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Complementary literature review of vaccination in pregnancy to prevent 

pertussis in early infancy. 

Background. Partial protection against pertussis at birth is provided by maternal antibodies transported 
via the placenta during pregnancy and via lactation afterwards. These maternal antibodies wane during 
the first months of life with a half-life of approximately 36–40 days. The interval between the loss of 
maternal protection and the onset of infant vaccine-induced protection should be as short as possible 
(Leuridan 2010, Leuridan 2011).  

A rise of pertussis morbidity and mortality among infants in several countries over the past few years has 
led to recommendations for maternal vaccination against pertussis in many countries, including Australia, 
Israel, the US, New Zealand, Denmark, Belgium, Switzerland, the UK, the Czech Republic, Ireland, Italy, 
Portugal, and Spain (Forsyth 2015, Immunise Health Australia 2017, CDC 2018, Mazzilli, review 2018, 
ECDC 2019, Sundhedsstyrelsen 2019) 
 
The Public Health Agency of Sweden published a systematic literature review in 2015 with the aim of 
evaluating the evidence for different prevention strategies to reduce pertussis among infants. 
Vaccination during pregnancy was evaluated in this report that was based on literature published from 
1970 until the 2nd of March 2015 and concluded that the body of evidence for maternal vaccination 
against pertussis was limited with regard to safety and effectiveness (Folkhälsomyndigheten 2015, 
Folkhälsomyndigheten 2016). 
 
The aim of the current literature review is to update previous reviews on this topic and based on articles 
published from February 2015 to December 2018. 

 
Methods. The current update is a rapid, systematic literature review of studies published from February 
2015 until December 2018.  
The PICO model was used to define clinical questions about studied population, intervention, controls, 
and outcomes (Table 1).  

Table 1. Current PICO (Population, Intervention, Control, Outcome) 

Population Pregnant women 

Intervention Acellular Pertussis (aP)-containing vaccine given during pregnancy 

Control No vaccination/other vaccine/historical controls 

Outcome Modified after Campbell et al. (Campbell, review 2018) (Table 2) 

 
In a recent high-quality review of pertussis vaccination during pregnancy based on literature published 
from 1946 until April 2017, 46 relevant studies with around 345,000 participants in total were included in 
order to obtain a comprehensive evaluation of vaccine effectiveness, vaccine safety, immunogenicity, and 
interference after acellular pertussis (aP) or whole-cell pertussis vaccines given during pregnancy.  
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Outcome measures in this complementary literature review were modified after Campbell et al. 
(Campbell, review 2018) (Table 2). 

Table 2. Primary and secondary outcome measures 

Primary outcome measures 

1 Evidence for protection against pertussis infection and disease in infants.  

2 Evidence for the safety of vaccination in pregnancy, as demonstrated by the consideration of 
adverse events post vaccination in the mother and/or in the foetus/infant. 

Secondary outcome measures 

1 Antibody response in the mother following maternal pertussis vaccination. 

2 Transplacental transfer of antibody as evidenced by cord, foetal, or infant blood titres of 
maternally derived antibodies to any vaccine antigens at birth or prior to the first primary 
vaccination in infancy. 

3 The effect of the timing of maternal vaccination on the transplacental transfer of maternal 
antibodies or on the risk of disease in the infant. 

4 Blunting of the immunological response to primary childhood vaccinations as evidenced by 
antibody levels to any vaccine antigens and clinically or laboratory-confirmed pertussis disease. 

 
 
We included experimental and observational studies with data on effectiveness, immunogenicity, or 
safety of vaccination during pregnancy with aP-containing vaccine. We included studies with data from 
pregnant women of all ages and gestations of pregnancy, with any pregnancy (single, multiple, 
complicated, or uncomplicated) or parity, and their infants. We excluded animal studies, in vitro studies, 
studies on cell-mediated immunity, and health economic and/or modelling studies. In most countries, the 
vaccines used in the maternal programmes were licensed tetanus, diphtheria, acellular pertussis (Tdap) 
vaccines, e.g. Adacel® or Boostrix® in the US (ACIP 2011, 
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6037a3.htm?s_cid=mm6037a3_w) or dTaP-
Inactivated Polio (IPV) vaccine, e.g. Repevax® and Boostrix-IPV® in the UK (PHE 2016, 
https://www.gov.uk/government/publications/pertussis-the-green-bookchapter-24). 

 

https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6037a3.htm?s_cid=mm6037a3_w
https://www.gov.uk/government/publications/pertussis-the-green-bookchapter-24
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Results. From the literature search, articles were retrieved after exclusion of duplicates. Following 
screening of titles and abstracts, 97 articles remained. After further screening for full text and excluding 
those not fulfilling the selection criteria, or those with serious methodological issues, 45 articles were 
included, 9 of which assessed vaccine effectiveness and 16 assessed primary outcome measures on 
safety.  
In total, 21 articles were included to address secondary outcome measures. Also, 7 review articles and 5 
articles evaluating the impact on the population level were included (Table 3).  
During the selection process, reference lists of included articles were scrutinized for possible additional 
articles and grey literature. All articles were read by two researchers.  

 
Table 3. Selection of articles according to primary and secondary outcome measures 

Primary outcome measures 

1. 1. Evidence for protection against pertussis infection and disease in infants.  

 Dabrera 2015, 

 Amirthalingam 2016, Vizzotti 2016,  

 Baxter 2017, Bellido-Blasco 2017, Skoff 2017, Winter 2017 (a), Winter 2017 (b), 

 Saul 2018 

2. 2. Evidence for the safety of vaccination in pregnancy, as demonstrated by the consideration of adverse 
events post vaccination in the mother and/or in the foetus/infant.  

 Morgan 2015, 

 Berenson 2016, Desilva 2016, Kharbanda 2016, Maertens 2016 (a), Maertens 2016 (b),  
Moro 2016, Petousis-Harris 2016, Regan 2016, Walls 2016,  

 Layton 2017, Villareal Perez 2017,  

 Griffin 2018, Halperin 2018, Sukumaran 2018, Wanlapakorn 2018 

Secondary outcome measures 

1. 1. Antibody response in the mother following maternal pertussis vaccination. 

 Abu Raya 2015 (a), Huygen 2015, Vilajeliu 2015,  

 Villareal Perez 2017, 

 Fallo 2018 

2. 2. Transplacental transfer of antibodies as evidenced by cord, foetal, or infant blood titres of maternally 
derived antibodies to any vaccine antigens at birth or prior to the first primary vaccination in infancy. 

 Abu Raya 2015 (b), Vilajeliu 2015,  

 Hoang 2016, Kent 2016, Maertens 2016 (a), Vilajeliu 2016, 

 Villareal Perez 2017, 

 Fallo 2018, Halperin 2018, Wanlapakorn 2018 

3. 3. The effect of the timing of maternal pertussis vaccination on the transplacental transfer of maternal 
antibodies or on the risk of disease in the infant. 

 Abu Raya 2015 (b), 

 Amirthalingam 2016, Eberhardt 2016, Naidu 2016, 

 Eberhardt 2017, Winter 2017 (b), 

 Becker-Dreps 2018, Fallo 2018, Healy 2018, Wanlapakorn 2018 

4. 4. Blunting of the immunological response to primary childhood vaccinations as evidenced by antibody 
levels to any vaccine antigens and clinically or laboratory-confirmed pertussis disease. 

 Ladhani 2015, 

 Maertens 2016 (a), (b) and (c), Hoang 2016, 

 Baxter 2017, Cabore 2017, Maertens 2017, 

 Halperin 2018 

Review articles 

 Augustynowicz 2017, Calvert 2017, Leuridan 2017, Lumbreras Areta 2017, McMillian 2017, Perrett 2017, 

 Campbell 2018, Mazzilli 2018 

Impact on the population level  

 Amirthalingam 2016, Vizzotti 2016, 

 Becker-Dreps 2018, Byrne 2018, Gentile 2018  
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Primary outcome measures 
 

1. Evidence for protection against pertussis infection and disease in infants.  
There were nine studies that estimated the effectiveness of maternal pertussis vaccination in protecting 
young infants against pertussis disease (Table 3). Maternal aP vaccine impact on reducing infant disease 
burden was estimated based on data from the Argentinean Health Surveillance System (Vizzotti 2016). 
One observational study in England (Amirthalingam 2016) assessed the national maternal aP vaccination 
programme, recommended from 28 weeks’ gestation, with vaccine effectiveness being estimated using 
the screening method. One unmatched case-control study was also based on data from the UK (Dabrera 
2015). Three studies in the US were retrospective cohort studies of babies born to women immunized 
with aP-containing vaccine, which was recommended at 27–36 weeks’ gestation (Winter 2017 (a), Winter 
2017 (b), Baxter 2017). A matched case-control study was also based on US data evaluating aP-containing 
vaccine administered during the third trimester (Skoff 2017), and another case-control study performed 
in Spain evaluated aP-containing vaccine administered according to national recommendations (Bellido-
Blasco 2017). One matched case-control study was conducted in Australia assessing the national 
maternal aP-vaccination programme recommended at 28–38 gestational weeks (Saul 2018).  
 
The level of vaccine effectiveness estimated from all of these studies was 90–93% against disease and 
more than 95% against death from pertussis in infants <2 months of age (Amirthalingam 2016, Baxter 
2017). For infants below 3 months of age, vaccine effectiveness against infection, including mild pertussis, 
was estimated to be 69% and against hospitalisation was estimated to be 94% (Saul 2018).  
Winter found that vaccination in pregnancy reduced the risk of hospitalisation from pertussis and that 
babies hospitalised with pertussis had a shorter duration of stay if their mother had been vaccinated 
(Winter 2017 (b)).  
 
In summary: Maternal pertussis vaccination is highly effective in preventing severe disease and 
pertussis-related deaths in the youngest infants, but is somewhat less effective at preventing milder 
disease that does not require hospitalisation. 

2. Evidence for the safety of vaccination in pregnancy, as demonstrated by the consideration of adverse 
events post vaccination in the mother and/or in the foetus/infant.  
In the review by Campbell et al., 16 different studies were listed with information on the safety of aP-
containing vaccines during pregnancy (Campbell, review 2018). Overall, the studies did not disclose any 
negative results. Vaccination in those 16 studies was performed between gestational weeks 19 and 38, 
and the study findings were generally consistent and provide reassuring evidence of no significant 
increased risk of recognised maternal conditions, including pre-eclampsia, preterm delivery, stillbirth, or 
congenital anomalies in their babies.  
In this complementary literature review, safety data from an additional five studies are included (Layton 
2017, Griffin 2018, Halperin 2018, Sukumaran 2018, Wanlapakorn 2018).  
 
In Griffin, et al. the use of Tdap in pregnancy was not associated with an increase in the rate of primary 
outcomes, including preterm labour, pre-eclampsia, pre-eclampsia with severe features, eclampsia, 
gestational hypertension, foetal growth restriction, or post-partum haemorrhage. Vaccination with Tdap 
also did not increase the risk of gestational diabetes mellitus, antenatal bleeding, placental abruption, 
premature rupture of membranes, preterm delivery, foetal distress, chorioamnionitis, or maternal fever 
during or after labour (Griffin 2018). Sukumaran et al. demonstrated that there was no association 
between vaccination during pregnancy and risk of infant hospitalisation or death in the first six months of 
life (Sukumaran 2018). 
Additionally, an observer-blind, multicentre, clinical, randomized controlled trial regarding the safety of 
the aP vaccine component showed that rates of adverse events were similar in both groups of women 
who received either Tdap or tetanus, diphtheria (Td)-containing vaccine in the third trimester (Halperin 
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2018). Furthermore, the reactogenicity of Tdap vaccine administered during pregnancy was not affected 
by prior tetanus immunization (Wanlapakorn 2018).  
In a previous retrospective cohort study in California using data from Kaiser Permanente, a small but 
statistically significant risk was found for a diagnosis of chorioamnionitis (ICD-9 code 658.41) among 
vaccinated women (relative risk = 1.19) compared to unvaccinated women (Kharbanda 2014). 
Adjustment for risk factors of chorioamnionitis could not be done in the original data set, but it was 
stated that there was no evidence of increased risk of preterm birth, and among 220 cases randomly 
selected for case note review chorioamnionitis was confirmed histologically in only 19.6 % of the cases 
(McMillan, review 2017), indicating possible residual confounding and diagnostic imprecision (Layton 
2017).  
Chorioamnionitis data from the US were further investigated in the Vaccine Adverse Event Reporting 
System, and the signal of a possible relationship with Tdap administration could not be confirmed in 
subsequent studies (Leuridan, review 2017).  
 
In summary: Reassuring data on the safety of maternal vaccination against pertussis for mother and 
infant at birth are available from many countries. There is still a need for more safety data with longer-
term follow-up of children (at present there are follow-up data covering the first 6 years of life). 
 

Secondary outcome measures 

1) Antibody response in the mother following maternal pertussis vaccination. 
Five studies using different aP-containing vaccines consistently showed that IgG antibodies against 
pertussis antigens were significantly higher at delivery in vaccinated women compared to unvaccinated 
pregnant women (Vilajeliu 2015, Abu Raya 2015 (a), Huygen 2015, Villareal Perez 2017, Fallo 2018). 
Pertussis-specific IgG levels decreased significantly 9 to 15 months after delivery in two studies (Abu Raya 
2015 (a), Huygen 2015), but were still higher than those of unimmunised women. One study on specific 
cell-mediated immune responses showed impaired and transient responses in pregnant women 
compared to non-pregnant women (Huygen 2015). 

In summary: Maternal pertussis vaccination was found to elicit evident antipertussis immune 
responses in pregnant women. There is no known serological correlate of protection against pertussis, 
but antibody levels were generally as high as those obtained in the clinical vaccine studies in children 
and adults that demonstrated that aP vaccines are efficacious. 

2) Transplacental transfer of antibodies as evidenced by cord, foetal, or infant blood titres of maternally 
derived antibodies to any vaccine antigens at birth or prior to the first primary vaccination. 
Statistically higher levels of antipertussis antibodies were consistently found in eight studies of babies 
born to vaccinated pregnant women compared to those born to women who were not vaccinated during 
pregnancy (Abu Raya 2015 (b), Hoang 2016, Maertens 2016 (a), Villareal Perez 2017, Fallo 2018, Vilajeliu 
2015, Halperin 2018, Wanlapakorn 2018), which is in line with putative levels of protection (Vilajeliu 
2016). In addition, Kent et al. specifically studied preterm infants and found antibody levels consistent 
with putative levels of protection in infants at two months of age (Kent 2016).  

In summary: Statistically higher levels of antipertussis antibodies have consistently been found in 
studies of full-term babies born to vaccinated pregnant women compared to babies born to 
unvaccinated women. 
 

3) The effect of the timing of maternal pertussis vaccination on the transplacental transfer of maternal 
antibodies or on the risk of disease in the infant. 
There were seven studies reporting on the timing of maternal vaccination responses and infant 
antipertussis antibody levels. In addition, three studies reported on the timing of maternal vaccination 
responses and subsequent protection against pertussis disease during infancy (Table 3). 
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Abu Raya et al. reported higher levels of antipertussis antibody concentrations following vaccination at 
27–30 gestational weeks compared to vaccination later during pregnancy (Abu Raya 2015 (b)).  
 
Naidu et al. found that the cord blood levels of antipertussis antibodies were higher in babies whose 
mothers had been vaccinated early in the third trimester (28–32 weeks' gestation) compared to later in 
pregnancy (33–36 weeks' gestation) (Naidu 2016).   
  
In a recent study, levels of antipertussis antibodies were highest when vaccination was administered 
during weeks 27 through 30 and declined thereafter, reaching a peak at week 30 (Healy 2018). 
Pregnant women who were vaccinated at 26–36 gestational weeks, had high titres to all antipertussis 
antibodies studied (Wanlapakorn 2018).  
 
Eberhardt et al. reported on earlier vaccination during the first and second trimester and found higher 
infant antipertussis antibody concentrations following vaccination at 13–25 gestational weeks compared 
to 26 gestational weeks onwards (Eberhardt 2016). In addition, a prospective observational study in 
preterm babies found higher antipertussis antibodies in preterm babies born to women vaccinated in the 
second compared to the third trimester (Eberhardt 2017). However, a registry-based cohort study could 
not demonstrate that infants whose mothers were vaccinated earlier than 27 weeks of gestation had 
reductions in pertussis rates (Becker-Dreps 2018). In Fallo et al. (2018), mothers were immunized at a 
mean of 24.7 ± 4.8 weeks' gestation, but vaccination timing did not affect the levels of antipertussis 
antibodies in infants’ serum at birth. 
 
In Amirthalingam et al. (2016), vaccine effectiveness was calculated in relation to the timing of 
vaccination. Vaccine effectiveness was 91% for infants whose mothers received the vaccine at least 4 
weeks and 1–3 weeks prior to delivery. For the small number of infants whose mothers received vaccine 
up to 1 week before delivery and within 1–2 weeks following delivery, vaccine effectiveness declined to 
43% (Amirthalingam 2016). Winter et al.’s study reported that infants whose mothers were vaccinated 
during the second trimester were significantly more likely to be diagnosed with pertussis by age <8 weeks 
or ≤12 weeks than those whose mothers were vaccinated at 27–36 weeks’ gestation (Winter 2017 (b)).  
 
In summary: Maternal pertussis vaccination during the third trimester was found to be effective in 
causing higher levels of antipertussis antibody levels in new-born infants compared to no vaccination. 
Vaccination during gestational week 27–32 appears more effective than later in pregnancy. 
 

4) Blunting of the immunological response to primary childhood vaccinations as evidenced by antibody 
levels to any vaccine antigens and clinically or laboratory confirmed pertussis disease. 
A recent review has shown that the blunting phenomenon is a general effect seen for almost all vaccines 
in global general vaccination programmes, and it is known that both maternal antibody concentration 
and infant age at first vaccination influence infant vaccine responses (Voysey 2017).  
A number of studies indicate that even though infants whose mothers were vaccinated during pregnancy 
may have a small reduction in antibody responses after vaccination with various childhood vaccines 
(diphtheria, pertussis, pneumococci), the blunting effects seen during the first year of life tend to 
disappear with time and usually are no longer evident after a booster dose in the second year of life 
(Ladhani 2015, Baxter 2017, Cabore 2017). However, two different studies indicated blunting effects with 
somewhat longer duration (Maertens 2016 (a, c), Halperin 2018), where antipertussis toxin responses 
were still somewhat lower after the booster dose (dose 4) given at 12–15 months of age. The clinical 
relevance of these findings is still unclear.  
Epidemiological follow-up studies have not shown any increased risk of pertussis infection among 
maternally vaccinated children in any country that has introduced a maternal vaccination programme 
with aP-containing vaccines (Amirthalingam 2016, Winter 2017 (b), Saul 2018).  
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In summary: There are moderate blunting effects after maternal pertussis vaccination not only for 
antipertussis antibodies, but also for antibodies against pneumococci and diphtheria. There is currently 
no evidence of increased risk of pertussis or other infectious diseases in children following maternal 
vaccinations with aP-containing vaccines (at present there are follow-up data covering the first 6 years 
of life).  
 
Conclusions. Since 2011 universal mass vaccination against pertussis during pregnancy has been 
introduced in some countries, first and foremost in the UK and USA, and a series of studies have been 
conducted on important issues such as safety, effectiveness, and various immunological outcomes in 
mothers and children.  
This current review is an update of a previous Swedish literature review published in 2015. At that time 
we concluded that the body of evidence was limited with regard to both safety and effectiveness, and 
maternal vaccination was not recommended in Sweden.  
This current review leans heavily on a comprehensive 2018 review by Campbell et al., with the addition of 
some publications from 2015 to December 2018.  
 
The current collected body of evidence allows for more precise public health advice as follows: 

 Primary outcome 1: Maternal pertussis vaccination is highly effective in preventing severe pertussis 
disease, hospitalisations, and death in small infants (vaccine effectiveness = 90–93%). 

 Primary outcome 2: Follow-up of mothers and children has not disclosed any consistent significant 
adverse events or other medical problems caused by the vaccination.  

 Secondary outcome 1: Maternal pertussis vaccination elicits antipertussis immune responses in mothers 
of the same order of magnitude that has previously been found to be correlated with efficacy against 
disease in clinical trials. 

 Secondary outcome 2: Children born after maternal pertussis vaccination have higher levels of protective 
antipertussis antibodies compared to controls. 

 Secondary outcome 3: The bulk of the current evidence indicates that vaccination during gestational 
weeks 27–32 appears to be optimal in a national vaccination programme.  

 Secondary outcome 4: Maternal vaccination is linked to moderate blunting of the immune response to 
many childhood vaccines, including pertussis vaccine. The clinical significance of this blunting effect is not 
known, or if there is any significance at all. Clinical and epidemiological studies in countries with maternal 
pertussis vaccination programmes have so far not demonstrated any adverse effects, neither at the 
individual level or the population level (at present there are follow-up data covering the first 6 years of 
life). 
 

Concluding remarks. The pertussis incidence in Sweden in infants is still low compared to countries that 
have already decided to recommend maternal pertussis vaccination. In total, four pertussis-related deaths 
in infants were reported in Sweden between the years 2008 and 2018 (Folkhälsomyndigheten 2019, 21st 
annual report, pertussis surveillance in Sweden). Reassuring data on the safety of maternal vaccination 
against pertussis for mothers and infants at birth are available from many countries. There is still a need 
for more data on long-term immunological and clinical effects.  
At present the pertussis situation is relatively well controlled in Sweden using other control measures 
than maternal pertussis vaccinations. However, many countries have experienced a sudden and 
unexpected resurgence of pertussis with increased morbidity and mortality.  
If a similar situation should also occur in Sweden, there is now further support for the use of maternal 
pertussis vaccination during outbreaks as an effective and safe control measure that could be 
implemented at short notice. 
 

  



Public Health Agency of Sweden 2019-12-16 

References 
Full reference list of selected articles according to primary and secondary outcome measures according to Table 3, 
in alphabetical order. 
 
Abu Raya B, Srugo I, Kessel A, Peterman M, Vaknin A, Bamberger E. The decline of pertussis-specific antibodies after 
Tdap immunization in late pregnancy. J Infect Dis. 2015 212:1869–73. 2015 (a). 

Abu Raya B, Bamberger E, Almog M, Peri R, Srugo I, Kessel A. Immunization of pregnant women against pertussis: 
the effect of timing on antibody avidity. Vaccine. 2015 Apr;15;33(16):1948–52. 2015 (b). 

Amirthalingam G, Campbell H, Ribeiro S, Fry NK, Ramsay M, Miller E, et al. Sustained effectiveness of the maternal 
pertussis immunization program in England 3 years following introduction. Clin Infect Dis. 2016 63:236–43. 

Augustynowicz E, Lutyńska A, Piotrowska A, Paradowska- Stankiewicz I. The safety and effectiveness of vaccination 
against influenza and pertussis in pregnant women. Przegl Epidemiol. 2017 71(1):55–67. 

Baxter R, Bartlett J, Fireman B, Lewis E, Klein NP. Effectiveness of vaccination during pregnancy to prevent infant 
pertussis. Pediatrics. 2017 May;139(5).  

Becker-Dreps S, Butler AM, McGrath LJ, Boggess KA, Weber DJ, Li D, et al. Effectiveness of prenatal tetanus, 
diphtheria, acellular pertussis vaccination in the Prevention of Infant Pertussis in the U.S. Am J Prev Med. 2018 Aug; 
55(2):159–66. 

Bellido-Blasco J, Guiral-Rodrigo S, Míguez-Santiyán A, Salazar-Cifre A, González-Morán F. A case-control study to 
assess the effectiveness of pertussis vaccination during pregnancy on newborns, Valencian community, Spain, 1 
March 2015 to February 2016. Euro Surveill. 2017 Jun;1;22(22). 

Berenson AB, Hirth JM, Rahman M, Laz TH, Rupp RE, Sarpong KO. Maternal and infant outcomes among women 
vaccinated against pertussis during pregnancy. Hum Vaccin Immunother. 2016 Aug;2;12(8):1965–71. 

Byrne L, Campbell H, Andrews N, Ribeiro S, Amirthalingam G. Hospitalisation of preterm infants with pertussis in the 
context of a maternal vaccination programme in England. Arch Dis Child. 2018 Mar;103(3):224–29. 

Caboré RN, Maertens K, Dobly A, Leuridan E, Van Damme P, Huygen K. Influence of maternal vaccination against 
diphtheria, tetanus, and pertussis on the avidity of infant antibody responses to a pertussis containing vaccine in 
Belgium. Virulence. 2017 Oct 3;8(7):1245–54. 

Calvert A, Jones CE.  Placental transfer of antibody and its relationship to vaccination in pregnancy. Curr Opin Infect 
Dis. 2017 Jun;30(3):268–73. 

Campbell H, Gupta S, Dolan GP, Kapadia SJ, Kumar Singh A, Andrews N, et al. Review of vaccination in pregnancy to 
prevent pertussis in early infancy. J Med Microbiol. 2018 Oct;67(10):1426. 

Dabrera G, Amirthalingam G, Andrews N, Campbell H, Ribeiro S, Kara E, et al. A case-control study to estimate the 
effectiveness of maternal pertussis vaccination in protecting newborn infants in England and Wales, 2012-2013. Clin 
Infect Dis. 2015 Feb 1;60(3):333–37. 

DeSilva M, Vazquez-Benitez G, Nordin JD, Lipkind HS, Romitti PA, DeStefano F, et al. Tdap vaccination during 
pregnancy and microcephaly and other structural birth defects in offspring. JAMA. 2016 Nov;1;316(17):1823–25. 

Eberhardt CS, Blanchard-Rohner G, Lemaître B, Boukrid M, Combescure C, Othenin-Girard V, et al. Maternal 
immunization earlier in pregnancy maximizes antibody transfer and expected infant seropositivity against pertussis. 
Clin Infect Dis. 2016 Apr;1;62(7):829–36. 

Eberhardt CS, Blanchard-Rohner G, Lemaître B, Combescure C, Othenin-Girard V, Chilin A, et al. Pertussis antibody 
transfer to preterm neonates after second- versus third-trimester maternal immunization. Clin Infect Dis. 2017 
Apr;15;64(8):1129–32.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Dabrera%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25332078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amirthalingam%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25332078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andrews%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25332078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Campbell%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25332078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ribeiro%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25332078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kara%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25332078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dabrera+G.+Clin+Infect+Dis+2015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dabrera+G.+Clin+Infect+Dis+2015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Desilva+M.+JAMA+2016


Public Health Agency of Sweden 2019-12-16 

Fallo AA, Neyro SE, Manonelles GV, Lara C, Hozbor D, Zintgraff J, et al. Prevalence of pertussis antibodies in 
maternal blood, cord serum, and infants from mothers with and those without Tdap booster vaccination during 
pregnancy in Argentina. J Pediatric Infect Dis Soc. 2018 Feb;19;7(1):11–17.  

Gentile A, Juarez MDV, Lucion MF, Martínez AC, Romanin V, Areso S, et al. Bordetella pertussis (Bp) disease: Before 
(2003-2011) and after (2013-2016) maternal immunization strategy in a pediatric hospital. Vaccine. 2018 
Mar;7;36(11):1375–80. 

Griffin JB, Yu L, Watson D, Turner N, Walls T, Howe AS, et al. Pertussis immunisation in pregnancy safety (PIPS) 
study: A retrospective cohort study of safety outcomes in pregnant women vaccinated with Tdap vaccine. Vaccine. 
2018 Aug;16;36(34):5173–79. 

Halperin SA, Langley JM, Ye L, MacKinnon-Cameron D, Elsherif M, Allen VM, et al.  A randomized controlled trial of 
the safety and immunogenicity of tetanus, diphtheria, and acellular pertussis vaccine immunization during 
pregnancy and subsequent infant immune response. Clin Infect Dis. 2018 Sep;14;67(7):1063–71. 

Healy CM, Rench MA, Swaim LS, Smith EO, Sangi-Haghpeykar H, Mathis MH, et al. Association between third-
trimester Tdap immunization and neonatal pertussis Ab concentration. JAMA. 2018 Oct;9;320(14):1464–70. 

Hoang HT, Leuridan E, Maertens K, Nguyen TD, Hens N, Vu NH, et al. Pertussis vaccination during pregnancy in 
Vietnam: Results of a randomized controlled trial pertussis vaccination during pregnancy. Vaccine. 2016 
Jan;2;34(1):151–59. 

Huygen K, Caboré RN, Maertens K, Van Damme P, Leuridan E. Vaccine. 2015 Aug;7;33(33):4117–23. 

Kent A, Ladhani SN, Andrews NJ, Matheson M, England A, Miller E, Heath PT; PUNS study group. Pertussis antibody 
concentrations in infants born prematurely to mothers vaccinated in pregnancy. Pediatrics. 2016 Jul;138(1). 

Kharbanda EO, Vazquez-Benitez G, Lipkind HS, Klein NP, Cheetham TC, Naleway AL, et al. Vaccine. 2016 
Feb;10;34(7):968–73. 

Ladhani SN, Andrews NJ, Southern J, Jones CE, Amirthalingam G, Waight PA, et al. Antibody responses after primary 
immunization in infants born to women receiving a pertussis-containing vaccine during pregnancy: single arm 
observational study with a historical comparator. Clin Infect Dis. 2015 Dec;1;61(11):1637–44. 

Layton JB, Butler AM, Li D, Boggess KA, Weber DJ, McGrath LJ, et al. Prenatal Tdap immunization and risk of 
maternal and newborn adverse events. Vaccine. 2017 Jul;24;35(33):4072–78. 

Leuridan E. Pertussis vaccination in pregnancy: State of the art. Vaccine. 2017 Aug;16;35(35 Pt A):4453–56.  

Lumbreras Areta M, Eberhardt CS, Siegrist CA, Martinez de Tejada B. Antenatal vaccination to decrease pertussis in 
infants: safety, effectiveness, timing, and implementation. J Matern Fetal Neonatal Med. 2019 May;32(9):1541–46. 

Maertens K, Caboré RN, Huygen K, Hens N, Van Damme P, Leuridan E. Pertussis vaccination during pregnancy in 
Belgium: Results of a prospective controlled cohort study. Vaccine. 2016 Jan;2;34(1):142–50. 2016 (a). 

Maertens K, Hoang TT, Nguyen TD, Caboré RN, Duong TH, Huygen K, et al. The effect of maternal pertussis 
immunization on infant vaccine responses to a booster pertussis-containing vaccine in Vietnam. Clin Infect Dis. 2016 
Dec;1;63(suppl 4):197–204. 2016(b). 

Maertens K, Caboré RN, Huygen K, Vermeiren S, Hens N, Van Damme P, et al.  Pertussis vaccination during 
pregnancy in Belgium: Follow-up of infants until 1 month after the fourth infant pertussis vaccination at 15 month of 
age. Vaccine. 2016 Jun;30;34(31):3613–19. 2016 (c). 

Maertens K, Burbidge P, Van Damme P, Goldblatt D, Leuridan E. Pneumococcal immune response in infants whose 
mothers received Tdap vaccination during pregnancy. Pediatr Infect Dis J. 2017 Dec;36(12):1186–92. 

https://www.ncbi.nlm.nih.gov/pubmed/28669620
https://www.ncbi.nlm.nih.gov/pubmed/28669620
https://www.ncbi.nlm.nih.gov/pubmed/29199493
https://www.ncbi.nlm.nih.gov/pubmed/29199493


Public Health Agency of Sweden 2019-12-16 

Mazzilli S, Tavoschi L, Lopalco PL. Tdap vaccination during pregnancy to protect newborns from pertussis infection. 
Ann Ig. 2018 Jul-Aug; 30(4):346–63. 

McMillan M, Clarke M, Parrella A, Fell DB, Amirthalingam G, Marshall HS. Safety of tetanus, diphtheria, and 
pertussis vaccination during pregnancy: a systematic review. Obstet Gynecol. 2017 Mar;129(3):560–73.  

Morgan JL, Baggari SR, McIntire DD, Sheffield JS. Pregnancy outcomes after antepartum tetanus, diphtheria, and 
acellular pertussis vaccination. Obstet Gynecol. 2015 Jun;125(6):1433–38. 

Moro PL, Cragan J, Tepper N, Zheteyeva Y, Museru O, Lewis P, et al. Enhanced surveillance of tetanus toxoid, 
reduced diphtheria toxoid, and acellular pertussis (Tdap) vaccines in pregnancy in the Vaccine Adverse Event 
Reporting System (VAERS), 2011-2015. Vaccine. 2016 Apr;29;34(20):2349–53. 

Naidu MA, Muljadi R, Davies-Tuck ML, Wallace EM, Giles ML. The optimal gestation for pertussis vaccination during 
pregnancy: a prospective cohort study. Am J Obstet Gynecol. 2016 Aug;215(2):237. 

Perrett KP, Nolan TM. Immunization during pregnancy: Impact on the infant. Paediatr Drugs. 2017 Aug;19(4):313–
24. 

Petousis-Harris H, Walls T, Watson D, Paynter J, Graham P, Turner N. Safety of Tdap vaccine in pregnant women: an 
observational study. BMJ Open. 2016 Apr18;6(4):e010911.  

Regan AK, Tracey LE, Blyth CC, Richmond PC, Effler PV. A prospective cohort study assessing the reactogenicity of 
pertussis and influenza vaccines administered during pregnancy. Vaccine. 2016 Apr;29;34(20):2299–304. 

Saul N, Wang K, Bag S, Baldwin H, Alexander K, Chandra M, et al. Effectiveness of maternal pertussis vaccination in 
preventing infection and disease in infants: The NSW Public Health Network case-control study. Vaccine. 2018 
Mar;27;36(14):1887-92. 

Skoff TH, Blain AE, Watt J, Scherzinger K, McMahon M, Zansky SM, et al. Impact of the US maternal tetanus, 
diphtheria, and acellular pertussis vaccination program on preventing pertussis in infants <2 months of age: a case-
control evaluation. Clin Infect Dis. 2017 Nov;29;65(12):1977–83. 

Sukumaran L, McCarthy NL, Kharbanda EO, Vazquez-Benitez G, Lipkind HS, Jackson L, et al. Infant hospitalizations 
and mortality after maternal vaccination. Pediatrics. 2018 Mar;141(3).  

Vilajeliu A, Goncé A, López M, Costa J, Rocamora L, Ríos J, Teixidó I, Bayas JM; PERTU Working Group. Combined 
tetanus-diphtheria and pertussis vaccine during pregnancy: transfer of maternal pertussis antibodies to the 
newborn. Vaccine. 2015 Feb;18;33(8):1056–62.  

Vilajeliu A, Ferrer L, Munrós J, Goncé A, López M, Costa J, Bayas JM; PERTU Working Group. Pertussis vaccination 
during pregnancy: Antibody persistence in infants. Vaccine 2016 Jul;19;34(33):3719–22. 

Villarreal Pérez JZ, Ramírez Aranda JM, de la O Cavazos M, Zamudio Osuna M, Perales Dávila J, Ballesteros Elizondo 
MR, et al. Randomized clinical trial of the safety and immunogenicity of the Tdap vaccine in pregnant Mexican 
women. Hum Vaccin Immunother. 2017 Jan;2;13(1):128–35. 

Vizzotti C, Juarez MV, Bergel E, Romanin V, Califano G, Sagradini S, et al. Impact of a maternal immunization 
program against pertussis in a developing country. Vaccine 2016 Dec;7;34(50):6223–28.  

Walls T, Graham P, Petousis-Harris H, Hill L, Austin N. Infant outcomes after exposure to Tdap vaccine in pregnancy: 
an observational study. BMJ Open. 2016 Jan;6;6(1):e009536.  

Wanlapakorn N, Maertens K, Chaithongwongwatthana S, Srimuan D, Suratannon N, Vongpunsawad S, et al. 
Assessing the reactogenicity of Tdap vaccine administered during pregnancy and antibodies to Bordetella pertussis 
antigens in maternal and cord sera of Thai women. Vaccine. 2018 Mar;7;36(11):1453–59. 

https://www.ncbi.nlm.nih.gov/pubmed/27013434
https://www.ncbi.nlm.nih.gov/pubmed/27013434
https://www.ncbi.nlm.nih.gov/pubmed/27013434
https://www.ncbi.nlm.nih.gov/pubmed/28510067


Public Health Agency of Sweden 2019-12-16 

Winter K, Cherry JD, Harriman K. Effectiveness of prenatal tetanus, diphtheria, and acellular pertussis vaccination on 
pertussis severity in infants. Clin Infect Dis. 2017 Jan;1;64(1):9–14. 2017 (a). 

Winter K, Nickell S, Powell M, Harriman K. Effectiveness of prenatal versus postpartum tetanus, diphtheria, and 
acellular pertussis vaccination in preventing infant pertussis. Clin Infect Dis. 2017 Jan;1;64(1):3–8. 2017 (b). 

Additional references in text 

CDC 2018. Centers for Disease Control and Prevention. Help protect babies from whooping cough. 
http://www.cdc.gov/features/pertussis/ 2015 accessed 9 Mar 2018.  

ECDC 2019. European Centre for Disease Prevention and Control. Vaccine schedule. [Internet]. Stockholm: ECDC; 
2019. Available from: http://vaccine-schedule.ecdc.europa.eu/Pages/Scheduler.aspx  
 
Forsyth K, Plotkin S, Tan T, Wirsing von Konig CH. Strategies to decrease pertussis transmission to infants. Pediatrics. 
2015 135:e1475–82. 
 
Immunise Health Australia 2017. 4.12 PERTUSSIS. In: The Australian Immunisation Handbook. 10th ed. (updated 
August 2017). <http://www. 
immunise.health.gov.au/internet/immunise/publishing.nsf/Content/0CAC4E209305DE48CA257D4D002340EC/$File
/4-12_Pertussis. 

Leuridan E, Hens N, V. Hutse, M. Aerts, Van Damme P. Early waning of maternal measles antibodies in era of 
measles elimination: longitudinal study. BMJ. 2010 May;18;340:c1626. 

Leuridan E, Hens N, Hutse V, Aerts M, Van Damme P. Kinetics of maternal antibodies against rubella and varicella in 
infants. Vaccine. 2011 Mar;3;29(11):2222–26.  

Voysey M, Kelly DF, Fanshawe TR, Sadarangani M, O'Brien KL, Perera R, et al. The influence of maternally derived 
antibody and infant age at vaccination on infant vaccine responses: An individual participant meta-analysis. JAMA 
Pediatr. 2017 Jul;1;171(7):637–46. 

Folkhälsomyndigheten, 2016. Recommendations to prevent pertussis among infants.  Article number 16010. 
https://www.folkhalsomyndigheten.se/publicerat-material/publikationsarkiv/r/rekommendationer-for-att-
forebygga-kikhosta-hos-spadbarn/ 
 
Folkhälsomyndigheten, 2015. Systematic literature review; Prevent pertussis among infants. Article number 15033. 
https://www.folkhalsomyndigheten.se/contentassets/2b47e32b0ca84bb0a7be43c1c3566047/forebygga-kikhosta-
spadbarn-15033.pdf 
 
Folkhälsomyndigheten, 2019. Pertussis surveillance in Sweden, 21st annual report. Article number 19071. 
https://www.folkhalsomyndigheten.se/contentassets/cd49fff196f44e6a8db234ffb9da8b80/pertussis-surveillance-
sweden-twenty-first-report-19071.pdf 
 
Sundhedsstyrelsen 2019. Kighostevaccination til gravide.  
https://www.sst.dk/da/Viden/Vaccination/Vaccination-af-voksne/Kighostevaccination-til-gravide

http://www.cdc.gov/features/pertussis/
https://www.folkhalsomyndigheten.se/publicerat-material/publikationsarkiv/r/rekommendationer-for-att-forebygga-kikhosta-hos-spadbarn/
https://www.folkhalsomyndigheten.se/publicerat-material/publikationsarkiv/r/rekommendationer-for-att-forebygga-kikhosta-hos-spadbarn/
https://www.folkhalsomyndigheten.se/contentassets/2b47e32b0ca84bb0a7be43c1c3566047/forebygga-kikhosta-spadbarn-15033.pdf
https://www.folkhalsomyndigheten.se/contentassets/2b47e32b0ca84bb0a7be43c1c3566047/forebygga-kikhosta-spadbarn-15033.pdf
https://www.folkhalsomyndigheten.se/contentassets/cd49fff196f44e6a8db234ffb9da8b80/pertussis-surveillance-sweden-twenty-first-report-19071.pdf
https://www.folkhalsomyndigheten.se/contentassets/cd49fff196f44e6a8db234ffb9da8b80/pertussis-surveillance-sweden-twenty-first-report-19071.pdf
https://www.sst.dk/da/Viden/Vaccination/Vaccination-af-voksne/Kighostevaccination-til-gravide


  

 

 

 


