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It is not a new concept!

1879: Maternal immunisation with vaccinia virus conferred
protection in infants

1938: Maternal immunisation with whole cell pertussis 
vaccine protected infants from complication of pertussis

1961: Maternal immunisation with tetanus toxoid vaccine 
prevente in new Guinea millions of mothers and neonatal
lives have been prevented worldwide since then



Global maternal mortality ratio (2015) 
- 216 per 100,000 live births 
- Absolute N: 303,000 maternal deaths (830 per day) 
- Pregnancy and childbirth complications
- 99% LMIC

Alkema, Lancet 2016



Li Liu et al Lancet 2015

Global under 5 mortality 2015
- 4.9 million children (16,000 every day)
- Neonatal mortality 44% (Africa and SE Asia)
- BMGF: the use of maternal vaccines against tetanus, influenza, 
pertussis, GBS and RSV could avert mortality



1. Need/ opportunity for maternal vaccination + infant vaccination

World Health Organization 2030 Sustainable Development Goals (SGD)

- Reduce the global maternal mortality ratio < 70 per 100,000 live births

- Reduce neonatal mortality to 12 per 1,000 live births

- Reduce under-5 mortality to 25 per 1,000 live births

Priorities WHO, Path, BMGF: vaccines against GBS and RSV



2. Antibodies and their transfer 

Systems serology

Mathematical tool: investigating the principles of an effective antibody response in humans: learn 
from known effective responses (Netflix)

Goal: Characterize antibodies and identify correlates of protection. 

- Specificity and neutralizing activity of Abs: dependent on Fab (fragment antigen binding) 
domain

- Effector functions of Abs through interactions with innate immune cells and complement: Fc 
(fragment crystallizing)  domain

 E.g. reduced efficacy of HIV neutralizing antibodies with mutations preventing their interaction 
with Fc receptors. The effector functions are diversified by the different IgG subclasses and by 
glycosylation 

 Structural antibody features could be linked to receptor binding and functional properties 
which correlate with vaccine efficacy

 The system can also be used to identify the use of antibody therapies

Adv Drug Deliv Rev. Hua 2016

https://www.ncbi.nlm.nih.gov/pubmed/26827912


Placental biology and transfer of maternal antibodies

- Neonatal Fc receptor expressed by 
syncytiotrophoblasts

- Syncytiotrophoblast = an innate immune barrier 
against pathogens 

 Fetal infection 

- Transplacental transport of complexes formed by 
pathogens and maternal antibodies

- Infection of the decidua (maternal component of 
the placenta, existing for 40% of immune cells)



Arck, Nat Med 2013



Ex vivo models of infection of decidua cultures: characterize pathogen spread and 
innate immune responses

Local innate immune response  in the decidua = protection from disease, but also 
induces apoptosis with rejection of fetus/ placenta

 Cytomegalovirus (CMV) 

- replicates in decidua, conferring a dramatic immune response and pro-
inflammatory environment (IFN gamma)

- CMV spreads from cell to cell

- Matabs seem however to have impact (prelim results)

 Zika virus (ZIKV) spreads via the extracellular space, reachable for matabs

Gene expression analyses: CMV and ZIKV induce distinct placental responses that may 
underlie distinct mechanisms of viral control and tissue damage 



Histopathological analysis of HCMV-infected and uninfected decidual organ cultures. 

Yiska Weisblum et al. J. Virol. 2011;85:13204-13213



3. Neonatal immunisation

Newborns do not respond well to vaccines?

A. Differences between newborns 

INNATE

Immune plasticity to integrate genetic and environmental factors and to adapt to the ex utero environment 
(Kollmann 2017)

- Proinflammatory cytokine responses: change with age

- TLR receptor responses: change with age 

ADAPTIVE

B: affinity maturation lower, early B cell activation is limited

T: defense against intracellular pathogens is limited

Immune components central to vaccine responses: antigen presenting cells, B cells and T cells, function differently 
at birth 

MATERNAL co-factors: chronic maternal infections (HIV, helminths, malaria), season of conception (nutrition), 
epigenetic phenomena and microbiome

NEONATAL cofactors: genetic variation (twin studies); prematurity (protective thresholds are reached!)



Newborns do not respond well to vaccines?

B. Differences between vaccines

Current vaccines at birth  protective immunity can be induced by vaccination and can inform on the 
potential of neonates to develop specific immune responses and on the impact of co-factors 

1. BCG immunization: Live Th1 oriented, self adjuvanted vaccine

1. Th1 responses at birth

2. Heterologous beneficial effects on the response to other vaccines and on overall infant mortality

2. Hepatitis B: recombinant DNA+ alum

1. Known correlate of protection

2. Potent memory B cell response (in presence of matabs!)

3. Oral polio immunization at birth: single stranded RNA, mucosal, TLR8 stimulation

1. Priming of memory B cells can be achieved in early life

2. Variability in vaccines: 50-100% level of protection

Summary: humoral response is there, T cell responses not yet well understood



Neonatal immunization against bacterial pathogens

Pertussis

- Whole cell vaccines (Provenzano 1965): early dose led to immune paralysis
Immune tolerance? stop of use of neonatal vaccination for pertussis

- Acellular pertussis vaccination at birth (Belloni, Halasa, Knuf (2), Wood (2))

- Safe

- Increases the response to the second dose of vaccine at 2 months of life 
(priming role)

- Reduced responses to vaccines concomitantly (Hib, hep B) administered 
with the second pertussis vaccine dose (interference)

- Induction of Th2 polarized cellular immune responses (IL5 and IL13) 

Neonatal pertussis immunization: in babies born to 

mothers who have low levels of antibodies, 

reduced response to pertussis vaccine or

reduced transfer of maternal antibodies. 



Hib
3 studies (N=200 infants) (Lieberman, Kurikka, Ward) (all > 10 y ago)
- Good safety and priming of booster responses with PRP-CRM and PRP-

T vaccines 
- Reduced booster responses to a PRP-OMP vaccine: OM (outer membrane) P 

blunting responses? 

Pneumococcus (N=250 infants): (Clarke Review Expert Review of Vaccines 2016)
- Good safety
- Early induction of antibodies, no data on concomitant immunisation
- PROPEL trial The Gambia ongoing
Impact on invasive disease or carriage has not yet been demonstrated





Conclusion on neonatal vaccination

Rationale for vaccine development for neonates

(a) birth is the most reliable point of healthcare contact and therefore neonatal 
vaccines achieve high population penetration, 

(b) neonatal immunization is a logical approach to protect preterm infants who 
are ~11% of all live births and often born prior to transfer of MatAbs

(c) heterologous benefits of certain vaccines such as BCG may be greatest in 
early life (Whittaker, Frontiers Immunology 2018 in press)

An ideal vaccine to be administered to neonates would induce rapid 
immune response even in the presence of maternal antibodies and would 
have a high safety profile



- PROPEL study (The Gambia, Prevenar 13: maternal versus neonatal: vaccine 
type nasopharyngeal carriage from 0 to 5 months) vaccine -specific memory 
B cell responses (Elispot) to pneumococcus antigens can be detected in 
mothers and infants after maternal immunization 

- Naturally acquired maternal antibodies against pneumococcal proteins 
protect infants from carriage whereas anti-polysaccharide antibodies may 
require concentrations higher than natural immunity to be effective

(Ojal et al CID 2018)



From: Effect of Maternally Derived Anti-protein and Anticapsular IgG Antibodies on the Rate of Acquisition of 

Nasopharyngeal Carriage of Pneumococcus in Newborns
Clin Infect Dis. 2017;66(1):121-130. doi:10.1093/cid/cix742

Clin Infect Dis | © The Author(s) 2017. Published by Oxford University Press for the Infectious Diseases Society of America.This

is an Open Access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, 

provided the original work is properly cited.



4. Novel vaccines: RSV

RSV is the single leading cause of hospitalization of infants worldwide (LMIC!) 
(Openshaw 2017)

- 1970ies: Formalin Inactivated RSV vaccine: disease enhancing!

- Natural immunity partially effective: serum antibody & nasal RSV-specific IgA 
(better correlation!)

- The best evidence of protection comes from the success of monoclonal antibody to 
F protein (expensive)

- Age profile of RSV disease: association between susceptibility and levels of 
maternal antibody: for every doubling of antibody by a vaccine, severe disease 
reduced by 30% and protection prolonged for an additional 50 days 
(Nyiro PlosOne 2017)



- Remaining issues for a maternal RSV vaccine 

- Standardization of techniques (WHO effort!)

- Endpoints: how much antibody is generated, the variability of the response, the 
best gestational age, the protection of the mother, the placental transfer of 
antibody, the impact of breast feeding, the persistence of passively acquired 
antibodies and the possible interference with infant response to natural infection 
and the potential effect of delaying the age of infection to later in childhood 

- Additional strategies to be considered include cocooning, the use of pediatric RSV 
vaccines and of extended half-life monoclonal antibody preparations

Maternal immunization is an attractive option and a number of vaccine candidates are 
under development and evaluation





HIV exposed uninfected infants risk for hospitalisation

1. Higher when ART was started during pregnancy, not when ART was started
before pregnancy

2. Virulence of the maternal HIV infection contributes to severe infections

3. Lifelong ART (WHO)



Novel vaccines: GBS

EPI

- Under-recognized as a global cause of deaths and disability (LMICs)

- Difference burden of disease relying on exposure

- 90% of early onset disease: on day 1 of life (adequate investigation!)

VACCINE

- Anti-capsular antibody is correlated with invasive disease, correlate of protection still unknown 
because of use of different unstandardized assays

- Lessons learnt from trivalent conjugate vaccines: safety, immunogenicity with good persistence of 
antibodies, variation by natural immunity and by ethnicity (better response in African women due to 
booster effect). Good placental transfer and antibody persistence in infants (40 days t1/2) 

- Lower responses to candidate GBS vaccines have been seen in HIV-infected 
as compared to uninfected women

- CRM-conjugated vaccines on responses to infant vaccines – no interference 

2 recent WHO publications:  pathway for development and 

preferred product characteristics for GBS vaccines

.



5. Existing vaccines: Pertussis

- Maternal immunization with acellular pertussis vaccines is safe and effective 
in protecting neonates and young infants from disease

- Optimal timing of vaccination during pregnancy indicates that vaccination in 
the second or early third trimester might result in higher concentrations of 
antibody in the newborn. 

- The impact of maternal antibodies modifying the infant immune responses 
however, is one of the remaining challenges of Tdap vaccination in 
pregnancy research



USA (and others):

- Confirmation in large cohorts (VAERS, VSD sites)
(Kharbanda, JAMA 2014, Keller Stanlowski Vaccine 2014, Sukumaran JAMA 2015) 

- Small increased risk for chorioamnionitis?
(Datwani Vaccine 2015, Layton Vaccine 2017)

• Definition and use of terminology: ‘chorioamnionitis’

• No link confirmed with preterm delivery



6. Awareness

(http://www.vaccineconfidence.org/). 

- Universally sensitive nature of pregnancy worldwide, irrespective of culture, and 
anxieties related to many vaccines

- Perceived effects on fertility and reproduction

- Health belief model incorporating only an individual’s understanding of the risks of 
the disease and the acceptability of the intervention represented an over-
simplification 

- Trust in product (i.e. the vaccine), provider, and policy or policy maker are required

- Vaccines targeting disease in newborns (e.g. the pertussis) <> those targeting 
maternal disease (e.g. influenza) 

- Efforts of the Vaccine Confidence Project: estimates regarding population views of 
the importance, safety, effectiveness and compatibility with religious beliefs



Safety

1. Harmonize the assessment of the safety of vaccines in pregnancy: discriminate between vaccine 
adverse event and obstetrical event

2. Importance of background rates

3. Carefull surveillance and monitoring

- GAIA: based on the Brighton Collaboration template: 21 definitions (10 obstetric and 11 neonatal, 
using levels in specificity) for use in safety reporting after maternal immunization (http://gaia-
consortium.net/)

- CROWN initiative, journal editors: establish a core outcome set for reporting obstetric and neonatal 
studies (http://www.crown-initiative.org/)

- ACOG: reVITALize initiative: obstetrics and gynaecology definitions

Kaiser Permanente Vaccine Study Center, USA): 145 000 deliveries: confirmed an absence of association 
between maternal influenza vaccination and different adverse birth outcomes, including preterm birth, 
low birth weight, and large and small for gestational age. (Zerbo JAMA pediatrics 2017)

Safety http://gaia-consortium.net/

http://gaia-consortium.net/
http://www.crown-initiative.org/


7. Integration/ combination of infant and maternal schedules

Combining not only schedules but also safety, immunogenicity, and efficacy of the vaccines, as well as 
programmatic issues  

Schedule= framework for HCW and the public, and a way to assess coverage

An ideal schedule =provide optimal protection with the minimum of risk 

- 6, 10 and 14 week primary immunization schedule = maximize vaccine coverage in early infancy as 
rapidly as possible and high effectiveness

- BUT in reality: average of 2.5, 4.5 and 8 months of age.  

2.5

4.5

8



Challenges for integration

Infant’s response to their primary series 

- Innate and adaptive immune evolution

- Effects of maternal antibodies

- Breast milk antibodies

- Microbiota & innate immunity

Differences in vaccine used! (Voysey JAMA Pediatrics 2017)

True integration of maternal and infant immunization schedules= delay in the
administration in view of maternal antibodies, potentially less doses of infant 
vaccines and later booster vaccinations

Challenge: opportunity to vaccinate early in life <> immunological maturity (increases
to 5 year of age)



1. Potential strategies of monoclonal antibodies: therapeutic, prophylactic or 
reduced transmission. 

Advantages of antibodies

- Antibody technology is mature

- Rapid (3 to 6 months) 

- Affordable (1-10 US Dollars per gram) 

- Enormous safety data

- Much less complex than vaccines in concept

- Manufacturing processes are well understood and quick: 4 months to develop a 
master cell bank and 9 months to Phase 1 clinical studies

8. New and future targets



There are currently licensed antibodies for anthrax toxin and RSV 

Potential therapy for 

- In the pipeline: RSV, Clostridium difficile, Pseudomonas aeruginosa, Staphylococcal
toxin and influenza. 

- Possibilities: pandemic influenza (for elderly and infants), seasonal influenza, ZIKV, 
GBS, pertussis, MRSA, nosocomial infections (e.g. Acinetobacter sp.), 

- WHO agents of concern (e.g. Rift valley fever virus, Lassa fever virus, Pan 
”flavivirus”),  MERS CoV, and therapeutic rabies virus.

- Marburg virus: blood samples from survivors, B cells immortalized and potent 
neutralizing antibodies defined (monkey study) 

- ZIKV monoclonal antibodies in an animal model: prevented placental ZIKV growth 

- Therapeutic effect of human mAb ZIKV-117 in an experimental pregnant mouse 
model



2. Structure-based vaccine (=reverse vaccinology): new epitopes from the pathogenic 
genome are used to identify new candidates instead of whole infectious agents

3. The Human Immunome Project 
(http://www.humanvaccinesproject.org/work/human-immunome-program/): 
determine the sequence of every antibody and T cell receptor 

The human immunome

= complete set of recombined immune receptor (T and B cell receptors) genes

= larger than the human genome

Goals of the Human Immunome Project: define the number of sequences, stability of 
repertoires over time, proportion of shared immunome, effects of age, race/ethnic, 
gender and geography, vaccination and diseases effects, define a complete structure 
and functional catalogue. 

http://www.humanvaccinesproject.org/work/human-immunome-program/


4. Vaccines for Malaria and Enteric Pathogens
Malaria

randomized controlled trial , phase 1b, on the safety and immunogenicity of a malaria vectored vaccine 
(ChAd63/MVA ME-TRAP) in infants and neonates. 

- safe and well tolerated

- high level immunogenicity, with the highest peak response observed in infants vaccinated at 8 weeks of age 

- no interference with EPIC vaccines (Mensah et al Front Immunol 2017)

Shigella

Infant protection against Shigellosis by naturally acquired and vaccine-induced maternal immunity. 

- Primary cause of diarrhea in children less than 5 years of age (Global Enteric Multicenter Study (GEMS) 
(http://www.medschool.umaryland.edu/GEMS/))

- A mouse model of maternal antibody transfer and challenge

- transfer of shigella antigen specific IgG and functional antibodies via placenta and milk of immune mothers

- maternal vaccination (systemic IgG) protects infant mice against mucosal infection, beyond weaning 

A sero-epidemiology cohort study in maternal-infant pairs is being conducted in Malawi to evaluate the presence of 
IpaB and LPS specific antibodies in mothers, their transplacental transfer to newborns, duration in infants, and 
correlation with protection  



5. Prevention of Multidrug Resistance to Antibiotics

- Neonatal mortality rate is declining more slowly than <5y mortality rate 

- Growing numbers of facility-based births, especially in India

- Delhi Neonatal Infection Study (DeNIS) (3 hospitals in Delhi) with high antimicrobial resistance rates among 
neonatal pathogens, especially Gram negatives (Lancet Glob Health 2016)

- Countries with highest mortality rates=higher sepsis death rates as well as prematurity and intrapartum 
stillbirth rates 

- CHAMPS study (http://www.ianphi.org/whatwedo/champs/index.html)

Maternal vaccines (especially RSV and GBS): reduce antimicrobial resistance by reducing the empiric use of 
antibiotics 

GBS: increasing resistance rates to 2nd line antibiotics such as macrolides and tetracycline

 Effective vaccine will reduce the numbers of infections, the need for antibiotics, reduce the emergence of 
resistant strains, and improve prevention of resistant strains.

 Monoclonal antibody is also part of the Bill & Melinda Gates Foundation strategy – especially prophylactic, 
where all infants are given or selectively, based on perceived risk. Monoclonal antibodies may reduce the need 
for or the duration of antibiotics. This approach can also be combined with maternal immunization, considering 
that the current focus for the Gates Foundation is on RSV, GBS and influenza maternal vaccines. 

http://www.ianphi.org/whatwedo/champs/index.html


Immunization during pregnancy  reduce maternal and neonatal morbidity and 
mortality 

Research in this field has advanced substantially: biology and immunology of 
pregnancy and early life, active development of several candidate vaccines

Identify the path forward to achieve integration of maternal and infant 
immunization strategies for the successful implementation of vaccines in 
antenatal care programs and reduction of maternal and infant mortality 
worldwide

Summary



Funding opportunities

‘Immunizing Pregnant Women and Infants’ (IMPRINT) network

(http://www.imprint-network.co.uk/).

INMIS 2019: Vancouver

http://www.imprint-network.co.uk/

