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Trend in PubMed citations, 1990‒2017
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PubMed search term: “Maternal immunization”, September 19, 2017
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Recent reviews

New England Journal of Medicine 
March 30, 2017
Volume 376, Issue 25

Lancet Infectious Diseases
April 19, 2017
Volume 17, Issue 7



1. Overview of immunization during pregnancy
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Trends in under 5 mortality

4
Wang. Global Burden of Disease 2015 Child Mortality Collaborators. Lancet 2016;388:1725–74; Lozano. Lancet 2012; 380: 2095–128. 

 ~45% of under 5 deaths globally occur in the neonatal period (<28 days)
 Lower respiratory infection, sepsis and other infectious disorders of the 

newborn: ~24% of all neonatal deaths



1. Direct protection to pregnant 
women, who may be unimmunized, 
under-immunized, or have waning 
immunity

2. Reduced maternal carriage or 
disease  reduced transmission of 
pathogens from mother to 
fetus/newborn

Why immunize pregnant women?

Sobanjo-ter Meulen A, et al. Vaccine 2016; 63: S123–33.; Sobanjo-ter Meulen A, et al. Vaccine 2015; 33: 6388–95; Marchant et al., 
Lancet  ID 2017

5

3. Leads to passive immunity for the neonates through 
transplacental transfer of maternal antibodies to the fetus  



History of maternal immunization

Sobanjo-ter Meulen A, et al. Vaccine 2016; 63: S123–33. 
6



Current recommendations for existing vaccines
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Vaccines routinely recommended 
for all pregnant women **

No recommendation for use in 
pregnancy  (use if indicated)

Contraindicated during 
pregnancy

 Inactivated influenza virus 
(IIV) - One dose each 
pregnancy in any trimester, as 
early as possible during 
influenza season

 Acellular pertussis containing
vaccine (Tdap) - One dose 
each pregnancy, optimally at 
27-36 weeks’ gestation

 Td - Routinely recommended 
during pregnancy in some 
countries for MNT elimination

 Cholera (oral)
 Hib
 Meningococcal conjugate
 Meningococcal 

polysaccharide
 Meningococcal B
 13- Valent pneumococcal 

conjugate
 23- Valent pneumococcal 

polysaccharide
 Typhoid Vi
 Hep A
 Hep B
 JEV
 Polio
 Rabies
 HPV
 Yellow fever

 BCG
 Oral typhoid
 JEV
 MMR
 Rotavirus
 Varicella
 Zoster

Perret & Nolan. Pediatr Drugs 2017; 19: 313-24; Omer SB. NEJM 2017;376:1256–67. Canadian Immunization Guide, PHAC.

** Recommendations listed are primarily derived from the USA and Canada, but also apply in many other settings. 



2. Practices and evidence for existing vaccines 
administered to pregnant women
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Influenza

Woolston. JAMA 1918; 71(23):1898-9; Harris. JAMA 1919; 72:978-80. 
9
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National policies for maternal influenza 
immunization

WHO-UNICEF joint reporting forms (JRFs) 2014.
Map production: Immunization Vaccines and Biologicals, World Health Organization

Yes (84 Member States or 43%)

Not applicable

Countries with policies
targeting pregnant women

2006 15

2014 84



Maternal influenza vaccine efficacy
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 Four RCTs of IIV during pregnancy

 Bangladesh: Zaman et al.,  NEJM 2008

 South Africa: Madhi et al., NEJM 2014

 Mali: Tapia et al., Lancet ID 2016

 Nepal: Steinhoff et al., Lancet ID 2017

Omer SB. NEJM 2017;376:1256–67. 



 Safety studies have been reassuring overall

 One study recently reported increased risk of spontaneous abortion 
following 1st trimester receipt of pH1N1-containing vaccines in two 
consecutive influenza seasons (Donahue et al. Vaccine 2017;35:5314-22)
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Safety of maternal influenza immunization

Systematic review Summary

Fell et al. BJOG 
2015; 122(1):17-26

 Systematic review of published studies up to April 2014 (n=27 studies)
 Outcomes: preterm birth; fetal death
 No evidence of any adverse effect of influenza vaccination during pregnancy on 

preterm birth or late fetal death

McMillan et al. 
Vaccine 2015; 
33(18):2108-17

 Systematic review of published studies up to March 2014 (n=19 studies)
 Outcomes: fetal death; congenital malformations
 No evidence of any adverse effect of influenza vaccination during pregnancy 

Bratton et al. CID 
2015; 60(5):e11-9

 Systematic review of published studies up to November 2013 (n=7 studies)
 Outcomes: stillbirth and spontaneous abortion
 No evidence of any adverse association between influenza vaccination during 

pregnancy and study outcomes



Pertussis

 Bacterial infection caused by Bordetella pertussis 
 Wide clinical spectrum of illness, ranging from mild 

cold-like symptoms to severe illness resulting in death

 Young infants are at the greatest risk of suffering from 
severe pertussis illness

Edwards. ADVAC 2017; Cherry. CID 2016:63 (Suppl 4):S119-22; Public Health England 2016.
13

England and Wales, 
2011-2012



Pertussis

Clarke. JID 2014;209:978-81; Public Health England 2016; Tan. PIDJ 2015;34:e222-32.
14

United States, 
1990-2012

England and Wales, 
1998-2012

WHO Regions, 
2000-2012

WHO Regions, 
2011 and 2012
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Countries recommending maternal TDap

Courtesy of G. Amirthalingam, Public Health England, Sept 2017; Gkentzi D, et al. Arch Dis Child Fetal Neonatal Ed. 2017; 102(5), F456-63 

UK(2012): 
16-32 weeks 
gestation

*Europe: UK, Belgium, Spain, Portugal, Czech 
Republic, Switzerland, Greece and Israel



Effectiveness of maternal Tdap immunization

Public Health England: https://www.gov.uk/government/publications/vaccination-against-pertussis-whooping-cough-for-
pregnant-women; CDC: https://www.cdc.gov/pertussis/images/incidence-graph-age.png. 
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United States, 
1990-2015

England, 
2001-2014



Effectiveness of maternal Tdap immunization

Amirthalingam. Lancet 2014; 384:1521–28; Baxter. Pediatrics 2017;139:e20164091. 
17

United Kingdom

 Vaccine effectiveness: 91% for 
infants under three months of age

Northern California

 Vaccine effectiveness: 88% for 
infants under two months of age



 Safety studies have been reassuring overall

 Two studies have reported increased risk of chorioamnionitis 
 Kharbanda et al. JAMA 2014;312:1897-1904

 Layton et al. Vaccine 2017;35:4072-8

18

Safety of maternal Tdap immunization

Systematic review Summary

Gkentzi D, et al. Arch 
Dis Child Fetal 
Neonatal Ed 2017; 
102(5): F456-63

 January 2011 – May 2016

 Prenatal vaccination induces high antibody concentrations that are efficiently 
transferred to the fetus

 Safe, no evidence of adverse pregnancy, birth, or neonatal outcomes

McMillan M, et al.  
Obstet Gynecol
2017; 129(3): 560-73

 Inception of database – May 5, 2016

 Prenatal combined Tdap administered 2nd or 3rd trimester not associated with 
adverse outcomes in fetus or neonate

 Medically attended events in pregnant women are similar between vaccinated 
and unvaccinated groups



 Increased concentrations of maternal pertussis antibodies 
induced by maternal immunization in infants have been shown 
to interfere with infant immune responses
 Blunting effect resolved after booster dose at 12 months in RCTs in the 

US (Munoz et al., 2014) and Vietnam (Maertens et al., 2016)

 Clinical relevance unclear

19

Infant immune responses

Omer SB. NEJM 2017;376:1256–67; Raya, et al. Lancet Infect Dis 2017;17:e209-e222; Maertens K. CID 2016; 63 (Suppl 4): 
S197-S204; Munoz F. JAMA 2014;311(17):1760-9.



3. New vaccines under development for future 
implementation in the obstetrical population

20



Berardi A, et al. Expert Rev Anti Infect Ther. 2015;13:1387-99; Edmond KM, et al. Lancet 2012; 379(9815): 547-56.

 Gram-positive bacterium that commonly 
colonizes the gastrointestinal tract
 10-35% of women screened during 

pregnancy are colonized

Group B Streptococcus (GBS)

21

 10 GBS serotypes have been identified:
 5 account for more than 85% of infant 

GBS disease (Ia, Ib, II, III, V)

ia

ib

iiiii

v



Invasive infant GBS disease
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Early onset disease (EOD) Late onset disease (LOD)

Timing of onset Affects infants 0-6 days old Affects infants 7-89 days old

Mode of exposure Acquired in utero (within a few days 
before birth) or during vaginal birth

Acquired from the mother, or through 
hospital or community exposure

Pattern of disease Sepsis, pneumonia, meningitis Bacteremia, meningitis, pneumonia, 
cellulitis

Global epidemiology Incidence: 0.43 per 1,000 live births
Case-fatality: 12.1%

Incidence: 0.24 per 1,000 live births
Case-fatality: 6.8%

Berardi A, et al. Expert Rev Anti Infect Ther. 2015;13:1387-99; Edmond KM, et al. Lancet 2012; 379(9815): 547-56; Kobayashi M, et al. F1000Res. 
eCollection 2016; 5:2355; Nan, et al. BJOG; 2015; 122:1437-45.

 Up to 12% stillbirths are associated with maternal GBS



 Article on global estimates of GBS will be published in a 
Clinical Infectious Diseases Supplement in November, 2017
 Global and regional estimates of GBS carriage in pregnant 

women, GBS-attributable stillbirths, and invasive infant disease

Updated estimates of GBS carriage and disease

Madhi SA. INMIS Conference, September 2017.

23



Current approach to prevention

 In high income countries 
(HIC), routine screening for 
pregnant women, 
performed at 35–37 weeks’ 
gestation

 Treatment for GBS+ women 
involves use of intrapartum 
antimicrobial prophylaxis 
(IAP) prior to labour

 Difficult to implement in 
LMIC settings

Kobayashi M, et al. F1000Res. eCollection 2016; 5:2355; Lin FY, et al. Am J Obstet Gynecol 2001; 184(6): 1204—10.
24

https://www.cdc.gov/groupbstrep/guidelines/downloads/Figure_
1_GBS_Decline.pdf



Courtesy of Dr. N Crowcroft, Public Health Ontario, 2017.

Vaccine strategy versus IAP

25



LMP 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 ≥42

Distribution (%) of stillbirths by gestational age

26Canadian Institute for Health Information, Canada, 2006–2007 and 2007–2008; Global Burden of Disease 2015 Study, Lancet. 
2016;388:1725-74.

LMP to <14 weeks 14 weeks to <28 weeks ≥28 weeks 
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Globally: 
 Rate of stillbirth: 14.9 per 1,000
 Range from 1.2 to 56.3 per 1,000
 Western and central sub-

Saharan Africa recorded among 
the highest rates, with eight 
countries’ rates exceeding 25 per 
1,000

65% prior to 35 weeks



Heath PT. Vaccine 2016 Jun 3;34(26): 2876-9.

GBS vaccines in development

 Current leading vaccine candidates are conjugated capsular 
polysaccharides (CPS) vaccines 

 Phase I and II trials of a trivalent GBS vaccine (serotypes Ia, Ib
and III) have been conducted in >600 non-pregnant and >500 
pregnant women in four countries 

27



Madhi, et al. CID 2017; In press.

GBS vaccines in development

 Randomized, placebo-controlled, 
observer blind, phase Ib/II trial of 
trivalent conjugate GBS vaccine 
(serotypes Ia, Ib, and III) 

 295 infants born to women from 
Soweto, South Africa, enrolled 
between 28–35 weeks’ gestation

28

 Results:
 Antibody levels for all vaccine serotypes across the 3 dosages:

• On day 43: ranged from 41%ꟷ61% of the levels measured at birth 

• On day 91: ranged from 26% ꟷ76% of values at birth 

 Persistence of GBS antibody levels in infants were not impacted by 
gestational age at vaccination

 No interference with infants’ immune responses to diphtheria or 
pneumococcal vaccination



GBS vaccines in development

 From www.clinicaltrials.gov October 4, 2017:
 15 GBS vaccine trials listed

 Only 1 is still recruiting (Phase I/II trial of multivalent GBS vaccine 
in healthy, non-pregnant adults)

 Challenges:
 Specifically being developed for use in pregnancy

 Large sample size would be required for Phase III study to assess 
efficacy against invasive infant disease (even larger for stillbirth)

 Phase III study could not be conducted in a setting with IAP as the 
standard of care

 Geographic heterogeneity in serotype distribution

29
Heath PT. Vaccine 2016;34(26): 2876-9; Madhi SA. Vaccine 2017;35:4457-60; Heath PT, et al. Lancet Infect Dis 2017;17:e223-e234;.

http://www.clinicaltrials.gov/
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Areas for future research on GBS 

Heath PT, et al. Lancet Infect Dis 2017;17:e223-e234; Kobayashi M, et al. F1000Res. eCollection 2016; 5:2355.

 Safety, clinical efficacy, and 
effectiveness of new vaccines

 Determining the optimal timing 
of vaccination 
 During pregnancy for fetal and 

infant protection

• Preterm infants are at a high risk for 
GBS infection 

• ~12% of stillbirths are attributable 
to GBS infection



Respiratory syncytial virus (RSV) 

 Most common cause of viral acute lower respiratory infection 
(ALRI) in young children
 In 2015 among children under five, RSV resulted in over 33 million 

episodes of ALRI globally, over 3 million hospital admissions and almost 
60,000 in-hospital deaths

31

 Primary infection prior to two 
years of age is extremely 
common
 Cumulative rate of infection 

estimated to be 97% 

 ~50% of 2-year olds will have 
been infected twice

Shi T, et al. Lancet 2017;390:946-58; Karron. Lancet 2017;390:917-8; Lozano R, et al. Lancet 2012; 380: 2095-128.



Respiratory syncytial virus (RSV) 

32
Oppenshaw. Ann Rev Immunol 2017; 35:501–32; Heath PT, et al. Lancet Infect Dis 2017;17:e223-e234; Meissner HC. N Engl J Med 2016; 374: 62–
72; Blanken MO, et al. N Engl J Med 2013; 368: 1791–99.; Feldman AS, et al. Am J Respir Crit Care Med 2015; 191: 34–44; Fauroux, et al. Infect 
Dis Ther 2017; 6: 173-97.

 Clinically, RSV infection presents as pneumonia and bronchiolitis 
in young children

 RSV ALRI is a risk factor for ongoing respiratory morbidity 
 Transient early wheezing and recurrent wheezing 

 Asthma



Respiratory syncytial virus (RSV) 

33
Blanken. NEJM 2013;368:1791-9.

 Association between RSV and 
later wheeze supported by 
data from RCT of palivizumab
prophylaxis among healthy, 
late preterm infants
 Reduced number of 

subsequent wheezing days over 
the first year of life



Current approach to RSV prevention

 Palivizumab

 Immunoprophylaxis

 Monoclonal neutralizing antibody

 Approved for infants at highest risk for RSV 
morbidity and mortality (preterm infants, those 
with chronic lung disease or congenital heart 
defects)

 Requires 5 monthly IM injections (>$5000 USD)

 Used in some HICs and MICs, but cost and 
requirement for monthly injections render it 
unfeasible in resource-constrained countries

Karron. Vaccines (6th ed.), 2013; Higgins. Vaccine; 2016;34:2870-5.
34



RSV vaccines in development

35

PATH: http://www.path.org/publications/files/CVIA_rsv_snapshot_final_0917r.pdf (Updated September 2017).

http://www.path.org/publications/files/CVIA_rsv_snapshot_final_0917r.pdf


RSV vaccines in development

 From www.clinicaltrials.gov October 6, 2017:

 Among registered studies that are ‘active not recruiting’, 
‘recruiting’, or ‘not yet recruiting’, there are ~25 ongoing RSV 
trials of vaccines and vaccine-like monoclonal antibodies in 
different target groups

36

Study Phase Description

A Study to Determine the 
Safety and Efficacy of the 
RSV F Vaccine to Protect 
Infants Via Maternal 
Immunization 
(NCT02624947) 

3  Currently enrolling third-trimester pregnant women in the Northern 
and Southern hemispheres, for up to four consecutive RSV seasons in 
each hemisphere

 Phase 3, randomized, observer-blind, placebo-controlled
 Projected to enroll an estimated maximum of 8,618 third-trimester 

pregnant subjects

 1° outcome: Incidence of RSV LRTI up to 90 days
 2° outcomes: RSV hypoxemia, hospitalization, death up to 90 days; 

health care for wheezing up to 1 year

http://www.clinicaltrials.gov/


RSV vaccines in development

37
August. Vaccine 2017;35:3749-59.

 Phase II randomized, observer-
blind, placebo-controlled trial of 
RSV F nanoparticle vaccine

 720 women of childbearing age, 
randomized to one of six dosing 
schedules

 Results:

 All formulations were well tolerated

 Single dose regimen of 120 µg RSV F with 0.4 mg of aluminum elicited 

robust immune responses, which outweigh the slight advantage of a 

two dose regimen (longer antibody persistence)



RSV vaccines in development

 Clinical trials so far show promising results:

 Well-tolerated and immunogenic in Phase I and II studies in 
human adults (including women of reproductive age)

 No signs of teratogenicity or enhanced RSV disease in animal 
studies

 No infant adverse health effects resulting from maternal RSV 
vaccination have been detected

 Evidence of protection against serologically-detected RSV 
infection in women of childbearing age

38Karron. Lancet 2017;390:917-8; Heath PT, et al. Lancet Infect Dis 2017;17:e223-e234; Munoz FM. Vaccine 2003; 21: 3465–67; Englund. ADVAC 
2017; Omer SB. NEJM 2017;376:1256–67; August. Vaccine 2017;35:3749-59.



RSV vaccines in development

 Challenges:
 Likely that different vaccines will be needed for various target 

populations (i.e., pregnant women, infants, elderly adults)

 Maternal vaccination will only confers short-term protection and 
must be complemented by development of a pediatric vaccine 

 Identifying clinically meaningful and reproducible indicators of 
vaccine impact on severity of disease
• Case definitions and diagnostic criteria currently vary (e.g., bronchiolitis, 

wheeze)

39Karron. Vaccines (6th ed.), 2013; Roberts JN, et al. Vaccine 2016; 34(41): 4843-9; Heath PT, et al. Lancet Infect Dis 2017;17:e223-e234; Kinyanjui
TM, et al. PLoS One 2015; 10: e0138018; Karron. Lancet 2017;390:917-8.
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Areas for future research on RSV

Heath PT, et al. Lancet Infect Dis 2017;17:e223-e234; Englund. ADVAC 2017.

 Safety, clinical efficacy, and 
effectiveness of new vaccines

 How diseases (e.g., malaria, HIV) 
affect maternal immunogenecity 
and antibody transfer

 Determining the optimal timing 
of vaccination, taking into 
account: 
 Gestational timing for optimal 

antibody transfer for term and 
preterm infants

 Local RSV seasonality



4. Safety monitoring issues and conclusions

41



 Some limitations of RCTs for safety evaluation in pregnancy

 E.g., Existing RCTs of maternal influenza immunization are:
 Small

 Restricted to healthy pregnant women immunized during the 2nd or 3rd

trimester

 Follow-up restricted to 6 months of age

 These characteristics preclude the ability to study rare pregnancy 
outcomes, outcomes relevant to 1st trimester exposure, and 
longer-term pediatric health outcomes

42

Constraints of RCTs for safety evaluation in 
pregnancy 



 Observational studies of influenza immunization during 
pregnancy have played a central role in post-hoc safety 
assessment

 Within studies, inherent problems of observational studies:
 Confounding bias

 Large sample size requirements seriously limit ability of available 
epidemiologic studies to rule out unacceptable vaccine-associated risks to 
the fetus

 Across studies:
 Lack of consistent definitions and ascertainment of adverse birth outcomes

43

Constraints of observational studies for safety 
evaluation in pregnancy 



Brighton Collaboration: GAIA Project

44

 The Global Alignment of Immunization safety Assessment in 
pregnancy (GAIA) is a working group founded by the Brighton 
Collaboration
 Standardization of:

 AEFI case definitions specific to maternal and neonatal outcomes***

 Conduct of safety trials (collection, analysis, and presentation of data)

 Data sharing***

 Data collection for population-based surveillance

http://www.who.int/vaccine_safety/committee/topics/pregnancy/Jul_2016_gaia_project/en/; Bonhoeffer. Vaccine 2016;34:5993-7.

http://www.who.int/vaccine_safety/committee/topics/pregnancy/Jul_2016_gaia_project/en/


 Background rates of adverse pregnancy outcomes

 Better data to study miscarriages/stillbirth

 Widespread acceptance of Brighton case definitions (to allow 
for data combining and systematic reviews)

 Robust research methodologies to account for inherent biases 
in observational studies

 Mechanisms for national and international data sharing and 
combining (e.g., distributive data networks)

 Data from LMICs

Future directions for safety monitoring

45



 Advanced Course of Vaccinology (ADVAC) 2017 lectures:
 Dr. Kathy Edwards
 Dr. Janet Englund

 4th International Neonatal & Maternal Immunization 
Symposium (INMIS) 2017 lectures:
 Dr. Shabir Madhi
 Dr. Gayatri Amirthalingam
 Dr. Fiona Cutley

 Canadian Immunization Research Network 2017 meeting:
 Dr. Saad Omer

 Dr. Justin Ortiz, University of Maryland
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