination in preterm and term mother-infant-pairs at different timepoints. DT; diphtheria toxoid, 
FHA; filamentous hemagglutinin, GA; gestational age, GMC; geometric mean concentration, IU/mL; 
international units per milliliter, Prn; pertactin, PT; pertussis toxin, TT; tetanus toxoid. Whiskers 
represent GMCs with corresponding 95% confidence intervals. Difference labels are only presented in 
case of a significant effect. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. 
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In conclusion, in early-preterms, Tdap-vaccination between 200/7-240/7w GA 
may lead to threefold lower IgG antibody levels against several Tdap-included 
antigens at 2mo-of-age, due to lower levels at birth but also faster IgG decay-rates 
when born <320/7w GA, while moderate-to-late-preterms had similar antibody 
levels at birth and similar IgG decay-rates as full-terms.  
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Supplementary materials 
Supplementary table 1. Baseline characteristics at maternal and neonatal level for early- and late- 
preterm and term mother-infant-pairs.  

a: 73 preterm infants born to 60 mothers (due to multiple pregnancies) donated a blood sample at two 
months of age. 66 term infants donated a blood sample at two months of age. b: 7 dichorionic-diamniotic 
twins, 4 monochorionic-diamniotic twins, 2 monochorionic-monoamniotic twins, 2 trichorionic-
triamniotic triplets. c: Birthweight and birthweight percentile was presented for firstborn infant only in 
case of multiple pregnancy. d: Blood samples were drawn shortest as possible before immunization but 
may be performed earlier than at two months of age because in the Netherlands, routine preterm 
primary vaccinations are administered between 6-9 weeks after birth. *p<0.05 
  

 Early-preterm 
birth (250/7-
316/7w GA) 

Late-preterm 
birth (320/7-
346/7w GA) 

Term birth 
(370/7-420/7w 

GA) 

Mothers n=38a n=35a n=66a 

 
Maternal age at delivery 
(years); mean (sd) 

30.9 (3.0) 31.9 (4.5) 31.7 (4.0) 

 
Gestational age at maternal 
immunization (weeks); 
mean (sd) 

22.6 (1.1) 22.7 (1.0) 22.0 (1.2) 

 
Pregnancy duration 
(weeks); mean (sd) 

28.9 (1.9) 33.2 (0.9) 40.6 (1.1) 

 
Interval between maternal 
immunization and delivery 
(weeks); mean (sd) 

6.3 (2.5) 10.5 (1.1) 18.3 (1.6) 

 Multiple pregnancy; n (%)b    
  No 31 (81.6) 26 (74.3) 66 (100.0) 
  Yes; twins 5 (13.2) 9 (25.7) 0 (0.0) 
  Yes; triplets 2 (5.3) 0 (0.0) 0 (0.0) 
Infants (at birth) n=47a n=44a n=64a 
 Sex; n (%)    
  Male 23 (48.9) 23 (52.3) 38 (57.6) 
  Female 24 (51.1) 21 (47.7) 28 (42.4) 

 
Birthweight (grams); mean 
(sd)c 

1243 (371) 1922 (374) 3622 (430) 

 
Birthweight percentile 
corrected for gestational 
age; mean (sd)d  

42.4 (33.6) 31.9 (30.0) 53.1 (27.8) 

 
Age at blood sampling 
(days); mean (sd) 

54.6 (6.9) 55.7 (5.4) 61.0 (3.0) 



Chapter 4 

97 

Supplementary table 2. Geometric mean concentrations with 95% confidence intervals in early and 
moderate-to-late preterms and term-born infants of mothers who were vaccinated with Tdap between 
200/7-240/7GA. 

GA; gestational age, GMC; Generalized mean concentration. Concentrations were presented in 

 Delivery 
between 252/7-

316/7w GA 

Delivery 
between 320/7-

346/7w GA 

Delivery 
between 370/7-

420/7w GA 

Mother at delivery n=38 n=35 n=138 
 Anti-Pertussis 

toxin 
75.24 (48.90-

115.79) 
47.64 (29.85-

76.03) 
32.88 (26.01-

41.57) 
 Anti-Filamentous 

hemagglutinin 
241.03 (165.97-

350.03) 
200.19 (141.14-

283.93) 
161.10 (135.52-

191.52) 
 Anti-Pertactin 194.15 (112.92-

333.84) 
213.21 (110.94-

409.74) 
176.52 (129.93-

239.81) 
 Anti-Diphtheria 

toxoid 
0.77 (0.57-1.03) 0.49 (0.36-0.68) 0.30 (0.24-0.37) 

 Anti-Tetanus 
toxoid 

6.84 (5.07-9.22) 4.47 (3.42-5.85) 3.32 (2.88-3.83) 

Infant cord blood n=45 n=41 n=146 
 Anti-Pertussis 

toxin 
56.24 (39.98-

79.12) 
49.30 (32.50-

74.78) 
58.65 (46.38-

74.16) 
 Anti-Filamentous 

hemagglutinin 
169.30 (124.01-

231.14) 
224.10 (162.81-

308.45) 
295.19 (249.05-

349.87) 
 Anti-Pertactin 106.36 (62.35-

181.43) 
200.15 (112.26-

356.85) 
295.45 (216.70-

402.82) 
 Anti-Diphtheria 

toxoid 
0.58 (0.42-0.80) 0.47 (0.35-0.64) 0.48 (0.39-0.59) 

 Anti-Tetanus 
toxoid 

5.48 (4.18-7.19) 4.84 (3.49-6.72) 5.95 (5.15-6.88) 

Infant at 2m of age n=37 n=36 n=66 
 Anti-Pertussis 

toxin 
8.63 (5.52-13.48) 14.58 (9.25-22.99) 14.70 (10.58-

20.44) 
 Anti-Filamentous 

hemagglutinin 
34.36 (23.28-

50.69) 
69.97 (49.40-

99.11) 
83.07 (63.25-

109.11) 
 Anti-Pertactin 21.56 (10.88-

42.73) 
71.49 (40.49-

126.24) 
59.76 (38.42-

92.97) 
 Anti-Diphtheria 

toxoid 
0.09 (0.06-0.14) 0.13 (0.09-0.18) 0.12 (0.087-0.16) 

 Anti-Tetanus 
toxoid 

1.02 (0.75-1.39) 1.40 (1.00-1.96) 1.53 (1.24-1.89) 
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international units per milliliter. Women vaccinated between 200/7-240/7w GA were included in the 
current study, as opposed to women vaccinated between 300/7-330/7w GA, who were included in the 
historical comparator study. 
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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 Tumor 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, three 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 three months after 
delivery. In cord sera however, antibody levels against pertussis toxin were 
significantly lower after TNFi-treatment (35.94IU/mL, 95%CI 20.68-62.45) 
compared with no TNFi-treatment of mothers with rheumatic disease (94.61IU/mL, 
95%CI 48.89-183.07) and lower compared with a cohort of healthy mothers 
(125.12IU/mL, 95%CI 90.75-172.50). We observed similar differences for 
filamentous hemagglutinin, pertactin, tetanus toxoid, and diphtheria toxoid.  

 

Conclusion 
These preliminary data indicate no major differences in IgG antibody levels 

upon 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. 
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Introduction 

Pertussis, also known as whooping cough, is an extremely contagious bacterial 
respiratory disease. The gram-negative bacterium Bordetella 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.1-3 Asymptomatic adolescents and adults in the same 
household seem to be the main source of transmission to newborns.4 

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.5-8 This process is mediated by 
the neonatal Fc receptor (FcRn) which is expressed on syncytiotrophoblast cells, 
and antibody transfer initiates between 12-17 weeks (w) of pregnancy with rates 
that increase throughout gestation.5 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 to 3 months, before they receive 
primary vaccinations.1,6,9 Nowadays, maternal Tdap vaccination is recommended 
by a growing number of countries, including the Netherlands.10 

 Current data on immunogenicity after maternal Tdap vaccination concern 
studies in healthy pregnant women, generally vaccinated during the third 
trimester.7,11 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), e.g. 
treatment with Tumor Necrosis Factor inhibitors (TNFis), are widely used as 
treatment for rheumatic diseases, both during and outside pregnancy.8 Recent 
studies have shown that the immune response upon the coronavirus vaccine is 
reduced in patients treated with immune-modulatory agents (including TNFi) for 
rheumatic disease.12-16 However, the available evidence on potential hampering 
effects of TNFi-therapy on antibody responses to Tdap vaccination in men and non-
pregnant women is contradictory due to low power of studies,17,18 and though 
several reviews or studies point to a mildly reduced antibody response in case of 
TNFi-treatment.19-22 As a growing number of pregnant women with chronic 
inflammatory diseases receive TNFis, either alone or in combination with 
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prednisone or other immune-modulating drugs, knowledge whether such 
treatment may interfere with maternal Tdap vaccine responses and subsequent 
transplacental antibody transfer is urgently needed to adapt vaccination strategies 
for newborns born to mothers on TNFi-therapy. 

In this pilot study, our co-primary 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 three 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 
comparison cohort.11  

 

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 three months after delivery. 
Subscribed medication for rheumatic disease, including therapy with TNFis, was 
decided by a rheumatologist prior to inclusion in this study, based upon diagnosis 
and patients’ medical conditions. Participants were divided into two groups, i.e. 
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 (i.e. before Tdap immunization) and approximately three 
months after delivery, along with a cord blood sample immediately after delivery. 
Samples were transported to the laboratory at room temperature and sera were 
stored at -80˚ Celsius 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 
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maternal Tdap vaccination between 30 and 33w gestational age (GA). In this cohort, 
blood samples were drawn right before immunization 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 
rheumatic disease (years) was defined as the time since diagnosis until the date of 
delivery. Duration of pregnancy (weeks) was defined as time interval between first 
day of last menstruation period (LMP) 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 with three variables: 28 swollen and 
tender joint count and C reactive protein (CRP) (DAS28CRP) and BASDAI (Bath 
Ankylosing Spondylitis Disease Activity Index) and ASDAS (Ankylosing Spondylitis 
Disease Activity Score) in each trimester by a rheumatologist.  

 

Laboratory analysis 
Sera were analyzed in the laboratory of the National Institute of Public Health 

and the Environment (RIVM) as described previously.24 In brief, IgG antibody 
concentrations against pertussis toxin (PT), filamentous hemagglutinin (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.24 In house reference serum and quality controls were used 
for pertussis antigens and sera were calibrated against the World Health 
Organization 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 

analyzed using the same procedures and in the same laboratory.23 

 

Statistical analysis 
This is a descriptive pilot study in a prospectively followed cohort of mother-

infant-pairs who were divided in three groups; 1) patients on TNFis; 2) patients not 
on TNFis; 3) healthy reference cohort. Demographics and differences between 
these three groups were estimated using basic descriptive statistics analyzing two 
groups to another separately, e.g. by t-tests, chi-squared tests or non-parametric 
variants. 

Absolute IgG antibody levels against the Tdap-vaccine antigens were log-
transformed, assessed for following normal distributions and expressed in 
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geometric mean concentrations (GMCs). We compared pre-vaccination and post 
maternal Tdap GMCs in mothers three 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 post-vaccination blood sampling existed between the 
current PreCARA-study cohort and historical healthy comparison cohort. 
Generalized 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 post-
vaccination 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 transplacental transfer rates was 
estimated as ratios between absolute fetal-to-maternal antibody levels (cord sera 
vs maternal post vaccination sera at three 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,25-27 a subgroup analysis was performed to assess the effects of 
combination therapy of TNFis with prednisone on GMCs in women with rheumatic 
disease. 

All analyses were performed using R software, version 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 27.6w 
GA (range: 20.0-36.1) in patients exposed to TNFis, 27.0 w GA (range: 19.3-34.0) in 
patients unexposed to TNFis and 31.2w GA (range: 29.8-33.0) in healthy controls. 
Based on the patients’ medical history, 65 of total 66 patients had been vaccinated 
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 Immunization Program in 2001), and therefore maternal Tdap 
vaccination was considered a booster in these cases. Most frequently used 
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medication 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 supplementary 
material Table S1).  

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: 31w, versus 28w and 27w respectively, 
p<0.01). Healthy women had also a significantly longer pregnancy duration than 
TNFi-exposed and a marginally longer pregnancy duration than TNFi-unexposed 
women (40, versus 39 and 39w, 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 IU/mL, 95% CI 3.04-
9.17 vs 4.25 IU/mL, 95% CI 2.12-8.53 vs 6.41 IU/mL, 95% CI 3.99-10.28, 
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, supplementary material 
Figure S1).  

 
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 vs unexposed patients (35.24 IU/mL, 95% CI 
20.76-59.83 vs 50.6 IU/mL, 95% CI 26.49-96.62, 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, supplementary material Figure S1).  
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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 20.68-62.45 vs 94.61 IU/mL, 95% CI 48.89-183.07 vs 
125.12 IU/mL, 95% CI 90.75-172.50, respectively, table 2). TNFi-treatment resulted 
into a threefold reduction of anti-PT levels in cord blood compared with no 
treatment (adjusted GMC ratio 0.37, 95% CI 0.17-0.77) and a fourfold reduction 
compared with healthy controls (adjusted GMC ratio 0.25, 95% CI 0.13-0.49).  

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 IU/mL, 95% CI 317.85-761.64 vs 321.19 
IU/mL, 95% CI 248.11-415.79, respectively) (Table 2, Figure 1, supplementary 
material Figure S1). 

 
IgG antibody transfer rates 

Patients on TNFis showed significantly lower IgG antibody differences between 
cord blood levels and maternal anti-pertussis IgG levels at three months post-
delivery, potentially suggesting lower transfer rates of all antigens compared with 
patients not on TNFis (mean fetal-to-maternal antibody ratios for PT: 1.33, 95% CI 
1.05-1.60 in patients on TNFis vs 1.88, 95% CI 1.55-2.22 in patients not on TNFis). 
The single exception was Prn (mean ratio 1.18, 95% CI 0.91-1.45 in patients on 
TNFis vs 1.49, 95% CI 1.28-1.69 in patients not on TNFis, p=0.05), though with the 
same trend that failed to reach the level of significance. 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 1.82-2.15), but 
direct comparisons with these women could not be made since maternal post-sera 
from patients were drawn at a different time-point than the healthy comparator 
group (Table 3). 
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Table 2. Geometric mean concentrations (IU/mL) of IgG antibodies with 95% confidence intervals in all 
study groups. 

  TNFis vs no TNFis 

 GMCs of patients on 
TNFis 

Crude 
p-value 

Adjusted 
p-value 

Estimated GMC 
ratio (95% CI)  

Mothers before 
vaccination 

n=42    

 Anti-PT 5.28 (3.04-9.17) 0.54 NA NA 
 Anti-FHA 17.33 (10.45-28.74) 0.95 NA NA 
 Anti-Prn 17.93 (11.19-28.72) 0.85 NA NA 
 Anti-Dt 0.10 (0.07-0.15) 0.58 NA NA 
 Anti-TT 1.29 (0.93-1.78) 0.31 NA NA 

Mothers after 
vaccination 

n=43    

 Anti-PT 35.24 (20.76-59.83) 0.37 0.36 0.69 (0.31-1.52) 
 Anti-FHA 169.01 (126.34-226.09) 0.23 0.22 0.76 (0.49-1.18) 
 Anti-Prn 232.11 (147.17-366.08) 0.71 0.77 0.88 (0.37-2.08) 
 Anti-Dt 0.49 (0.35-0.69) 0.81 0.58 1.15 (0.70-1.88) 
 Anti-TT 5.01 (3.86-6.50) 0.79 0.96 1.01 (0.66-1.55) 

Infants 
(umbilical cord) 

n=46    

 Anti-PT 35.94 (20.68-62.45) 0.01 <0.01 0.37 (0.17-0.77) 
 Anti-FHA 166.51 (112.46-246.55) <0.01 <0.01 0.32 (0.19-0.56) 
 Anti-Prn 150.95 (83.92-271.49) <0.01 <0.01 0.23 (0.10-0.54) 
 Anti-Dt 0.45 (0.29-0.69) 0.03 0.03 0.54 (0.31-0.94) 
 Anti-TT 4.55 (3.02-6.84) <0.01 <0.01 0.47 (0.30-0.74) 
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Table 2. Continued. 

  No TNFis vs healthy women 

 GMCs of patients not 
on TNFis 

Crude 
p-value 

Adjusted 
p-value 

Estimated GMC 
ratio (95% CI)  

Mothers before 
vaccination 

n=20    

 Anti-PT 4.25 (2.12-8.53) 0.30 NA NA 
 Anti-FHA 16.97 (9.74-29.53) 0.09 NA NA 
 Anti-Prn 19.49 (8.59-44.18) 0.07 NA NA 
 Anti-Dt 0.09 (0.05-0.15) 0.06 NA NA 
 Anti-TT 1.79 (0.98-3.28) 0.12 NA NA 

Mothers after 
vaccination 

n=18    

 Anti-PT 50.6 (26.49-96.62) NA* NA* NA* 
 Anti-FHA 220.68 (151.67-321.11) NA NA NA 
 Anti-Prn 272.07 (121.38-609.86) NA NA NA 
 Anti-Dt 0.47 (0.32-0.69) NA NA NA 
 Anti-TT 5.31 (3.65-7.72) NA NA NA 

Infants 
(umbilical cord) 

n=18    

 Anti-PT 94.61 (48.89-183.07) 0.43 0.30 0.68 (0.33-1.40) 
 Anti-FHA 492.55 (317.85-761.64) 0.05 0.05 1.58 (1.01-2.48) 
 Anti-Prn 607.16 (277.69-1327.5) 0.38 0.55 1.28 (0.57-2.86) 
 Anti-Dt 0.81 (0.53-1.24) 0.15 0.19 1.37 (0.85-2.19) 
 Anti-TT 9.43 (7.22-12.32) 0.06 0.20 1.24 (0.89-1.72) 
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Table 2. Continued. 

  TNFis vs healthy women 

 GMCs of healthy 
women 

Crude 
p-value 

Adjusted 
p-value 

Estimated GMC 
ratio (95% CI)  

Mothers before 
vaccination 

n=53    

 Anti-PT 6.41 (3.99-10.28) 0.66 NA NA 
 Anti-FHA 9.89 (6.76-14.46) 0.07 NA NA 
 Anti-Prn 8.84 (5.77-13.54) 0.02 NA NA 
 Anti-Dt 0.05 (0.03-0.07) <0.01 NA NA 
 Anti-TT 1.11 (0.87-1.42) 0.45 NA NA 

Mothers after 
vaccination 

n=53    

 Anti-PT 65.41 (47.56-89.96) NA* NA* NA* 
 Anti-FHA 170.10 (132.61-218.18) NA NA NA 
 Anti-Prn 261.51 (166.13-411.65) NA NA NA 
 Anti-Dt 0.31 (0.23-0.43) NA NA NA 
 Anti-TT 3.61 (3.00-4.35) NA NA NA 

Infants 
(umbilical cord) 

n=52    

 Anti-PT 125.12 (90.75-172.50) <0.01 <0.01 0.25 (0.13-0.49) 
 Anti-FHA 321.19 (248.11-415.79) <0.01 <0.01 0.51 (0.32-0.81) 
 Anti-Prn 435.41 (278.70-680.25) <0.01 <0.01 0.29 (0.14-0.59) 
 Anti-Dt 0.59 (0.44-0.78) 0.29 0.24 0.73 (0.44-1.22) 
 Anti-TT 7.20 (5.95-8.71) 0.04 0.02 0.58 (0.37-92) 

*As post-vaccination blood samples were obtained in different time points in Pre-CARA study and 
historical cohort of healthy pregnancies, no direct comparisons could be performed between GMCs 
after vaccination. GMC, geometric mean concentration; PT, pertussis toxin; FHA, filamentous 
hemagglutinin; Prn, pertactin, Dt, diphtheria toxoid, TT, tetanus toxoid; vs. versus. 
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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. Xaxis: type and time-point of blood sample draw. Yaxis: IgG antibody 
concentration against pertussis toxin (IU/mL). Significance *p<0.05, **p<0.01, ***p<0.001. TNFis, 
tumour necrosis factor alpha inhibitors. 

 
Combined therapy with TNFi and prednisone 

Subgroup analysis showed a lower GMC against PT after Tdap vaccination if 
patients were on combination therapy of prednisone and TNFis, compared with 
prednisone without TNFis, though with a very broad confidence interval (15.96 
IU/mL, 95% CI 2.50-101.67, n=4 vs 105.14 IU/mL, 95% CI 36.08-306.32, 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 confidence interval (41.84 IU/mL, 95% CI 9.07-192.91 vs 170.98 IU/mL, 95% 
CI 50.36-580.41, 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) (supplementary material Figure S2).  

 
Other biologicals 

Among the two patients on non-TNFi bDMARDs, the patient on rituximab 
showed a relatively low IgG antibody concentration against PT in cord serum (1.57 
IU/mL), but the patient on anakinra showed a concentration similar to that of 
healthy controls (152.4 IU/mL, see supplementary material Table S1).  
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Table 3. Mean fetal-to-maternal ratio of IgG antibodies with 95% confidence intervals 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) 

PT, pertussis toxin; FHA, filamentous hemagglutinin; Prn, pertactin, Dt, diphtheria toxoid, TT, tetanus 
toxoid; vs. versus.  

 

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 
pregnant women on immune-modulating treatments with a focus in TNFi-
treatment. Post-vaccination maternal serum GMCs against Tdap-specific antigens 
appeared not significantly affected by TNFis. In addition, we observed up to four-
fold 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.28-32 Regarding coronavirus vaccination a meta-analysis 
of several studies has shown a substantial reduction in the humoral immune 
response to vaccination in non-pregnant patients under TNFi-therapy compared to 
healthy controls (odds ratio 0.94 [95% CI 0.84–0.98]).33 Studies on other vaccines, 
e.g. pneumococcal and hepatitis A vaccines, also showed a reduced response in 

male and non-pregnant female patients under TNFi-treatment.19,21 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.34-36 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 antibody 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 
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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 post vaccination, 
since TNFis have been described to cause more rapid waning of IgG antibodies 

upon vaccination.22,37 This may result in reduced transfer from mother to child. 
Noteworthy, the use of TNFis was associated with significantly lower GMCs 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 pregnancy 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.38-40 In our study, the pregnancy duration of TNFi-exposed patients was 
somewhat shorter than in healthy women. Differences in cord blood GMCs still 
remained significant 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 
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 antibodies 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 immunoglobulins G, it could be an alternative 
explanation why treatment with TNFis during pregnancy may be associated with 
slightly more infections in children (OR compared to 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).41 
It 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 
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compared to another.  
Although only a few patients in this study received TNFis and concomitant 

prednisone, they had significantly lower GMCs against PT in cord sera compared 
with the patients on prednisone without TNFis. To our knowledge, there is 
currently no available evidence on immunogenicity 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.42 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 post-vaccination samples were available from the mother 
exposed to rituximab.  

A pilot study comes with limitations. Our findings are based on a small sample 
size in an observational 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 
coronavirus lockdown periods. Therefore, comparison of maternal post-
vaccination GMCs between rheumatic disease patients and healthy pregnant 
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 comparison 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 six weeks to two months of age in cases with no maternal Tdap 
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vaccination, preterm infants, infants from immunodeficient mothers and infants 

born to mothers under TNFis.43,44 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 GMCs against all Tdap-included antigens were 
observed if mothers were on TNFi-treatment during pregnancy compared to no 
TNFis or in healthy pregnant women. An early start with pertussis vaccination 
series at six weeks to two 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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Figure S1. Anti-Filamentous hemagglutinin (FHA), Anti-Pertactin (Prn), Anti-Diphtheria toxoid (Dt) and 
Anti-Tetanus toxoid (TT) 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 
the different antigens (IU/mL).  
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Figure S2. Anti-Pertussis toxin (anti-PT IgG) concentrations (IU/mL) before and after vaccination and in 
cord sera, represented for subgroup analysis based on use of TNFis and/or prednisone during 
pregnancy. 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, ***p<0.001. 
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Abstract 

Background 
Maternal tetanus-diphtheria-and-acellular-pertussis (Tdap) vaccination is 

offered to all pregnant women during their second trimester in the Netherlands 
since December 2019. We assessed second trimester Tdap vaccination 
reactogenicity and compared with third trimester data from a similar study. For 
safety assessment, adverse pregnancy outcomes were compared with national 
data from 2018, before Tdap vaccine-introduction. 

 

Methods 
Pregnant women were included between August 2019-December 2021 and 

received Tdap vaccination between 20-24w gestational age (GA). Participants 
completed a questionnaire on solicited local reactions and systemic adverse events 
(AEs) within one week after vaccination. Results were compared with historical 
data on reactogenicity from women vaccinated between 30-33w GA (n= 58). 
Regarding safety-related outcomes, each participant was matched to four 
unvaccinated pregnant women from the Dutch Perinatal Registry, based on living 
area, parity and age. 

 

Results 
Among 723 participants who completed the questionnaire, 488 (67.5%) 

experienced ≥1 local reaction with pain at the injection site as most reported 
reaction (62.3%), and 460 (63.6%) experienced ≥1 systemic AE with stiffness in 
muscles/joints (38.9%), fatigue (28.9%), headache (14.5%) and common cold-like 
symptoms (11.0%) most frequently reported. 4 women (0.6%) reported fever 
(≥38.0˚C). Symptoms were considered mild and transient within days. No 
difference in AEs were found between vaccination at 20-24w versus 30-33w GA. 
723 participants were matched to 2,424 unvaccinated pregnant women with no 
increased rates of premature labor, small-for-gestational-age, or other adverse 
pregnancy outcomes. 

 

Conclusions 
Second trimester maternal Tdap vaccination appears safe and well-tolerated. 

Comparison between second versus third trimester vaccination yielded no 
reactogenicity concerns.  
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Introduction 
Pertussis is a respiratory infectious disease, caused mainly by Bordetella 

pertussis. Especially young unvaccinated infants are at risk of severe disease and 
sometimes even death.1,2 In older vaccinated or previously infected children and 
adults, pertussis often manifests with no or mild symptoms that are frequently 
unrecognized.3,4 Nevertheless, B. pertussis is readily transmitted by 
(a)symptomatic persons after infection and passed on to infants without sufficient 
immunological protection as they are too young to be fully vaccinated.5,6 In 
response to the re-emergence of pertussis since the late 1990s and in particular, 
following a large epidemic wave of pertussis in 2012, maternal vaccination with 
tetanus-diphtheria-and-acellular-pertussis (Tdap) is offered in several countries to 
protect newborns against pertussis in the first months after birth.7 Maternal 
pertussis-specific IgG antibodies that rise upon vaccination during pregnancy are 
actively transferred from mother to fetus, providing passive neonatal immunity 
until the infant vaccination series offers protection against clinical disease.8-14 
Since December 2019, maternal Tdap vaccination is offered to all Dutch pregnant 
women from 22 weeks gestational age (GA) onwards. 

The vaccination is shown to be well-tolerated by pregnant women, although the 
majority of women experience transient mild to moderate local reactions and 
systemic adverse events (AEs) shortly after vaccination. Current knowledge about 
vaccine reactogenicity is mostly limited to third trimester Tdap vaccine 
administration.9,15-17 However, an increasing number of countries encourage 
women to get vaccinated during the second trimester of pregnancy in order to 
provide a sufficient amount of time for antibody transfer in case of preterm labor. 
We aimed to assess the frequency of local reactions and systemic AEs within one 
week after maternal Tdap vaccine administration between 20 and 24 weeks GA. 
Results were compared to reactogenicity data from a historical cohort of pregnant 
women who received a Tdap vaccination between 30 and 33 weeks GA.18 As a 
second objective, we assessed the longer-term safety of second trimester Tdap 
vaccination with respect to adverse pregnancy outcomes (before and after birth) 
and compared outcome frequencies with background incidences from 2018, i.e. 
before maternal Tdap vaccination was implemented under the National 
Immunization Program in the Netherlands.  

 

Methods 
Study population and setting 

This study is part of a large prospective cohort study among pregnant women 
regarding acceptance, reactogenicity and immunogenicity of maternal Tdap 
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vaccination between 20 and 24 weeks GA.19 In brief, antenatal care providers 
invited women during the first trimester of pregnancy to participate in the study 
over the period from August 2019 throughout November 2021. Tdap immunization 
was provided by the antenatal care provider between 20 and 24 weeks GA. One 
week after Tdap vaccine administration, participants completed a digital 
questionnaire on solicited local reactions and systemic AEs occurring within the 
first seven days after vaccination, occurrence of similar systemic symptoms in the 
week prior to vaccination, and how they perceived the severity of all symptoms 
(mild, moderate or severe). The study was organized in accordance with the 
Declaration of Helsinki. Permission to conduct this study was obtained from the 
Central Commission on Research Involving Human Subjects (registration number 
NL66966.000.18) and participants gave consent for linking their questionnaire data 
to the Dutch perinatal registry. 

Reactogenicity data were compared with data from a randomized controlled 
trial that studied immunogenicity of maternal Tdap vaccination in the period from 
January 2014 to February 2016, and additionally assessed reactogenicity after 
Tdap vaccination between 30 and 33 weeks GA, making use of the same Tdap 
vaccine.18  

Details on population-wide adverse pregnancy outcomes were retrieved from 
the Dutch Perinatal Registry (DPR) database.20 To date, the DPR covers data on 
(adverse) pregnancy outcomes of about 98% of all deliveries in the Netherlands up 
to and including the year 2020. Data from 2021 were not available yet. Records on 
adverse pregnancy outcomes of the participants were identified by linking our 
study population to the DPR database based on date of birth of the mother, living 
area (4-digit postal code), and date of expected delivery. If data were unavailable 
from the DPR, they were retrieved from medical records provided by the antenatal 
care provider (n=384).  

 
Tdap vaccine 

All participants received a Tdap vaccine (Boostrix®) that contains adsorbed 
pertussis antigens, i.e. pertussis toxin, filamentous hemagglutinin and pertactin, 
and inactivated toxoids of diphtheria and tetanus.21 The Tdap vaccine was 
administered as a single 0.5mL intramuscular injection in the upper arm deltoid 
muscle. In case participants were ill or had fever (≥38.0˚C), administration was 
postponed until recovery.  

 
Reactogenicity questionnaires  

Demographic data including age, country of birth, education level, number of 
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previous pregnancies and number of own children were collected, next to data on 
local reactions and systemic AEs within one week after vaccination. Participants 
reported the day of onset since vaccination, severity (self-reported as mild, 
moderate or severe) (for fever we used categories low-grade 38.0-38.9˚C, 
moderate-grade 39.0-39.9˚C, high-grade 40.0-40.9˚C and hyperpyrexia ≥41.0˚C) 
and duration of AE in days. Solicited local reactions included pain; erythema; 
swelling; and induration at the injection site. Systemic AEs included fever (if 
≥38˚C); headache; fatigue; nausea; vomiting; regular uterine contractions; 
diarrhea; dizziness; decreased appetite; stiffness in muscles or joints; itch; 
excessive transpiration; rash; swelling in neck, armpits or groins; sore throat; 
common cold-like symptoms; coughing; fainting; and flu or flu-like symptoms. 
Women also filled in whether or not they experienced any of these systemic events 
in the week before vaccination. Data on additional medical consultation pre- or 
post-vaccination, usage of analgesics or absence from work as a result of any of the 
abovementioned complaints were documented. 

For comparison of reactogenicity between early vaccinated (20-24 weeks GA) 
vs late vaccinated (30-33 weeks GA) women, we compared post-second-trimester 
Tdap vaccination data with a small historical comparator cohort of mothers 
vaccinated between 30-33 weeks, who reported in a similar questionnaire on 
experiencing fever; headache; fatigue; stiffness in muscles or joints and pain, 
induration, swelling and erythema at the injection site after Tdap vaccination.18 The 
use of analgesics and additional medical consultation were also assessed and 
presented in the category “other AE”.  

 
Safety data on adverse pregnancy outcomes  

Participants were each linked to four mothers in the DPR database from the 
year 2018, matched on date of birth of the mother (allowing a maximum age 
difference of 3 years), living area (4-digit postal code) and parity. These control 
mothers were presumed to be unvaccinated since Tdap vaccination was 
introduced at the end of 2019 in the Netherlands. 

The following adverse pregnancy outcomes were assessed: small for 
gestational age, defined as lower than 10th percentile of Hoftiezer;22 pregnancy 
duration shorter than 370/7 weeks; and a composite outcome consisting of either 
one or more of the following outcomes: congenital anomalies, perinatal mortality, 
low Apgar-score, i.e. <7/10 at 5 minutes, admission to a neonatal intensive care unit 
ward. 
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Statistical analysis 
Analyses were performed using R software version 4.0.4. We had a study 

population of 723 participants available, for which sample size calculations were 
based on the immunogenicity part of this study, that was described previously.19  

Percentages and 95% confidence intervals (95% CI) of pregnant women 
experiencing systemic AEs or local reactions within one week since vaccination 
were described by type, perceived severity and duration of the AE. Occurrence of 
AEs after versus before second trimester (early) Tdap vaccination was analyzed 
using binary generalized mixed models (GLMM), while adjusting for multiple 
comparisons and expressing odds ratios (OR) with corresponding 95% CI.  

Risk ratios with 95% CI were calculated for the assessment of reactogenicity 
after early (20-24w GA) vs late (30-33w) maternal vaccination.  

We calculated risk ratios and 95% CIs for the abovementioned adverse 
pregnancy outcomes between our Tdap vaccinated population and the matched 
section of the DPR population in 2018.  

 

Results 
Second trimester Tdap vaccinated participants  

974 participants received a maternal Tdap vaccination between 20 and 24 
weeks GA of whom 723 (74%) completed the questionnaire. Mean age of the 
participants was 32 years, mean GA at Tdap vaccination was 22.0 weeks. Further 
details on demographics are shown in Table 1.  
 

Solicited local reactions 
Of all 723 participants, 488 participants (67.5%) experienced at least one local 

reaction within the week after vaccination. Pain at the injection site was the most 
reported AE (62.2%) (Figure 1) and was reported predominantly as mild (49.6%) or 
moderate (38.4%). Nevertheless, 12.0% of women experienced pain as severe. 
Induration, swelling, or erythema at the injection site were reported in 23.9%, 
16.9% and 11.7% of cases, respectively (Figure 2). Participants reported a median 
onset of pain immediately after vaccination, while erythema, swelling and 
induration started after a median of one day after vaccination. Solicited local 
reactions lasted 3-5 days. 
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Table 1. Demographics of pregnant women vaccinated between 20-24 weeks of gestation. 
  

Between 20-24w 
GA vaccinated 

study population 
(n=723)a 

Between 30-33w 
GA vaccinated 

reference 
population (n=58) 

p-value 

Age in years; mean (sd) 32.5 (4.0) 32.5 (3.3) 1.000 
Gestational age in weeks 
at immunization; mean 
(sd) 

22.0 (1.3) 31.3 (0.8) <0.001* 

Country of birth; n (%)    
 The Netherlands 667 (92.3) NA NA  

Other 56 (7.7) NA NA 
Education level; n (%)b    
 Low 24 (3.3) NA NA  

Middle 187 (25.9) NA NA  
High 512 (70.8) NA NA 

Previous pregnancy; n (%)    
 Yes 473 (65.4) NA NA 
 No 250 (34.6) NA NA 
Has own children; n (%) c    
 Yes 397 (54.9) 21 (36.2) 0.018* 
 No 326 (45.1) 37 (63.8)  
Self-reported chronic 
disorder; n (%)d 

   

 Yes 148 (20.5) NA NA 
 No 573 (79.5) NA NA 
Self-reported other 
pregnancy-related 
disorder; n (%)c 

   

 Yes 70 (9.7) NA NA 
 No 651 (90.3) NA NA 

a Demographic comparison data were not available for all variables from the reference cohort of women 
vaccinated in the third trimester of pregnancy. They were shown only if available. No comparison data 
were available for the 2018 unvaccinated population. b Maternal education level categories, i.e. 
Low = no education, primary school, pre-vocational education (VMBO), lower vocational education 
(LBO/MBO-1), lower general secondary education (MAVO/VMBO). Middle = intermediate/secondary 
vocational education (MBO-2–4), higher/senior vocational education (HAVO), pre-university education 
(VWO/Gymnasium); High = higher professional education (HBO), University BSc., University MSc., 
Doctorate. c The reference study asked women specifically how many children they are currently living 
with in their household. The true percentage of women who have own children might be higher. d Two 
missings in self-reported chronic disorder or pregnancy-related disorder. * significance p<0.05. 
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Systemic adverse events 
After vaccination, 460 participants (63.6%) reported at least one systemic AE 

(Figure 1). Most reported systemic AEs after vaccination were stiffness in muscles 
and/or joints (38.9%, 95% CI 29.4-49.2), fatigue (28.9%, 95% CI 20.5-39.0), 
headache (14.5%, 95% CI 8.5-23.3), and common cold-like symptoms (11.0%, 95% 
CI 5.8-19.1) (Figure 2). Symptoms were predominantly reported as mild to 
moderate (range 59.7%-74.2%) and lasted 2-7 days. 4 participants (0.6%) reported 
fever, of whom 3 with low-grade and 1 with moderate-grade fever, that lasted one 
to two days. More detailed information about severity, baseline frequency, onset 
and duration of symptoms are presented in Figure 1 and 2.  

At baseline, 263 participants (36.4%) reported at least one systemic event in the 
week before vaccination. Following Tdap vaccination, stiffness in muscles and/or 
joints (OR=32.5, 95% CI 11.0-95.6), rash (OR=8.0, 95% CI 1.3-50.3), headache 
(OR=4.6, 95% CI 2.0-10.8), nausea (OR=3.7, 95% CI 1.3-10.8), fatigue (OR=3.7, 95% 
CI 1.9-7.0) and itch (OR=3.0, 95% CI 1.1-8.5) (Figure 2) were more frequently 
reported.  

 

 
Figure 1. Frequency and self-reported severity (%) of local reactions at the injection site and systemic 
AEs within 7 days after maternal Tdap vaccination. a For fever, categories were low-grade (mild-blue), 
moderate-grade (moderate-blue), high-grade (NA), and hyperpyrexia (NA) (see main text for 
corresponding temperatures) * significant systemic symptoms that were more observed post-Tdap 
vaccination (p<0.05). 
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Additional medical consultation, analgesics use and absence from work 
Medical consultation for any symptom after Tdap vaccination was seen in 2.8% 

of cases. Consultation usually consisted of an extra healthcare visit at the antenatal 
care provider for complaints like fatigue, regular uterine contractions, nausea 
and/or a headache (Figure 2). The use of analgesics for any symptom after Tdap 
vaccination was reported in 10.8% of cases and was used for one or two days, 
mainly for moderate or severe headache, fatigue, sore throat, or common cold-like 
symptoms and coughing. Staying home from work after Tdap vaccination was 
observed in 3.5% of the participants. The absence lasted one to two days in half of 
the cases but longer for the other half, in particular when in combination with flu-
like illness or common cold-like symptoms.  

 
Comparison with data from the third trimester  

AEs in the 723 participants in our study population were compared with those 
of 58 participants in the historical control cohort vaccinated between 30-33 weeks 
GA. Among those, 56 of 58 participants (96.6%) experienced at least one adverse 
event (local or systemic) in the week after Tdap vaccination, regardless of its 
severity. The most frequently reported reactions to Tdap vaccination were pain at 
the injection site (85.7%) and stiffness in muscles and/or joints (66.7%). No 
significant differences in occurrence of AEs were found between women 
vaccinated between 20-24 weeks GA compared to 30-33 weeks GA (Table 2). 

 
Adverse pregnancy outcomes 

In total, the 723 study participants were matched to 2,424 controls from the 
DPR in 2018. No significantly different risk ratios were observed for any of the 
adverse pregnancy outcomes; pregnancy duration shorter than 370/7 weeks 
(RR=1.32, 95% CI 0.94-1.84), small for gestational age (RR=0.78, 95% CI 0.54-1.11) 
and the composite outcome (RR=1.16, 95% CI 0.75-1.82) (Table 3).  
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Table 2. Risk ratios of second versus third trimester vaccination systemic AEs post-vaccination and 
local reactions at the injection site.  

 Between 20-24w GA 
vaccinated study 

population (n=723) 

Between 30-33w GA 
vaccinated reference 

population (n=58) 

Risk ratio  
(95% CI) 

Systemic 
adverse events 

   

 Stiffness in 
muscles 
and/or joints 

281/722a (38.9%) 37/56b (66.1%) 0.70  
(0.48-1.03) 

 Headache 105/723 (14.5%) 8/56b (14.3%) 1.01  
(0.40-2.58) 

 Fatigue 209/723 (28.9%) 25/56b (44.6%) 0.73  
(0.44-1.19) 

 Fever 
(≥38.0˚C) 

4/723 (0.6%) 1/57b (1.8%) 0.32  
(0.02-4.38) 

Local reactions    
 Pain 450/723 (62.2%) 48/56b (85.7%) 0.83  

(0.61-1.14) 
 Induration 174/723 (24.1%) 8/54b (14.8%) 1.50  

(0.60-3.75) 
 Swelling 123/723 (17.0%) 7/54b (13.0%) 1.27  

(0.47-3.40) 
 Erythema 84/723 (11.6%) 13/54b (24.1%) 0.54  

(0.26-1.13) 
Other    
 Analgesics 

use 
79/723 (10.9%) 1/55b (1.8%) 5.52  

(0.56-53.97) 
 Additional 

medical 
consultation 

20/723 (2.7%) 1/55b (1.8%) 1.51  
(0.14-15.68) 

AE, adverse event; CI, confidence interval; GA, gestational age a 1 missing record for stiffness in muscles 
and/or joints in study population group. b 1-4 missing records for all studied variables in reference 
population group.  
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Table 3. Risk ratios of adverse outcomes within the study population versus matched DPR population 
in 2018.  

 Prevalence 
study 

population 
(n=723) 

Prevalence 
matched DPR 

population 2018 
(n=2,424) 

Risk ratio (95% 
CI) 

Pregnancy duration 
<370/7 weeks 

65/690 (9.4%)c 168/2,406 (7.0%)d 1.32 (0.94-1.84) 

Small for gestational 
agea 

51/685 (7.4%)c 232/2,369 (9.8%)d 0.78 (0.54-1.11) 

Composite outcomeb 36/681 (5.2%)c 109/2,418 (4.5%)d 1.16 (0.75-1.82) 
CI, confidence interval; DPR, Dutch Perinatal Registry a Small for gestational age was defined as 
birthweight lower than the 10th percentile of Hoftiezer.5 b The composite outcome consisted of either 
one or more of the following outcomes: severe congenital anomalies, perinatal mortality, low Apgar-
score, i.e. <7/10 at 5 minutes, admission to a neonatal intensive care unit ward. c Numbers were smaller 
than the number of study participants due to unavailable records within the Dutch Perinatal Registry or 
local medical record system. d Numbers were smaller than the matched 2,424 pregnancies due to 
unavailable records within the DPR.  
 

Discussion 
In this study we demonstrated that 67.5% of participants reported at least one 

local reaction and 63.6% one or more systemic AE’s within one week after maternal 
Tdap vaccination in the second trimester of pregnancy (i.e. between 20-24 weeks 
GA). The most reported local reaction was pain at the injection site (62.2%), that 
manifested mostly mild and transient within days. Most reported systemic AEs 
were stiffness in muscles and/or joints (38.9%), fatigue (28.9%), headache (14.5%), 
and common cold-like symptoms (11.0%). Fever was reported in 0.6% of cases. We 
did not find any significant differences in adverse events between second and third 
trimester Tdap vaccination based on comparison with a small cohort of women in 
a study on Tdap vaccination between 30 and 33 weeks GA. Regarding longer-term 
safety of maternal Tdap vaccination, our findings showed no significantly different 
rates of adverse pregnancy outcomes after vaccination compared with the Dutch 
nationwide population in 2018, i.e. before Tdap vaccine-introduction. 

In our reactogenicity study, we observed higher local and systemic 
occurrences of AEs following vaccination, e.g. pain at the injection site, fatigue, 
headache, compared with many previous studies.15-17,23 Proportions of AEs tend to 
differ between studies, very likely due to the different ways how questions are 
asked, in different populations and countries, and at different times in pregnancy, 
predominantly in the third trimester. For example, Fortner and colleagues asked 
pregnant women to only report events following Tdap immunization if it concerned 
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moderate or severe manifestation.15 When stratifying our results for perceived 
severity and comparing only moderate and severe AEs between studies, results of 
our study navigate closer to the results from Fortner and colleagues (31.4% 
moderate-severe pain at the injection site in our study vs 17.9% by Fortner and 
colleagues, and 10.8% moderate-severe headache in our study vs 7.2% by Fortner 
and colleagues), though the frequency remains higher. Wanlapakorn and 
colleagues reported on rates of pain at the injection site after maternal Tdap 
vaccination (in mild, moderate or severe manifestation) that were more alike our 
results (76.2 vs 62.2% in our study), though the authors reported lower rates of 
swelling (4.1 vs 17.0% in our study) and erythema (1.4 vs 11.6% in our study).23  

For direct comparison of reactogenicity data following Tdap vaccination 
between second versus third trimester vaccination, we had a small comparator 
group available, from a similar Dutch population who participated recently in a 
randomized controlled immunogenicity trial in which women were Tdap 
vaccinated at 30-33 weeks GA. Here, 96.6% reported at least one (local and/or 
systemic) symptom that is somewhat higher than in our data (82.9%).18 Though the 
limited size of the third trimester comparator groups prevails in-depth analysis, we 
found no significant differences in AE prevalence, implicating that there are no 
signs for reactogenicity concerns for Tdap vaccination in the second trimester of 
pregnancy.  

Women in our population were expected to have - in theory - a higher risk for 
pregnancy complications than those from the randomized controlled study. 
However, we still have not observed increased occurrence of adverse events 
following second trimester vaccination, which emphasizes the safety of second 
trimester Tdap vaccination. 

We found no significantly different ratios for adverse pregnancy-related 
outcomes after second trimester Tdap vaccination compared with presumably 
unvaccinated women from before maternal Tdap vaccination introduction. It fits 
well with other studies, where the maternal Tdap vaccination seems to have a well-
established good safety profile.5,6,9-13,24 In accordance with our findings, a 
systematic review by McMillan and colleagues concluded that adverse pregnancy 
outcomes including the risk of preterm delivery were unaffected after maternal 
Tdap vaccination, though with point estimates (95% CI) ranging from 0.47 to 1.50.13 
In addition, the authors reported no increased risk for small for gestational age 
birth after maternal Tdap vaccination (95% CI 0.65-1.00), which is in line with our 
findings. 

Although congenital malformations do not seem plausible to have a causal 
relation with second or third trimester maternal vaccination, the public may 
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interpret (severe) adverse events following maternal vaccination differently, 
especially when it comes to the opposition to vaccines, in particular when it is 
administered during pregnancy. These should therefore not be excluded from the 
combined outcome. Severe congenital anomalies accounted for <1% of adverse 
effects in both the study population as in the 2018 reference population (and the 
matched cohort) and for this reason, excluding congenital malformations from the 
composite outcome would probably not affect our results. 

Some limitations and biases may have been introduced in our study. To begin 
with, participants were non-randomized, resulting into that the study may be 
exposed to selection bias. Women who experienced AEs in the week after the 
vaccination were probably more likely to respond to the questionnaires than 
women who did not experience AEs. This could have led to an overestimation of 
our reactogenicity results. Our study may have also been exposed to reporting bias 
since study participants were not blinded, knowing they were injected with what 
they may perceive as a ‘novel’ vaccine with potential side effects. We therefore 
expect that overestimations of reactogenicity reporting cannot be excluded. 
Nevertheless, reported AEs were predominantly described as mild and transient 
within days, while other studies mostly reported moderate-severe AEs. Another 
bias we cannot neglect is recall bias, as this study contained a one-time 
questionnaire on reactogenicity that was completed a week after vaccination. This 
forced participants to recall the symptoms they experienced in the week before 
vaccination, including their severity. Furthermore, we used a very small historical 
comparator cohort to distinguish AEs after second vs third trimester maternal 
Tdap vaccination. The reason for this choice was that the population and study set-
up was more representative for our study compared with other studies in 
literature. While results showed no differences at first hand, it must be mentioned 
that the comparator study used different measures for severity of AEs, and that a 
parallel design would have fitted better to compare reactogenicity at different 
stages in pregnancy. Nevertheless, our study is reassuring in that with respect to 
safety, longer-term adverse pregnancy outcomes following maternal immunization 
in the second trimester are not expected to increase in frequency compared with 
vaccination in the third trimester. Even though a second trimester Tdap 
vaccination strategy has already been enrolled in some countries, future research 
should continue exploring the safety of maternal Tdap vaccination in relation to 
timing throughout gestation. Lastly, comparing our data to a group of unvaccinated 
women who gave birth only in 2018 may introduce truncation bias due to exclusion 
of short pregnancies that ended before 2018 or exclusion of long pregnancies 
shortly after 2018. However, based on available data, it was not feasible to 
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compare with data of expected delivery and only possible to select records based 
on the date of delivery in a specific year. We expect that short pregnancies which 
did not end up in our 2018 reference cohort might be balanced by the short 
pregnancies following delivery at the end of 2018 and the same holds for long 
pregnancies leading to delivery after early after 2018 or 2019. In addition, 
pregnancy duration in the overall Dutch population remained constant over 2018 
and 2019.25 Taken together, we would anticipate no major truncation bias should 
be introduced in our reference population.  

In conclusion, second trimester maternal Tdap vaccination is considered a 
well-tolerated and safe intervention in pregnant women. Despite the fact that two 
thirds of women experience local reactions or systemic AEs, complaints were 
considered mostly mild and all were transient within days. This could be discussed 
with the antenatal care provider before vaccination, along with its effectiveness 
and the established safety profile. Comparison between second trimester versus 
third trimester Tdap vaccination yielded no reactogenicity concerns. No increased 
adverse pregnancy outcomes were observed following vaccination. 
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Abstract 

Objective 
Maternal vaccination is an effective and safe intervention to protect newborns 

against infectious diseases shortly after birth. We assessed background rates of 
adverse pregnancy outcomes before the implementation of a maternal pertussis 
immunisation programme in the Netherlands, to put into perspective the safety 
concerns about such outcomes following immunisation. 

 

Study Design 
In this retrospective cross-sectional study, annual numbers of pregnancy 

outcomes derived from the Dutch Perinatal Registry were used to calculate 
incidence rates per 10,000 in the 2006-2018 period. Births of ≥500g birth weight 
and ≥24+0w gestational age were included. Trends with moving-average-lines over 
the past 3 years were plotted, with 95% confidence interval. 

 

Results  
From 2006 through 2018, yearly numbers of pregnancies ranged between 

158,868-175,710. Numbers of newborns ranged between 161,307-178,874, of 
whom 160,838-178,177 were live-born. Most outcomes were stable over time. 
Between 2006-2011, occurrence of labour induction increased by 68%, and 
postpartum hemorrhage increased by 25%. Both stabilised from 2011 onwards. 
Perinatal mortality up to day 7 or 28 postpartum decreased by 38% and 37%, 
respectively. Occurrence of low Apgar score among preterm infants born before 
37+0w gestational age and among term infants increased by 19% and 27%, 
respectively. 

 

Conclusion 
Our study on background incidences showed notable increases over time in 

occurrence of labour induction, postpartum hemorrhage and low Apgar score, 
while showing a considerable decrease in overall perinatal mortality. These 
findings should be considered when interpreting data on adverse events occurring 
since the maternal pertussis immunisation programme was implemented. 
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Background 
Infants too young to be vaccinated depend on maternal antibodies for 

protection against infectious diseases, such as pertussis. These infants are at 
increased risk of severe pertussis complications, leading to hospitalisation and 
sometimes even death.1-4 During pregnancy, IgG-antibodies, produced in the 
mother after infection or immunisation, are then transferred to the fetus through 
the placenta. Recent studies show that an early-second-trimester tetanus, 
diphtheria and acellular pertussis (Tdap) vaccination significantly increases 
pertussis-specific antibodies in term and preterm infants compared to third-
trimester vaccination.5,6 Therefore, an increasing number of countries now 
recommend Tdap immunisation earlier in gestation. In the Netherlands since 
December 2019, the National Immunisation Programme (NIP) offers Tdap 
vaccination to all pregnant women of at least 22 weeks (w) gestational age (GA).  

Studies in (non-pregnant) women have shown that injection site reactions and 
systemic reactions like headache and fatigue were related to Tdap vaccination.7-9 
Its use during pregnancy has been extensively studied and is considered safe, 
without increased risk of a wide range of adverse pregnancy outcomes.10-13 Some 
non-randomised studies reported a small increased risk of chorioamnionitis in 
women who were immunised against pertussis, but found no increased frequency 
for clinically relevant sequelae, e.g. earlier onset of labour, resulting in preterm 
delivery.11,14-16 

Various adverse pregnancy outcomes, such as (pre-)eclampsia, preterm 
delivery, or low birth weight, emerging shortly after Tdap immunisation, could be 
considered an adverse reaction to the vaccine. Therefore, despite the favorable 
safety profile of the Tdap vaccine, implementation of such maternal immunisation 
programmes can raise public safety concerns. To distinguish legitimate safety 
concerns from coincidental events following immunisation, we assessed 
background rates of adverse pregnancy outcomes at maternal and neonatal level 
prior to the 2019 implementation of a maternal Tdap immunisation programme in 
the Netherlands. Assessing these background rates is important for evaluating the 
safety of the Tdap vaccination since its implementation and evaluating future 
maternal immunisation strategies.  

 

Methods 
Data source  

We used routinely collected data from the Dutch Perinatal Registry (DPR; 
www.perined.nl) to extract information about adverse pregnancy outcomes from 
2006 through 2018. The DPR database contains the anonymous and interconnected 
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data of national registries of four professional organisations that provide perinatal 
care in the Netherlands, i.e. midwives, general practitioners, gynecologists, and 
pediatricians. It contains prospectively obtained population‐based data on 
pregnancies and the care provided for newborns, e.g. interventions, referrals, 
deliveries and admissions, of approximately 98% of all deliveries in The 
Netherlands.17  

 
Study population and setting 

Our study population consisted of 98% of all pregnant women and their infants 
as recorded by DPR from 2006 through 2018. Births of ≥500 g birth weight and 
≥24+0 w GA were included. All data obtained from the DPR database were 
extracted from individual medical records and rendered anonymous, taking the 
European privacy policy into account. Therefore, medical ethical approval and 
individual informed consent for participation were not necessary.18  

 
Outcome measures 

Box 1 shows the outcomes we selected for this study. Case definitions are 
described in Supplementary Table 1. Variables requiring an additional explanation 
are described below.  

 
Box 1. Adverse pregnancy outcomes to be possibly assigned to the Tdap vaccination 

 
Additional explanation of outcomes 

Pre-eclampsia and eclampsia were combined because separate data were not 
available. Postpartum hemorrhage was defined as ≥1000mL blood loss in the first 

Maternal outcomes  
maternal mortality; placental abruption; hypertension; (pre-)eclampsia; 
rupture of membranes ≥24h pre-labour; labour induction; instrumental 
delivery and caesarian section (i.e. vacuum delivery, forceps delivery, 
caesarian section); uterine rupture; postpartum hemorrhage.  

Neonatal outcomes  
stillbirth; neonatal mortality; perinatal mortality; prematurity <28+0w and 
<37+0w GA; small (<10th percentile) and large (>90th percentile) for GA (SGA and 
LGA); severe congenital malformations; low Apgar score (<7 at 5 min after 
birth); resuscitation; neonatal hospital admission; level III Neonatal Intensive 
Care Unit (NICU) admission; idiopathic respiratory distress syndrome (IRDS), 
neonatal sepsis; neonatal infections, including sepsis; mean difference in days 
between hospital discharge date and expected delivery date. 
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24h after delivery. 
Since we only included cases of ≥24+0w GA, stillbirth was defined as death in 

the period between 24+0w GA and birth. Likewise, neonatal mortality was defined 
as death in the period from birth until 28 days (d) after birth. Perinatal mortality 
was calculated for infants until 7d or 28d after birth.  

Small for gestational age (SGA) and large for gestational age (LGA) were 
determined using Hoftiezer charts, in which percentiles of birth weight versus GA 
have been calculated with SGA and LGA defined as <10th percentile and >90th 
percentile, respectively.19  

We decided to restrict neonatal hospital admissions to infants who were 
hospitalised due to a medical indication. Infants born after a caesarean section 
usually remain hospitalised for a short time, but this reflects standard care and is 
not in itself an adverse outcome.  

Idiopathic respiratory distress syndrome (IRDS) was determined for preterms 
only, because its prevalence in term infants is extremely low. 

Mean length of hospital stay cannot be used as an adverse pregnancy outcome, 
because it is directly affected by GA. Therefore, the mean difference in days 
between hospital discharge date and the expected delivery date is used as a proxy 
for the need of hospitalisation in preterms with divergent lengths of GA. 

Outcome measures directly associated with GA, e.g. low Apgar score at 5 min, 
were (also) analyzed in categories of prematurity; extreme preterms (<28+0w GA), 
all preterms (<37+0w GA) and infants born at term (≥ 37+0w GA).  

Because in the Netherlands the maternal Tdap vaccination can be 
administered from 22+0w GA onwards, we additionally specified incidence rates 
(IR) of stillbirth, neonatal mortality and perinatal mortality for all cases between 
22+0w GA and 23+6w GA.  

 
Statistical analysis 

To calculate IRs per 10,000 from 2006 through 2018, we used annual numbers 
of pregnancy outcomes, divided by the total number of pregnancies or births each 
year for maternal and infant outcomes, respectively. Additional moving averages 
of the past 3 years were plotted from 2008 onwards, containing a 95% confidence 
interval (CI). Data retrieval was performed using R-software version 1.2.5042.  

 

Results 
From 2006 through 2018, yearly numbers of pregnancies ranged between 

158,868 and 175,710. Yearly numbers of newborns ranged between 161,307 and 
178,874, of whom 160,838 to 178,177 were live-born. Table 1 shows IRs of included 
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maternal and infant outcomes per 10,000 from 2006 through 2018.  
 

Table 1. incidence rates per 10,000 of adverse pregnancy and birth outcomes for 2006-2018 

 
 

Mean incidence rate per 
10,000 (median; range) 

Maternal level 
 Maternal mortality 0.4 (0.4; 0.2-0.7) 
 Placental abruption 17 (17; 15-19) 
 Hypertension 599 (604; 535-663) 
 (Pre-)eclampsia 34 (29; 22-51) 
 Rupture of membranes ≥24h pre-labour 658 (658; 613-709) 
 Labour induction 1853 (2028; 1228-2148) 
 Uterine rupture 0.9 (0.8; 0.5-1.4) 
 Instrumental delivery and caesarean 

section 
2463 (2495; 2194-2672) 

  Vacuum delivery 891 (908; 695-1012) 
  Forceps delivery 28 (27; 11-5) 
  Caesarean section 1578 (1596; 1470-1679) 

 Postpartum hemorrhage (≥1000mL) 609 (629; 505-646) 
Neonatal level 
 Stillbirth 36 (35; 27-51) 
 Neonatal mortality (up to 28d postpartum) 22 (22; 17-28) 
 Perinatal mortality (up to 7d postpartum) 53 (50; 43-73) 
 Perinatal mortality (up to 28d postpartum) 59 (56; 47-79)* 
 Prematurity <28+0w Gestational age 38 (38; 35-40) 
 Prematurity <37+0w Gestational age 735 (739; 679-782) 
 Small for gestational age (<10th percentile of 

Hoftiezer)  
1085 (1073; 1035-1176) 

 Large for gestational age (>90th percentile of 
Hoftiezer) 

1030 (1020; 968-1114) 

 Severe congenital malformationsa 24 (25; 16-29) 
 Low Apgar score (<7 at 5 min) 183 (187; 162-203) 
 Resuscitation 284 (286; 210-348) 
 Neonatal hospital admissionb 1683 (1683; 1186-2209) 
 Neonatal intensive care unit admission 355 (385; 207-467) 

a. Tract specific and multiple and syndromic congenital malformations combined (supplement). 
b. Excluding admission after caesarean section without other diagnosis. 
*. Perinatal mortality is the sum of stillbirth and neonatal mortality. Mean numbers did not add up 
correctly due to rounding. 

 
Figures 1 and 2 show time trends for all maternal and neonatal outcomes.  
IRs of labour induction increased by 68% between 2006 and 2011 (1228 to 2067 
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per 10,000) (Figure 1). IRs stabilised afterwards, ranging between 2022-2148 per 
10,000. Sub-analyses showed that the mean GA between 2006 and 2011 decreased 
by three days among women who gave birth after labour induction at ≥40+0w GA 
(from 41+4w GA in 2006 to 41+1w GA in 2011). IRs of postpartum hemorrhage 
increased by 25% (504 to 631 per 10,000) in the same period and stabilised from 
2011 through 2018, ranging between 611-646 per 10,000. Overall, the IRs of 
instrumental delivery and caesarian section remained stable over the observed 
period, with caesarian section fluctuating between 1470 and 1507 per 10,000, 
whereas vacuum delivery and forceps delivery decreased, the former from 980 to 
695 per 10,000 and the latter from 55 to 12 per 10,000.  

IRs of LGA fluctuated, with a maximum of 1114 per 10,000 in 2008 and a 
minimum of 968 per 10,000 in 2015 (Figure 2). IRs of SGA decreased by 11% (1176 
to 1047 per 10,000) between 2006 and 2018. IRs of stillbirth decreased by 43% (51 
to 29 per 10,000). IRs of neonatal mortality decreased by 25% (28 to 21 per 10,000). 
As a result, IRs of perinatal mortality decreased by 38% (73 to 45 per 10,000) up to 
7d postpartum and 37% (79 to 50 per 10,000) up to 28d postpartum. IRs of severe 
congenital malformations decreased by 45% (29 to 16 per 10,000) from 2006 
through 2018. IRs for neonatal hospital admissions and NICU admissions showed 
fluctuations over the observed period, ranging between 1186-2209 per 10,000 for 
neonatal hospital admissions and 207-467 per 10,000 for NICU admissions. 

The number of births ≥22+0w and ≤23+6w GA ranged by 25 to 30 per 10,000 
over the 2006-2018 period. Among these infants, perinatal mortality was nearly 
100% at all times over the observed period; 62-70% died during pregnancy and 29-
36% died shortly after birth. 

IRs of prematurity slightly decreased from 2006 through 2018 in both preterm 
categories, <28+0w GA and <37+0w GA, with a decrease of 7.7% (39 to 36 per 
10,000) for those <28+0w GA compared to 9.4% (766 to 679 per 10,000) for those 
<37+0w GA. IRs of low Apgar score increased by 19% (878 to 1044 per 10,000) 
among preterms <37+0w GA compared to 27% (108 to 137 per 10,000) among term 
infants (Table 2). Low Apgar score was most prevalent among preterm infants 
<28+0w GA and fluctuated over the entire study period with a range of 4592-5631 
per 10,000. Likewise, IRDS was most prevalent among preterms <28+0w GA. 
Between 2006 and 2007, we saw an increase in IRDS of 69% (3521 to 5952 per 
10,000) in preterms <28w GA, which gradually decreased by 25% between 2007 
and 2018 (5952 to 4492 per 10,000). The mean number of days between hospital 
discharge date and expected delivery date for all preterm infants ranged between 
22 and 26. 
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Figure 1. Trends per 10,000 of adverse outcomes at maternal level for 2006-2018. 
The 95% confidence interval was derived from the moving average trend calculated over the previous 3 
years. 
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Figure 2. Trends per 10,000 of adverse outcomes at neonatal level for 2006-2018. 
The 95% confidence interval was derived from the moving average trend calculated over the previous 3 
years. 
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Discussion 
The results of the present study show that over 13 years (2006-2018), the 

occurrence of most pregnancy outcomes remained rather stable in the 
Netherlands, with no substantial changes over time. However, notable changes 
included increases in the occurrence of labour induction, postpartum hemorrhage, 
and low Apgar score, whereas a decrease was observed in overall perinatal 
mortality. 

Changes in IRs of pregnancy outcomes may be partially explained by changes 
in medical care. Since 2007, the guidelines for post-term pregnancies allowed the 
possibility of labour induction earlier in gestation: after 41+0w GA instead of after 
42+0w GA.20 Until 2011, we observed an increase in occurrence of labour 
induction. In the same period, we observed an increase in occurrence of 
postpartum hemorrhage. Despite the simultaneously occurring increases, there is 
no evidence to suggest an association between labour induction and postpartum 
hemorrhage.21,22 Since 2011, both have stabilised, and therefore the most recent 
IRs reflect the current background incidence and are not expected to increase or 
decrease in the near future. 

The decreased occurrence of stillbirth over the observed period led to a 
decrease in overall perinatal mortality, i.e. the sum of fetal (stillbirth) and neonatal 
mortality. The decrease in stillbirths may result in an increased number of live-
born but more vulnerable infants, with a higher risk of neonatal mortality. This 
might partially explain the smaller decrease in neonatal mortality relative to the 
larger decrease in occurrence of stillbirth. The same mechanism holds for low 
Apgar score. Fewer fetal deaths, and therefore a higher percentage of more 
vulnerable infants might have partially led to the small increase in occurrence of 
low Apgar score over the observed period. The decreased occurrence of severe 
congenital malformations might be partially explained by the introduction of the 
20-week fetal anomaly scan in 2007, possibly resulting into more terminations of 
pregnancy before 24+0w GA.23 For IRDS among preterms <28w GA, we observed 
an increase from 2006 to 2007. Notably, in 2006, the Dutch guidelines for active 
treatment of extremely preterm neonates advised lowering the GA threshold for 
active intervention from 26+0 to 25+0w GA.24  

Perinatal mortality for infants born between 22+0w GA and 23+6w GA was 
investigated to give context to the adverse events that occurred after maternal Tdap 
vaccination was administered, in the first weeks after the earliest opportunity of 
Tdap vaccination within the NIP. We found no substantial changes in IRs over the 
entire observed period. However, in 2010, the definition of viability changed to a 
threshold of at least 24+0w GA. This might have introduced incompleteness into 
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the DPR data, which could have affected our findings in either direction.  
Chorioamnionitis is not registered in the DPR. Studies suggesting that Tdap 

immunisation increases the risk of chorioamnionitis have not reported 
associations with other maternal or perinatal adverse outcomes.11,14,15 The clinical 
relevance of chorioamnionitis is unclear. A diagnosis of chorioamnionitis is solely 
based on clinical criteria, i.e. fever and two of the following: uterine tenderness or 
maternal or fetal tachycardia or foul/purulent amniotic fluid. Therefore, clinical 
chorioamnionitis is diagnosed with variable sensitivity and low specificity.25 
Sequelae to this diagnosis should be more extensively studied in relation to Tdap 
immunisation.  

Two other studies described adverse outcomes in pregnancy associated with 
maternal vaccination safety in a national population setting. An observational 
study in New Zealand reported mean incidences of 4.7% for preterm delivery 
(defined as <37+0w GA), 8.7% for postpartum hemorrhage, 7.5% for rupture of 
membranes ≥24h pre-labour and 0.4% for placental abruption,26 which were all 
similar to our results, i.e. 7.4%, 6.1%, 6.6% and 0.2%, respectively. A survey among 
pregnant active duty United States military women reported results for adverse 
outcomes that included a mean incidence of 7.7% for preterm delivery (<37+0w 
GA), which was similar to our finding of 7.4%.27 

A major strength of our study is that the DPR provides medical information 
about 98% of all pregnancies and births in the Netherlands and is therefore highly 
representative of the Dutch population. The currently assessed background rates 
will be used to guide safety surveillance of the maternal pertussis vaccination 
programme. The data can also be used as information source for strategies to 
implement other types of maternal immunisation in the future, e.g. maternal 
vaccination targeting respiratory syncytial virus or group B streptococcus.  

Over the years under study, there might have been some changes in the 
completeness of the registration into DPR. Between 2006 and 2015, we saw an 
increase in neonatal wards providing data to DPR. This might have had impact on 
IRs of neonatal hospital admission between those years. Additionally, data of 
upcoming external neonatal cardiology and neonatal oncology departments in the 
Netherlands were not incorporated in the DPR database, thereby affecting IRs of 
these severe congenital malformations.  

The advice of the Dutch Health Council to offer a Tdap vaccination to all 
pregnant women in the Netherlands was published in 2015. A possible limitation 
of our study is that in 2018, i.e. before routine maternal vaccination began in 
December 2019, about 13% of pregnant women were already Tdap vaccinated at 
their own expense.28 It was impossible to distinguish IRs for all outcomes between 
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women who were and were not immunised. However, data for 2018 were in line 
with data for 2016-2017 for all outcomes, and studies did not show any safety 
signals.10-13 Therefore, we do not expect that vaccine coverage had much impact on 
the IRs discussed in this article. 

 

Conclusions 
Background incidences remain essential when monitoring the safety of an 

immunisation strategy, especially when a new age- or risk-group is targeted. We 
found several trends over time for adverse pregnancy outcomes that might be 
explained by changes in case definitions or standards of care. These data on the 
incidence of adverse events before the 2019 introduction of Tdap vaccination in the 
NIP allows more perspective on the incidence of such events since its 
implementation. 
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Supplementary materials 
Supplementary Table 1. Case definitions as extracted from the DPR-database 

Maternal outcomes 
maternal mortality maternal death during pregnancy 
placental abruption as reported by midwife or obstetrician 
hypertension as reported by midwife or obstetrician according to 

the International Society for the Study of Hypertension 
in Pregnancy (ISSHP) 

(pre-)eclampsia (pre-)eclampsia with or without HELLP as reported by 
obstetrician 

rupture of 
membranes ≥24h pre-
labour 

as reported by midwife or obstetrician 

labour induction as reported by obstetrician by amniotomy, foley 
catheter, prostaglandins, oxytocin or prostaglandins 
and oxytocin 

vacuum delivery as reported by obstetrician 
forceps delivery as reported by obstetrician 
caesarian section primary or secondary section as reported by 

obstetrician 
uterine rupture as reported by obstetrician 
postpartum 
hemorrhage 

blood loss of ≥1000 mL in the first 24h after delivery, 
as reported by midwife or obstetrician 

Neonatal outcomes 
stillbirth death before or during labour 
neonatal mortality death within the first 28 days after birth 
perinatal mortality stillbirth and neonatal combined, up to 7 days or 28 

days after birth 
prematurity <28 w 
and <37 w GA 

birth before 196 or 259 days GA respectively, as 
reported by midwife or obstetrician 

small and large for 
gestational age 

according to Hoftiezer charts, in which percentiles of 
birth weight versus GA have been calculated for each 
case. SGA was defined as cases with <10th percentile, 
LGA was defined as cases with >90th percentile 
according to Hoftiezer et al.  

severe congenital 
malformations 

one of the following: meningo(myelo)cele, 
neuromuscular disorders, transposition of the great 
arteries, tetralogy of Fallot, hypoplastic left heart 
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syndrome, coarctatio aortae, tricuspid 
atresia/stenosis, complex cardiac anomaly, esophagus 
atresia/stenosis/fistula, intestinal atresia, 
Hirschsprung’s disease, malrotation/volvulus, atresia 
choanae, congenital tracheal malformations, 
oligohydramnion, congenital lobar emphysema, 
congenital cystic adenomatoid malformation, 
hydro/chylothorax, diaphragmatic hernia, 
diaphragmatic relaxation, exstrophia vesicae, bilateral 
renal agenesis, gastroschisis, omphalocele, inborn 
errors of metabolism, congenital malignancy. 

low Apgar score as reported <7 at 5 min 
resuscitation as reported by care provider 
neonatal hospital 
admission 

as reported by pediatrician. For hospitalisations after 
caesarian section, a specific diagnosis was required 

Neonatal Intensive 
Care Unit admission 

as reported by neonatologist 

Idiopathic respiratory 
distress syndrome 
(IRDS) 

as reported by pediatrician 

neonatal sepsis as reported by pediatrician 
neonatal infections, 
including sepsis 

as reported by pediatrician 
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Abstract 

Objectives 
Pertussis is a respiratory infectious disease caused by Bordetella pertussis. In 

the Caribbean Netherlands (CN), comprising the islands Bonaire, St. Eustatius, and 
Saba, registration of cases is mandatory for disease surveillance. However, 
insufficient laboratory facilities hamper case confirmation and circulation 
persists. The aim of this seroepidemiological study is to gain insight into B. 
pertussis circulation in CN and to investigate what factors contribute to the risk of 
infection. 

 

Methods 
Blood samples and questionnaires were collected for 1,829 participants 0-90 

years old. Concentrations of B. pertussis toxin-specific IgG antibodies (anti-Pt) 
were determined using a bead-based immunoassay to indicate infections within 
the previous twelve months (based on anti-Pt ≥50IU/mL) in participants without 
detectable vaccine-induced humoral immunity. Risk factors for a recent infection 
were analyzed using logistic regression models.  

 

Results 
An estimated 8.2% (95% CI 6.6-10.1) of CN residents aged ≥9 years was recently 

infected by B. pertussis. Risk factors for a recent infection were age 12-29 years 
(13.8%-14.6%) and Dutch Caribbean or Surinamese origin (10.7%). 

 

Conclusions 
B. pertussis infections occur frequently among CN residents aged ≥9 years, 

although few clinical pertussis cases are reported. Transmission to vulnerable 
individuals seems likely and should be taken into account in optimizing the 
vaccination program.  
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Introduction  
Pertussis or whooping cough is a highly contagious respiratory disease caused 

mainly by the bacterium Bordetella pertussis. Infants too young to be vaccinated 
are the most vulnerable to severe complications, e.g., pneumonia, which often 

leads to hospitalization and sometimes death.1,2 These infants depend on 

placentally-transferred maternal antibodies for protection against disease.3,4 In 

older children and adults, pertussis often manifests mildly and symptoms remain 
unrecognized, whereas adults with comorbidities and elderly are at higher risk of 

severe pertussis complications and hospitalization.5-7 Hence, B. pertussis is 

known to circulate across all age groups in many countries despite high 
vaccination coverage; it is readily transmitted by infected persons showing no 

typical clinical symptoms.8-10  
The Caribbean Netherlands (CN) is situated in the Caribbean Sea and 

comprises three Dutch special municipalities: Bonaire (one of the three Dutch 
Leeward Antilles along with Aruba and Curaçao), St. Eustatius, and Saba. The latter 
two, also described as the Windward Islands, are 30 km apart and about 800 km 
northeast of Bonaire, near St. Maarten. Hexavalent vaccines containing B. 
pertussis-specific antigens are administered to infants in CN at 2, 3 and 4 months 

(m) of age, with booster doses at 11m and 4 years (y) of age.11 Booster vaccination 

at the age of 4y was implemented on Saba in 2008, Bonaire in 2014, and St. 
Eustatius in 2016. In 2017, vaccination coverage for infants younger than 2y ranged 

between 93-100% on the CN islands.12 Pertussis cases must be reported and 

requires laboratory confirmation.13 In 2017 on Bonaire, six confirmed cases of 

clinical pertussis were reported, including two unvaccinated neonates, two 

children aged 1 and 12y, and two adults.14 These represented an incidence of 30 

per 100,000 on Bonaire (total number of residents on Bonaire is ~20,000) vs 2.5 per 
100,000 in Latin America on average from 2000-2015 and 28.7 per 100,000 in the 

Netherlands in 2017.13,15 St. Eustatius and Saba reported some suspected 

pertussis cases, but they were not confirmed due to a lack of laboratory facilities.13 
Clinical diagnosis also depends on the awareness of general practitioners of 
pertussis disease, particularly its mild form, and the reluctance of the public to 
seek medical attention. Incidence rates based on case reporting are therefore likely 

to be underestimated.16 These challenges to accurate pertussis disease 

surveillance emphasize the need for alternative surveillance strategies.  
Antibodies are induced shortly after natural B. pertussis infection or 

immunization and wane to half their peak concentration in 12-20m.17 In recently 
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vaccinated people, high concentrations of IgG against B. pertussis toxin (Pt) reflect 
a vaccine-induced antibody response. In persons not vaccinated within the last five 
years, a concentration of anti-Pt IgG ≥50 international units (IU) /mL indicates an 

infection within the last 12 months.8,16 Lower concentrations of anti-Pt IgG point to 

less recent pertussis infections.18 The two-fold aim of this seroepidemiological 

study is to gain knowledge about the circulation of B. pertussis on the islands of CN 
by tracing the frequency of recent infections and moreover to investigate the risk 
factors of getting infected with B. pertussis.  

 

Methods 
Population and setting 

Details of the study design, data collection and sample size calculation have 

been described previously.19 Briefly, on each island an age-stratified random 

sample of people aged 0–11, 12–17, 18–34, 35–59 and 60–90y was drawn from the 
population registry (PIVA-V, January 1, 2017). In total, 8,068 residents were invited 
for participation (Bonaire n = 4,798; St. Eustatius n = 2,135; and Saba n = 1,135), 
based on an age-specific precision ranging between 5.5% and 10% , an alpha of 5%, 
and an expected response rate of 30%. For each participant, a blood sample was 
taken by finger prick (or heel prick for infants) and collected as dried blood spots 
on Whatman® 903 protein-saver cards. Subsequently, a questionnaire and 
vaccination certificate for each participant were shared with the research staff. If 
certificates were unavailable, records were requested from the local public health 
service or hospital. Informed consent was provided by each participant or his/her 
guardian.  

 
Laboratory analyses 

Blood samples were transferred to the National Institute for Public Health and 
the Environment (RIVM) in the Netherlands and stored at -80⁰C, awaiting analyses. 
A 3.2mm punch was taken from dried blood spots and incubated in assay buffer 
(PBS supplemented with 3% BSA and 0.1% Tween-20) at 4⁰C overnight on a shaker 

to release serum.20,21 Sera were tested at 1:200 and 1:4,000 dilutions. 

Concentrations of anti-Pt IgG were determined by a fluorescent bead-based 

immunoassay using a Luminex LX200 machine.22 Standard sera and controls were 

used on each plate, and sera were calibrated against the World Health 
Organization International Standard Pertussis Anti-serum (serum reference 
06/140). Native Pt (Netherlands Vaccine Institute, no peg004) was used. The lower 
limit of quantification was restricted by the number of dilutions made for the 
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reference line and therefore, 0.85 IU/mL was used in our dataset. 
 

Statistical analyses – age-specific prevalence of increased anti-Pt IgG and 
geometric mean concentrations (GMC) 

Analyses were performed using R software, version 4.0.4. Anti-Pt IgG 
concentrations were divided into four categories: ≥100 IU/mL; 50-<100 IU/mL; 5-
<50 IU/mL; and <5 IU/mL. For persons aged 9y and older and unvaccinated 
children, these categories indicate recent infection in the previous 6m (≥100 IU/mL) 
or in the previous 6-12m (50-<100 IU/mL) or no recent infection (5-<50 IU/mL and 
<5 IU/mL). The cut-offs were based on studies investigating anti-Pt IgG 
concentrations in relation to waning immunity following vaccination and 

(re)infection.10,18,23 Recent infections in the previous 12 months were used as the 

primary outcome, and recent infections during the previous 6 months as secondary 
outcome. Anti-Pt IgG concentrations induced by the booster vaccination at ~4y of 
age may increase up to 9y of age (fig 1A) and thus interfere with analyses to 
determine recent infections. To ensure that increased concentrations are due to a 
recent infection and not falsely induced by a missed vaccination, children younger 
than 9y were excluded from the analyses. This cut-off was set at 9y because the 
booster vaccine at ~4y is administered at a school-based program, and the time of 
its administration may fluctuate. 

Participants were assigned sampling weights to match the population 
distribution on each island, taking into account age, sex, and country of birth (and 
neighborhood for residents of Bonaire). Weighted age-specific prevalence with 
corresponding 95% confidence intervals (CI) were estimated. To increase power, 
participants from St. Eustatius and Saba were combined into a Windward Islands 
category, which is justified by their close proximity and comparable overall 
characteristics. Absolute anti-Pt IgG concentrations were log-transformed and 
expressed in GMCs with corresponding 95% CIs.  

 
Statistical analyses – risk factors for a recent infection 

Univariable logistic regression was used to identify potential risk factors for a 
recent infection in the previous 12 months (anti-Pt IgG ≥50 IU/mL) among 
participants aged 9y and older. Participants with missing values for ethnic 
background (n=13), household size (n=7), and those who were vaccinated in the 
previous five years (n=4) were excluded from the analyses (total remaining 
n=1484). The following variables were investigated: island of residence, sex, age 
group, maternal education level, household size, number of “yesterday’s contacts” 
(i.e., on day before completing questionnaire), and ethnic background as defined 
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by origin in Dutch Caribbean territories (Bonaire, Saba and St. Eustatius) and 
Aruba, Curaçao, and St. Maarten, plus Suriname, a former Dutch colony on the 
northeastern coast of South America. The median number of yesterday’s contacts 
was calculated for each age group separately, and participants were subsequently 
categorized as equal/higher or lower than the median.  

Variables with a p-value of <0.10 in the univariable analyses were selected for 
multivariable logistic regression, along with a priori controlling for age group and 
island of residence following the sample design. Individual variables contributing 
to the risk of infection were identified by performing stepwise backward selection. 
A p-value of <0.05 was considered significant. Odds ratios (OR), corresponding 
95% CIs, and p-values of variables in univariable analyses and multivariable 
analyses were provided. Sensitivity analyses were performed exploring recent 
infections in the previous 6 months (anti-Pt IgG ≥100 IU/mL) as the dependent 
variable (appendix 2). 

 

Results 
Study sample and demographics 

This study included 1,900 participants, of whom 1,829 persons or their 
guardians provided a questionnaire and blood sample. Most of them resided on 
Bonaire: 1,129 (61.7%), followed by St. Eustatius: 477 (26.1%), and Saba: 223 
(12.2%) (table 1). Participants’ age ranged from 3m to 90y, and 824 (45.1%) were 
male. Most participants originated from the Dutch Caribbean territories or 
Suriname (1,312, 72.2%), followed by Latin America or other non-Western 
countries (281, 15.5%), and European Netherlands or other Western countries 
(223, 12.2%). The majority of children under 9y (265 of 321; 82.5%) had been 
vaccinated against pertussis at least four times; 38 (11.8%) had received up to three 
doses, and 18 (5.6%) were most likely unvaccinated. Six participants were 
vaccinated against pertussis at 9y or older, and four of these were vaccinated in 
the past five years.  
 
Age-specific GMC and prevalence of increased anti-Pt IgG concentration  

Among children who received at least one vaccination, anti-Pt IgG had waned 
to the lowest concentrations by age 9y (figure 1A). Overall weighted prevalence of 
a recent infection in the previous 12 months and GMCs among age groups <9y 
generally followed the vaccination schedule (appendix 1). Peak GMCs were found 
within the ages directly after the primary vaccination series, i.e., 0 and 1y. After 
antibodies had waned, GMCs significantly increased again in the ages after booster 
vaccination, i.e., ~4y of age; 12.9 IU/mL at 3y vs 39.0 IU/mL at 4-6y. The GMC 
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decreased significantly at the age of 7-8y (8.3 IU/mL, 95% CI 5.8-11.8), well below 
the cut-off for recent infection at 50 IU/mL. 

The overall weighted prevalence of recent infections in the previous 12 months 
in the ≥9y CN-population was 8.2% (95% CI 6.6-10.1). This was highest on Bonaire 
(8.6%, 95% CI 6.6-10.9), followed by St. Eustatius (7.4%, 95% CI 4.7-11.0) and Saba 
(5.7%, 95% CI 2.9-10.0). Participants aged 12-17y and 18-29y had the highest 

prevalence of recent infections in the previous 12 months, i.e., 16.1% (95% CI 11.5-

22.6) and 16.7% (95% CI 10.4-24.9), respectively (figure 1B). The lowest prevalence 
was in age group 30-44y, with 4.8% (95% CI 2.4-8.6). Corresponding GMCs of anti-
Pt IgG for the age groups of 12-17y and 18-29y were 8.9 IU/mL (95% CI 7.2-10.9) and 
8.5 IU/mL (95% CI 6.2-11.5), respectively, and the GMC for 12-17y-olds was 
significantly higher than for 30-44y-olds (5.8 IU/mL, 95% CI 4.8-7.0) (figure 1B). 
Subsequently, GMCs of anti-Pt IgG gradually increased in age groups ≥45y, but not 
significantly. Among 9-17y-olds, the frequency of recent infections in the previous 
12 months differed across the islands of CN, with 14.9%, 95% CI 10.6-20.2 on 
Bonaire vs 5.5%, 95% CI 2.7-10.0 on the Windward Islands (figure 2A). Among 60-
90y-olds, the frequency was higher on the Windward Islands (13.1, 95% CI 7.5-
20.6) than Bonaire (6.4, 95% CI 3.8-9.9), but not significantly.  
 
Risk factors for a recent infection 

Among 1,484 participants of age ≥9y in CN, 134 were infected in the previous 
12 months. In both univariable and multivariable analyses, age group and ethnic 
background were significant risk factors for a recent infection (table 2). The odds 
were higher in participants of 9-17y and 18-29y compared to participants of 30-44y 
(adjusted ORs 2.5, 95% CI 1.3-5.2, and 2.8, 95% CI 1.4-6.0, respectively). 
Participants originating from the European Netherlands or other Western 
countries had lower odds for recent infection compared to participants originating 
from the Dutch Caribbean territories or Suriname (adjusted OR 0.4, 95% CI 0.2-
0.8). In sensitivity analyses exploring the outcome of recent infections in the 
previous six months (anti-Pt IgG ≥100 IU/mL, n=53), significantly associated risk 
factors included island of residence (adjusted OR for Bonaire vs Windward Islands 
3.6, 95% CI 1.8-8.2) and ethnic background (adjusted OR for Latin America or other 
non-Western countries vs Dutch Caribbean territories or Suriname 0.3, 95% CI 0.1-
0.9) (appendix 2). ORs for different age groups were in line with the main analysis, 
but not significantly. 
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Table 1. Sociodemographic characteristics and vaccination history of participants with a blood sample 
in the Health Study Caribbean Netherlands by island. 

Sociodemographic 
Characteristics and 
Vaccination History 

Bonaire 
n (%) 

n = 1129 
(61.7) 

St. Eustatius 
n (%) 

n = 477 
(26.1) 

Saba  
n (%) 

n = 223 
(12.2) 

Total n (%) 
n = 1829 

Sex     
 Male 506 (44.8) 221 (46.3) 97 (43.5) 824 (45.1) 
 Female 623 (55.2) 256 (53.7) 126 (56.5) 1005 (54.9) 
Age group, years     
 0-8 197 (17.4) 87 (18.2) 37 (16.6) 321 (17.6) 
 9-17 255 (22.6) 127 (26.6) 37 (16.6) 419 (22.9) 
 18-29 103 (9.1) 49 (10.3) 23 (10.3) 175 (9.6) 
 30-44 136 (12.0) 68 (14.3) 34 (15.2) 238 (13.0) 
 45-59 163 (14.4) 65 (13.6) 35 (15.7) 263 (14.4) 
 60-90 275 (24.4) 81 (17.0) 57 (25.6) 413 (22.6) 
Ethnic background*     
 Dutch Caribbean 

territoriesa or 
Suriname 

803 (71.2) 383 (82.0) 126 (57.0) 1312 (72.2) 

 European 
Netherlands or other 
Western countries 

143 (12.7) 30 (6.4) 50 (22.6) 223 (12.3) 

 Latin America or 
other non-Western 
countries 

182 (16.1) 54 (11.6) 45 (20.4) 281 (15.5) 

(Maternal) education 
levelb 

    

 High 172 (15.2) 68 (14.3) 87 (39.0) 327 (17.9) 
 Middle 298 (26.4) 125 (26.2) 45 (20.2) 468 (25.6) 

 Low 571 (50.6) 232 (48.6) 80 (35.9) 883 (48.3) 
 Unknown 88 (7.8) 52 (10.9) 11 (4.9) 151 (8.2) 
Monthly gross income     
 High (≥$3001) 197 (17.4) 91 (19.1) 60 (26.9) 348 (19.0) 
 Middle ($1501–3000)  328 (29.1) 88 (18.5) 60 (26.9) 476 (26.0) 
 Low (<$1500) 329 (29.1) 133 (27.8) 56 (25.1 518 (28.3) 
 Does not want to 

answer  
106 (9.4) 73 (15.3) 23 (10.3) 202 (11.1) 
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Table 1. Continued. 

Sociodemographic 
Characteristics and 
Vaccination History 

Bonaire 
n (%) 

n = 1129 
(61.7) 

St. Eustatius 
n (%) 

n = 477 
(26.1) 

Saba  
n (%) 

n = 223 
(12.2) 

Total n (%) 
n = 1829 

 Unknown 169 (15.0) 92 (19.3) 24 (10.8) 285 (15.6) 
Number of contacts 
yesterday 

    

 Higher or equal to 
the median per age 
groupc 

532 (47.1) 163 (34.2) 62 (27.8) 757 (41.4) 

 Lower than median 
per age group 

520 (46.1) 204 (42.8) 132 (59.2) 856 (46.8) 

 Unknown 77 (6.8) 110 (23.1) 29 (13.0) 216 (11.8) 
Household size, 
persons 

    

 Single-person 
household 

139 (12.3) 51 (10.7) 31 (13.9) 221 (12.1) 

 2-5 864 (76.5) 350 (73.4) 176 (78.9) 1390 (76.0) 
 ≥6 119 (10.5) 72 (15.1) 13 ( 5.8) 204 (11.2) 
 Unknown 7 (0.6) 4 (0.8) 3 (1.3) 14 (0.8) 
Vaccination history 
against pertussisd 

    

 4 or more doses 422 (37.4) 226 (47.4) 75 (33.6) 723 (39.5) 
 1-3 doses 68 (6.0) 35 (7.3) 10 (4.5)  113 (6.2) 

 (partly) participated 
in national 
immunization 
program (self-
reported) 

498 (44.1) 151 (31.7) 107 (48.0) 756 (41.3) 

 Unvaccinated 141 (12.5) 65 (13.6) 31 (13.9) 237 (13.0) 

a. Dutch Caribbean territories include Bonaire, St. Eustatius and Saba (CN) plus Aruba, Curaçao and 
St. Maarten. For participants with an ethnic background in European Netherlands or other Western 
countries, 147 (66%) were Dutch. Within the ethnic background of Latin America and other non-
Western countries, 261 (93%) were born in Latin America. b. Maternal educational level was used for 
participants 0–11y, active education was used for participants 12–25y and highest accomplished 
educational level was used for participants >25 y. Low = no education, primary school, pre-vocational 
education (VMBO), lower vocational education (LBO/MBO-1) and lower general secondary education 
(MAVO/VMBO). Middle = intermediate/secondary vocational education (MBO-2-4), higher/senior 
vocational education (HAVO) and pre-university education (VWO/Gymnasium); high = higher 



Chapter 8   

171 

professional education (HBO), university BSc., university MSc. and doctorate. c. Overall median 
number of contacts yesterday was 8. d. 94.4% of children under 9y received at least one vaccination 
against pertussis. * Missing data: 13 ethnic background 
 

 

Figure 1. Individual anti-Pt IgG concentrations (IU/mL) and weighted age-specific prevalence of a recent 
infection and GMCs. Panel A reflects vaccine-induced responses of anti-Pt in children who received at 
least one pertussis-containing vaccine. The generalized additive model spline with 8 knots indicates 
waning of anti-Pt IgG; a cut-off for the arbitrary age when children may be yet susceptible for B. 
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pertussis infection was placed at 9y (lowest concentration anti-Pt IgG in this graph). Panel B shows the 
prevalence of recent infection in four categories: twice no recent infection (<5 IU/mL or 5-<50 IU/mL), 
between the last six and twelve months (50-<100 IU/mL) and in the previous six months (≥100 IU/mL). 
It also shows GMCs with corresponding 95% CIs. 
 

 

Figure 2. Weighted age-specific prevalence of a recent infection in the previous twelve months (anti-Pt 
IgG concentration ≥50; panel A) or in the previous six months (anti-Pt IgG concentration ≥100 IU/mL; 
panel B), stratified for island of residence, with 95% CIs. * The Windward Islands include St. Eustatius 
and Saba. ** Number of participants per age group and island of residence 
 

Discussion 
This is the first seroepidemiological study to investigate recent B. pertussis 

infections in the general population of CN, comprising the islands of Bonaire, St. 
Eustatius and Saba. Overall, an estimated 8.2% of CN residents aged ≥9y were 
recently infected in the previous 12 months. The highest rates were seen in 
adolescents of 12-17y and young adults of 18-29y. These results emphasize that B. 
pertussis is circulating in the general CN population and that circulation is vastly 
underestimated using reporting systems for clinical pertussis cases. Furthermore, 
participants who reside on Bonaire and participants originating from the Dutch 
Caribbean territories or Suriname were most likely to be recently infected with B. 
pertussis. 
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The highest frequency of recent infections with B. pertussis in the previous 
twelve months was seen in 12-17y and 18-29y-olds, with estimates at 16.1% and 
16.7%, respectively. Such high percentages suggest that despite vaccination, 
adolescents and young adults are susceptible to contracting pertussis. Their 
vaccine-induced immunity may have waned, as the fifth dose of a pertussis vaccine 
(the 4-year booster dose for CN) provides protection for approximately five years. 
24,25 Once infected, adolescents may readily transmit B. pertussis due to clustering 

in secondary schools.26,27 The source of infection for adolescents probably lies in 

fellow schoolmates, from whom it can be passed on to vulnerable individuals such 
as unvaccinated infants. Additionally, GMCs of anti-Pt IgG seemed to increase 
gradually between 45y- and 90y-olds. The source for exposure in these age groups 
may lie in the 12-29y-olds, since 35% of 45-59y-old participants in this study 
reported living in a household with at least one person between 12-29y of age. 
Moreover, repeated exposure to B. pertussis at older ages may cause longer 
duration of memory against Pt, which may also explain rises in GMCs in ≥45y-

olds.28 The high frequency of recent B. pertussis infections among participants 

originating from the Dutch Caribbean territories or Suriname is not well 
understood. We hypothesize that such differences for ethnic backgrounds could 
be related to travel behavior or tourism and work on the islands of CN, which 
contributes to B. pertussis circulation. Additionally, residents of CN may have 
families in the Netherlands or other European countries, where B. pertussis is also 
known to circulate in the population. Further data on this topic are lacking and 
remain implicated for future research.  

A global interpretation of recent B. pertussis infections based on serology has 
been provided in a review that assessed many population-based studies in 

countries with different vaccination programs.16 The authors concluded that the 

number of pertussis cases is underestimated in many countries, which is similar 
to our results. They also confirmed that the frequency of a recent infection with B. 
pertussis depends on age, with peak anti-Pt IgG concentrations in adolescents and 
young adults in studies from Finland, France, the Netherlands, East Germany, 

Denmark, the USA and Gambia.29-36 To our knowledge, only one population-based 

serosurveillance study has been performed in Latin America. This study was also 
included in the above mentioned review. In the Mexican population in 2010, the 
highest proportion of recent infections (based on anti-Pt IgG ≥44 IU/mL) was seen 

in 50-59y-olds.37 In contrast to our study, the authors reported no increased risk 

for a recent infection in adolescents and young adults. This dissimilarity may 
reflect the fact that Mexican and CN children were vaccinated according to a 
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different vaccination schedule. Also, the Mexican study was conducted before a 
large pertussis epidemic in 2012, which could have led to lower anti-Pt IgG 
concentrations in younger age groups. In the European Netherlands, a nationwide 
serosurveillance study was conducted similarly and simultaneously to the present 
study (manuscript submitted for publication). Consistent with our results, the 
authors found an increased risk of a recent infection among adolescents and 
people living in larger households. Although the frequency of recent infections in 
large households was slightly higher in the current study, its association with CN 
could not be confirmed. Future seroepidemiological research in other Latin 
American countries may provide more insight into risk factors for a B. pertussis 
infection. 

On Bonaire, the frequency of B. pertussis infections in the previous six months 
was significantly higher than on the Windward Islands, but frequency did not differ 
among the islands in the previous twelve months. This finding indicates that 
Bonaire participants might have been infected shortly before the current study 
began; it also emphasizes the lack of insight into B. pertussis circulation. Given the 
frequency of recent infections, we would expect higher numbers of clinical cases 

to be reported.14 Enhanced disease surveillance could provide better insight into 

numbers of pertussis cases, particularly for individuals who are vulnerable for 
severe disease. As young infants are at risk of severe complications (and 
unvaccinated neonates were among Bonaire’s reported infections), many 
countries now focus on maternal immunization to prevent transmission of B. 
pertussis to young infants. Maternal vaccination protects newborns in the first 
months of life by conferring passive immunity through transplacental antibody 
transfer. The Netherlands and the Latin American countries Argentina, Brazil, 
Chile, Colombia, Mexico, Panama and Saba have already introduced this strategy 

in their national immunization programs.38 As CN generally follows the 

developments in the Dutch immunization program, Bonaire and St. Eustatius are 
expected to follow the Netherlands and Saba in adopting this strategy in the near 
future. 

This study comes with limitations. In our study population, males were 45.1% 
vs 51.5% in the CN general population, and people originating from the Dutch 
Caribbean territories or Suriname were 72.2% of the study population vs. 59.4% in 

the general population.39 We expect that these dissimilarities had little impact on 

the generalizability of our findings, as we used participants’ sampling weights to 
correct for selective participation. Secondly, the absolute number of participants 
with a recent infection was low. Although a relatively large proportion of the 
population was sampled (7.5%), the low number of recent infections made it 
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challenging to detect small differences, and additional risk factors could have been 
missed. Lastly, although cut-offs of anti-Pt IgG are often used in 
seroepidemiological studies, some cases may still have sufficient anti-Pt IgG 
concentrations to be classified as recently infected, as waning sometimes 
manifests slower. Therefore, the actual number of recent infections may be 

overestimated and the recentness of infection must be interpreted with caution.18 

 

Conclusion 
This seroepidemiological study confirms that the circulation of B. pertussis in 

the general population of CN is vastly underestimated using its pertussis reporting 
systems. The transmission to vulnerable individuals seems likely and should be 
taken into account in optimizing the vaccination program. Seroepidemiological 
data should regularly be updated for understanding the circulation of B. 

pertussis.40 Likewise, monitoring of pertussis epidemiology can be improved in CN 

by making mild cases more recognizable to the public and the medical community.  
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Supplementary materials 

Appendix 1. Weighted age-specific prevalence (in categories displaying recent infection) and GMC with 
95% CIs among children 0-8 years of age. 
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Abstract 

Background 
A maternal tetanus-diphtheria-and-acellular-pertussis (Tdap) vaccine is 

offered to all pregnant women in the Netherlands in their second trimester since 
December 2019. However, former studies solely investigated the socio-
psychological factors that influence vaccine acceptance among pregnant women in 
the third trimester. We identified predicting factors for attitude, intention and 
acceptance of maternal Tdap vaccination during the second trimester of 
pregnancy. 

 

Methods 
As part of a large prospective cohort study, women early in pregnancy 

completed a questionnaire on determinants regarding acceptance of maternal 
Tdap vaccination between 20-24w of gestation. The vaccine was offered after 
completion of the questionnaire. A random forest model and Receiver Operating 
Characteristics (ROC) analyses were carried out to identify the factors most 
predictive for vaccine acceptance on the whole dataset, and also in sensitivity 
analysis on a subset reflecting the annual nationwide 70% vaccination uptake.  

 

Results 
Among 1158 participants who were offered a Tdap vaccination between 20-

24w of gestation, 1098 (94.8%) accepted and 60 (5.2%) rejected the vaccine. 
Random forest analyses identified intention as most predictive for acceptance, 
followed by attitude towards vaccination, beliefs regarding safety, risk perception 
of severity of side effects, moral responsibility, beliefs regarding effectiveness and 
risk perception of susceptibility of side effects, with a sensitivity of 100% and a 
specificity of 40%, for which this combination could be improved by the ROC 
analysis to 82% and 67%, respectively. The sensitivity analysis yielded an order of 
predictors that generally corresponded with the initial model. 

 

Conclusions 
Intention, attitude, beliefs on safety and effectiveness, risk perception of side 

effects and moral responsibility were most predictive for maternal Tdap vaccine 
acceptance during the second trimester of pregnancy, in accordance with studies 
regarding third trimester vaccination. These should be discussed by healthcare 
professionals early in pregnancy to provide an informed choice towards vaccine 
acceptance. 
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Introduction 
Pertussis is a highly contagious respiratory infectious disease caused mainly 

by Bordetella pertussis. Young infants are at risk of severe disease, which may lead 
to convulsions, encephalopathy or death.1,2 B. pertussis may be readily transmitted 
to vulnerable infants as immunological protection is lacking before primary 
vaccinations.3,4 These infants depend on maternal antibodies for protection against 
disease in the first months after birth, and therefore a growing number of countries 
have now implemented a maternal immunization strategy against pertussis.5 
Maternal vaccine-induced IgG antibodies are actively transferred across the 
placenta and provide infant protection against disease, until infants receive 
primary vaccinations.6 

In 2015, the Health Council of the Netherlands advised to offer a pertussis 
vaccination to women during the third trimester of pregnancy.7 Women could 
obtain a tetanus, diphtheria and acellular pertussis (Tdap) vaccination on their 
own initiative at municipal health services, general practitioner, midwife or 
obstetrician. Vaccine uptake increased rapidly in 2018 and 2019.8 Later research 
demonstrated that term infants born to second trimester vaccinated mothers had 
higher antibody levels at birth than those of third trimester vaccinated mothers.9 
Even in preterm infants, antibody levels were higher after second trimester 
vaccination, which is postulated to be the result of a larger time interval between 
vaccination and delivery, providing a longer duration of transplacental antibody 
transfer.10,11 Subsequently, several countries advised offering pregnant women the 
Tdap vaccination earlier throughout pregnancy.12,13 After England had widened the 
time interval for vaccination at the earliest opportunity at 20 weeks of gestation, 
the uptake increased from an approximate 60 to 75%.14 In the Netherlands, a 
maternal Tdap vaccination was included under the National Immunization 
Program (NIP) since December 2019, and is now offered free of charge to all Dutch 
pregnant women from 22 weeks of gestation. In 2021, vaccine uptake ranged 
around 70%.15,16 

Many studies investigated the socio-psychological factors that might promote 
or hamper vaccine acceptance among pregnant women, showing that factors 
associated with maternal Tdap vaccination uptake were beliefs about vaccine 
effectiveness and safety,17-20 attitude of their healthcare professional towards 
maternal Tdap immunization,17,18,20-25 and logistical matters for obtaining the 
vaccine.26 In relation to the timing throughout pregnancy, some studies suggested 
that women are less willing to accept a Tdap vaccination during their second 
trimester and prefer vaccination later throughout gestation.27,28 However, these 
studies were conducted without the current knowledge that infants may benefit 
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from second trimester to a larger extent compared with third trimester Tdap 
vaccination. To the best of our knowledge, further information on socio-
psychological determinants regarding Tdap vaccine acceptance during the second 
trimester of pregnancy remains unavailable. 

This study aimed to fill the knowledge gap on socio-psychological factors 
associated with attitudes, intention and actual behavior towards Tdap vaccination 
acceptance in the second trimester of pregnancy. Identifying the factors that 
concern second trimester vaccine acceptance may guide antenatal care providers 
in optimizing communication and facilitating an informed choice regarding early 
Tdap vaccine administration. In addition, we assessed whether nulliparous and 
multiparous women differed in vaccine acceptance or in the determinants that may 
contribute to acceptance. 

 

Methods 
Design and setting 

This study is part of a large prospective cohort study (PIMPI study) among 
pregnant women regarding acceptance, immunogenicity and reactogenicity of 
second trimester maternal Tdap vaccination. Full details of all study procedures 
were described previously.29 Pregnant women of at least 18 years of age were 
recruited by their antenatal care provider before 20 weeks of gestation in the period 
of August 2019 throughout November 2021. Participants completed a 
questionnaire on determinants regarding acceptance of maternal Tdap vaccination 
in the second trimester of pregnancy.  

The vaccine was administered free of charge by the antenatal care provider 
(midwife, obstetrician or OB-GYN resident) or at a youth healthcare center, after 
which the vaccination status was requested from the national vaccination registry. 
Participants were excluded if they were vaccinated before 200/7 or after 240/7 weeks 
of gestation. The study was organized in accordance with the Declaration of 
Helsinki. Permission to conduct this study was obtained from the Central 
Commission on Research Involving Human Subjects (registration number 
NL66966.000.18). All participants provided verbal and written informed consent. 
 
Questionnaire 

The online questionnaire covered behavioral determinants and beliefs that 
may underlie Tdap vaccination acceptance between 20 and 24 weeks of gestation. 
These were measured in theoretical constructs that consisted of single- or 
multiple-item 7-point Likert scales. An overview of constructs and internal 
consistency, the number of items, reliability and an example question for each 
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construct is presented in Table 1. Constructs were based on the Theory of Planned 
Behavior and the Health Belief Model.30,31 

Intention was defined as an individual's readiness to perform certain behavior, 
i.e. whether or not accepting a maternal Tdap vaccination. Attitude, i.e. the 
assumed major predictor of intention, was defined as the degree to which the 
individual had a favorable or unfavorable evaluation of taking the vaccine.30 Social 
norms included descriptive norms and injunctive norms. These norms reflected 
the behavior that women expect from pregnant women, from their antenatal care 
provider, or from other people who are important to them. Further constructs 
included in the questionnaire were: perceived risks of susceptibility and severity 
of disease; perceived risks of vaccine side effects in mother and child; beliefs about 
effectiveness, safety and several other aspects of maternal Tdap vaccination; 
decisional certainty; anticipated regret of vaccinating or not vaccinating; moral 
responsibility of vaccinating; fear of vaccinating or fear disease in the baby; and 
trust in the NIP and healthcare professionals. A full list of all individual constructs 
was presented in Table 1. 

Socio-demographics were age, country of birth, education level, gravidity, 
parity, whether or not her lastborn child participated in the NIP (if parity ≥1) and 
the affiliation to certain beliefs. A similar study from before the enrollment of the 
maternal Tdap vaccination within the NIP in the Netherlands distinguished socio-
psychological factors between women who recently delivered from a baby versus 
women without children. To illustrate any differences, we stratified between nulli- 
and multiparous women within our demographic variables. Questions within the 
questionnaire were based on the same study, from which the authors of this study 
aided in the development and evaluation of the questionnaire. 

 
Statistical analysis 

R software 4.0.4 was used for analyses. Items within the same underlying 
theoretical construct were averaged into one single construct in case internal 
consistency was sufficiently high (Cronbach’s alpha α≥.60). Spearman’s 
correlation test was used to explore univariate associations between intention and 
social cognitive determinants, underlying beliefs possible barriers and facilitators 
and the abovementioned socio-demographic affiliation to beliefs. We adopted 
Cohen’s interpretation of Spearman’s effect sizes, i.e. that a correlation of 0.10-
0.23 indicates a small effect, one of 0.24-0.36 a moderate effect, and one ≥0.37 a 
large effect.32 

Next, a random forest model was constructed to assess the ability of the 
questionnaire to predict vaccine acceptance and to identify major predictive 
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constructs.33 The accuracy of the model was measured as the probability of 
predicting correctly whether a newly sampled individual would accept vaccination 
based on the individual’s questionnaire response, or equivalently as one minus 
that probability, called the probability of misclassification (pmc).  

In order to strengthen the initial analysis, an ROC (Receiver Operating 
Characteristics) analysis of the prediction of acceptance was conducted. While the 
goal of the basic analysis was minimizing the pmc, the model predicts acceptance 
if the individual’s ratio of the probability of acceptance to the probability of 
rejection is ≥1 and rejection otherwise. Replacing 1 by a ‘varying threshold’ (c) 
gives a set of predictors, each with its own performance characteristics. The most 
desirable performance is found when the value of c yields the most balanced 
estimates of sensitivity and specificity. This type of analysis is especially useful 
when, as in our case, acceptance is very high in the population, causing the initial 
algorithm to minimize the pmc at the cost of a very low specificity. In this situation, 
the ROC analysis balances specificity and sensitivity at a high level without greatly 
increasing the pmc, hence to enhance the predictive value of the data as a whole. 

In a sensitivity analysis designed to assess the influence of the prevalence of 
acceptance on its performance statistics, the initial prediction analysis was carried 
out on a subset of the data on the 60 rejectors in the whole sample and a random 
selection of 140 acceptors, reflecting the nationwide vaccine coverage 70%. By thus 
artificially sub-sampling the population of acceptors, we assessed whether or not 
this sensitivity analysis yielded comparable results with the initial analysis, 
thereby increasing specificity as the numbers of acceptors and rejectors were 
more equally distributed. 

Lastly, we calculated proportions of vaccine acceptance and means with 
corresponding standard deviations (sd) for socio-psychological constructs and 
stratified for women who did or did not already have children. Basic descriptive 
statistic tests with adjustment for multiple comparisons were used in order to 
assess whether acceptance and underlying constructs differed between both 
groups. 

 

Results 
Study population characteristics  

1377 participants completed the questionnaire, of whom 1158 (84.1%) enrolled 
for follow-up after vaccine acceptance or rejection within the correct time interval 
between 200/7 and 240/7 weeks of gestation. In total, 1098 women (94.8%) accepted 
and 60 (5.2%) rejected the vaccine. Demographical factors, e.g. country of birth, 
education level and type of antenatal care, were similar between nulliparous and 
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multiparous women, except for pregnancy related demographics (Table 2). 
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Table 2. Baseline characteristics and socio-psychological constructs of pregnant women stratified for 
recruitment strategy. 

Demographics 

Nulliparous 
women 

n=494 (42.7%) 

Multiparous 
women 

n=664 (57.3%) p-value 
 Age in years; mean (sd) 30.8 (4.4) 32.9 (3.8) <0.001* 
 Country of birth; n (%)   0.327 
  The Netherlands 448 (90.7) 614 (92.5)  
  Other 46 (9.3) 50 (7.5)  
 Education level; n (%)a   0.890 

  High 330 (66.8) 447 (67.3)  

  Middle 141 (28.5) 183 (27.6)  

  Low 23 (4.7) 34 (5.1)  
 Has been pregnant before; n 

(%)   
<0.001* 

  Yes 104 (21.1) 660 (99.4)  

  No 390 (78.9) 4 (0.6)b  
 Antenatal care provider; n (%)   0.680 

 
 Midwife in primary care 

facility 317 (64.2) 407 (61.3)  
  Midwife in hospital 58 (11.7) 84 (12.7)  
  OB-GYN resident 7 (1.4) 14 (2.1)  
  Gynecologist 112 (22.7) 159 (23.9)  
 Participation to the NIP by 

youngest child; n (%)   
NA 

  Received all vaccinations NA 619 (93.2)  
  Received some vaccinations NA 14 (2.1)  
  Received no vaccination NA 18 (2.7)  
  Unknown  NA 3 (0.5)  
  No answer NA 10 (1.5)  
 Affiliation to beliefs (1=no 

affiliation - 7=strong 
affiliation); mean (sd)   

 

  Religion 2.0 (1.8) 2.1 (1.9) 0.356 
  Homeopathy 1.9 (1.3) 1.9 (1.4) 0.652 
  Natural cure 1.9 (1.4) 1.8 (1.4) 0.343 
  Anthroposophy 1.4 (1.0) 1.5 (1.1) 0.484 
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Acceptance and Socio-
psychological variables   

 

 Vaccine acceptance; n (%)   0.230 
  Yes 476 (96.4) 622 (93.7)  
  No 18 (3.6) 42 (6.3)  
 Intention (1=low; 7=high); 

mean (sd) 
6.5 (1.0) 6.4 (1.1) 0.912 

 Attitude (1=negative; 
7=positive); mean (sd) 

5.7 (1.0) 5.7 (1.1) 0.506 

 Descriptive norm (1=low; 
7=high); mean (sd) 

4.9 (1.4) 4.8 (1.4) 0.230 

 
 

Injunctive norm antenatal care 
provider (1=low; 7=high); 
mean (sd) 

4.8 (1.8) 4.6 (1.9) 0.230 

 Injunctive norm other 
important people (1=low; 
7=high); mean (sd) 

5.0 (1.6) 4.9 (1.7) 0.506 

 Risk perception of pertussis 
susceptibility in baby (1=low; 
7=high); mean (sd) 

3.1 (1.3) 2.9 (1.3) 0.039* 

 Risk perception of pertussis 
severity in baby (1=low; 
7=high); mean (sd) 

5.8 (1.2) 5.9 (1.2) 0.230 

 Risk perception susceptibility 
of side effects vaccine (1=low; 
7=high); mean (sd) 

1.9 (0.8) 1.7 (0.9) 0.052 

 Risk perception severity of 
side effects vaccine (1=low; 
7=high); mean (sd) 

1.7 (0.9) 1.6 (0.9) 0.140 

 Belief safety (1=unsafe; 
7=safe); mean (sd) 

5.7 (0.9) 5.7 (1.0) 0.697 

 Belief effectiveness (1=low; 
7=high); mean (sd) 

6.0 (0.9) 6.0 (1.1) 0.931 

 Belief effectiveness having 
pertussis (1=low; 7=high); 
mean (sd) 

1.6 (1.3) 1.6 (1.3) 0.931 

 Belief protection vaccines 
(1=low; 7=high); mean (sd) 

6.0 (1.2) 6.1 (1.2) 0.497 

 Belief alternative (1=low; 
7=high); mean (sd) 

1.8 (1.1) 1.9 (1.4) 0.230 
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 Decisional certainty 
(1=uncertain; 7=certain); mean 
(sd) 

5.3 (1.7) 5.3 (1.7) 0.797 

 Anticipated regret not 
vaccinating (1=low; 7=high); 
mean (sd) 

6.3 (1.3) 6.2 (1.3) 0.861 

 Anticipated regret vaccinating 
(1=low; 7=high); mean (sd) 

4.4 (1.7) 4.4 (1.7) 0.320 

 Moral responsibility (1=low; 
7=high); mean (sd) 

5.4 (1.3) 5.2 (1.5) 0.230 

 Fear vaccinating (1=low; 
7=high); mean (sd) 

2.4 (1.7) 2.3 (1.6) 0.394 

 Fear disease (1=low; 7=high); 
mean (sd) 

6.1 (1.1) 6.2 (1.2) 0.230 

 Trust in NIP and healthcare 
professionals (1=low; 7=high); 
mean (sd) 

6.0 (0.9) 6.0 (1.0) 0.589 

 Distrust pharmaceutical 
industry (1=low; 7=high); mean 
(sd) 

1.8 (1.2) 1.7 (1.1) 0.374 

 Social pressure (1=low; 
7=high); mean (sd) 

1.4 (1.0) 1.4 (0.9) 0.598 

 Benefit of one fewer infant 
vaccine (1=not beneficial; 
7=beneficial); mean (sd) 

5.9 (1.4) 5.7 (1.6) 0.140 

 Barrier of combined vaccine 
components (1=low; 7=high); 
mean (sd)  

2.5 (1.8) 3.0 (1.9) 0.026* 

a Maternal education level categories, i.e. Low = no education, primary school, pre-vocational education 
(VMBO) and lower general education (MAVO/VMBO-TL). Middle = intermediate vocational education 
(MBO), higher/senior vocational education (HAVO) and pre-university education (VWO/Gymnasium); 
high = higher professional education (HBO), university BSc., university MSc. and doctorate. b Partner 
carried previous pregnancy. * Significance level p<0.05 
 

Constructs and correlations with intention towards vaccine acceptance 
All items within the multi-item theoretical constructs were considered 

sufficiently consistent to each other (Cronbach’s α ranged between 0.68-0.96) 
(Table 1). Constructs with a large effect on intention (Spearman’s r≥0.37) were 
attitude (r=0.66), belief safety (r=0.61), belief of effectiveness (r=0.55), trust in NIP 
and healthcare professionals (r=0.55), moral responsibility (r=0.51), risk 
perception susceptibility of side effects (r=-0.49), risk perception severity of side 
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effects (r=-0.48), decisional certainty (r=0.44) and fear of vaccination (r=-0.40). 
Visualization of all associations with intention and other constructs were 
presented in Supplementary figure 1. 

 
Factors associated with acceptance of second trimester maternal Tdap 
vaccination 

Figure 1A shows the variable importance of all the predictors included in the 
random forest model that predicts vaccine acceptance. While intention was most 
predictive for acceptance, other predictors highly associated with acceptance 
were attitude towards vaccination, belief safety, risk perception of severity of side 
effects, moral responsibility, belief effectiveness and risk perception of 
susceptibility of side effects. The model holds a pmc of 4%, a sensitivity of 100% 
(probability of correctly detecting vaccine acceptors) and a specificity of 40% 
(probability of correctly detecting vaccine rejectors). The ROC curve in Figure 1B 
implies that if vaccine acceptance and rejection reflected nationwide coverage, the 
combination of sensitivity and specificity could more balanced to 82% and 67%, 
respectively, at the cost of increasing the pmc to 19%. The area under the curve 
had a proportion of 0.78.  

The sensitivity analysis based on the artificial dataset of the 60 vaccine 
rejectors and a random selection of 140 acceptors, reflecting Dutch nationwide 
vaccine coverage of 70%, yielded an order of variable importance that generally 
agreed with the initial ranking (Supplementary figure 2). The most remarkable 
difference between the models is that the variable importance of decisional 
certainty showed a two-fold increase in the sensitivity analysis compared with the 
initial model. Less remarkable differences were found for trust in NIP and 
healthcare professionals and for anticipated regret of vaccinating. As expected, the 
overall specificity within the artificial dataset increased from 40% to 55% at a 
marginal decrease of sensitivity to 96%.  

 
Differences between nulliparous and multiparous women 

Vaccine acceptance was not found to be different between nulliparous and 
multiparous women (p=0.230). Nulliparous women had a significantly higher mean 
score for risk perception of pertussis susceptibility in their baby (3.1 vs 2.9, 
p=0.039), and a lower mean score for feeling a barrier in being vaccinated against 
combined vaccine components (2.5 vs 3.0, p=0.026) (Table 2). Risk perception of 

susceptibility to side effects of the vaccine seemed to be marginally different between the 

groups (p=0.052). 
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Figure 1. Random forest analysis and Receiver Operating Characteristics (ROC) curve. Panel A: Relative 
importance of the constructs used to predict acceptance of vaccination in a random forest model with 
pmc (probability of misclassification) of 4%, sen (sensitivity) of 100% and spe (specificity) of 40%. The 
greater the mean decrease in accuracy, the more predictive the construct. Panels B and C: Results of 

A 

 

B             C 
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the ROC (Receiver Operating Characteristics) analysis. The dashed blue line indicates the optimal cut-
off value for the ratio of acceptance versus rejection at which the model assigns a positive prediction (c) 
with the highest combination sensitivity (0.82), specificity (0.67=1-false positive rate (fpr)) and the 
lowest probability of misclassification (0.19). The area under the ROC curve, 0.78, is often used as an 
indicator of the predictive value of the data as a whole. 

 

Discussion 
This study identified the socio-psychological factors that were associated with 

acceptance of second trimester maternal Tdap vaccination among pregnant 
women. We found that intention towards vaccination was most predictive for 
vaccine acceptance, followed by attitude, belief in the safety and the effectiveness 
of the vaccine, lower risk perception of severity and susceptibility of vaccination 
side effects and feeling a moral responsibility to accept. Sensitivity analysis among 
a sub-sample of 60 vaccine rejectors and a random selection of 140 acceptors 
yielded an order of predictive variables that generally corresponded with the initial 
analysis. No differences in attitude or intention towards vaccination, or actual 
vaccine acceptance were found between nulliparous and multiparous women. 

Our findings were in accordance with a similar study that assessed 
determinants towards third trimester maternal Tdap vaccine acceptance by 
pregnant women in the Netherlands.34 In line with our results, the authors 
concluded that attitude, moral responsibility, beliefs about safety and beliefs about 
vaccine effectiveness were shown most predictive for vaccination intention (actual 
acceptance was not assessed). Despite the similarity in predicting factors 
regarding vaccine acceptance between both studies, absolute means of the four 
major predictors were lower compared with our study (attitude 4.2 vs 5.7, moral 
responsibility 3.9 vs 5.4, belief safety 3.9 vs 5.7 and belief effectiveness 5.1 vs 6.0, 
respectively). We believe that these differences may lie in the fact that the previous 
study was conducted in April 2017, i.e. far before the introduction of maternal Tdap 
vaccination in the Netherlands. Now that the vaccination is implemented in the 
Netherlands, pregnant women’s awareness on the vaccination may have 
contributed to overall positive opinions on acceptance, affecting our results. 
Secondly, our study population holds an approximate 95% acceptance rate, while 
our nationwide vaccine coverage is approximately 70%,15,16 and therefore, our 
results may be more optimistic than in real life. Nevertheless, our findings 
emphasize that the same predicting factors apply to acceptance of maternal 
vaccination earlier throughout pregnancy, even though previous studies suggested 
that women would prefer vaccination in their third trimester, 27,28 which was stated 
before we had knowledge on the benefits of second trimester vaccination. 
Therefore, we encourage the relevant healthcare professionals to promote 
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maternal Tdap vaccination by supporting women about the abovementioned 
determinants, preferably during the early-second trimester of pregnancy.  

Intention, attitude, vaccine safety and effectiveness were also predictive for 
vaccine acceptance in other studies.17-20,34When it comes to pregnant women 
feeling moral responsibility to accept the vaccine, the norm-activation theory 
suggests that moral norms influence behavior when pregnant women are aware of 
the consequences of accepting or rejecting the vaccine.35,36 We found this theory 
applicable to our findings because moral responsibility correlated well to its 
successive variables, with a strong or moderate effect size for anticipated regret 
not vaccinating (r=0.45), risk perception severity of side effects vaccine (r=-0.35), 
risk perception susceptibility of side effects vaccine (r=-0.29), fear of disease 
(r=0.28) and the benefit of one fewer infant vaccination (r=0.24). Making women 
aware of these consequences contributes to the process of making a well-
considered decision whether or not to vaccinate during pregnancy.  

Nulliparous women had a significantly higher mean score for risk perception 
of pertussis susceptibility in their baby, and they were less concerned that the 
vaccine contained multiple components. These variables, however, were two of 
the least predictive determinants for vaccine acceptance, so we do not expect any 
serious consequences for vaccine uptake as a result of these differences. 
Nevertheless, elevated risk perception of infant susceptibility for pertussis in 
nulliparous women suggests that women were more concerned about the 
vulnerability of their first unborn infant. A previous study suggested that elevated 
risk perception of pertussis (both susceptibility and severity) was associated with 
attitude towards vaccination, but not intention.34 This is in line with our results as 
we found small to moderate correlations of risk perception to attitude (r=0.13 for 
susceptibility and r=0.27 for severity) but lower correlations to vaccination 
intention. While the previous study did not assess actual vaccine acceptance, and 
risk perception of disease was not predictive for vaccine acceptance in our study, 
we encourage healthcare professionals to stick to the most relevant determinants 
during vaccine promotion, e.g. safety, effectiveness and the abovementioned 
consequences of behavior. 

This study has limitations. As mentioned before, 94.8% of all study participants 
accepted the Tdap vaccination, while current national vaccine coverage ranges 
around 70%.15,16 Therefore, our results may be more optimistic than in real life. The 
difference can be partially explained because at the end of the questionnaire, many 
participants voluntarily commented that participation in this study yielded free 
vaccination (before December 2019) and the ability to obtain the vaccine without 
making a separate appointment for vaccination, which suggests selection bias. The 
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low number of vaccine rejectors in our study has most likely resulted into low 
specificity of our random forest model, which we aimed to compensate for by 
putting the c-value appropriately high, thereby decreasing the likeliness of the 
model to predict vaccine acceptance. This means that sensitivity and specificity 
could be more balanced, even though the number of vaccine rejectors was low. 
Even though specificity remained low, probably due to the low number of vaccine 
rejectors, our sensitivity analysis among 60 vaccine rejectors and 140 acceptors 
speaks for the generalizability of our model as the generally agreed to the initial 
model for most variables, at least for the part of the population that accepts 
maternal Tdap vaccination. Another limitation is that our results may not be 
completely generalizable to a population of pregnant women within a few years of 
time, as a random forest model is unable to provide an estimate of the strength of 
an association, nor indicates a causal pathway. Our purpose in this work was to 
identify the main patterns that predict an individual’s vaccination status from its 
personal characteristics. In order to explore possible themes that may arise before, 
during, or after the decision making process among pregnant women, we suggest 
that follow-up studies should be performed in a more qualitative manner preferred 
over statistical models. Decisional certainty showed the most remarkable 
difference between the models, followed by trust in NIP and healthcare 
professionals and anticipated regret. Decisional certainty however is difficult to 
interpret, as high certainty on any successive decision does not necessarily mean 
that one would accept or reject, and vice versa. Overall, the low specificity and high 
sensitivity together show that it remains difficult to identify the factors that predict 
vaccine rejection, and our results speak predominantly for the prediction of 
vaccine acceptance as opposed to rejection. Finally, the proportions of participants 
who accepted a Tdap vaccine before versus after the end of February 2020 were 
98% vs 93%, respectively. It could be that the COVID-19 vaccination has 
contributed to this (small) difference. However, we believe that the introduction of 
free maternal Tdap vaccination within the NIP (December 2019) contained the 
largest influence on the reduction of the vaccine acceptance rate, since the benefit 
of free vaccination within participation in our study was no longer applicable from 
this moment onwards. Since the abovementioned dates are so close together, we 
cannot distinguish whether or not vaccine acceptance was influenced by this 
phenomenon and the COVID-19 situation. 

 

Conclusion 
In accordance with other studies assessing third trimester maternal Tdap 

vaccine acceptance, acceptance during the second trimester of pregnancy can be 
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predicted by intention and attitude towards vaccination, belief in the safety and the 
effectiveness of the vaccine, the risk perceptions to the severity and susceptibility 
of vaccination side effects and feeling moral responsibility to take the vaccine. 
These predictors should be discussed early in pregnancy by healthcare 
professionals for providing women an informed choice regarding vaccine 
acceptance. 
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Supplementary materials 
Supplementary table 1. Means and standard deviations of socio-psychological constructs stratified 
vaccine acceptors and rejectors. 

Acceptance and Socio-
psychological variables 

Vaccine 
acceptors 

n=1098 (94.8%) 

Vaccine 
rejectors 

n=60 (5.2%) p-value 
 Intention (1=low; 7=high); mean 

(sd) 
6.6 (0.7) 4.2 (2.5) <0.001* 

 Attitude (1=negative; 7=positive); 
mean (sd) 

5.8 (1.0) 4.3 (1.6) <0.001* 

 Descriptive norm (1=low; 7=high); 
mean (sd) 

4.9 (1.4) 4.2 (1.9) <0.001* 

 
 

Injunctive norm antenatal care 
provider (1=low; 7=high); mean 
(sd) 

4.7 (1.9) 4.1 (2.1) 0.008* 

 Injunctive norm other important 
people (1=low; 7=high); mean (sd) 

5.0 (1.6) 3.5 (2.1) <0.001* 

 Risk perception of pertussis 
susceptibility in baby (1=low; 
7=high); mean (sd) 

3.0 (1.3) 2.6 (1.3) 0.037* 

 Risk perception of pertussis 
severity in baby (1=low; 7=high); 
mean (sd) 

5.9 (1.2) 5.2 (1.7) <0.001* 

 Risk perception susceptibility of 
side effects vaccine (1=low; 
7=high); mean (sd) 

1.7 (0.7) 2.8 (1.6) <0.001* 

 Risk perception severity of side 
effects vaccine (1=low; 7=high); 
mean (sd) 

1.6 (0.8) 2.6 (1.5) <0.001* 

 Belief safety (1=unsafe; 7=safe); 
mean (sd) 

3.0 (1.3) 2.6 (1.3) 0.037* 

 Belief effectiveness (1=low; 
7=high); mean (sd) 

6.1 (0.9) 4.7 (1.7) <0.001* 

 Belief effectiveness having 
pertussis (1=low; 7=high); mean 
(sd) 

1.6 (1.3) 2.0 (1.5) 0.006* 

 Belief protection vaccines (1=low; 
7=high); mean (sd) 

6.1 (1.1) 5.1 (1.7) <0.001* 

 Belief alternative (1=low; 7=high); 
mean (sd) 

1.8 (1.3) 2.5 (1.4) <0.001* 
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 Decisional certainty (1=uncertain; 
7=certain); mean (sd) 

5.4 (1.7) 4.1 (2.4) <0.001* 

 Anticipated regret not vaccinating 
(1=low; 7=high); mean (sd) 

6.3 (1.2) 4.7 (2.2) <0.001* 

 Anticipated regret vaccinating 
(1=low; 7=high); mean (sd) 

4.3 (1.7) 5.3 (2.0) <0.001* 

 Moral responsibility (1=low; 
7=high); mean (sd) 

5.4 (1.3) 3.8 (2.1) <0.001* 

 Fear vaccinating (1=low; 7=high); 
mean (sd) 

2.3 (1.6) 3.4 (2.2) <0.001* 

 Fear disease (1=low; 7=high); 
mean (sd) 

6.2 (1.1) 5.6 (1.8) <0.001* 

 Trust in NIP and healthcare 
professionals (1=low; 7=high); 
mean (sd) 

6.1 (0.9) 4.9 (1.5) <0.001* 

 Distrust pharmaceutical industry 
(1=low; 7=high); mean (sd) 

1.7 (1.1) 2.6 (1.9) <0.001* 

 Social pressure (1=low; 7=high); 
mean (sd) 

1.3 (0.9) 2.0 (1.6) <0.001* 

 Benefit of one fewer infant 
vaccine (1=not beneficial; 
7=beneficial); mean (sd) 

5.9 (1.5) 4.9 (2.2) <0.001* 

 Barrier of combined vaccine 
components (1=low; 7=high); 
mean (sd)  

2.8 (1.9) 3.5 (2.2) 0.007* 

*significance p<0.05. 
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Supplementary figure 1. Construct correlations. Correlations represented in blue if positively 
associated with corresponding predictor variable, and red otherwise. Spearman’s effect size was 
considered small if r=0.10-0.23, moderate if r=0.24-0.36 and large r≥0.37, even so if the effect size was 
negative. Answers were measured on a Likert scale ranging from 1 to 7. 
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Supplementary figure 2. Random forest analysis among 60 vaccine rejectors and a randomly selected 
140 acceptors, reflecting Dutch nationwide vaccine coverage of 70%. Random forest analysis indicating 
the strength of predictors’ association with vaccine acceptance by a sensitivity of 0.96 and specificity 
of 0.55. The model shows the mean decrease in accuracy if the corresponding predictor was dropped 
from model. 
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Abstract 

Background 
Immunization of pregnant women with a tetanus-diphtheria-and-acellular-

pertussis (Tdap) vaccine is an effective and safe way to protect infants from 
pertussis before their primary vaccinations. Vaccine uptake among pregnant 
women is influenced by their care providers’ attitudes toward maternal 
vaccination. This qualitative study aimed to evaluate the implementation of the 
maternal Tdap vaccination under the National Immunization Program of the 
Netherlands from the perspective of obstetric care providers. 

 

Methods 
In this qualitative and explorative study, we conducted in-depth interviews by 

telephone with obstetric care providers who were selected from a pool of 
respondents (convenience sampling) to a questionnaire in a previous study. The 
interviews were based on a semi-structured interview guide that covered three 
aspects of the implementation strategy: providers’ overall experience with the 
implementation of maternal Tdap vaccination in the Netherlands; implementation 
logistics and counseling, and pregnant women referrals to municipal Youth 
Healthcare Centers. The interviews were recorded, pseudonymized and 
transcribed verbatim. Transcripts were analyzed according to the Thematic 
Analysis approach by two researchers independently in two phases of iterative 
coding, categorizing, reviewing and redefining until ultimately, emergent themes 
regarding maternal Tdap vaccination implementation were identified. 

 

Results 
Interviews with 11 midwives and 5 OB-GYN physicians yielded 5 major themes 

regarding the Tdap vaccination implementation strategy: challenges throughout 
the implementation process, views on maternal Tdap vaccination, general versus 
tailored counseling, provider responsibilities in vaccine promotion, and impact of 
materials for information delivery. Participants indicated that to improve provider 
attitudes toward Tdap vaccination, its implementation requires clear and 
transparent information about what is entailed, i.e., what is expected from 
obstetric care providers, how they can obtain information, and when their actions 
must be initiated. Participants demanded involvement throughout the 
implementation planning process. They preferred tailored communication with 
pregnant women over a generalized approach.  
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Conclusions 
This study emphasized the importance of involving all relevant healthcare 

professionals in planning the implementation of maternal Tdap vaccination. 
Possible barriers perceived by these professionals should be taken into account in 
order to improve their attitudes toward vaccination, thus to increase uptake among 
pregnant women. 
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Background 
Pertussis is a highly contagious respiratory disease, caused mainly by the 

bacterium Bordetella pertussis. Especially young unvaccinated infants (<6 months 
of age) are at risk of developing severe disease, resulting into hospitalization and 
sometimes death.1,2 B. pertussis is known to circulate across all age groups in many 
countries, including the Netherlands, despite high children’s vaccination 
coverage. Hence, the disease is readily transmitted by infected persons showing 
no typical clinical symptoms, as symptoms generally manifest milder and less 
typical in older children and adults, but these age groups may be a source of 
transmission to young infants.3-6 A recent serosurveillance study estimated that 
yearly approximately 5.9% of all residents older than 7 years in the Netherlands 
was recently infected by B. pertussis, whether or not showing any disease 
symptoms.7 Confirmed pertussis incidence rates in all age groups show epidemic 
peaks every 3 to 4 years, with infants under 5 months of age having the highest 
incidence ranging from 64 to 222 per 100,000 each year in the decade before the 
COVID-19 lockdown periods.5,8 

Before receiving their primary vaccinations, infants depend on maternal 
antibodies for protection against infectious diseases. These antibodies are actively 
passed to infants during pregnancy through placental IgG antibody transfer.9 
Maternal vaccination against pertussis enhances the immunological protection 
that infants receive from their mother.10,11 Therefore, the Dutch Health Council 
advised in 2015 that vaccination against tetanus, diphtheria and acellular pertussis 
(Tdap) should be offered to pregnant women in the Netherlands. Initially, women 
could obtain the vaccine at their own expense at their general practitioner, midwife 
or gynecologist, or municipal healthcare center. Vaccine uptake increased rapidly 
in 2018 and 2019, with vaccine coverages of approximately 13% and 26%, 
respectively.12 Ultimately since December 2019, the vaccination has been included 
in the National Immunization Program (NIP) of the Netherlands, making it available 
to pregnant women free of charge.13,14  

Vaccine implementation was coordinated by the National Institute for Public 
Health and the Environment (RIVM) in close collaboration with representatives 
from Dutch professional organizations for obstetricians, midwives, and youth 
public healthcare physicians and nurses.14-19 The implementation included the 
development of guidelines for the maternal Tdap vaccination, describing tasks for 
all professionals involved in this maternal vaccination program and practical 
information. It was decided that obstetric care providers would make pregnant 
women aware of the maternal Tdap vaccination well before 22 weeks of gestation, 
and hand out an information packet that consists of a letter and a leaflet about 
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maternal Tdap immunization. Women would then be referred to Youth Healthcare 
Centers to receive the vaccination and more counseling if needed. The vaccination 
is offered from 22 weeks of gestation, i.e. the earliest opportunity for women get 
vaccinated. Nowadays, maternal vaccine coverage in the Netherlands ranges 
around 70%.20,21 

Previous research has shown that the attitude of obstetric care providers 
toward maternal Tdap vaccination greatly affects its acceptance by pregnant 
women.22,23 Although vaccination in general is broadly supported by the public, 
there is some hesitancy and opposition, especially to vaccination during 
pregnancy.24,25 A well-organized implementation strategy provides a clear 
definition of responsibilities as well as practical tools and repeated training to 
enable obstetric care providers to facilitate information delivery to pregnant 
women.26,27 This qualitative study aimed to evaluate the implementation of 
maternal Tdap vaccination in the Netherlands from the perspective of obstetric 
care providers, its planning, guidelines, and the first few months of availability 
through NIP, and investigate how the implementation reflected their attitudes 
toward maternal vaccination. In addition, we explored possible improvements for 
future implementations of vaccinations during pregnancy.  

 

Material and methods 
Study design 

This qualitative and explorative study was performed according to a 
phenomenological approach in order to identify (novel) themes that may be specific 
for the unique Dutch situation for offering the maternal Tdap vaccination. 

 
Selection of study participants 

Obstetric care providers were selected from a pool of respondents to a prior 
questionnaire-study of maternal Tdap vaccination.28 They were approached for the 
current study if they had indicated willingness to be contacted for further 
qualitative research. 852 midwives and 201 gynecologist or OB-GYN residents 
responded to the initial questionnaire that was sent to a nationwide group of 
obstetric care providers from all geographical areas within our country. 
Convenience sampling was performed within those who stated willingness to 
participate in further research (23% (n=194) and 15% (n=31), respectively). Among 
those, antenatal care providers were selected and invited for study participation, 
assuming that both disciplines would be included in our eventual study population. 
No further inclusion criteria or restrictions were imposed for participation, except 
for that the person had to provide obstetric care at the time of inclusion, which was 
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already mandated for completion of the questionnaire. Contact details for inviting 
study participants were stored in a safe environment separate from the database 
that was analyzed. Further details on procedures and results of the previous study 
were reported elsewhere.28  

The study was performed in accordance with the Declaration of 
Helsinki. Medical ethical approval was not necessary as this study was considered 
‘non-interventional’ by the Medical Research Ethics Committee of Utrecht under 
reference number 20-601/C. 

 
Data collection 

We conducted individual in-depth interviews by telephone, as the study was 
conducted during COVID-19 lockdown periods. The interviewer (NJ) was a female 
master student under guidance (by MI) of the Centre for Infectious Disease Control 
of the RIVM. Prior to conducting the interviews, there was no relationship between 
the interviewer and the participants. Pilot interviews were held with three (non-
)obstetric care related healthcare professionals. Verbal informed consent had been 
obtained from all the participants before the start of each interview. The interviews 
were based on a semi-structured interview guide with open-ended questions 
(Table 1) regarding three aspects of Tdap implementation: 1) overall experience 
with the implementation of maternal Tdap vaccination in the Netherlands; 2) 
implementation logistics and counseling; and 3) pregnant woman referrals to 
Youth Healthcare Centers. It was developed based on the current knowledge of 
attitudes toward maternal vaccination among obstetric care providers and their 
effects on maternal vaccine uptake, and the results of the previous questionnaire 
study, unique for the Dutch Tdap vaccination implementation, and evaluated in 
consultation with several experts in the field of obstetrics, infectious diseases, and 
epidemiology.22,28-36 The interview guide was evaluated after every four interviews. 
The interviews were recorded and transcribed verbatim and fieldnotes imbedded 
in transcripts. For confidentiality, we assigned study numbers to all transcripts, 
whereafter the transcripts were moved to a safe environment separately from the 
databases on the questionnaire. Only three researchers (NJ, MI and KvZ) had 
access to the transcripts, of whom only NJ was aware which persons had been 
included in the study. All transcripts have been individually discussed between the 
interviewer and one analyzer (MI). 

 
Data analysis 

MAXQDA qualitative analysis software version 20.0.7. was used for analysis of 
results. Transcripts were analyzed according to the Thematic Analysis 



Maternal Tdap vaccine acceptance 

222 

approach.37,38 Two researchers (MI and KvZ) independently analyzed the 
transcripts in two phases to identify emergent themes systematically. The first 
phase of analysis consisted of coding of the transcripts, with MI coding all 
transcripts and KvZ coding six randomly selected transcripts. Before proceeding to 
the next phase, they discussed discrepancies in coded segments until consensus 
was reached. In the second phase, all coded segments were iteratively categorized 
by MI; and by KvZ for the same six she coded in the first phase. Potential themes 
were identified based on the categorized codes, then reviewed and redefined 
against the dataset to generate final themes that were relevant regarding the 
implementation. These are presented in the results section with verbatim 
quotations from the transcripts in Dutch that were translated to English by the 
researchers.  

Throughout this study, we aimed to follow the trustworthiness criteria from 
Lincoln and Guba, i.e. credibility, transferability, dependability confirmability, to 
ensure the rigor of the results.39 Only the transferability criterion could not be well-
embedded in our study since basic demographics from the questionnaire data 
were unavailable. 

 

Results 
Interviews and themes 

From March until May 2021, 16 interviews were conducted. Study participants 
consisted of 11 midwives, of whom 9 provided primary care (henceforth called 
primary care midwives) and 2 provided secondary care (secondary care midwives), 
and 5 physicians, of whom 4 were gynecologists (2 working in secondary care and 
2 in tertiary care) and 1 was an OB-GYN resident. All participants agreed to be 
interviewed for this study following the initial invitation. The interviews lasted 
between 25-35 minutes, with one outlier of 10 minutes. After the fourth round of 
evaluating the interview guide - for which no substantive updates were necessary 
-, corresponding with interviews 13-16, we decided that data saturation had been 
reached. 

Five major themes regarding the implementation emerged: 1) challenges 
throughout the implementation process; 2) views on maternal Tdap vaccination; 3) 
general versus tailored counseling; 4) provider responsibilities in vaccine 
promotion; and 5) impact of materials for information delivery. Table 1 indicates 
how the aspects of the interview guide related to the final themes. Corresponding 
categories, subcategories and example codes have been provided in 
Supplementary Table 1 for reproducibility of the study.  
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Table 1. Interview guide.  

Aspect Question 
Overall experiences as to 
the implementation of 
maternal Tdap vaccination 
in the Netherlands 

What is your general opinion about maternal 
Tdap vaccination?2 
How did you experience the implementation of 
the maternal Tdap vaccination?1 
How would you have led the implementation of 
the maternal Tdap vaccination, based on your 
current knowledge?1,3 
How could a future implementation of a maternal 
vaccination be improved?1,3,4,5 

Implementation logistics 
and counseling 

What does an average conversation about Tdap 
vaccination with a pregnant woman look 
like?2,3,4,5 
How do conversations about Tdap vaccination 
with pregnant women differ?3,4,5 
Does - and how does - the subject maternal Tdap 
vaccination return later throughout 
pregnancy?3,4,5 
What information materials do you use for 
informing pregnant women about the maternal 
Tdap vaccination?5 
What do you think of the information materials 
that you use for information delivery?5 

Pregnant woman referrals 
to Youth Healthcare 
Centers 

How would you describe your collaboration with 
Youth Healthcare Centers?1,3,4 
What is the added value of being notified by 
Youth Healthcare Centers that one of your 
clients/patients has received maternal Tdap 
vaccination?1,4 
How would you describe your role regarding the 
maternal Tdap vaccination?3,4,5 

How do you regard your role in relation to the 
role of Youth Healthcare Centers?1,3,4,5 

Superscripted numbers indicate how the responses to questions from the interview guide 
predominantly related to the corresponding themes as presented in the results section: 1challenges 
throughout the implementation process; 2views on maternal Tdap vaccination; 3general versus tailored 
counseling; 4provider responsibilities in vaccine promotion; 5impact of materials for information 
delivery.  
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1. Challenges throughout the implementation process 
Participants generally agreed that the implementation required a concrete 

description of what Tdap vaccination as part of the NIP entails: what is expected 
from obstetric care providers, how they can obtain information, and when their 
actions must be initiated. The information they received about what actions to take 
during counseling, as well as training sessions and an e-learning that was made 
available, were highly appreciated by the participants, and increased their 
confidence when informing pregnant women about maternal Tdap vaccination. 

Participants found it unfortunate that after the Health Council advised 
maternal Tdap vaccination, four years elapsed before it was available free under 
the NIP. In this interval, local initiatives arose to provide the vaccination to 
pregnant women at their own cost. The logistics that had been put in place for that 
process had to be reorganized after NIP included the maternal Tdap vaccination.  

“Initially, we [midwives] worked together with general practitioners during the 
implementation [prior to inclusion within the NIP]. The GP would provide and inject it [the 
vaccine]. And actually, only a year later this was picked up by municipal healthcare 
services [Youth Healthcare Centers].” – interview 12, primary care midwife 

Once the vaccination was included under the NIP, participants needed a short 
period to get used to new procedures, after which execution became easier. 

Some decisions made by policy makers were not fully supported nor well 
understood by all our participants. They argued that there were insufficient 
opportunities for providing input by healthcare providers during the planning 
process. Notably, many were unaware that representatives of their professional 
organizations had been involved throughout this process. 

“It is very unclear to us [midwives] whether the KNOV [Royal Dutch Organization of 
Midwives], for example, was included in the meetings [for guideline development]. How 
did that go? What was the reason to ultimately decide for the Youth Healthcare Centers 
[to administer the vaccine]?” – interview 15, primary care midwife 

Several participants (predominantly primary care midwives) argued that 
vaccine uptake would have been higher if the whole process had been centralized 
and executed by the obstetric care provider. According to some, the current 
strategy of referring pregnant women to Youth Healthcare Centers for vaccination 
is an extra hurdle for the women.  

“Pregnant women have to arrange it [obtaining the vaccine] themselves. They, themselves 
– especially if it concerns a first child – have to go to a new institution. This led to – well – 
that’s a barrier after all. – interview 4, primary care midwife 

On the contrary, other participants (predominantly gynecologists) argued that 
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the guidelines could be easily maintained and were the reason for the (participant-
reported) high vaccination coverage. Moreover, the implemented strategy provided 
advantages that would have been missed if both information delivery and 
vaccination had been centralized at obstetric care providers.  

“The nurse who would usually initiate postpartum care now actually starts [informing 
about postpartum care] before that. So that they look at what kind of family it concerns, 
what could be possibly needed.” – interview 8, gynecologist 

What was specifically being discussed during counseling by the professionals 
at Youth Healthcare Centers was unclear to many participants, regardless of the 
participants’ awareness of any guidelines for counseling by their colleagues at 
these centers. However, they did not feel any urge to ask their regional Youth 
Healthcare facility for more information. 

 
2. Views on maternal Tdap vaccination  

Participants generally had a positive attitude toward maternal Tdap 
vaccination. Most of them believed themselves to be aware of the vaccine’s 
purpose, its necessity, and its benefits as opposed to potential harms. After asking 
a secondary care midwife her opinion on maternal Tdap vaccination, she 
responded: 

“It's about its [maternal Tdap vaccination’s] efficiency. Its effectiveness has been proven 
and we have decided to start offering this vaccination, just like neighboring countries. 
That is why I am in favor of it being possible.” – interview 9, secondary care midwife 

In addition to its safety and effectiveness, participants indicated that the 
reduced infant vaccination schedule was an important reason for pregnant women 
to accept Tdap vaccination. Infants of vaccinated mothers receive one fewer dose 
during their primary vaccination series and start the series one month later than 
infants of non-vaccinated mothers.  

Although all gynecologists seemed in favor of maternal vaccination, some 
primary care midwives voiced doubts about immunization in general, including 
maternal Tdap vaccination. As maternal Tdap vaccination was often interpreted as 
a ‘novel’ vaccine, several participants were unaware of its established safety 
profile. A few said that vaccination during pregnancy seemed counter-intuitive: 

“The feeling that you should decline many things during your pregnancy – such as certain 
foods, et cetera – but you would allow someone to inject yourself a vaccine. That feels odd 
and that is also why some pregnant women don’t want this vaccination.” – interview 3, 
primary care midwife 

Participants had the impression that from the perspective of pregnant women, 
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COVID-19 vaccination did not influence attitudes towards maternal vaccination or 
vaccine hesitancy. The uptake may have been reduced for a short while, since 
making an appointment for maternal vaccination during COVID-19 lockdown 
periods seemed difficult. 

 
3. General versus tailored counseling  

Most often, counseling by obstetric care providers consisted of a brief 
introduction to the vaccination and presentation of the NIP while handing over the 
information packet, perhaps accompanied by some arguments in favor of 
immunization. Only a few participants discussed arguments against vaccination. 
Pregnant women asked frequently what obtaining the vaccine entails and whether 
it is safe for their unborn child. Participants said they had to adjust their counseling 
to a woman’s need for knowledge, in order to deliver the appropriate information 
according to her awareness of the vaccine: 

“There is, of course, a group of women who already had it [Tdap vaccination] during [a 
previous] pregnancy, so you can get through that [counseling ] a bit faster as they already 
consciously chose for it that time; and of course a group that has already heard or read 
about it, but did not receive it before; and a group that says they didn’t notice anything 
about it at all.” – interview 16, primary care midwife 

Participants felt the need to stay well-informed about maternal Tdap 
vaccination in order to improve their counseling. Being informed raised their 
confidence in counseling pregnant women, even to those who were reluctant to 
getting vaccinated. Some participants argued that the recommendations were 
“restricted to a generalized view” of pregnant women. More than the recommended 
time and effort was necessary for counseling pregnant women with a low 
socioeconomic status or a migration background. 

“I find it very difficult to inform people in case of a language barrier. They are often 
vulnerable pregnant women. A huge amount of information transfer is lost there.” – 
interview 9, secondary care midwife 

Time and effort was also necessary in the form of providing the vaccine at the 
hospital in case the pregnancy demanded medical attention, especially when 
longer-term hospital admission was required. 

“I often see people who are admitted relatively early throughout pregnancy with [medical] 
issues. They tend to stay hospitalized for a long time. They are often unable to make an 
appointment [for Tdap vaccination] at the counseling center [Youth Healthcare Center].” 
– interview 6, gynecologist 
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4. Provider responsibilities in vaccine promotion 
The implementation guidelines suggest that obstetric care providers should 

merely introduce maternal Tdap vaccination in a superficial manner, and 
persuasive strategies for vaccine promotion are intentionally omitted from 
information for providers. However, many of our participants argued that 
informing pregnant women is their primary responsibility as the initial care 
provider. At the same time, while they can promote the vaccination, the choice 
whether or not to take the vaccine ultimately remains that of pregnant women. 

“It is nowadays no longer the case that the doctor gives advice and that the pregnant 
woman blindly says ‘Well that's a good idea, doctor, I'm going to do that.’ It just doesn't 
work that way anymore. You have to eventually give patients the responsibility 
themselves.” – interview 5, gynecologist 

Some participants indicated they counseled objectively, with no promotion of 
the vaccine, since they viewed their own opinion or attitude as irrelevant when it 
comes to the pregnant women’s decisions about getting vaccinated. 

“It's not about what I think or what I do. I think if you look at the information and odds of 
vaccine implications objectively, then it's easy to do it [getting vaccinated]. Though I can’t 
– when I am counseling someone whether or not to take the vaccine – I can’t tell them that 
I would take it.” – interview 4, primary care midwife 

Some participants would rather merely mention the maternal Tdap vaccination 
while providing the information packet to pregnant women, and only perform the 
bare minimum of what is recommended in the guidelines, because no financial 
compensation is available for the time spent by obstetric care providers on 
counseling. A financial compensation may, according to some, contribute to the 
quality of vaccine promotion. Nevertheless, they felt compelled to invest in 
information delivery due to the relationship they had acquired with their clients or 
patients. 

“I could also choose to only give the leaflet and say: “Go, find out what to do for yourself.” 
But I don't think that is considered as providing sufficient care. It doesn't work like that 
either." – interview 15, primary care midwife 

 
5. Impact of materials for information delivery 

Participants said that the information letter and leaflet were appreciated by 
their pregnant patients; the illustrations and patient-friendly layout of the leaflet 
seemed to positively affect vaccination intention. They concluded however, that 
pregnant women received an overwhelming amount of information materials in the 
first trimester of pregnancy, and that Tdap vaccination materials might best be 
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bundled with other materials to improve information delivery and information 
uptake by pregnant women. Participants also argued that handing over materials 
for vaccine promotion must always be supported by verbal information delivery. 

“Most pregnant women take it [information packet] and then it ends up at the bottom of 
the pile.” – interview 4, primary care midwife 

Participants mentioned occasionally that the information materials may be too 
difficult to understand by illiterate or non-Dutch-speaking pregnant women. The 
information materials were available in multiple languages, although hard copies 
were only available in Dutch. Therefore, the materials were less accessible, 
attractive and compelling to pregnant women with a migration background. 

“If they don't speak the Dutch language, I will be forced to provide printed copies or send 
those to people by e-mail. It would be just useful if it's all in such a shining leaflet [like the 
leaflet written in Dutch], so to speak. That you can give it right away [physically].” – 
interview 9, secondary care midwife 

 

Discussion 
This study indicated that the implementation of maternal Tdap vaccination in 

the Netherlands requires clear and transparent information about what the 
vaccination entails for obstetric care providers: what is expected from them, how 
they can obtain information, and when their actions must be initiated. Maternal 
Tdap vaccination was generally supported by obstetric care providers, mainly due 
to its proven effectiveness and its established safety profile. The participants were 
willing to invest time and effort in information delivery, even though the guidelines 
recommended only to make women aware of the vaccination, rather than 
counseling them extensively. As the pregnant women’s initial care provider, 
participants felt constrained to provide sufficient obstetric care.  

Some participants argued that obstetric care providers were “kept in the dark” 
regarding the decision that Youth Healthcare physicians should administer the 
vaccine, as opposed to the obstetric care provider. Although there was close 
collaboration with Dutch professional obstetric organizations throughout the 
implementation process, it seemed that many participants were unaware of the 
opportunity for providing input via their umbrella organizations. In future 
implementations, the inclusion of care providers should be emphasized by such 
organizations, as research shows that involving providers during guideline 
development reduces resistance to recommendations.40,41 If professional 
organizations involve their members more actively, it may increase protocol 
adherence and improve attitudes toward vaccination among obstetric care 
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providers, leading ultimately to higher vaccine uptake among pregnant 
women.23,26,42 

There was some contrasting between the different disciplines in obstetric care, 
predominantly between primary care midwives and gynecologists, with secondary 
care midwives in between. The debate on which party should facilitate vaccine 
administration, and whether or not this should be centralized, was a firm 
discussion between the disciplines that was already imbedded in the 
implementation. Even though it was occasionally interpreted as a ‘loss’ of the 
discussion as centralization was not realized, their attitude towards maternal 
vaccination seemed unaffected. Second, gynecologists had a generally more 
positive attitude towards maternal vaccination, compared to primary care 
midwives. This was in accordance with our previous questionnaire study.28 
Previous studies suggested that this is because gynecologists are better aware of 
the consequences, while among midwives, negative beliefs and concerns regarding 
vaccination, including vaccination in general, had risen.43,44  

According to our participants, counseling of pregnant women about maternal 
Tdap vaccination cannot be standardized, as it highly depends on the women’s 
individual needs for knowledge. Moreover, some pregnant women required a more 
extensive approach, e.g. in a first pregnancy or a complicated pregnancy requiring 
extensive medical support. Our study emphasized that tailored counseling is 
needed for the provision of appropriate advice, making women feel their concerns 
have been addressed so they feel comforted about maternal vaccination.45-48 
Illiterate or non-Dutch speaking pregnant women are, according to our 
participants, more difficult to reach in terms of vaccine-promotion. To our 
knowledge, only one study assessed the influence of health literacy on maternal 
vaccine acceptance with higher literacy associated with rejection of the vaccine.49 
Nevertheless, the authors excluded women impacted by illiteracy and language 
barriers, which prevented completion of the questionnaires. High literacy was, 
however, associated with higher COVID-19 vaccine acceptance.50 According to our 
findings, the first step to better target these groups in the Dutch maternal Tdap 
vaccination program could be facilitated by creating hard-copy information 
materials in multiple languages including making available a linguistic simplified 
version and by providing information about specific logistics for vaccine delivery 
when pregnancies demand medical attention. 

Several participants who basically supported Tdap vaccination in pregnant 
women were hesitant to promote it; they described their counseling approach as 
objective or irrelevant, since women would ultimately decide for themselves. 
However, research has shown the relevance of provider attitudes; both verbal and 
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non-verbal provider-patient communication greatly affect health-related 
outcomes, including vaccination intent among pregnant women.51 Therefore, 
unwillingness to discuss or promote the vaccination could suggest to pregnant 
women that the provider has doubts about the vaccine. To improve care providers’ 
attitudes, we recommend that future implementation strategies facilitate 
providers’ needs and wishes, while also emphasizing that provider attitudes may 
subconsciously affect their counseling or its effect on pregnant women.  

Our study has strengths and limitations. A strength of this study is that double 
coding was applied, thereby increasing the reliability of coding. As for the 
limitations, participants were selected from a pool of respondents to a prior 
questionnaire study, in which they indicated that they would like to participate in 
follow-up research. Therefore, only obstetric care providers who finished the 
questionnaire and provided their contact details could be included, possibly 
introducing selection bias.52 Second, the interviews were conducted by 
researchers from the National Institute for Public Health, which is responsible for 
the implementation of the maternal Tdap vaccination. This link may have led some 
participants to speak less freely. On the other hand, some may have seen our 
evaluation as a unique opportunity to provide input for improvement of the 
implementation. In addition, the interviews were conducted by telephone due to 
the COVID-19 lockdown periods, which may have also contributed to hampered 
communication. Another limitation is that we asked participants for retrospective 
views on the implementation strategy and informational materials a full year after 
NIP included the vaccination; thus their recall may have been compromised. To 
reduce any other influence of recall bias, we started each interview by 
summarizing the different timepoints of the maternal Tdap implementation 
process and the date at which the vaccine was included within the NIP.  

In conclusion, this study underlined the importance of involving the relevant 
healthcare professions, including individual care providers, during the 
implementation of a maternal Tdap vaccination in the NIP. Our participants 
generally supported the vaccination, but some were hesitant, especially about 
vaccination during pregnancy. Future implementation strategies involving 
antenatal care should focus on tailored information for pregnant women as 
opposed to generalized information that applies only to uncomplicated 
pregnancies.  
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Summary 

Introduction 
In this thesis, several aspects of second-trimester maternal tetanus, 

diphtheria, and acellular pertussis (Tdap) vaccination between 200/7-240/7 weeks 
(w) gestational age (GA) as opposed to later Tdap vaccination, i.e. 300/7-330/7w GA 
are described. In addition to the interpretation of immunological findings, a public 
health perspective towards maternal Tdap vaccination between 200/7-240/7w GA 
was taken into account. 

The results of a longitudinal cohort study entitled ‘Premature Infants and 
Maternal Pertussis Immunization’ (PIMPI) are presented. This study addressed 
three major topics on maternal Tdap immunization strategies; 1) pertussis-specific 
antibody levels in term and preterm-born infants following maternal Tdap 
vaccination between 200/7-240/7w GA, compared with maternal Tdap vaccination 
between 300/7-330/7w GA; 2) reactogenicity of maternal Tdap vaccination between 
200/7-240/7w GA; and 3) pregnant women’s acceptance towards maternal Tdap 
vaccination between 200/7-240/7w GA. The PIMPI-study focused specifically on the 
potential benefits of maternal Tdap vaccination between 200/7-240/7w in case of 
preterm birth, which was defined as birth before 350/7w GA. The 35 weeks cut-off 
was chosen instead of a 37 weeks cut-off as in the international standard definition 
for preterm birth, since around 35 weeks GA, maternally-derived IgG antibody 
levels in the fetus are expected to exceed antibody concentrations in the blood of 
the mother. The study aimed to include a large group of premature infants born 
before 35 weeks GA and particularly before 32 weeks GA, since data in these 
groups are very scarce. Results from preterms following maternal Tdap 
vaccination between 200/7-240/7w GA were compared with those from term infants 
after maternal Tdap vaccination between 200/7-240/7w GA, and compared with data 
from a reference cohort of term infants born to mothers who were Tdap vaccinated 
between 300/7-330/7w GA. 

In the first part of this thesis, infant antibody levels against pertussis following 
maternal Tdap vaccination between 200/7-240/7w GA in both term and preterm 
infants are described. Furthermore; pertussis-specific antibody levels in mothers 
and infants following maternal Tdap vaccination in immunocompromised pregnant 
women, the reactogenicity and the safety of maternal Tdap vaccination in the 
second trimester of pregnancy are provided. Population background incidence 
rates of adverse pregnancy outcomes from before the Tdap vaccine-
implementation in the Netherlands in 2019 are reported based on the Dutch 
Perinatal Registry. Furthermore, pertussis incidence rates in the Caribbean 
Netherlands based on a serosurveillance study from 2017 are reported. In the 
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second part of this thesis, other aspects of maternal immunization are addressed, 
like socio-psychological determinants that may underlie maternal Tdap vaccine-
acceptance, and the antenatal care providers’ point of view on maternal Tdap 
vaccination implementation, as part of the National Immunization Program.  

 

Summary of chapters 
Chapter 1 is the introduction of this thesis and describes pertussis and its 

clinical manifestation, the history and epidemiology of the disease, previous and 
current strategies for vaccination against pertussis including maternal Tdap 
vaccination. It also describes the current surveillance practices of the National 
Immunization Program in the Netherlands. 
 

Part I 
Chapter 2 describes the design of the PIMPI-study in full detail. The rationale 

for the study was provided with its objectives, its details on study procedures, 
inclusion criteria, sample size calculations and the applied statistical analyses.  

Chapter 3 reports on maternal antibody levels in newborns following maternal 
Tdap vaccination between 200/7-240/7w GA. Results indicated that following 
maternal Tdap vaccination within this interval, term infants at the age of two 
months had twofold lower maternal-derived IgG antibody levels against pertussis 
toxin (PT) compared with vaccination between 300/7-330/7w GA. This implies that 
maternal Tdap immunization before 24 weeks GA may be less effective and 
vaccination later in pregnancy may be preferred in order to achieve higher 
protective anti-pertussis antibody levels in term-born infants. After preterm birth, 
Tdap vaccination between 200/7-240/7w GA resulted in similar (anti-PT) or slightly 
lower (anti-filamentous hemagglutinin and anti-pertactin) IgG antibody levels 
compared with term infants following maternal Tdap vaccination between 200/7-
240/7w GA, but yet again levels were significantly lower than those in term-borns 
born to mothers vaccinated between 300/7-330/7w GA. As no Correlate of Protection 
is defined, the clinical implications of lower maternal antibody levels in newborns 
after maternal Tdap vaccination before 24w GA in view of protection against severe 
clinical pertussis remain unknown.  

Chapter 4 contains a brief report that describes the results of post-hoc 
analyses from the immunogenicity study described in Chapter 3. Although the 
study was not powered to evaluate early and later born preterm infants separately, 
data suggest that in particular the (very) early preterm infants (birth <320/7w GA) 
have lower B. pertussis-specific antibody levels at two months of age after 
maternal Tdap vaccination between 200/7-240/7w GA compared with term-borns 
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following maternal Tdap vaccination between 200/7-240/7w GA. Moderate-late-
preterms (birth between 320/7-346/7w GA) following maternal Tdap vaccination 
between 200/7-240/7w GA showed B. pertussis-specific antibody concentrations that 
were more in line with those from term infants (birth ≥370/7w GA). Nevertheless, 
term-borns following maternal Tdap vaccination between 200/7-240/7w GA still had 
around two-fold lower B. pertussis-specific antibody levels than after maternal 
Tdap vaccination between 300/7-330/7w GA (chapter 3). Also, it seemed that antibody 
decay was significantly faster in early preterm infants (mean half-life for PT 21.7 
days) compared with moderate-late preterms and term infants (mean half-lives for 
PT 32.9 vs 32.2 days, respectively). This difference was similar for the other Tdap-
related antibody half-lives. Maternal-derived IgG antibody concentrations at birth 
need to be put into perspective by the differences in mean time intervals between 
maternal vaccination and delivery, which were in this study 6.3w for early 
preterms, 10.5w for late preterms, and 17.9w for term-born infants, all born to 
mothers Tdap vaccinated between 200/7-240/7w GA. Antibody levels at birth and the 
quality of antibodies may also affect the decay rate in the first months of life. Lower 
levels at births and a faster decay rate will possibly offer even lower protection to 
very early preterm infants in the first moths of life. Since this is a post-hoc study 
with limited power due to low numbers of participants, these findings and potential 
implications merit further investigation.  

Chapter 5 reports on a pilot study that investigated IgG antibody responses 
upon maternal Tdap vaccination in immunocompromised pregnant women treated 
for rheumatic disease. It was observed that maternal antibody levels are relatively 
unaffected by various immune-modulating drugs for rheumatic disease. However, 
cord blood sera from infants born to mothers treated with biologicals like Tumor 
Necrosis Factor alpha inhibitors (TNFis) showed significantly lower anti-PT IgG 
antibody levels after maternal Tdap vaccination compared with infants from 
mothers unexposed to TNFis or healthy mothers. According to literature, there is 
contracting evidence that TNFis may (mildly) reduce some vaccination responses 
and infants therefore may be less protected after single maternal Tdap vaccination 
in case the mother is exposed to TNFi. This may require early start with pertussis 
vaccination at 6 weeks of age in case of TNFi-exposure during pregnancy, as is 
currently advised within the Dutch National Immunization Program.  

In Chapter 6, the reactogenicity of maternal Tdap vaccination between 200/7-
240/7w GA was described. In general, symptoms within the first week after 
vaccination were mild and the majority of symptoms were transient within 1 to 5 
days. 0.6% of vaccinated women reported fever (≥38.0˚C). We found no differences 
regarding vaccine reactogenicity between second and third trimester Tdap 
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vaccination. With respect to adverse events during pregnancy, around delivery and 
in newborns, data from our study with maternal Tdap vaccination between 20-24 
weeks GA were compared with data on population level from 2018, i.e. before 
maternal Tdap vaccination was introduced in the National Immunization Program. 
No increased risks on adverse pregnancy outcomes were observed. Overall, 
second-trimester maternal Tdap vaccination, i.e. between 200/7-240/7w GA, appears 
safe and well-tolerated by pregnant women and infants.  

Chapter 7 addresses the background incidence rates of overall adverse 
pregnancy outcomes, unrelated to maternal Tdap vaccination. They were derived 
from the Dutch perinatal registry, that contain comprehensive data from over 98% 
of all pregnancies and deliveries in the Netherlands. These background data are 
required for putting into perspective any safety concerns that may rise when 
monitoring adverse pregnancy outcomes in the years following the implementation 
of the maternal Tdap vaccination in the Netherlands (as of December 2019). Based 
on the trends of several maternal and neonatal adverse pregnancy outcomes that 
were observed, no changes are expected in the years following maternal Tdap 
implementation, but regular adverse events and safety monitoring is in place.  

Finally in Chapter 8, B. pertussis infection incidence is described over the 
Caribbean Netherlands (CN), based on a weighted serosurveillance study that was 
performed in 2017 on the islands that comprise the CN. Even though almost no 
cases of clinical pertussis were reported on the islands, it was estimated that based 
on serological anti-pertussis antibody measures, about 8% of all residents of 9 
years and older in had been infected by B. pertussis during the past 12 months. The 
highest proportion of recently infected residents was observed in the age group of 
12-29 years. Pertussis incidence remains severely underestimated by national 
disease surveillance systems which requires reporting of diagnostically confirmed 
cases of (clinical) pertussis infection, either in the Netherlands, CN and elsewhere. 
Most cases are not diagnosed, either because of mild or unrecognized clinical 
symptoms, or even in suspected cases, because diagnostics are not applied since 
there are no direct clinical consequences for treatment. In view of the high 
incidence of pertussis infections particularly in the child-bearing age group in the 
CN and as maternal Tdap vaccination has not yet been embedded in the National 
Immunization Program in the CN, there remains a great risk of transmission of B. 
pertussis to vulnerable (preterm) infants due to ongoing circulation of B. pertussis 
among the population. This means that maternal Tdap vaccination in the CN 
should be introduced together with close monitoring of the pertussis disease 
burden and vaccine effectiveness of maternal Tdap vaccination. 
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Part II 
Chapter 9 reports on predictive and non-predictive socio-psychological 

factors regarding uptake of second trimester maternal Tdap vaccination, and 
shows that these factors do not differ from those of third trimester Tdap 
vaccination. The factors with the highest influence on maternal Tdap vaccine 
acceptance were intention and attitude towards taking the vaccine, beliefs on 
(long-term) safety and effectiveness, risk perception of (short-term) side effects of 
the vaccination and feeling moral responsibility to take the vaccine. Specifically for 
the Netherlands, women perceived the fact that the first vaccination of the baby 
can be delayed until three months of age instead of two months and one vaccination 
less is given (the 2+1 schedule instead of 3+1 schedule) after maternal Tdap 
vaccination, as beneficial. This means that healthcare providers should address 
these aspects when they discuss maternal Tdap vaccination with women early in 
pregnancy for an informed choice towards maternal Tdap vaccine acceptance. 

According to the results of a study that was performed in preparation to the 
study of Chapter 10, and written in Dutch (Appendix), healthcare providers’ 
attitudes towards maternal Tdap vaccination were generally positive once the 
maternal Tdap vaccination was implemented, though gynecologists were more in 
favor of maternal Tdap vaccination compared with midwives. The possible best 
way to enhance knowledge on maternal Tdap vaccination and pertussis in 
newborns is by facilitating (online) training before the implementation of maternal 
immunization strategies under the National Immunization Program and provide 
ongoing information on safety and effectiveness.  

Chapter 10 also looked into healthcare providers’ perceptions towards 
maternal Tdap vaccination, but in a qualitative manner. The interviews conducted 
with healthcare providers indicated that the implementation of a new vaccine in a 
new target group, and performed by a new group of professionals, requires 
clearness and transparency beforehand on what is expected. In case of maternal 
Tdap vaccination and antenatal care providers, clear and comprehensive 
information on the maternal Tdap vaccination strategy is demanded, and the 
actions required to take at different moments in time need to be put in place. This 
study emphasized the importance of involving the relevant healthcare 
professionals before and during the implementation of a new vaccination strategy. 
Possible barriers perceived by these professionals need to be taken into account in 
future maternal vaccine introductions in order to well-inform care providers on 
benefits and safety of maternal vaccination. This will ultimately help to increase 
uptake by pregnant women, since they rely often on the information and advice of 
their individual care providers. 
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The current summarizing Chapter 11 is followed by the general discussion of 
this thesis, that reflects on the main findings related to the prevention of pertussis 
through maternal Tdap vaccination in early infancy, both in term and preterm 
infants. It also dives deeper into the aspects of maternal Tdap vaccine acceptance 
and (future) strategies for new maternal vaccinations targeting causative agents 
other than B. pertussis. 
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General discussion 

Overview 
Despite widespread vaccination, whooping cough caused by Bordetella 

pertussis (B. pertussis), remains a major cause of severe disease with high 
hospitalization rates and even fatal complications. Infections occur particularly 
during the first months of life before the newborn is protected by the primary series 
of pertussis vaccinations.1-3 In older children and healthy adults, either following a 
previous infection or after a full series of vaccinations, the disease manifests 
milder and less typical, but reinfections occur frequently.4,5 Therefore, older 
children and adults remain an important source of B. pertussis infections for 
newborns.6,7 Maternal tetanus-diphtheria-and-acellular-pertussis (Tdap) booster 
vaccination protects newborns against pertussis in the first 2-to-3 months of life, 
as Tdap vaccination during pregnancy enhances the transfer of (B. pertussis-
specific) IgG antibodies, and possibly also immune cells, from mother to child 
across the placenta.8-14 Maternally-derived anti-pertussis toxin antibodies have 
been the focus of many maternal vaccination studies. The presence of high 
pertussis toxin IgG titers in the cord blood of newborns is correlated with a 
reduction in severe B. pertussis infections,15 although the precise mechanisms of 
protection remain unclear. Many countries nowadays offer Tdap vaccination to 
pregnant women in the third trimester of pregnancy, as this is the stage in 
pregnancy at which transplacental antibody transfer is at its highest rate.8 With 
third-trimester Tdap vaccination, this high transfer rate coincides with the peak in 
antibody concentration in the mother at around 2-4 weeks post Tdap vaccination, 
leading to a high level of maternal antibodies in the infant at birth.2,16-18 Data on 
optimal timing of Tdap vaccination during pregnancy for maximal levels of 
maternal anti-pertussis toxin antibody concentrations in the infant, show however 
conflicting study results for term-born infants. Moreover, evidence on antibody 
levels and protection of preterm infants against pertussis and timing of vaccination 
during pregnancy remain scarce.17-19 In case of premature delivery, Tdap 
vaccination after 30 weeks gestational age may often be too late, since sufficient 
transplacental antibody transfer to protect the baby against pertussis requires at 
least 2, but preferably at least 4 weeks, while an interval of 6-7.5 weeks was 
calculated for maximal maternal antibody levels at birth.16 Preterm infants might 
therefore benefit from Tdap vaccination in the second, rather than the third 
trimester of pregnancy.19 Nonetheless, robust data, particularly on maternal 
antibody transfer following immunization before 24 weeks gestational age, are 
lacking for both term and preterm infants.  
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Timing of maternal Tdap vaccination against pertussis regarding term-born 
infants  

There is no consensus on the optimal moment during pregnancy to administer 
maternal Tdap vaccination for achieving protective maternal antibody levels in 
newborns at birth and a Correlate of Protection (CoP) is not available. Regarding 
term-born infants, several studies on the timing of maternal Tdap vaccination and 
maximal antibody levels at birth are however available.  

- The recently published OpTIMUM-trial randomized pregnant women over 
three groups, with Tdap vaccination provided at ≤236/7w, between 240/7-276/7w, 
and between 280/7-316/7w gestational age (GA), respectively.17 In total, 336 term-
born infants were involved in this study. Pertussis vaccine-specific antibody 
concentrations, i.e. anti-pertussis toxin (anti-PT), anti-filamentous 
hemagglutinin (anti-FHA), and anti-pertactin (anti-Prn), in cord sera were 
equivalent over the three groups, according to the predefined study criteria, 
except that equivalence was not achieved for FHA. Both groups vaccinated 
earlier in pregnancy (before 280/7w GA) showed significantly lower geometric 
mean anti-FHA antibody levels than those vaccinated later in pregnancy 
(between 280/7-316/7w GA). For PT and Prn, the observed differences were 
smaller. Despite the fact that the predefined equivalence criteria were met, 
vaccination earlier in pregnancy showed lower antibody levels with a ratio of 
0.76 for the group following Tdap vaccination before 240/7w GA vs Tdap 
vaccination between 280/7-316/7w GA. 

- In another study, Gomme and colleagues combined five cohorts of mother-
infant-pairs from multiple countries (n=475, all infants born at term), where 
mothers had received Tdap vaccination between 19-37w GA.16 The authors 
from this multiple-country study concluded that the highest cord serum 
pertussis-specific antibody levels in term infants were acquired if the mother 
received a Tdap vaccination no later than at 323/7w GA. As for the interval 
between vaccination and delivery, the authors observed stable high anti-PT 
levels in cord blood if mothers were vaccinated 6.5-20.5w prior to delivery.  

- Healy and colleagues explored the effects of maternal Tdap vaccination 
between 272/7-363/7w GA in term infants (n=312).2 The results indicated that anti-
PT levels in cord sera were highest after vaccination between 27 and 30w GA.  

- Eberhardt and colleagues investigated Tdap vaccination in the second 
(between 130/7-256/7w GA) versus the third trimester (between 260/7-416/7w GA) 
regarding cord serum antibody levels against PT and FHA in term infants 
(n=335).20 Interestingly, the authors’ concluded that overall, second-trimester 
Tdap vaccination leads to significantly higher antibody levels against PT in cord 
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blood compared with third-trimester vaccination. However, further 
stratification into small groups according to GA at vaccination showed that cord 
blood antibody levels peaked if the mother was vaccinated around 30w GA.  
 
There are no data on the impact of the stage of pregnancy on the immune 

response of maternal Tdap immunization, though one study reported on equal 
antibody responses to vaccination in pregnant compared with non-pregnant 
women.21 In theory, differential hormonal status early or later in pregnancy might 
impact the vaccine response. As long as the precise mechanisms of protection 
against pertussis conferred to offspring by maternal Tdap vaccination is unknown 
and substantial knowledge gaps still exist, it is difficult to draw any firm 
conclusions on the optimal timing of Tdap vaccination in pregnancy. Also, the 
minimal level required for protection at both the humoral and cellular level, is 
unknown. Studies therefore often refer to the anti-PT antibody levels that appears 
to be associated with protection.22  

This thesis focused on maternal Tdap vaccination between 200/7-240/7w GA and 
compared findings with maternal Tdap vaccination later in pregnancy at 300/7-
330/7w GA.23 The conclusions of the studies are in line with the optimal timing of 
maternal Tdap vaccination in the first period of the third trimester, as Tdap 
vaccination between 300/7-330/7w GA was found to be superior to 200/7-240/7w GA, 
with twofold higher antibody levels against PT in cord sera of term-born infants and 
at the age of two months. In the multiple-country study from Gomme and 
colleagues, mathematical models suggest that an interval of at least 7.5 weeks 
between maternal Tdap vaccination and delivery is required to achieve the highest 
cord blood antibody levels in both term and preterm infants.16 The findings 
presented in this thesis suggest however that maternal Tdap vaccination before 
24w GA leads to significantly lower anti-PT antibody levels in term-borns as 
compared to maternal Tdap vaccination between 300/7-330/7w GA and even lower 
levels in preterms. The finding that 200/7-240/7w GA Tdap vaccination leads to 
significantly lower antibody levels in cord blood compared with vaccination 
between 300/7-330/7w GA may possibly and at least partly be explained by the fact 
that the peak of antibody levels in the mother 2-4 weeks following maternal Tdap 
vaccination, does not coincide with optimal antibody transfer over the placenta 
that occurs in the third trimester.17 In case of early maternal Tdap vaccination, i.e. 
before 24w GA, the antibody levels in the mother would have already declined in 
the third trimester. A longer time period for antibody transfer time may 
compensate the lower efficacy of antibody transfer in the second trimester. 
Together, for optimal antibody levels in term infants, maternal Tdap vaccination in 
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the early third trimester appears optimal for infants born at term.  
 

Timing of maternal vaccination against pertussis regarding premature 
infants  

Despite the availability of several studies in term infants, evidence on optimal 
timing of maternal Tdap vaccination regarding preterm infants remains scarce.  

- A follow-up study from Eberhardt and colleagues investigated Tdap 
vaccination in the second trimester (between 130/7-256/7w GA) versus the third 
trimester (between 260/7-416/7w GA) regarding cord serum antibody levels 
against PT and FHA in preterm infants.19 In total, 85 premature infants were 
included, but only 17 were born <340/7w GA and none <300/7w GA. Comparison 
between two small subgroups of these 17 preterms born between 300/7-336/7w 
GA, with 8 mothers vaccinated in the second trimester vs 9 mothers in the third 
trimester, resulted in higher geometric mean concentrations (GMC) of anti-PT 
IgG in cord blood from infants after second-trimester Tdap vaccination. This 
suggests that that in case of preterm labour between 300/7-336/7w GA, maternal 
Tdap vaccination in the second trimester is beneficial, but sample sizes were 
too small to draw firm conclusions.  

- The aforementioned OpTIMUM-trial was unable to draw any conclusion on 
optimal timing of maternal Tdap vaccination in case of preterm birth, due to a 
small number of preterm-born infants included in the study, with 4 preterm 
mother-infant-pairs in each of the three groups (mothers were Tdap vaccinated 
at a 1:1:1-ratio at ≤236/7w, between 240/7-276/7w, or between 280/7-316/7w GA) and 
a median GA at birth of 335/7w, 332/7w, and 356/7w GA, respectively.17  

- Maertens and colleagues were the first to perform analyses on preterm 
infants from Tdap vaccinated mothers with a larger sample size, i.e. 82 
preterms born with a mean GA of 30.9w at delivery.18 However in this study, the 
time window for maternal Tdap vaccination ranged between 240/7-320/7w GA. 
The authors concluded that there was no beneficial effect of earlier maternal 
Tdap vaccination on a continuous scale within the 24-32w GA range regarding 
antibody levels against PT at birth in preterms. However, an enlarged time 
interval between maternal Tdap vaccination and delivery was associated with 
significantly higher antibody levels against PT in cord blood in preterm infants.  
 
Altogether, the question whether or not preterms benefit from maternal Tdap 

vaccination between 200/7-240/7w GA rather than in early third-trimester remains 
therefore largely unanswered and may also vary between early and late preterms, 
e.g. birth <320/7w GA vs ≥320/7w GA, respectively. The findings presented in this 



Summary and general discussion 

250 

thesis add to the current knowledge that maternal Tdap vaccination between 200/7-
240/7w GA may lead to almost similar antibody levels between term and preterm-
born infants. However, for more context of timing of vaccination regarding 
preterms, much larger follow-up studies that assess pertussis-specific antibody 
transfer in case of early and later preterm birth are required to investigate potential 
differences in antibody levels at birth following maternal Tdap vaccination at 200/7-
236/7w, 240/7-266/7w, 270/7-296/7w or 300/7-330/7w GA. 

 

The association between timing of maternal Tdap immunization and 
effectiveness of protection against pertussis in infancy 

The clinical implications of the lower antibody levels in infants born to mothers 
who are Tdap vaccinated before 24w GA are unknown. Thus far, no CoP against 
clinical pertussis is available. This means that while the presence of high anti-PT 
IgG concentrations in the cord blood of newborns is correlated with a reduction in 
severe pertussis infections,24 a minimal level of maternal antibodies against 
pertussis in cord blood required for protection against clinical severe disease is 
unknown. Moreover, no studies are available that link data on efficacy and 
effectiveness of maternal Tdap vaccination to maternally-derived anti-PT levels in 
cord blood or at two months of age. In addition, higher IgG anti-pertussis antibody 
levels in cord blood may not be the only explanation why newborns are better 
protected against pertussis. It was demonstrated that after maternal Tdap 
vaccination, pertussis-specific IgA and to a lesser extent IgG and IgM are also 
passed to newborns through breastmilk, allowing for a continued transfer of 
maternal antibodies and protection.25,26 Quantitative maternal antibodies alone 
may not explain the l protection provided by maternal Tdap vaccination. In addition 
to height or subclass of anti-PT-antibody levels, also antibody avidity may 
contribute to protection against pertussis. Cellular immunity may play a pivotal 
role.24,27  

Epidemiological data from Public Health England showed that in 2016 – after 
four years of maternal Tdap vaccination recommendation at ≥28w GA – maternal 
Tdap vaccine effectiveness (VE) was about 90% (95% confidence interval (CI) 86-
93) up till two months of age, and 91% (95% CI 86-93) until three months of age.11 
After widening this time window for maternal Tdap vaccination from ≥28 weeks GA 
to ≥16 weeks GA from April 2016 onwards, it was recently estimated that the VE up 
till two and three months postnatal age had remained high, i.e. at 88% (95% CI 85-
91) and 89% (95% CI 86-91), respectively, in case there was a time interval between 
maternal Tdap vaccination and delivery of at least two weeks. Maternal vaccine 
coverage within ≥13 weeks prior to birth increased from 5% to approximately 40% 
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since this intervention. These VE-estimations were based on a population-based 
sample of 108,455 live births and pertussis hospitalizations, including an unknown 
number of preterm infants. Unfortunately, VE data stratified for gestational age 
could not be made available. Therefore, these VE percentages remain overall 
estimations.28 The fact that the VE did not change significantly following the shift of 
the time window for vaccination cannot be directly related to efficacy of maternal 
Tdap vaccination and IgG levels against pertussis in infants after early (before 
240/7w GA) versus later maternal Tdap vaccination. The study did not present 
individual data on gestational age at delivery and timing of maternal Tdap, and 
other data, e.g. on breastfeeding. Another issue to be taken into account, is that it 
was recently reported that the type of anti-pertussis vaccination series the mother 
received during infancy – whole cell pertussis (wP) vaccine or acellular pertussis 
(aP) vaccine – induces different antibody levels upon maternal Tdap vaccination 
and hence impacts antibody transfer during pregnancy.29 The majority of women 
who were included in the PIMPI-study were most likely primed with a wP vaccine 
in infancy, because aP vaccination in the infant primary vaccination series was 
introduced in the Dutch National Immunization Program (NIP) only from 2005 
onwards. The upcoming generation of women of childbearing age are vaccinated 
after 2005, and therefore primed with aP vaccines. These are factors that future 
studies should look into. 

Many studies have reported on the contribution of non-PT anti-pertussis IgG 
levels for protection against clinical pertussis and the relevance of T-cell immunity, 
but particularly in older children and adults.30 Rather than solely IgG antibodies, 
maternal Tdap vaccination may protect the newborn potentially also by transfer of 
cellular immunity.8,31 Maternal vaccinations have been shown to influence 
maternal microchimerism in infants, e.g. a recent study demonstrated increased 
CD4+-T cell responses following maternal bacillus Calmette-Guérin (BCG) 
vaccination.32  

In summary; although anti-PT antibody levels are associated with protection 
against disease, there remains the need of better understanding the CoP 
mechanisms against B. pertussis and clinical pertussis symptoms. This would 
substantially contribute to new pertussis vaccine development, with the aim to 
prevent both clinical disease and transmission of B. pertussis. Only then, anti-
pertussis vaccination strategies can be improved and induce herd protection 
without the need of repeated maternal vaccination. 

 

Implications for infant primary vaccination series 
Before the introduction of maternal Tdap vaccination in the Netherlands, all 
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infants were eligible for a DTaP-IPV-Hib-HepB vaccination schedule at 2, 3, 4 and 
11 months of age. After introduction of maternal Tdap vaccination, it is 
recommended that all newborns of timely Tdap vaccinated mothers receive a 
DTaP-IPV-Hib-HepB vaccine at three, five and eleven months of age. The reason 
for the delay was that timely maternal Tdap vaccination lead to higher anti-PT 
antibody concentrations in term infants until three months of age compared to term 
infants at two months of age when the mother was unvaccinated. At the same time, 
this delayed first dose reduces the influence of blunting of the vaccine response 
upon the NIP vaccinations.23,33-35 An extra vaccine at the age of two months (i.e. an 
adapted schedule) after maternal Tdap vaccination is advised if; the infant is born 
after a pregnancy duration shorter than 37 weeks; the interval between vaccination 
and delivery is shorter than two weeks; the mother is carrier of hepatitis B; or the 
mother is immunocompromised as a result of underlying disease and/or treatment 
with disease-modifying antirheumatic drugs. Infants from unvaccinated mothers 
also receive this additional dose at two months.36 Many countries have enrolled 
different strategies for timing of the first infant primary vaccination against 
pertussis. According to the European Centre for Disease Prevention and Control 
(ECDC), nineteen European countries recommend starting the primary vaccine 
series against pertussis at two months of age, both in term and preterm infants. 
Nine of these nineteen countries recommend Tdap vaccination for all pregnant 
women.37,38 Ten other European countries recommend starting at three months of 
age, but these countries have all enrolled a maternal Tdap vaccination strategy 
(although Norway only advises maternal Tdap vaccination during epidemics).37,38 

The PIMPI-study was performed in order to evaluate the current Dutch advice 
for maternal Tdap vaccination from 22 weeks GA age onwards. A longer interval 
between vaccination and delivery might improve antibody transfer in term infants 
but it may in particular be beneficial for preterms. It was anticipated that early 
vaccination would allow to skip the extra pertussis vaccination in the adapted 
schedule at 6-9 weeks of age for a probable moderate-late-preterm infant group 
(birth ≥32 weeks GA). It was also demonstrated in a post-hoc analysis that 
moderate-late-preterm infants, who comprise 84% of all preterms born in the 
Netherlands,39 had similar anti-PT levels as term infants. Moderate-late-preterms 
seem to benefit from similar IgG antibody levels against PT compared to term-born 
infants in case of vaccination before 240/7w GA. However, since the anti-PT 
antibody levels after maternal Tdap vaccination before 24 weeks GA were at least 
a twofold lower compared with Tdap vaccination between 300/7-330/7w GA, it is not 
clear whether preterms will be sufficiently protected, despite the fact that 
moderate-late preterms have the same anti-PT levels as terms after early maternal 
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Tdap between 200/7-240/7w GA. Since preterms have a higher risk for hospitalization 
in case of pertussis, as a matter of precaution, we would now advise to uphold the 
current extra DTaP-IPV-Hib-HepB vaccination for preterms with the schedule 
starting at 6-9 weeks (3+1 schedule), even if the mother was Tdap vaccinated 
during pregnancy. As described above, quantitative anti-PT antibody data alone do 
not tell the full story as antibody functionality and cellular immunity may also be 
crucial and studies investigating this are primarily required before changing the 
current vaccination strategy for preterms in the future.  

 

Examples of other knowledge gaps regarding maternal immunization against 
pertussis 

Up till now, most studies on maternal Tdap vaccination concern healthy 
women and healthy term born infants. However, there are also subgroups of 
pregnant women or children that need special attention.  

A growing number of women with rheumatic disease, inflammatory bowel 
disease or other immune-mediated conditions, is treated with immunomodulating 
drugs, also during pregnancy. In case a pregnant woman is immunocompromised, 
either based on the underlying disease or by treatment with disease-modifying 
antirheumatic drugs or both, this may impact the response upon maternal Tdap 
vaccination and hence antibody transfer to the fetus. A pilot study included in this 
thesis indicates that, although most Disease-Modifying Anti-Rheumatic Drugs 
(DMARDs) do not interfere with maternal Tdap vaccination responses in the 
mother, tumor necrosis factor alpha inhibitors (TNFis) may lead to lower pertussis-
specific antibody levels in cord serum. This supports the current approach in the 
Netherlands to advice early vaccination against pertussis according to the the 
adapted 3+1 schedule starting at 6-9 weeks of age, in case there was TNFi-
treatment during pregnancy.  

To enhance anti-pertussis antibody levels during pregnancy after maternal 
vaccination, a second booster dose during pregnancy might be considered. 
Repeated Tdap vaccination booster doses within weeks-or-months in healthy 
males and non-pregnant females are currently not recommended, although it is 
supposed to result in slower waning of antibodies, and no safety concerns have 
risen.40 Whether this method may be appropriate for pregnant women in order to 
provide better protection for infants shortly after birth should be evaluated based 
on future research investigating this topic. These studies should mainly focus on 
the balance between safety and benefits of repeated booster doses during a single 
pregnancy, with respect to vaccine acceptance and also to the perspective of 
upcoming other non-pertussis maternal vaccinations.  
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Another potential risk group, apart from premature-born infants, are infants 
born after a fetal growth restriction (FGR) during pregnancy. Nowadays in the 
Netherlands, youth healthcare physicians may decide to apply the adapted vaccine 
schedule (starting from two months of age) to FGR-infants. Often, FGR-infants are 
a subgroup of small for gestational age (SGA) neonates and/or preterm infants, but 
sometimes fetal growth restriction also occurs in infants with a normal birth weight 
and term pregnancy duration. SGA is defined as a birth weight ≥2.0 standard 
deviations under their mean birth weight, adjusted for GA. The majority of SGA-
infants are constitutionally small with no increased risk of long-term morbidity and 
mortality. In contrast, FGR-infants do suffer from long-term increased risk of 
morbidity and mortality. The most common cause of FGR is a placental dysfunction 
leading to insufficient transfer of oxygen and nutrients.41 It may be plausible that 
also the transfer of maternal antibodies and/or immune cells is hampered in FGR-
infants. Currently however, no evidence of a decreased transplacental transfer 
rate to FGR-infants upon maternal Tdap vaccination is available. Now that the 
number of studies on maternal Tdap vaccination in combination with prematurity 
is growing, future research that investigates maternal Tdap vaccination targeting 
this specific FGR-infant group is urgently needed.  

 

Second- or third-trimester maternal Tdap vaccine acceptance  
According to the study on maternal Tdap vaccine acceptance between 200/7-

240/7w GA by pregnant women as presented in Chapter 9 in this thesis, it was found 
that factors that influence maternal Tdap vaccine acceptance appear to be similar 
in the second and third trimester. A limitation of the study was that it was 
performed in a population with proportionally high maternal Tdap vaccine uptake 
(about 95% in the second trimester), which implies that this is not necessarily a 
representative population. However, the study findings suggest that women are 
willing to obtain the vaccine early in pregnancy, which offers a broader window of 
time during pregnancy to get vaccinated. A recent study reported that women 
prefer to be informed far ahead of getting the maternal vaccine, preferably already 
early in pregnancy, i.e. well before 20 weeks GA.42 Healthcare professionals are 
encouraged to inform women early in pregnancy in order to facilitate the informed-
choice towards vaccine acceptance and possibly increase vaccine uptake. Also, for 
public health reasons, countries may offer maternal Tdap vaccination at a wider 
time-window of vaccine eligibility. In England, the larger opportunity to get 
maternal Tdap vaccination as a result of the wider time window for vaccination 
during pregnancy, from 16 weeks GA onwards since 2016 instead of 28 weeks, 
appeared to have increased maternal Tdap vaccine uptake.28 The authors of this 
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study concluded that since 2016, vaccine coverage increased (from ±60% to ±75%) 
with approximately 40% of pregnant women who had received maternal Tdap 
vaccination ≥13 weeks prior to birth, whereas this was less than 5% before 
widening the interval. The knowledge that pregnant women seem to be willing to 
accept maternal Tdap vaccination early in pregnancy is particularly relevant when 
the vaccination may be implemented earlier in pregnancy, if future research might 
point to the benefits of early vaccination.  

 

Targeting other vaccine-preventable diseases through maternal 
immunization 

Since the implementation of maternal Tdap vaccination under the NIP in the 
Netherlands, in December 2019, the national vaccination coverage fluctuates 
around 70%.43 This is currently 69% in England,44 while in Flanders, the northern 
region of Belgium, it was recently reported that maternal Tdap vaccination 
coverage ranged around 85%.45 In many countries, next to maternal Tdap 
vaccination, maternal influenza vaccination is routinely advised for all pregnant 
women, in order to protect women during pregnancy against influenza and the 
infant both before and after birth. Normally, an average influenza season of 2.5 
months yields 25 hospital admissions in every 10,000 women at the end of 
pregnancy due to an influenza-related complication.35 In addition, the 
hospitalization rate for influenza or complications is highest among the youngest 
of infants. Maternal influenza vaccination offers protection while there are no 
licensed influenza vaccines for infants younger than 6 months of age.46 Still, 
maternal influenza vaccination uptake tends to be much lower than Tdap 
vaccination in many countries, e.g. 62% in Flanders and 25% in England.45,47 
According to a recent study, a reason for a higher uptake of maternal Tdap 
vaccination than influenza vaccination during pregnancy was because mothers 
were generally more aware that maternal Tdap vaccination protects their infant, 
while they believed maternal influenza vaccination would benefit themselves 
rather than their baby.48 They were generally unaware of any infant hospitalization 
risk due to influenza. In September 2021, the Dutch Health Council recommended 
to extend the invitation for seasonal influenza vaccination to more risk groups, 
including all pregnant women without underlying disease.49 Pregnant women with 
risk factors for severe influenza disease or influenza-related complications were 
already invited for the flu vaccination.50 Timing of maternal influenza vaccination 
in pregnancy is an issue that differs from timing of maternal Tdap vaccination. The 
reason for vaccination from 22 weeks GA onwards is to protect both mothers in the 
last trimester and infants in the first months of life, rather than the protection of 
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solely the mother during pregnancy. Vaccination before 22 weeks GA may also 
protect the infant due to maternal IgG antibody transfer, but influenza vaccination 
during the first trimester or early second trimester for risk groups primarily aims 
to protect women against disease during pregnancy. In line with the results on 
Tdap vaccination acceptance in chapter 9 of this thesis, a recent study from the 
Netherlands showed that the main reasons for pregnant women to get vaccinated 
against influenza, was to protect their infant against infection (71%), followed by 
preventing serious illness for the infant (54%).51 Complementary to our findings 
was that vaccination intent seemed to increase with gestational age. For now, 
healthcare professionals are encouraged to create awareness around the 
opportunity to receive maternal influenza vaccination. Like with maternal Tdap 
vaccination, the implementation of maternal influenza vaccination as part of the 
Dutch NIP shall be evaluated in the near future. 

The health council recently published a new recommendation for an 
immunization strategy against respiratory syncytial virus (RSV). A first RSV-
infection can be very dangerous for infants under six months of age, particularly if 
premature and in other risk groups. However, a vaccine for infants is yet 
unavailable. It was recently estimated that globally, infants younger than six 
months suffered from 6.6 million RSV-associated acute lower respiratory infection 
episodes, 1.4 million hospital admissions due to RSV infection, and 13,300 RSV-
associated in-hospital deaths.52 In the Netherlands, an incidence of RSV-
associated hospitalization of 1.8% was estimated in the first year of life of term-
borns, with the highest disease burden among those younger than three months.53 
Recently, a maternal prefusion F protein-based RSV-vaccine has been approved by 
the US Food and Drug Administration and European Medicines Association.54,55 
Current preferred product characteristics for maternal RSV vaccination have VE 
estimates of 70%, with infant protection against clinical disease to at least 4 months 
after birth, according to the WHO.56 Another strategy for the prevention of RSV-
mediated acute lower respiratory infection in very young infants is the 
administration of the recently registered monoclonal antibodies with an extended 
half-life, e.g. Nirsevimab.57,58 The Dutch health council has recently advised to start 
with monoclonal antibody injections for newborns to protect against RSV.59 To 
date, infants with specific underlying risk factors already receive monthly 
monoclonal antibodies in their first RSV risk period to prevent severe disease.60,61 

Until recently, COVID-19 vaccination was advised during pregnancy in the 
Netherlands. During potential future outbreaks, maternal COVID-19 vaccination 
may become available again in order to prevent disease in the mother prior to the 
delivery and to prevent possible pregnancy complications like premature birth. 
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Offering maternal COVID-19 vaccination in the future may be reconsidered in the 
future, depending of the protection offered by the vaccine against upcoming 
COVID-19 variants, safety and e.g. the burden of disease in pregnant women. Apart 
from these vaccines, also other vaccines for maternal immunization are in 
preparation, e.g. cytomegalovirus or Streptococcus group B. 

Based on the abovementioned possible (upcoming) maternal immunization 
strategies, the prevention of vaccine-preventable diseases in infants before infant 
primary vaccinations would depend on multiple different vaccines given during 
pregnancy as long as no specific vaccines for the general population are available 
that offer sufficient herd protection for pregnant women and infants in the first 
months of life. Multiple vaccinations during a single pregnancy for infant protection 
would most certainly impact the vaccine acceptance by pregnant women against 
certain diseases, as demonstrated by the aforementioned differences in vaccine 
uptake between maternal pertussis and influenza vaccination. Combining vaccines 
against different agents may be a possible solution, but timing of maternal 
vaccination for protection of the mother and infant may differ between vaccines. 
Also, possible interference of maternal vaccination with development of immunity 
in the infant requires more research, e.g. in the field of cellular immunity. 

 

Challenges in monitoring the pertussis disease and vaccine surveillance  
Monitoring the effectiveness of maternal pertussis vaccination based on 

whooping cough incidence in the Dutch national population may come with major 
limitations. For instance, the first COVID-19 lockdowns were announced (February 
2020) a few months after maternal Tdap vaccination had been embedded within 
the NIP in the Netherlands (December 2019). A short-term consequence of the 
pandemic with physical distancing and other non-pharmaceutical measures, was 
a decrease in the incidence of multiple vaccine-preventable disease and 
notifications. This was most outspoken for respiratory infections, with a 75-97% 
reduction for overall respiratory infections and a 77% reduction for pertussis 
infections, according to the reported number of cases.62 These incidence rates of 
pertussis hamper the availability of sufficient data to assess vaccine effectiveness 
estimates and the impact of the maternal Tdap vaccination strategy.  

Evaluation of (maternal) vaccination strategies depends on the availability of 
data on vaccination coverage and timing, clinical characteristics of the women and 
infants, and detailed information of disease cases. In the Netherlands, 
unfortunately the documentation of an administered maternal vaccine is registered 
in a maternal registry, while characteristics like gestational age, birth weight, or 
pertussis-related illness are registered in another registry specifically for neonates 
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and children. These data are kept separated for privacy reasons. This complicates 
estimates on the coverage and vaccine effectiveness of maternal Tdap vaccination, 
and hamper the evaluation of the reduced 2+1 DTaP-IPV-Hib-HepB vaccination 
schedule, starting at three months of age. Population-wide VE studies, stratified for 
gestational age at vaccination and birth, in the Netherlands, like the 
aforementioned study from Amirthalingam and colleagues from England, may 
therefore be difficult to perform under the current circumstances.28 

 

Conclusion 
This thesis investigated several aspects of second-trimester versus third-

trimester maternal tetanus, diphtheria, and acellular pertussis vaccination. 
Immunization before 24 weeks gestational age appears suboptimal for 
transplacental antibody transfer and thus may weaken protection against 
pertussis in term-born infants. Tdap vaccination before 24 weeks gestational age 
showed however similar anti-PT antibody levels in preterms born after 32 weeks 
GA compared with term-borns after Tdap vaccination between 20-24 weeks of 
gestation, but it is unknown whether the lower antibody levels offer sufficient 
protection to (late) preterms or even in term-borns. As long as no Correlates of 
Protection are available, it is difficult to determine the optimal timing for 
vaccination for term-borns, but in particular for preterms. Also, the half-life of 
antibodies as well as the antibody quality (functions like avidity) are important. 
Cellular immunity after maternal immunization is another relevant field. With 
many more upcoming maternal vaccinations in the near future, and the uncertainty 
what this will do with maternal vaccine acceptance, it remains important to closely 
monitor vaccine coverage and effectiveness shortly after implementation. 
Addressing these and other knowledge gaps is required for development of optimal 
maternal vaccination strategies. This is particularly urgent, since in the winter of 
2023-2024 in the Netherlands a new surge in pertussis has started and pertussis 
will remain endemic until better vaccines are developed and optimal vaccine 
coverage has been achieved.  
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Samenvatting 

Inleiding en doel 
Eind 2019 is de maternale kinkhoestvaccinatie opgenomen in het 

Rijksvaccinatieprogramma. Verloskundig zorgverleners brengen de vaccinatie bij 
zwangere vrouwen onder de aandacht en verwijzen hen naar de 
Jeugdgezondheidszorg voor vragen en het toedienen van de vaccinatie. De attitude 
van de verloskundig zorgverlener t.a.v. de maternale kinkhoestvaccinatie is voor 
zwangere vrouwen belangrijk in het besluit om zich te laten vaccineren. Het doel 
van deze studie was om inzicht te krijgen in attitudes van verloskundig 
zorgverleners en welke factoren daarop van invloed zijn.  

 

Methode 
In deze cross-sectionele studie verspreidde het RIVM een vragenlijst via 

beroepsorganisaties van verloskundig zorgverleners. Zij beantwoordden vragen 
over de maternale kinkhoestvaccinatie: communicatie met zwangere vrouwen, 
communicatie met de Jeugdgezondheidszorg, onderwerpen waarover zwangere 
vrouwen vragen stellen en attitudes van verloskundig zorgverleners. 
Voorspellende factoren op attitude t.a.v. de maternale kinkhoestvaccinatie werden 
geïdentificeerd middels lineaire regressiemethoden. 

 

Resultaten 
Van de 5.215 uitgenodigde verloskundig zorgverleners beantwoordden 817 

eerstelijns- en 35 klinisch verloskundigen, 55 arts-assistenten en 146 
gynaecologen de vragenlijst (20%). 39% van de verloskundig zorgverleners 
overhandigde het complete informatiemateriaal, bestaande uit een brief en folder, 
aan zwangere vrouwen. Gemiddelde attitude t.a.v. de maternale 
kinkhoestvaccinatie was 4 (schaal van 1-5). Deze attitude hing samen met een 
positieve attitude t.a.v. het Rijksvaccinatieprogramma (p<0,0001), het volgen van 
de e-learning (p<0,001), zich bekwaam voelen om zwangere vrouwen te informeren 
(p<0,0001) en de beroepsgroep van arts-assistenten/gynaecologen t.o.v. 
verloskundigen (p<0,0001).  
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Conclusie 
Verloskundig zorgverleners waren overwegend positief over de maternale 

kinkhoestvaccinatie. (Online) trainingen aan verloskundig zorgverleners dragen 
mogelijk bij aan een positieve attitude t.a.v. de maternale kinkhoestvaccinatie. 
Samenwerking tussen verloskundig zorgverleners en de Jeugdgezondheidszorg en 
het meegeven van informatiematerialen aan zwangere vrouwen kunnen worden 
verbeterd. 

  



Kwantitatieve evaluatie maternale DKT vaccinatie 

266 

Inleiding  
Kinkhoest is een zeer besmettelijke respiratoire infectieziekte die meestal 

wordt veroorzaakt door de bacterie Bordetella pertussis. Jonge (nog niet volledig 
gevaccineerde) zuigelingen hebben een verhoogd risico op een ernstig 
ziektebeloop, met als gevolg ziekenhuisopname en soms sterfte.1 Sinds de jaren 90 
komt kinkhoest in Nederland en andere landen ondanks een hoge vaccinatiegraad 
weer vaker voor met elke 3 tot 4 jaar een piek in landelijke incidentiecijfers.2,3 In 
2012 was in Nederland en omringende landen gedurende lange tijd sprake van een 
flinke stijging van het aantal meldingen van kinkhoest. In het Verenigd Koninkrijk 
is toen besloten om vrouwen in het derde trimester van de zwangerschap een 
vaccinatie tegen kinkhoest aan te bieden. Deze maternale kinkhoestvaccinatie 
zorgt voor passieve immuniteit bij de baby in de eerste maanden na de geboorte, 
als gevolg van transplacentaire IgG-antistofoverdracht. Hierdoor is de baby goed 
beschermd tegen kinkhoest totdat het de eerste eigen vaccinatie krijgt.4 Het 
Verenigd Koninkrijk bereikte met deze strategie een vaccinatiegraad van ongeveer 
70%; de vaccineffectiviteit was ruim 90%.5  

In Nederland heeft de Gezondheidsraad in 2015 geadviseerd om vrouwen een 
kinkhoestvaccinatie aan te bieden in het derde trimester van de zwangerschap.6 
Vrouwen konden toen op eigen initiatief gevaccineerd worden bij de GGD, huisarts, 
verloskundige of gynaecoloog. In de periode 2018-2019 lieten steeds meer 
zwangere vrouwen zich vaccineren.7 Halverwege december 2019 werd de 
maternale kinkhoestvaccinatie opgenomen in het Rijksvaccinatieprogramma (RVP) 
en is sindsdien bekend als de 22-wekenprik die gegeven wordt als difterie-
kinkhoest-tetanus (DKT-)vaccinatie.8 De maternale kinkhoestvaccinatie vervangt 
ook de eerste vaccinatie van het kind, dat vervolgens wordt gevaccineerd volgens 
een 3-5-11-maandenschema, in plaats van een 2-3-5-11-maandenschema. Er zijn 
enkele uitzonderingen op het standaard vaccinatieschema, zoals bij kinderen die 
te vroeg geboren zijn (< 37 weken) of kinderen van wie de moeder minder dan 2 
weken voor de bevalling is gevaccineerd.9 Deze kinderen worden gevaccineerd 
volgens het 2-3-5-11-maanden schema. 

Sinds de opname van de maternale kinkhoestvaccinatie in het RVP krijgen 
zwangere vrouwen de vaccinatie bij de Jeugdgezondheidszorg (JGZ). Het advies 
aan zwangere vrouwen is om deze zo snel mogelijk vanaf 22 weken 
zwangerschapsduur te halen. Op dat moment is de 20-wekenecho al gemaakt, 
waardoor er een goed uitgangspunt is voor het monitoren van de groei en 
ontwikkeling van het kind. Het is aan verloskundig zorgverleners om de maternale 
kinkhoestvaccinatie bij de zwangere vrouw onder de aandacht te brengen. De 
zorgverlener overhandigt een envelop met daarin een brief en een folder van het 
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Rijksinstituut voor Volksgezondheid en Milieu (RIVM) met informatie over de 
maternale kinkhoestvaccinatie en verwijst de zwangere vrouw naar de JGZ. De JGZ 
beantwoordt eventuele vragen en dient, indien gewenst, het vaccin toe.10 

Zwangere vrouwen stellen hun vragen over de maternale kinkhoestvaccinatie 
regelmatig aan hun verloskundig zorgverlener, huisarts of andere specialist. Wat 
een zorgverlener vindt van de vaccinatie (attitude) is voor zwangere vrouwen één 
van de belangrijkste factoren die meeweegt in de beslissing om zich wel of niet te 
laten vaccineren.11-16 Het Rijksinstituut voor Volksgezondheid en Milieu heeft deze 
studie uitgevoerd om inzicht te krijgen in de attitude ten aanzien van de maternale 
kinkhoestvaccinatie onder verloskundig zorgverleners nadat de vaccinatie werd 
opgenomen in het RVP.  

 

Methoden 
Setting 

In november 2020 ontvingen eerstelijnsverloskundigen, klinisch 
verloskundigen, arts-assistenten gynaecologie en gynaecologen via hun 
beroepsverenigingen – de Koninklijke Nederlandse Organisatie van 
Verloskundigen (KNOV) en de Nederlandse Vereniging voor Obstetrie en 
Gynaecologie (NVOG) - per e-mail een link naar een vragenlijst. Zij hadden vier 
weken de tijd om de vragenlijst in te vullen. 

 
Uitkomsten 

Verloskundig zorgverleners beantwoordden gesloten vragen over 
onderwerpen rondom de maternale kinkhoestvaccinatie: communicatie met 
zwangere vrouwen, communicatie met de JGZ, onderwerpen waarover zwangere 
vrouwen vragen stellen en attitudes van verloskundig zorgverleners. Attitudes van 
de respondenten werden uitgevraagd in theoretische constructen, gemeten aan de 
hand van drie stellingen (items) die gezamenlijk het construct reflecteerden. De 
items werden gemeten op een 5-punts Likertschaal (kader 1). Attitude werd 
gedefinieerd als de mate waarin een persoon een gunstige of ongunstige houding 
ten aanzien van de stelling in kwestie had.17 

 
Statistische analyse 

De uitkomst van elk construct werd berekend als gemiddelde somscore van 
alle items binnen hetzelfde construct, mits deze items voldoende betrouwbaar bij 
elkaar pasten (de interne consistentie was voldoende bij een Cronbach's α van 
>0,60). Variabelen die van invloed waren op de attitude ten aanzien van de 
maternale kinkhoestvaccinatie werden geanalyseerd door middel van lineaire 
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regressie en geselecteerd voor stapsgewijze achterwaartse multivariabele lineaire 
regressie bij een p-waarde <0,10. Variabelen met een p-waarde van <0,05 in de 
multivariabele analyse werden beschouwd als significante voorspellers van 
attitude en gepresenteerd als gecorrigeerde β met corresponderend 95% 
betrouwbaarheidsinterval (BI). 

 
Kader 1. Constructen en voorbeeldstellingen binnen elk construct. 

 Construct   Voorbeeldstelling  
Attitude t.a.v. de maternale 
kinkhoestvaccinatie 

Dat zwangere vrouwen de 22-wekenprik 
nemen vind ik: (1 = heel erg onbelangrijk, 5 = 
heel erg belangrijk) 

Attitude t.a.v. het RVP Dat kinderen het Rijksvaccinatieprogramma 
volgen vind ik: (1 = heel erg onnodig, 5 = heel 
erg nodig) 

Bekwaamheid in het 
informeren van zwangere 
vrouwen 

Inhoudelijke informatie geven aan zwangere 
vrouwen over de 22-wekenprik: (1 = voel ik mij 
erg onzeker over, 5 = voel ik mij erg zeker over) 

 

Resultaten 
In totaal werden 5.215 verloskundig zorgverleners uitgenodigd om deel te 

nemen aan dit onderzoek; 3.716 verloskundigen en 1.499 arts-assistenten 
gynaecologie of gynaecologen. De vragenlijst werd ingevuld door 817 
eerstelijnsverloskundigen, 35 klinisch verloskundigen, 146 gynaecologen en 55 
arts-assistenten (tabel 1). Daarmee hebben 23% van de eerstelijns- en klinisch 
verloskundigen en 13% van de arts-assistenten of gynaecologen gereageerd. 

 
Communicatie met zwangere vrouwen 

Bijna alle respondenten (98%) gaven aan dat zij de mogelijkheid van de 
maternale kinkhoestvaccinatie bespreken met zwangere vrouwen. 62% deed dat 
op een moment in de eerste 18 weken van de zwangerschap. 39% van de 
respondenten gaf de complete set informatiemateriaal mee, namelijk de folder en 
de brief van het RIVM. 43% gaf alleen de folder mee en 11% gaf alleen de brief mee. 
De overige 7% gaf geen informatiemateriaal van het RIVM mee. 1% van de 
respondenten gaf aan dat zij, naast het overhandigen van informatiemateriaal, 
zwangere vrouwen ook wijzen op meer kritische informatie over vaccineren.  
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Communicatie met de JGZ 
98% van de respondenten gaf aan dat de mate van contact met de JGZ 

onveranderd is sinds de implementatie van de maternale kinkhoestvaccinatie. 84% 
ontving geen bevestiging van JGZ over een toegediend vaccin van één van hun 
cliënten of patiënten, 4% ontving wel of regelmatig een bevestiging en overige 12% 
wist dat niet; het melden van een toegediend vaccin is echter tot op heden geen 
onderdeel van de richtlijn. 48% van de respondenten gaf aan wel een bevestiging te 
willen ontvangen.  

 
Onderwerpen waarover zwangere vrouwen vragen stellen  

De meeste vragen van de vrouwen gingen over hoe zij de vaccinatie kunnen 
krijgen (gemiddelde score 4,1 op een schaal van 1 tot 5) en over de veiligheid van 
het vaccin met betrekking tot hun ongeboren kind (gemiddelde score 3,8 op een 
schaal van 1 tot 5). Ten opzichte van deze onderwerpen stellen zij relatief weinig 
vragen over de effectiviteit van de vaccinatie (gemiddelde score 2,6 op een schaal 
van 1 tot 5). Aan eerstelijns- en klinisch verloskundigen werden meer vragen 
gesteld dan aan arts-assistenten of gynaecologen (p<0,0001). Het totale aantal 
vragen over de verschillende onderwerpen was echter naar verhouding gelijk 
verdeeld over de verschillende verloskundige disciplines (p=0,02; Spearman’s 
r=0,94).  

 
Attitudes van verloskundig zorgverleners en factoren die daarop van invloed zijn 

De items binnen de theoretische constructen werden beoordeeld als voldoende 
consistent (Cronbach’s α tussen 0,86-0,96). De gemiddelde attitude van 
eerstelijnsverloskundigen ten aanzien van de maternale kinkhoestvaccinatie was 
3,8 op een schaal van 1 tot 5 (0,82 standaarddeviaties (sd)), 4,0 (0,76 sd) onder 
klinisch verloskundigen en 4,4 (0,61 sd) onder arts-assistenten en gynaecologen. 
Arts-assistenten en gynaecologen waren daarmee positiever gestemd over de 
maternale kinkhoestvaccinatie dan eerstelijnsverloskundigen (gecorrigeerde 
β=0,27, 95% BI 0,18-0,37) en klinisch verloskundigen (gecorrigeerde β=0,32, 95% 
BI 0,10-0,53) (tabel 2). Degenen die positief waren over de vaccinatie waren vaak 
ook positief over het totale RVP (gecorrigeerde β=0,66, 95% BI 0,61-0,72), hadden 
zij vaker de e-learning over de maternale kinkhoestvaccinatie gevolgd 
(gecorrigeerde β=0,17, 95% BI 0,09-0,25) en voelden zij zich meer bekwaam om de 
vrouwen te informeren over de maternale kinkhoestvaccinatie (gecorrigeerde 
β=0,14, 95% BI 0,09-0,18). 
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Discussie 
De verloskundig zorgverleners in dit onderzoek waren overwegend positief 

over de maternale kinkhoestvaccinatie. Zij bespraken de vaccinatie bijna allemaal 
met de zwangere vrouwen, met als doel hen te doen besluiten zich te laten 
vaccineren. De verloskundig zorgverleners die positief waren tegenover de 
vaccinatie hadden over het algemeen meer vertrouwen in het RVP, hadden vaker 
de e-learning over de maternale kinkhoestvaccinatie gevolgd en voelden zich meer 
bekwaam om vrouwen te informeren over de vaccinatie. Net als in andere landen 
stonden arts-assistenten en gynaecologen positiever tegenover de maternale 
kinkhoestvaccinatie dan de eerstelijns- en klinisch verloskundigen.11,18 Uit andere 
onderzoeken blijkt dat zwangere vrouwen vaker geneigd zijn zich te laten 
vaccineren tegen kinkhoest als hun zorgverlener daar positief tegenover staat.11-16 
Hoewel er in deze studie geen causaal verband kon worden aangetoond, lijkt het 
erop dat de positieve houding van verloskundig zorgverleners onder meer 
samenhangt met de mate van kennis die zij hebben over de maternale 
kinkhoestvaccinatie. Ook in andere studies is dit aangetoond.15,19 Om de kennis van 
verloskundig zorgverleners over de maternale kinkhoestvaccinatie te vergroten, is 
het belangrijk om hen regelmatig op de hoogte te houden van nieuwe 
ontwikkelingen en om (online) trainingen (zoals de e-learning) meer te promoten. 
De e-learning wordt weliswaar al aan alle verloskundig zorgverleners aangeboden, 
maar uit de huidige studie blijkt dat slechts ongeveer een derde van hen deze 
training heeft gevolgd. Omdat ook huisartsen en andere specialisten door 
zwangere vrouwen vaak als vertrouwenspersoon worden gezien,20,21 zouden de 
medische beroepsgroepen die regelmatig te maken krijgen met de maternale 
kinkhoestvaccinatie regelmatig moeten worden geïnformeerd en geattendeerd op 
(online) trainingen. Uiteindelijk verwachten we dat deze interventies ertoe zullen 
leiden dat meer vrouwen zich tijdens de zwangerschap laten vaccineren tegen 
kinkhoest.  

Naast de mening van de zorgverlener over de vaccinatie, zijn de mate van 
veiligheid en effectiviteit van de maternale kinkhoestvaccinatie ook van invloed op 
de vaccinatiebereidheid onder zwangere vrouwen.22-25 Verloskundig zorgverleners 
gaven aan dat zij voornamelijk vragen krijgen over de veiligheid en in mindere mate 
over de effectiviteit. De effectiviteit van de vaccinatie zou daarom actiever 
besproken kunnen worden op initiatief van de zorgverlener of bij de JGZ. 

Een klein deel van de verloskundig zorgverleners gaf de complete set aan 
informatiemateriaal (i.e. informatiebrief en folder van het RIVM) mee aan zwangere 
vrouwen, zodat zwangere vrouwen zich kunnen melden bij de JGZ voor de 
vaccinatie. Wel hebben zij vaak de wens om van de JGZ een bevestiging te 
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ontvangen na een toegediend vaccin. Dit suggereert dat er weinig tot geen 
inhoudelijk contact is tussen verloskundig zorgverleners en de JGZ over de 
maternale kinkhoestvaccinatie, maar dat de zorgverleners dat wel graag zouden 
willen. Een evaluatie over de maternale kinkhoestvaccinatie bij JGZ-medewerkers 
bevestigt deze behoefte tot samenwerking vanuit de JGZ.26 De evaluatie vermeldt 
ook het advies aan de KNOV en NVOG om een sterker standpunt in te nemen over 
het contact tussen verloskundig zorgverleners en de JGZ rondom de maternale 
kinkhoestvaccinatie. Mogelijk kunnen meer zwangere vrouwen worden bereikt 
met deze strategie.  

Er zijn enkele beperkingen aan deze studie. Allereerst is er mogelijk sprake van 
selectiebias. Wellicht was een selectief deel van verloskundig zorgverleners eerder 
geneigd om de vragenlijst in te vullen.(27) Het zou echter ook kunnen dat zowel 
verloskundig zorgverleners met een positieve ofwel een negatieve attitude relatief 
vaker de vragenlijst hebben ingevuld, wat de effecten van selectiebias mogelijk in 
balans houdt. Daarom is deze eventuele selectieve deelname naar verwachting 
weinig van invloed bij het benaderen van de werkelijke attitude. Uit andere studies 
komen dan ook vergelijkbare resultaten naar voren als uit het huidige onderzoek, 
zoals de positieve attitude onder gynaecologen.(11, 18) Ten tweede deden aan dit 
onderzoek alleen zorgverleners mee die verloskundige zorg leveren. Huisartsen en 
andere specialisten hebben echter ook regelmatig te maken met de maternale 
kinkhoestvaccinatie. Daarom zou vervolgonderzoek bij andere medische 
beroepsgroepen meer inzicht geven de attitude van deze beroepsgroepen ten 
aanzien van de maternale kinkhoestvaccinatie. Met dergelijk vervolgonderzoek kan 
ook onderzocht worden wat het effect is van de attitude van de zorgverlener op het 
accepteren van het vaccin door zwangere vrouwen in Nederland. Als laatste zijn er 
mogelijk nuances die de respondenten niet naar voren hebben kunnen brengen via 
de kwantitatieve vragenlijst. Daarom zal dit onderzoek worden vervolgd met een 
kwalitatieve studie. Hierdoor probeert het RIVM inzicht te krijgen in de context 
rondom de implementatie van de maternale kinkhoestvaccinatie. Dat biedt 
mogelijk ook suggesties voor verbetering wanneer maternale vaccinaties gericht 
tegen andere pathogenen worden opgenomen in het RVP. 

 

Conclusie 
Verloskundig zorgverleners – en dan vooral gynaecologen en arts-assistenten 

gynaecologie – staan overwegend positief tegenover de maternale 
kinkhoestvaccinatie. Hoe positiever zij zijn, des te meer vertrouwen zij hebben in 
het totale RVP, achten zij zich bekwaam om zwangere vrouwen over de vaccinatie 
te informeren en hebben zij de e-learning over de maternale kinkhoestvaccinatie 
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gevolgd. Deze e-learning zou actiever en breder kunnen worden aangeboden; aan 
zowel verloskundig zorgverleners als huisartsen en andere specialisten. Verdere 
verbeterpunten zijn de versterking van de samenwerking tussen verloskundig 
zorgverleners en de JGZ, en het meegeven van informatiematerialen aan de 
zwangere vrouwen.  
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Introductie 

In dit proefschrift bestuderen we verschillende aspecten van de vaccinatie 
tegen kinkhoest bij zwangere vrouwen ter bescherming van pasgeborenen in de 
eerste twee tot drie levensmaanden. Hiervoor vergelijken we een vroeger in de 
zwangerschap gegeven tetanus, difterie en acellulaire kinkhoest (DKT) vaccinatie 
tussen 200/7-240/7 weken (w) zwangerschapsduur met een DKT-vaccinatie later in 
de zwangerschap, namelijk tussen 300/7-330/7w zwangerschapsduur. Behalve de 
vergelijking van de hoeveelheid antistoffen die wordt doorgegeven van moeder 
naar kind, wordt ook de acceptatie van de DKT-vaccinatie rond de 22 weken 
vergeleken met vaccinatie rond de 30-33 weken. Voor dit doel is een groot 
longitudinaal cohortonderzoek opgezet getiteld ‘Premature Infants and Maternal 
Pertussis Immunization’ (PIMPI). De studie was gericht op drie belangrijke 
vraagstellingen over maternale DKT-vaccinatie vóór 24 weken 
zwangerschapsduur; 1) Wat zijn de kinkhoest-specifieke antistofconcentraties bij 
voldragen (à terme) kinderen en te vroeg (prematuur) geboren kinderen na een 
vroege maternale DKT-vaccinatie tussen 200/7-240/7w zwangerschapsduur, 
vergeleken met vaccinatie tussen 300/7-330/7w zwangerschapsduur?; 2) Wat zijn de 
acute bijwerkingen (reactogeniciteit) van maternale DKT-vaccinatie tussen 200/7-
240/7w zwangerschapsduur?; en 3) Wat is de acceptatie van maternale DKT-
vaccinatie tussen 200/7-240/7w zwangerschapsduur door zwangere vrouwen?  

De PIMPI-studie is relevant omdat een grote groep prematuur geboren 
kinderen is geïncludeerd, waar nog relatief weinig gegevens over beschikbaar zijn, 
zeker als het gaat om maternale DKT-vaccinatie voor 24 weken 
zwangerschapsduur. Bovendien zijn ook over voldragen kinderen weinig data 
beschikbaar met betrekking tot DKT-vaccinatie vóór 24 weken. De resultaten van 
beide groepen, prematuur en voldragen kinderen, worden beschreven in dit 
proefschrift.  

 De PIMPI-studie heeft zich specifiek gericht op de mogelijke voordelen van 
DKT-vaccinatie tussen 200/7-240/7w zwangerschapsduur voor te vroeg geboren 
kinderen. In de studie is ‘prematuur’ gedefinieerd als geboren vóór 350/7w 
zwangerschapsduur, terwijl meestal wordt over premature geboorte gesproken 
wanneer de geboorte vóór 37 weken is. Maar omdat de concentraties van 
maternale antistoffen die tijdens de zwangerschap van moeder naar kind worden 
doorgegeven rond de 35 weken zwangerschapsduur al vergelijkbaar zijn tussen 
moeder en kind, is in dit onderzoek vooral naar kinderen gekeken die werden 
geboren vóór 35 weken. De studie beoogde niet alleen om een grote groep 
prematuur geboren kinderen voor 35 weken zwangerschapsduur te includeren, 
maar vooral ook prematuur geborenen voor 32 weken zwangerschapsduur. Met 
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name voor deze vroege prematuren zijn data buitengewoon schaars, zeker in geval 
van maternale DKT-vaccinatie voor 24 weken zwangerschapsduur. De resultaten 
van de PIMPI-studie bij prematuur en voldragen kinderen na DKT-vaccinatie 
tussen 20 en 24 weken zwangerschapsduur zijn steeds vergeleken met gegevens 
van een eerdere en vergelijkbare studie bij voldragen kinderen na DKT-vaccinatie 
tussen 300/7-330/7w zwangerschapsduur (referentiecohort). Van deze laatste groep 
is uit epidemiologisch onderzoek gebleken dat de maternale DKT-vaccinatie de 
voldragen baby beschermt tegen ernstige kinkhoest in de eerste levensmaanden, 
totdat de baby zelf wordt gevaccineerd tegen kinkhoest.  

In het eerste deel van dit proefschrift wordt ingegaan op DKT-specifieke 
antistofconcentraties in op tijd geboren en prematuur geboren kinderen na 
maternale DKT-vaccinatie tussen 200/7-240/7w zwangerschapsduur. Vervolgens is 
de reactogeniciteit en langere termijn veiligheid van een DKT-vaccinatie voor 24 
weken zwangerschapsduur beschreven. Naast de PIMPI-studie is een pilotstudie 
beschreven die de overdracht van maternale antistoffen na DKT-vaccinatie van 
moeder naar kind beschrijft in het geval dat zwangere vrouwen met chronische 
inflammatoire aandoeningen zoals reuma medicatie gebruiken die de afweer 
onderdrukt. Voor lange termijn-veiligheid van maternale DKT-vaccinatie is 
daarnaast onderzoek op populatieniveau gedaan naar het vóórkomen van 
problemen als prematuriteit of overlijden van de vrucht in de periode voorafgaand 
aan de invoering van de maternale DKT-vaccinatie in het 
Rijksvaccinatieprogramma (eind 2019). Ook is de kinkhoestincidentie in het 
Caribische deel van Nederland onderzocht op basis van de hoogte van 
antistofconcentraties in het bloed, die sterk verhoogd zijn na een recente 
kinkhoestinfectie. Hiervoor is gebruik gemaakt van een zogenoemde 
serosurveillance-studie die werd uitgevoerd in Caribisch Nederland in 2017. Dit 
was van belang voor advisering over de invoering van maternale DKT-vaccinatie 
aldaar. 

In het tweede deel van dit proefschrift worden andere aspecten van maternale 
vaccinatie verder uitgewerkt, zoals de sociaalpsychologische determinanten die 
van invloed zijn op de acceptatie van maternale DKT-vaccinatie door zwangere 
vrouwen, en het perspectief van verloskundig zorgverleners over de implementatie 
van de maternale DKT-vaccinatie als onderdeel van het 
Rijksvaccinatieprogramma. 

 

Samenvatting van de hoofdstukken 
Hoofdstuk 1 is de introductie van dit proefschrift en beschrijft de ziekte 

kinkhoest met de mogelijke klinische manifestaties, de geschiedenis en 
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epidemiologie van de ziekte, eerdere en huidige strategieën voor vaccinatie tegen 
kinkhoest, inclusief de maternale DKT-vaccinatie. Ook wordt de huidige 
surveillance van kinkhoest als onderdeel van het Rijksvaccinatieprogramma in 
Nederland beschreven. 

 

Deel I 
Hoofdstuk 2 beschrijft het design van de PIMPI-studie. De rationale voor de 

studie is gegeven samen met de doelstellingen, studieprocedures, inclusiecriteria, 
sample size berekeningen en gebruikte statistische onderzoeksmethoden. 

Hoofdstuk 3 rapporteert antistofconcentraties in pasgeborenen na maternale 
DKT-vaccinatie tussen 200/7-240/7w zwangerschapsduur. De resultaten suggereren 
dat na een vroege DKT-vaccinatie rond 22 weken zwangerschapsduur, à terme 
(voldragen) kinderen op de leeftijd van twee maanden gemiddeld twee keer lagere 
maternale antistofconcentraties in het bloed hebben tegen pertussis toxine (anti-
PT), in vergelijking met kinderen waarbij de moeder tussen 300/7-330/7w 
zwangerschapsduur een DKT-vaccinatie heeft gekregen. Hogere concentraties van 
antistoffen tegen PT zijn geassocieerd met betere bescherming tegen het 
doormaken van kinkhoest, wat impliceert dat maternale DKT-vaccinatie voor 24 
weken zwangerschapsduur mogelijk minder effectief is, en dat vaccinatie later in 
de zwangerschap de voorkeur heeft wat betreft voldragen kinderen. Na een 
premature geboorte werden op de leeftijd van twee maanden bijna vergelijkbare 
anti-PT concentraties gevonden als bij op tijd geboren kinderen in geval van DKT-
vaccinatie tussen 200/7-240/7w zwangerschapsduur, naast licht verlaagde anti-
filamentous hemagglutinine (anti-FHA) en anti-pertactine (anti-Prn) IgG-
concentraties. In vergelijking met DKT-vaccinatie bij 300/7-330/7w 
zwangerschapsduur bij voldragen kinderen, waren ook bij prematuren de 
antistofconcentraties twee tot drie keer lager op de leeftijd twee maanden. De 
klinische betekenis van deze bevindingen is onduidelijk omdat voor kinkhoest geen 
Correlate of Protection is gedefinieerd. Naast antistoffen spelen mogelijk ook 
andere factoren, al dan niet immunologisch, een rol in de bescherming tegen 
ernstige klinische kinkhoest in de eerste maanden na de geboorte. Om hier meer 
zicht op te krijgen, is het van belang om in geval van de diagnose kinkhoestinfectie 
bij zuigelingen ook gegevens op te vragen over het moment van maternale DKT-
vaccinatie en het tijdsinterval tussen vaccinatie en geboorte. 

Hoofdstuk 4 is een korte post-hoc analyse van de immunogeniciteitsstudie uit 
hoofdstuk 3 bij prematuren. Ondanks dat de sample size van de originele studie 
niet is berekend op het apart evalueren van vroeg- en laat-prematuren, suggereren 
de bevindingen dat vooral de antistofconcentraties van (extreem) vroege 
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prematuren (geboorte <320/7w zwangerschapsduur) duidelijk verlaagd zijn ten 
opzichte van op tijd geboren kinderen. De laat-prematuren (geboorte tussen 320/7-
346/7w zwangerschapsduur) hadden na maternale DKT-vaccinatie tussen 200/7-
240/7w zwangerschapsduur antistofconcentraties die bijna op het niveau van 
voldragen kinderen zijn. Desalniettemin hadden voldragen en prematuur geboren 
kinderen na maternale DKT-vaccinatie voor 24 weken zwangerschapsduur nog 
steeds minimaal twee keer zo lage B. pertussis-specifieke antistofconcentraties ten 
opzichte van à terme kinderen na maternale DKT-vaccinatie tussen 300/7-330/7w 
zwangerschapsduur (hoofdstuk 3). Ook de antistoffen tegen FHA en Prn zijn bij de 
geboorte bij vroeg-prematuren verlaagd. Behalve de lagere antistofconcentraties 
bij de geboorte, lijkt bij vroeg-prematuren ook de antistofdaling significant sneller 
(gemiddelde halfwaardetijd voor anti-PT 21.7 dagen) te verlopen dan in laat-
prematuren en à terme kinderen (respectievelijk 32.9 en 32.2 dagen). Dit draagt bij 
aan de twee tot drie keer lagere antistoffen bij vroeg-prematuren op de leeftijd van 
twee maanden en pleit dus voor een vroege primaire vaccinatie tegen kinkhoest op 
de leeftijd van 6 weken, vooral in de groep van vroeg-prematuren.  

Hoofdstuk 5 beschrijft een pilotstudie over de IgG-antistofrespons na 
maternale DKT-vaccinatie bij zwangere vrouwen met reumatische ziekten die 
medicatie gebruiken die de afweer onderdrukt. Terwijl de meeste medicatie de 
antistofrespons bij de moeder weinig beïnvloedt, werd bij bepaalde medicatie 
(biologicals, zoals Tumor Necrose Factor alpha-remmers (TNFis)) in 
navelstrengbloed een lagere anti-PT IgG antistofconcentratie gevonden in 
vergelijking met kinderen van moeders zonder TNFis of gezonde zwangere 
vrouwen na maternale DKT-vaccinatie. Het is beschreven dat TNFis (mild) de 
vaccinatierespons verminderen. Kinderen van moeders die tijdens de 
zwangerschap behandeld werden met TNFis zouden daarom beter tegen kinkhoest 
worden beschermd met een eerste vroege vaccinatie rond de leeftijd van 6 weken. 

In hoofdstuk 6 wordt de reactogeniciteit van maternale DKT-vaccinatie tussen 
200/7-240/7w zwangerschapsduur beschreven. De symptomen in de eerste week na 
vaccinatie bleken mild, en het merendeel van de symptomen duurde tussen 1 en 5 
dagen. Slechts 0.6% van alle gevaccineerde vrouwen rapporteerden koorts 
(≥38.0˚C). Er werden geen verschillen gevonden in reactogeniciteit tussen 
maternale DKT-vaccinatie in het tweede of het derde trimester. Wat betreft 
negatieve zwangerschapsuitkomsten zoals vroeggeboorte of te laag 
geboortegewicht werden geen verhoogde risico’s gevonden na DKT-vaccinatie 
tussen 20-24 weken in vergelijking met data van ongevaccineerde zwangeren uit 
2018 op populatieniveau, want de maternale DKT-vaccinatie is opgenomen in het 
Rijksvaccinatieprogramma in 2019. Concluderend is ook tweede trimester 
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maternale DKT-vaccinatie veilig en wordt deze goed verdragen door zwangere 
vrouwen.  

Hoofdstuk 7 gaat over achtergrondincidentie van negatieve 
zwangerschapsuitkomsten, onafhankelijk van maternale DKT-vaccinatie. De data 
werden verkregen uit de Nederlandse perinatale registratie, waarin uitgebreide 
data van meer dan 98% van alle zwangerschappen en bevallingen in Nederland zijn 
geregistreerd. Deze achtergronddata zijn belangrijk om zorgen over de veiligheid 
van maternale vaccinaties in perspectief te kunnen plaatsen en meldingen van 
mogelijke bijwerkingen van de maternale vaccinaties ná invoering maternale DKT-
vaccinatie in Nederland (december 2019) te vergelijken met eerdere data zonder de 
maternale DKT-vaccinatie. Zoals altijd blijft reguliere monitoring van veiligheid en 
negatieve zwangerschapsuitkomsten belangrijk. 

In hoofdstuk 8 wordt de incidentie van B. pertussis infecties beschreven in het 
Caribische gebied van Nederland (CN), gebaseerd op een serosurveillance-studie 
die is uitgevoerd in 2017 op de Caribische eilanden. Ondanks het feit dat bijna geen 
klinische gevallen van kinkhoest waren gerapporteerd, werd op basis van 
antistofconcentraties tegen PT geschat dat ongeveer 8% van alle inwoners van 9 
jaar en ouder een recente B. pertussis infectie had doorgemaakt in de twaalf 
maanden voor de bloedafname. Het hoogste percentage van recent geïnfecteerde 
personen werd gevonden in de leeftijdscategorie van 12-29 jaar, juist de 
leeftijdscategorie die kinderen krijgt. In het licht van de hoge incidentie van 
kinkhoest, in het bijzonder bij vrouwen in de vruchtbare leeftijdsgroep in CN, zou 
maternale DKT-vaccinatie daar een plaats moeten krijgen in het 
Rijksvaccinatieprogramma. 

 

Deel II 
Hoofdstuk 9 beschrijft sociaalpsychologische factoren die mogelijk de 

acceptatie van tweede trimester maternale DKT-vaccinatie kunnen voorspellen. De 
studie laat zien dat deze factoren niet verschillen van die van derde trimester 
vaccinatie. De factoren met de grootste invloed op het accepteren van maternale 
DKT-vaccinatie waren intentie en attitude ten opzichte van de vaccinatie, 
overtuigingen over (lange termijn) veiligheid en effectiviteit, risicoperceptie van 
(korte termijn) bijwerkingen van de vaccinatie en het voelen van een morele 
verantwoordelijkheid om het vaccin te nemen. Specifiek voor Nederland vonden 
vrouwen het prettig dat hun kind pas bij drie maanden de eerste DKTP-Hib-HepB 
vaccinatie kon krijgen in plaats van bij twee maanden en ook een vaccinatie minder 
(2+1 schema in plaats van 3+1 schema) nodig had, omdat de moeder al een 
maternale DKT-vaccinatie had gehad. Zorgpersoneel zou bovenstaande aspecten 
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vroeg tijdens de zwangerschap moeten bespreken met zwangere vrouwen, zodat 
deze een weloverwogen keuze kunnen maken of zij de maternale DKT-vaccinatie 
wel of niet nemen. 

Volgens de resultaten van een studie die werd uitgevoerd als voorbereiding 
voor de studie uit hoofdstuk 10, en in het Nederlands is geschreven (Appendix), 
zijn de attitudes van verloskundig zorgverleners ten opzichte van maternale DKT-
vaccinatie over het algemeen positief na het moment van implementatie van het 
vaccin in het Rijksvaccinatieprogramma. Gynaecologen waren vaker voorstander 
van het vaccineren tijdens de zwangerschap dan verloskundigen. De best 
mogelijke manier om bij zorgverleners kennis te verhogen over maternale DKT-
vaccinatie en preventie van kinkhoest bij pasgeborenen, is het bieden van (online) 
trainingen vóór de implementatie van maternale vaccinatiestrategieën als 
onderdeel van het Rijksvaccinatieprogramma. Daarnaast moet blijvend informatie 
beschikbaar worden gesteld over de veiligheid en effectiviteit van de vaccinatie. 

Hoofdstuk 10 rapporteert ook over het perspectief van verloskundig 
zorgverleners aangaande maternale DKT-vaccinatie, maar op een kwalitatieve 
manier. De interviews die waren gevoerd met verloskundig zorgverleners 
suggereren dat de implementatie van een nieuwe vaccinatie, in een nieuwe 
doelgroep, en uitgevoerd door een nieuwe groep verloskundig zorgverleners, 
duidelijkheid en transparantie vereist over wat er van hen gevraagd wordt 
voorafgaand aan de invoering in het programma. In het geval van maternale DKT-
vaccinatie vragen zorgverleners om duidelijke en uitgebreide voorlichting over de 
vaccinatiestrategie, de acties die van hen worden verwacht en wanneer die moeten 
worden uitgevoerd. De resultaten van de studie benadrukken hoe belangrijk het is 
om de relevante zorgprofessionals vroegtijdig te betrekken bij de implementatie 
van een nieuwe vaccinatiestrategie. Er moet rekening gehouden worden met 
mogelijke barrières die de zorgverleners ervaren in het implementatietraject. Zo 
kunnen zorgverleners beter worden geïnformeerd over de voordelen en veiligheid 
van maternale vaccinatie. Uiteindelijk zal dat de vaccinatiegraad ten goede komen, 
aangezien zwangere vrouwen vaak het meest vertrouwen op de informatie die zij 
krijgen van hun zorgverlener.  

Samenvattend beschrijft dit proefschrift verschillende aspecten van tweede 
trimester ten opzichte van derde trimester maternale DKT-vaccinatie. Vaccinatie 
voor 24 weken zwangerschapsduur blijkt suboptimaal voor transplacentaire 
antistofoverdracht en kan mogelijk de bescherming tegen kinkhoest verminderen. 
Bij laat-prematuren, geboren na 32 weken zwangerschapsduur, leidde maternale 
DKT-vaccinatie voor 24 weken zwangerschapsduur tot vrijwel vergelijkbare 
antistofconcentraties tegen PT als in op tijd geboren kinderen na DKT-vaccinatie 
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voor 24 weken zwangerschapsduur, maar wel twee keer lager dan na DKT-
vaccinatie tussen de 30 en 33 weken zwangerschapsduur. Bij vroeg-prematuren 
geboren voor 32 weken waren de beschermende antistofconcentraties bij de 
geboorte al lager, en namen bovendien na de geboorte sneller af. Het is op dit 
moment nog onbekend welke antistofconcentraties geassocieerd zijn met 
bescherming tegen kinkhoest bij pasgeborenen. Zolang er geen ‘Correlate of 
Protection’ beschikbaar is, is het moeilijk te bepalen wat de ‘window of 
opportunity’ is tijdens de zwangerschap voor maternale DKT-vaccinatie voor het 
optimaal beschermen van op tijd geboren kinderen tegen kinkhoest, maar zeker 
voor prematuren. Behalve de hoogte van de antistoffen bij de geboorte is de 
halfwaardetijd en de kwaliteit van de antistoffen (zoals antistofaffiniteit) belangrijk. 
De overdracht van cellulaire immuniteit na maternale vaccinatie is een ander 
relevant aspect, maar nog onderbelicht.  

Met een groeiend aantal maternale vaccinaties tegen verschillende verwekkers 
in de nabije toekomst, en de onzekerheid wat meerdere vaccinaties tijdens een 
zwangerschap doen met de acceptatie door zwangere vrouwen, blijft het belangrijk 
om de zowel immunologische factoren en de impact op de immuunrespons bij 
kinderen na maternale vaccinatie te monitoren, naast de effectiviteit, maar ook de 
acceptatie en vaccinatiegraad. Onderzoek naar bovengenoemde en andere 
kennishiaten blijft nodig voor het verder ontwikkelen en optimaliseren van 
vaccinatiestrategieën. Voor kinkhoest is dit extra belangrijk, omdat er sinds de 
winter van 2023-2024 in Nederland een nieuwe ernstige verheffing van kinkhoest 
is gezien met opnieuw sterfte van zuigelingen aan kinkhoest. Kinkhoest zal 
endemisch blijven totdat betere vaccins zijn ontwikkeld en een optimale 
vaccinatiegraad wordt bereikt.  
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Dan het dankwoord. Ik heb lang nagedacht met welke woorden ik iedereen 
passend kon bedanken. En nu ik dit schrijf ben ik alles toch weer vergeten… Maar 
zonder alle fijne hulp van velen had de PIMPI-studie nooit zo’n succes geworden 
en had dit proefschrift er niet gelegen. Daarvoor dus iedereen bedankt! 

Ik begin bij mijn promotoren, Lieke en Mireille. Wat een geluk heb ik om bij 
jullie te mogen promoveren; en niet alleen om jullie kennis en kunde en hoeveel ik 
van jullie heb geleerd. Mireille, aan het begin van mijn promotietraject had ik geen 
idee hoe ik alle zorgverleners aan boord zou krijgen om mee te werken aan de 
studie. Bedankt voor hoe je me introduceerde in alle ziekenhuizen en voor hoe je 
me op de rit hebt geholpen. Lieke, jouw advies was eerst praktisch; ‘Neem overal 
waar je gaat drop mee’. Heel veel dank ook voor hoe je je hebt ingezet bij het 
schrijven van de verschillende hoofdstukken van dit proefschrift. 

Mijn copromotor, Nicoline, samen hebben wij deze studie van begin tot eind 
gedaan, waarin je altijd tot in detail op de hoogte was van de voortgang van alle tien 
de onderzoeken uit dit proefschrift. In mijn begeleiding was je betrokken, geduldig, 
kritisch, en doordacht, maar je zag het als het even tegen zat. Er was ruimte voor 
persoonlijke ontwikkeling, soms zelfs op verzoek; maar dat maakte alles 
uiteindelijk veel ontspannener. Ik moest altijd lachen als je mij per ongeluk 
“jongen” noemde, omdat ik dezelfde leeftijd heb als jouw zoons. Bedankt voor je 
vertrouwen, in mijn ogen ben jij een voorbeeld voor elke copromotor.  

Veel dank aan de leden van de promotiecommissie voor het beoordelen van 
dit proefschrift. Ook aan dr. E. van Leeuwen voor het plaatsnemen in de oppositie. 

Alle RVP-collega’s, beginnend bij Hester. Jij bent onmisbaar in het team van 
RVP-ziektenonderzoekers. Ik hoorde regelmatig: ‘Hoe doet Hester dat allemaal?’. 
Bedankt dat je altijd meedacht over de inhoudelijke zaken van de studie en voor de 
fijne sfeer die je brengt in de RVP-groep. Anneke en Francoise, jullie hebben het 
hele land afgereisd onderweg naar moeders en pasgeboren baby’s. En wat kwamen 
jullie met mooie verhalen terug. Konden we maar meer hielprik-bloedafnames 
doen, want ik mis onze fijne samenwerking. Alies en Jeanne-Marie, wat was het 
leuk met z’n drieën in Athene! Op mijn thuiswerkplek heb ik een digitale fotolijst 
waarop jullie elke dag weer even voorbij komen. Joske, jarenlang mijn AIO-buddy 
en voorbeeld. Ik dacht altijd: over een jaar moet ik net zo ver en net zo goed zijn als 
Joske. Fijn dat ik met jou alle logistieke studie-opzet-perikelen kon delen en dat je 
er altijd was bij het enveloppen vullen etc. Marit, wat breng jij een vrolijkheid met 
je mee! Ondanks de verschillen tussen kinkhoest en HPV voelde het soms als 
samen onderzoek doen; pakketjes vouwen, statistiek, cursussen. Ik ben heel 
benieuwd naar jouw boekje straks! Hetzelfde geldt voor Joyce, partner-in-crime 
op de derde verdieping. Altijd fijn ook om even een tussenstop te maken als wij 
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weer als één van de weinigen op het RIVM waren. Hou me op de hoogte van 
wanneer jij gaat promoveren! Eric, volgens mij heb jij óveral verstand van. Dank 
dat ik daarvan gebruik mocht maken in de korte tijd dat we hebben samengewerkt. 
Jij hebt kortgeleden ook een heel mooi ‘uit-de-hand-gelopen profielwerkstuk’ 
afgemaakt! Jeanet, naast je inhoudelijke hulp, ontzettend fijn dat ik bij jou ook 
altijd even afstand nemen van het PIMPI-project. Pieter and Fumi, thanks for the 
many times we went to the marketplace together. Fumi, I still can’t handle that your 
favorite “Dutch” snack is the Vietnamese spring roll. 

De verloskunde-onderzoekers in het UMCU, vooral Alies en Ellis. Fijn dat we 
regelmatig even konden nadenken over de praktische dingen van onderzoek doen. 
Hopelijk blijft de weekstart, die altijd pas op dinsdagmiddag was, nog lang bestaan! 

Alle onderzoeksverlos- en verpleegkundigen, Maartje, Jacqueline, Gerard, 
Marlies, Astrid en Tanja. Jullie dachten altijd met me mee hoe we de PIMPI-studie 
praktisch in jullie ziekenhuis konden regelen. En we bespraken elke individuele 
studiedeelneemster. Bedankt voor jullie enorme bereidwilligheid; jullie hebben 
meer betekend dan alleen wat jullie werk inhoudt.  

Ik wil alle gynaecologen, kinderartsen, arts-assistenten, verloskundigen, 
verpleegkundigen, en ondersteunend personeel bedanken voor alles wat zij 
deden voor de PIMPI, inclusief de informele sfeer die jullie meebrachten. Hier een 
greep uit alle telefoongesprekken die ik met jullie voerde: ‘Nee joh, ik heb alle tijd, 
ik wacht op een placenta’, ‘Maarten hoe krijg je die taartbodem zo mooi en luchtig?’ 
en ‘Hoi, ik sta NU bij een bevalling, wat wil je dat ik doe?’. 

Veel dank aan alle studiedeelneemsters voor hun deelname aan onze studie. 
Alle co-auteurs van dit proefschrift, bedankt voor al jullie hulp! Floris en 

Patricia, jullie waren altijd geïnteresseerd in de updates die ik gaf over de studie 
en hebben me veel inzichten gegeven bij het schrijven van dit proefschrift. Gerco, 
Nynke en Pieter, volgens mij hebben jullie mijn presentatie over de 
studieresultaten wel tien keer aangehoord, maar elke discussie leverde weer 
nieuwe inzichten op. Nafise, wat leuk om samen te werken en wat hebben we 
samen een mooi onderzoek neergezet! Kim, ondanks dat je kwalitatief onderzoek 
niet als jouw ‘specialisatie’ ziet, ben ik trots op hoe ik de kwalitatieve 
onderzoeksvaardigheden van jou heb geleerd! Nina, ik vond het leuk om jouw stage 
te mogen begeleiden en hoop dat je net zo positief terugkijkt als ik! Anne, manusje-
van-alles, jou kon ik alles vragen over de laatste ontwikkelingen van vaccinzaken, 
kwalitatieve en kwantitatieve onderzoekstechnieken, RVP-rapport en meer. 

Rogier, Inge, toen ik als naïeve net-afgestudeerde epidemioloog bij jullie kwam 
had ik geen idee hoe je een klinische studie opzet. Jullie waren altijd behulpzaam 
en er was volgens mij geen één vraag waar jullie geen antwoord op wisten. 
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De RIVM-apotheek, Gwen, Gwylim, dank voor jullie geduld toen ik met het 
zoveelste cold-chain incident bij jullie aanklopte. Dit was een minder leuk studie-
onderdeel, maar het bracht ook nieuwe inzichten rondom zorg en onderzoek. 

Iedereen bij Perined, in het bijzonder Sanne en Lisa, wat fijn dat ik bij jullie 
onderzoek mocht doen, en dat ik zelfs even jullie collega mocht zijn. Ik had het altijd 
leuk in “de Domus” en ik mis onze wekelijkse tafelvoetbalwedstrijden.  

Ons secretariaat, Ilse en Saskia, samen hebben we ruim 1600 gele, blauwe en 
groene toestemmingsformulieren voorbij zien komen. Maar onze gesprekken 
gingen eigenlijk bijna nooit over inhoudelijk werk. Bedankt voor het enveloppen 
vouwen, priksetjes maken, stickers plakken etc. EPI heeft geluk met jullie! 

Heel MTdubbelDB, Puck, Greg, Roelof, Mark, Ramon, Bibiane, Thijs, Esther, 
Maarten, Ester, Tim en Vicky. Mensen zijn altijd onder de indruk als ik vertel dat 
wij al 15 jaar lang (toch?) elke zomer met elkaar op vakantie gaan. Ik hoop dat we 
dat nog heel lang gaan volhouden; dat de toetjes nog maar vaak mogen promoveren 
en dat er ooit een keer gaat zijn dat de hele stapel spelletjes wordt gespeeld. 

Iedereen uit werkgroep 18, jaar 1. Jullie vroegen het hele jaar wanneer ik nou 
eindelijk Dr. Maarten in mijn werkgroeppresentaties mocht zetten. Nou het 
moment is daar. Maar eerlijk; ik had me geen fijnere groep kunnen voorstellen. 
Dank voor de vele leerzame studie-uren, jullie maakten mijn eerste jaar! 

Mijn lieve grote schoonfamilie, Carla, Ronald, Jeske, Arjan, Ruben, Lucas, 
Lotte, Paul, Anne, Sophie, Evelien, Jasmijn, Maarten, Rozemarijn, Pepijn, 
Emma, Liza, Oscar, Yara, Simon, Rebecca, Esther en Tim. Het lijstje met namen 
is flink gegroeid sinds ik begon te schrijven aan dit proefschrift. Maar wát fijn om 
onderdeel te mogen zijn van zo’n hecht gezin. Op naar nog heel veel gezellige 
verjaardagen, eerste kerstdagen, en andere uitjes met iedereen bij elkaar!  

Pap, mam, mijn boekje is af. Dankjulliewel voor alle zorg die ik altijd krijg, niet 
alleen in de afgelopen vier jaar. Moedert, hoe ongebruikelijk ook, ik wil jou ook 
bedanken voor al het inhoudelijke werk dat jij hebt gehad aan dit proefschrift. Ik 
kon jou altijd laagdrempelig aanschieten voor een verloskundige vraag, of als er 
iets moest gebeuren in het WKZ. Paps, bedankt dat je me altijd steunt, jij gaat voor 
me door het vuur en staat altijd achter me, welke beslissing ik ook neem. Japs en 
Fem, bedankt voor jullie. Laten we alsjeblieft nog heel veel praten over dingen als 
gekke akkoorden, mooie mat, het Vlaamse accent, het songfestival en meer. 

Als laatste mijn lieve Judith, die als geen ander achter mij stond bij het 
afronden van mijn promotietraject. Bedankt dat ik met alles bij jou terecht kan. 
Vorig jaar hebben we ons eerste huisje gekocht met onze poes Fiep (het is óók jóúw 
poes) en ik ben nog steeds elk moment blij met alles wat we samen hebben 
opgebouwd. Ik heb zin in nog vele jaren op onze AG en wat de toekomst brengt!  



Dankwoord 
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