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Maternal immunisation to improve the health of 
HIV-exposed infants
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HIV-exposed but uninfected (HEU) infants are at an increased risk of many infectious diseases that can contribute to 
the high mortality seen among HEU children. Maternal immunisation could be a promising strategy to reduce 
infections in HEU infants. However, very little research has explored the effect of HIV on the immunogenicity and 
effectiveness of vaccines given during pregnancy. We review the available evidence on maternal immunisation among 
women living with HIV (WLWH) for all vaccines recommended, considered, or being investigated for routine or risk-
based use during pregnancy. Of the 11 vaccines included, only three have been investigated in WLWH. Available 
evidence suggests that maternal HIV infection limits the immunogenicity of several vaccines, leaving HEU infants 
more susceptible to infection during their first few months of life. Whether maternal immunisation reduces the 
infectious morbidity and mortality associated with infectious diseases in HEU children remains unknown. We 
conclude the Review by identifying future research priorities.

Introduction
Striking reductions in the number of infants born with 
HIV is one of the great global public health successes of the 
past decade. Between 2010 and 2016, the number of newly 
diagnosed paediatric HIV infections declined by 47% from 
300 000 to 160 000.1 The decline in HIV-infected infants has 
come with an increase in HIV-exposed but uninfected 
(HEU) infants. Each year, women living with HIV (WLWH) 
give birth to over 1 million HEU infants. Despite not being 
infected with HIV, HEU infants born before universal 
access to antiretroviral therapy during pregnancy were 
twice as likely to die during the first 2 years of life compared 
with infants who were not exposed to HIV.2

Emerging evidence suggests that infectious diseases 
could be important causes of increased mortality among 
HEU children.3,4 HEU children are at higher risk of 
several infections including invasive pneumococcal 
disease, group B streptococcus (GBS), and respiratory 
syncytial virus (RSV) than children who were not exposed 
to HIV.5–7 Globally, infectious diseases kill nearly 
3·6 million children per year before age 5 years. Of all 
deaths in children younger than 5 years, 50% occur in 
sub-Saharan Africa (SSA); within which 18% occur in 
east or South Africa, where the prevalence of HIV during 
pregnancy remains close to 30%.8,9

Maternal immunisation is increasingly being recognised 
as a strategy to reduce infectious diseases in infants.10 
Maternal immunisations provide passive immunity to 
infants by raising the level of protective antibodies in 
pregnant women. Protective antibodies are then passed to 
infants via the placenta or breastmilk, providing passive 
immunity during the first few months of life before infant 
immunisation is considered safe or effective.11 Until the 
late 20th century, vaccination during pregnancy was 
rare. However, vaccination strategies that account for the 
physiological and immunological changes observed 
during pregnancy are now being developed for use in 
pregnant women.10

Immunisation of pregnant WLWH is an attractive 
strategy to potentially improve health outcomes among 

HEU infants and WLWH. However, several issues need 
to be considered. HIV-infected adults are at an increased 
risk of several vaccine-preventable diseases that sub-​
stantially affect infants, including pneumococcal disease 
and GBS.12–14 Vaccines are often less effective in HIV-
infected adults because they have a compromised or 
altered immune system.15 Whether maternal immuni
sation among WLWH is also less effective remains 
unknown. In pregnant women, HIV infection has also 
been linked to a lower number of antibodies being 
transferred across the placenta, resulting in HEU infants 
receiving fewer protective maternal antibodies than 
infants not exposed to HIV.3

To understand how HIV infection may impact the 
rapidly evolving field of maternal immunisation and the 
health of HEU infants, we review the available evidence 
on the immunogenicity and effectiveness of immuni
sations given during pregnancy to WLWH. To the best of 
our knowledge, this is the first review that includes all 
vaccines recommended, considered, or being investigated 
for routine or risk-based use during pregnancy, as 
of 2018.

A total of 537 references related to HIV, vaccination 
in pregnancy, and vaccine-preventable diseases were 
identified. After reviewing titles and abstracts for 
relevancy, 69 references were reviewed in greater 
detail. Three vaccines are recommended for women 
during pregnancy: influenza, tetanus, and pertussis.16–18 
Six additional vaccines (hepatitis A, hepatitis B, yellow 
fever, polio, meningococcal, and pneumococcal) are 
recommended for consideration during pregnancy, on 
the basis of possible risks and benefits.19–22 Use of 
investigational RSV and GBS vaccines in pregnant 
women are being evaluated, but are not yet approved.23–27 
All vaccines recommended or considered for use in 
pregnant women (as of 2018) are deemed safe for 
women and their infants.28–30 Of the nine vaccines 
recommended or considered for use during pregnancy, 
five are recommended for all adults living with HIV 
(table 1).31

http://crossmark.crossref.org/dialog/?doi=10.1016/S1473-3099(18)30545-0&domain=pdf
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We identified seven manuscripts describing five studies 
that evaluated maternal immunisation in WLWH 
(table 2). Four of the studies examined influenza 
immunisations, two evaluated pneumococcal immuni
sations, and one evaluated GBS immunisation.

Vaccines recommended during pregnancy
Influenza
Each year an estimated 665 000 people die from seasonal 
respiratory infections associated with influenza.41 The 
WHO considers pregnant women and infants to be at 
high risk of morbidity and mortality associated with 
seasonal influenza, and has recommended seasonal 
influenza vaccination for all pregnant women since 
2012.16 Evidence regarding improved pregnancy outcomes 
following maternal influenza vaccination remains 
conflicting.42 However, pandemic influenza during 

pregnancy has been linked with an increased risk of 
preterm birth, infants small for gestational age, and fetal 
death.43–45

A trivalent inactivated influenza and an unadjuvanted, 
inactivated pH1N1 influenza monovalent vaccine have 
been evaluated in pregnant women. For both vaccines, 
the goal of maternal immunisation is to prevent primary 
influenza infection in pregnant women and to allow 
transfer of protective antibodies to infants. The 
immunogenicity and efficacy of the influenza vaccination 
is well established in HIV-uninfected pregnant 
women.34,46–48

HIV infection affects the immunogenicity of unadju
vanted, inactivated pH1N1 influenza monovalent 
vaccines. Among HIV-infected women who received two 
doses of unadjuvanted, inactivated pH1N1 influenza 
monovalent vaccine, 67% of women and 65% of HEU 

Vaccines available Recommended 
for HIV-positive 
adults?31

Impaired vaccine 
performance in HIV-
positive pregnant women?

Impaired maternal 
vaccine performance in 
HIV-exposed infants?

Vaccine efficacy affected by HIV status?

Recommended for all pregnant women

Influenza Trivalent inactivated 
influenza (IIV3)

Yes Yes,32,33 but might not affect 
vaccine efficacy34

Yes32 Against laboratory-confirmed influenza:34

Women HIV-positive 57·7% (95% CI 0·2–82·1) 
Women HIV-negative 50·4% (95% CI 14·5–71·2) 
Infant HE 26·7% (95% CI -132·0–76·8) 
Infant HU 48·8% (95% CI 11·6, 70·4)

Influenza Unadjuvanted, inactivated 
pH1N1 influenza 
monovalent

Yes Yes35 Yes35 No data available

Tetanus Tetanus toxoid; Tdap 
(combined vaccine)

Yes No data available for Tdap. 
Tetanus toxoid: possibly—in 
populations with routine 
maternal tetanus 
vaccination36–38

No data available for 
Tdap. Tetanus toxoid: 
yes—in populations with 
routine maternal tetanus 
vaccination36–38

No data available

Pertussis Pertussis, Tdap (combined 
vaccine)

Yes No data available* No data available* No data available

Considered for women with specific risk factors, in specific settings, or when benefits outweigh the risks

Hepatitis A Inactivated hepatitis A ·· No data available No data available No data available

Hepatitis B Recombinant hepatitis B Yes No data available* No data available* No data available

Yellow fever Live attenuated yellow fever ·· No data available No data available No data available

Polio Inactivated polio and oral 
polio virus

·· No data available No data available No data available

Meningococcal Quadrivalent polysaccharide 
and multiple conjugate

Yes No data available No data available No data available

Pneumococcal 13-valent conjugate Yes Possibly—based on published 
data39

No data available* No data on vaccine efficacy against pneumococcal disease. 
Vaccination did not reduce infant nasopharyngeal pneumococcal 
colonisation in HE infants through age 6 months40

Pneumococcal 23-valent polysaccharide ·· No data available No data available No data available

Investigational, not yet approved for use

Respiratory 
syncytial virus

Inactivated respiratory 
syncytial virus

·· No data available* No data available* No data available

Group B 
streptococcus

Trivalent glycoconjugate 
group B streptococcus

·· Yes23 Yes23 No data available

HE=HIV-exposed. HU=HIV unexposed. Tdap=tetanus, diphtheria, acellular pertussis. *Indicates there are data on antibody concentrations in pregnant women, or infant antibody transfer from pregnant but 
unvaccinated women.

Table 1: Summary of evidence on maternal immunisation among HIV-infected women and HIV-exposed infants
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Study design Vaccine Study 
population, 
groups

Years of 
enrolment

Main outcome 
measures

Timepoints Key findings Potential bias assessment

Abzug, 
201335

Descriptive 
cohort; 
31 sites in the 
USA

Unadjuvanted, 
inactivated 
pH1N1 
monovalent 
influenza 
vaccine, 2 
doses

127 HIV-positive 
women on ART

2009 M: seroprotection 
(HAI antibody titre 
>1/40), 
seroresponse 
(>4-fold rise in 
HAI antibody 
titre), and 
complete response 
(seroprotection 
and seroresponse); 
I: seroprotection, 
GMT HAI titre

M: prevaccination, 
21 days (after dose 
one), 10 days and 
21 days (after dose 
two); M and I: 
delivery, age 3 and 
6 months

Prevaccination 21% of women had 
seroprotective HAI titres; 73% of 
women had a seroprotective 
response after one dose and 80% 
after two doses. 75% of women 
lacking seroprotection at entry 
attained it after two doses. 
Seroprotective HAI titres were 
present in 67% of mothers and 
65% of infants at delivery (median 
66 days after dose two), 60% of 
mothers and 26% of infants at 
3 months post-delivery, and 59% 
of mothers and 12% of infants at 
6 months post-delivery.

Strengths: included women 
from multiple sites, 
evaluated vaccine response in 
both women and infants 
reported across multiple 
timepoints. Limitations: 
no comparison group 
included.

Richardson, 
201133

Prospective 
cohort study; 
single site in 
the USA

Trivalent 
inactivated 
influenza 
vaccine

20 HIV-positive 
and 
18 HIV-negative 
women

2005–09 M: HAI antibody 
titre, lymphocyte 
proliferation 
interferon- 
enzyme-linked 
immunospot 
(ELISPOT), 
and polychromatic 
flow cytometric 
enumeration of 
influenza-specific 
effector and 
regulatory T cells

M: prevaccination, 
6 weeks 
post-vaccination, 
and 12 weeks 
post-delivery

Prevaccination HAI antibody titres 
were similar between HIV-positive 
and HIV-negative women for all 
strains of influenza in the vaccine. 
HIV-positive women had lower 
antibody responses to vaccination, 
compared with HIV-negative 
women for influenza A strains. 
Antibody responses to influenza B 
were equally low in the two groups 
of participants.

Strengths: included both 
HIV-infected and 
HIV-uninfected women, used 
several different measures 
to evaluate vaccine 
immunogenicity. 
Limitations: small sample 
size, did not include data on 
infant response to maternal 
immunisation.

Madhi, 
201434

Two RCTs—
both in South 
Africa; one in 
HIV-positive 
pregnant 
women only, 
one in 
HIV-negative 
women only

Trivalent 
inactivated 
influenza 
vaccine

194 HIV-positive 
and 2116 
HIV-negative 
women, and 
their infants

2011–12 M and I: 
seroconversion 
(HAI antibody titre 
>1/40), attack 
rate, vaccine 
efficacy against 
RT-PCR–confirmed 
influenza

M: prevaccination, 
1 month and 
24 weeks post 
partum; 
I: within 1 week of 
birth, 8, 16, and 
24 weeks of age

65–92% of HIV-negative women 
seroconverted to influenza strains in 
the vaccine, compared with 36–43% 
of HIV-positive women. M HIV 
positive: attack rate maternal 
placebo group 17·0% vs maternal 
vaccine group 7·0%; vaccine efficacy 
57·7% (95% CI 0·2–82·1). M HIV 
negative: attack rate placebo group 
3·6% and vaccine group 1·8%; 
vaccine efficacy 50·4% (95% CI 
14·5–71·2). I HE: attack rate 
maternal placebo group 6·8% vs 
maternal vaccine group 5·0%; 
vaccine efficacy 26·7%. I HU: 
attack rate placebo group 3·6% and 
vaccine group 1·9%; vaccine efficacy 
48·8% (95% CI 11·6–70·4).

Strengths: randomisation of 
immunisation during 
pregnancy, studies 
conducted in a high HIV 
burden setting, evaluated 
vaccine response in both 
women and infants reported 
across multiple time points, 
evaluated vaccine efficacy 
against laboratory confirmed 
influenza, reported vaccine 
efficacy by HIV infection 
(women) and exposure 
(infants) status. Limitations: 
relatively few HIV-positive 
women included, relative to 
HIV-negative, trials 
conducted at a single site.

Nunes, 
201532

Secondary 
analysis of 
Madhi 2014 
study, 
including a 
subset of 
vaccinated 
women

Trivalent 
inactivated 
influenza 
vaccine

100 HIV-positive 
and 
98 HIV-negative 
women, and 
their infants

2011–12 M and I: GM HAI 
titres, factor 
increase in HAI 
titre, 
seroconversion 
(HAI antibody titre 
>1/40), 
transplacental 
antibody transfer

M: prevaccination, 
1 month and 
24 weeks post 
partum; 
I: within 1 week of 
birth, 8, 16, and 
24 weeks of age

Compared with HIV-negative 
women, HIV-positive women had 
lower seroconversion rates to all 
influenza strains in the vaccine 
(range 36–40% vs 63–92%) and 
significantly lower antibody titres 
through 24 weeks post partum. 
Compared with HU infants, 
HE infants had similar transplacental 
antibody transfer ratios, 
significantly lower antibody titres at 
birth to all influenza strains in the 
vaccine, and a lower frequency of 
titres ≥1/40 (ranging from 82–95% 
for HU vs 43–79% HE).

Strengths: provides more 
in-depth results on vaccine 
immunogenicity from the 
Madhi et al, 2014.
Limitations: includes a subset 
of women and infants 
included in the larger trial.

(Table 2 continues on next page)
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infants had seroprotective (≥1/40) titres at delivery.35 
The proportion of HIV-uninfected women and HIV-
unexposed infants with seroprotective titres has been 
reported to be greater than 90%.49

The trivalent inactivated influenza vaccine is also less 
immunogenic in pregnant WLWH and HIV-exposed 
infants, compared with HIV-uninfected women and 
unexposed infants. In a secondary analysis of a clinical 
trial, 30% fewer WLWH achieved seroprotective antibody 
titres (≥1/40) for all three strains of influenza evaluated, 
than HIV-uninfected women.32 Similarly, a small study of 
20 HIV-infected and 18 HIV-uninfected women found 
that despite having similar prevaccination antibody 
levels, WLWH had lower antibody responses to 
two of three influenza strains; antibody response to the 
third strain was low regardless of HIV status.33 Among 

infants whose mothers were vaccinated, HIV-exposed 
infants had fewer anti-influenza antibodies through 
24 weeks post partum and were less likely to have 
seroprotective antibody titres at birth, but had similar 
transplacental antibody transfer ratios to HIV-unexposed 
infants.32

Only one large clinical trial evaluating the efficacy 
of trivalent inactivated influenza vaccination has 
included pregnant WLWH and HIV-exposed infants 
(table 2).34 Vaccine efficacy against laboratory 
confirmed influenza was 57·7% (95% CI 0·2–82·1) 
in HIV-infected women, compared with 50·4% 
(14·5–71·2) in HIV-uninfected women through 
175 days post partum. The higher vaccine efficacy 
among WLWH was likely to be caused by higher 
incidence of influenza in this group, regardless of 

Study design Vaccine Study 
population, 
groups

Years of 
enrolment

Main outcome 
measures

Time points Key findings Potential bias assessment

(Continued from previous page)

Almeida, 
200939

Descriptive 
cohort; two 
sites in Brazil

23-valent 
polysaccharide 
pneumococcal 
vaccine

44 HIV-postive 
women and 
their infants

Not 
reported

M: GM antibody 
concentration, 
fold increase in 
antibody 
concentration; 
I: GM antibody 
concentrations, 
placental transfer 
ratios

M: prevaccination 
and at delivery; 
I: birth and 
monthly through 
6 months of age

The vaccine was safe and 
immunogenic in HIV-postive 
pregnant women; however, 
antibody response varied widely by 
serotype evaluated. Among 
six serotypes investigated, between 
5% and 64% of women had a 
two-fold or greater increase in 
antibody concentration. Women 
transferred 46–72% of maternal 
antibodies to their infants. Infants 
had antibody levels lower than 
protective by 2 months of age.

Strengths: evaluated 
response to multiple 
pneumococcal serotypes, 
evaluated vaccine response in 
both women and infants 
reported across multiple 
timepoints. Limitations: no 
comparison group included, 
small sample size.

Almeida, 
201140

Cohort study; 
Brazil

23-valent 
polysaccharide 
pneumococcal 
vaccine

45 HE infants 
born to 
vaccinated 
women, 60 HE 
infants born to 
unvaccinated 
women

Not 
reported

M: GM antibody 
concentration; 
I: GM antibody 
concentration, 
placental transfer 
ratios, 
nasopharyngeal 
pneumococcal 
colonisation

M: delivery; 
I: 2, 4, and 
6 months of age

Among HIV-postive women, 
vaccinated women had higher 
antibody levels to four of 
six serotypes evaluated, compared 
with unvaccinated women. Among 
HE infants, there were no significant 
differences in the proportion with 
nasopharyngeal pneumococcal 
colonisation at 2, 4, or 6 months 
based on their mother’s vaccination 
status.

Strengths: evaluated vaccine 
efficacy against infant 
nasopharyngeal 
pneumococcal colonisation. 
Limitations: small sample 
size, study could have been 
under powered.

Heyderman, 
201623

Multi-site 
cohort study; 
two sites in 
Malawi and 
South Africa

Non-
adjuvanted 
CRM₁₉₇-
conjugated 
GBS vaccine

270 women in 
3 groups: 
HIV negative, 
HIV positive CD4 
>350, HIV 
positive CD4 
50–350, and 
266 infants

2011–12 M and I: GM 
antibody 
concentrations, 
GM antibody ratio 
to baseline, 
placental transfer 
ratio

M: prevaccination, 
15 and 31 days 
post-vaccination, 
delivery; 
I: birth and 42 days 
of age

The vaccine was safe and 
immunogenic in HIV-positive and 
HIV-negative women. Across all 
serotypes evaluated, HIV-positive 
women had lower antibody 
concentrations and antibody ratios 
to baseline, compared with 
HIV-negative women. The ratio of 
antibodies transferred from mother 
to infant were similar across all 
three groups. At birth antibody 
concentrations were lower among 
HE infants (range 0·52–1·62 μg/mL), 
compared with HU infants (range 
2·67–3·91 μg/mL).

Strengths: studies conducted 
in high HIV-burden settings, 
evaluated response to 
multiple GBS serotypes, 
evaluated vaccine response in 
both women and infants 
reported across multiple time 
points. Limitations: 
no control group included.

M=mother. I=infant. HAI=haemagglutination inhibition. GMT=geometric mean titre. RCT=randomised controlled trial. RT-PCR=reverse transcription-polymerase chain reaction. GM=geometric mean. 
HE=HIV exposed. HU=HIV unexposed. ART=antiretroviral therapy. GBS=group B streptococcus.

Table 2: Summary of studies examining the impact of maternal HIV infection status on maternal vaccine response
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vaccination status (17·0% of HIV-infected women in 
the placebo group developed influenza and 7·0% in 
the vaccinated group). Among HIV-uninfected women, 
just 3·6% of women in the placebo group and 1·8% in 
the vaccinated group developed influenza.34

Among infants whose mothers were vaccinated, the 
trivalent inactivated influenza vaccine was considerably 
less effective in preventing influenza in HIV-exposed 
infants (HIV infection status not reported), with a vaccine 
efficacy of 26·7% (95% CI –132·0 to 76·8) compared with 
48·8% (95% CI 11·6 to 70·4) in HIV-unexposed infants.34 
Vaccine efficacy for HIV-exposed infants was comparable 
to what has been reported in some previous trials of 
maternal influenza vaccination in HIV-uninfected 
women,46,48 but lower than what has been reported in 
other trials.47

Tetanus and pertussis
Maternal immunisation to protect infants against 
neonatal tetanus and pertussis (whooping cough) has 
been one of the great successes of maternal immunisation 
programmes. Since the advent of the first tetanus toxoid 
vaccine in the 1980s, infant deaths from neonatal tetanus 
have been reduced by 96%, from 787 000 to 34 000.50,51 
Similarly, global pertussis-related infant and under-5s 
mortality has decreased by 80% or more since the vaccine 
became available in the 1950s.52

Immunisation against tetanus and pertussis in 
pregnant women is administered in a combined 
tetanus, diphtheria, and pertussis (Tdap) vaccine.17 The 
Tdap vaccine is considered highly immunogenic in 
pregnant women17,53 and has a vaccine efficacy of 95% 
against mortality from neonatal tetanus54 and efficacy of 
78–91% against pertussis infection in the first 2 months 
of life.55,56

No data are available on the immunogenicity or efficacy 
of the combined Tdap or pertussis vaccine in HIV-infected 
pregnant women against neonatal tetanus or pertussis. 
In two studies investigating routine maternal tetanus 
vaccination, lower maternal tetanus antibody titres were 
reported in WLWH, than in HIV-uninfected women. 
However, in both studies, antibody levels among WLWH 
were above the protective level of 0·1 IU/mL.36,37 In a 
study of 162 women published in 2016, eight of ten HIV-
infected women remained seronegative (antibody titre 
<0·1 IU/mL) after tetanus vaccination during or before 
the index pregnancy.38

HIV infection has also been linked to suboptimal 
transfer of antipertussis and antitetanus antibodies to 
infants.3,37,38,57 In a population with routine tetanus 
vaccination during pregnancy, HIV-infected women 
transferred 52% fewer tetanus-specific antibodies to their 
infants than HIV-uninfected women.37 Among women 
who were vaccinated for pertussis or tetanus during 
pregnancy, HIV-infected women transferred on average 
40% less pertussis-specific and 27% less tetanus-specific 
antibodies to their infants at birth.3

Vaccines for consideration during pregnancy
Hepatitis A and B
Hepatitis A (HAV) and B (HBV) are both forms of viral 
hepatitis transmitted through either the faecal–oral route 
(HAV) or blood, semen, and other body fluids (HBV). 
Both viruses are less common in the USA but are 
endemic in SSA.58,59 Globally, HAV infections account for 
just 2% of hepatitis infections in pregnant women.60 The 
prevalence of HBV during pregnancy is much higher, 
with estimates ranging from 5–12% among pregnant 
women in SSA.61,62 A higher prevalence of HBV has also 
been noted among pregnant WLWH in SSA, than in 
HIV-uninfected pregnant women.63

In the USA, it is recommended that HAV and HBV 
vaccinations should be considered for pregnant women 
at high risk of exposure, when benefits outweigh possible 
risks.20,64 The primary goal of maternal immunisation 
against HAV and HBV is to prevent primary infection in 
women and subsequent vertical transmission to infants, 
thereby reducing the global burden of viral hepatitis.59,60 
In-utero transmission of HAV is rare, but an estimated 
60% of women with acute HBV transmit the virus to 
their fetus.65 Three types of vaccines are available: 
inactivated HAV, recombinant HBV, and a combined 
HAV and HBV vaccine.29

The immunogenicity and efficacy of the inactivated 
HAV vaccination have not been established in pregnancy.60 
Several small studies have shown that HBV vaccines 
are immunogenic during pregnancy in HIV-uninfected 
women;66–68 however, no large-scale randomised controlled 
trials have been done to evaluate the efficacy of the 
recombinant HBV vaccine during pregnancy.69

No data are available on the effect of HIV infection on 
maternal HAV or HBV vaccine immunogenicity or 
efficacy. A study of HIV-infected and uninfected mothers 
and their infants who had not been vaccinated against 
HAV or HBV showed that HEU infants were significantly 
less likely to have protective levels of HBV antibodies at 
birth, compared with HIV-unexposed infants (21% vs 
54%). However, maternal anti-HBV antibodies did not 
substantially differ with HIV status (26% vs 33%), and 
antibody titres were low overall.3

Yellow fever
Yellow fever is a virus transmitted by mosquitoes that is 
endemic in SSA and parts of South and Central America.70,71 
Globally, 90% of deaths from yellow fever occur in Africa.71 
In 2013 there were an estimated 130 000 cases of yellow 
fever in Africa, resulting in 78 000 deaths.72 There is 
no treatment for yellow fever, which emphasises the 
importance of strategies for prevention.73

Yellow fever vaccination should be considered during 
pregnancy for women at high risk of contracting yellow 
fever, including pregnant women travelling to high risk 
areas or living in areas with mass vaccination 
campaigns.71 Perinatal transmission of yellow fever is 
rare, therefore the goal of maternal immunisation is 
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to protect infants from infection before infant 
immunisation.71

Yellow fever is a live attenuated vaccine, a type of 
vaccine which is not typically recommended during 
pregnancy.71 However, in over 80 years of use that 
includes mass vaccination campaigns where pregnant 
women were inadvertently vaccinated, yellow fever 
vaccine was considered safe and well tolerated.74–76

In HIV-uninfected women, limited and mixed data 
exist on the immunogenicity of the yellow fever vaccine 
during pregnancy. Among HIV-uninfected women 
vaccinated during a mass vaccination campaign, 50% of 
women vaccinated primarily during the third trimester of 
pregnancy developed neutralising antibodies, compared 
with 95% of adults in the general population.76 A second 
study of HIV-uninfected women primarily vaccinated 
during their first trimester found that 98% developed 
neutralising antibodies at least 6 weeks after vaccination.74 
No data are available on the efficacy of yellow fever 
vaccination during pregnancy.71 For WLWH, no data are 
available on the efficacy or immunogenicity of the yellow 
fever vaccine during pregnancy.77,78

Polio
Poliomyelitis (polio) is caused by a highly infectious virus 
that is spread through the faecal–oral route. Pregnancy is an 
established risk factor for infection with polio virus.79,80 Polio 
eradication campaigns have led to a substantial reduction in 
the incidence of the disease. Of the three wildtype polio 
viruses, type 2 was officially eradicated in 2015; however, 
type 1 potentially remains in circulation.81 Polio remains 
endemic in Afghanistan, Pakistan, and Nigeria, but several 
countries in SSA are considered at risk for a re-emergence 
of polio,82 a disease for which there is no cure.81

Maternal immunisation has long been considered a 
strategy to protect newborns from polio before infant 
immunisation.83,84 Both an inactivated polio vaccine (IPV) 
and a bivalent live attenuated oral polio vaccine (OPV) 
are available and considered for use in pregnant women 
at high risk of contracting polio, including during mass 
vaccination campaigns.21,85

The immunogenicity of polio vaccination during 
pregnancy has not been evaluated in large-scale clinical 
trials. However, findings dating back to the 1950s suggest 
that both OPV and IPV vaccines are immunogenic in 
pregnant women.86,87 Data published in 1994 from a mass 
OPV immunisation campaign showed significantly 
higher levels of neutralising antibodies to type 1 polio 
virus among infants whose mothers were immunised 
during their third trimester of pregnancy, than in infants 
with mothers who were not immunised.88 No data are 
available regarding the efficacy of the IPV or OPV 
vaccines during pregnancy against infant polio infection.

There are no data evaluating how HIV infection 
influences the immunogenicity or efficacy of either IPV 
or OPV in pregnancy. Limited data suggest that 
HIV-infected pregnant women could be at greater risk of 

polio virus than HIV-uninfected women. Pregnant 
WLWH in Namibia had lower levels of neutralising 
antibodies to all three types of polio virus than HIV-
uninfected women. However, vaccination records for 
women were not available in the study.89

Meningococcal meningitis
Meningitis is a bacterial infection spread through 
respiratory droplets.22 The so-called meningitis belt in 
SSA extends from Senegal to Ethiopia and has the highest 
annual incidence of meningococcal disease globally.90,91 
Multiple serogroups of the meningococcus, Neisseria 
meningitidis, exist, but just three serogroups (A, B, and C) 
account for 90% of meningococcal disease.22,91

Meningococcal vaccination during pregnancy should 
be considered for women at high risk of contracting 
meningococcal disease, including pregnant women 
travelling to high risk areas or living in areas with mass 
vaccination campaigns.18,22 Multiple meningococcal 
vaccines are available, including quadrivalent poly
saccharide and conjugate vaccines.22 In 2015, a new 
monovalent conjugate vaccine for serogroup A was 
introduced in SSA, an area where serotype A is the 
leading cause of meningococcal disease.92 Meningococcal 
disease outbreaks contribute to morbidity and mortality 
in pregnant women.93 Therefore, the goal of maternal 
immunisation is to protect women’s health and the 
infant’s health before meningococcal immunisation.

Polysaccharide meningococcal vaccines are considered 
immunogenic in HIV-uninfected pregnant women. A 
randomised controlled trial of the quadrivalent poly
saccharide vaccine in pregnant women showed that the 
vaccine was immunogenic, but at delivery, infant 
antibody transfer was only 50%.94 No data are available on 
the immunogenicity of conjugate meningococcal 
vaccines in pregnancy, or on the efficacy of conjugate or 
polysaccharide meningococcal vaccines on HIV-
uninfected women during pregnancy.

HIV-infected adults are known to be at an increased 
risk of meningococcal disease.22 However, no studies 
have examined the immunogenicity or efficacy of 
meningococcal vaccines during pregnancy in WLWH.

Pneumococcal disease
Pneumococcal disease, caused by Streptococcus 
pneumoniae, kills an estimated 476 000 children and 
annually accounts for 11% of all deaths in children 
younger than 5 years.95,96 HEU infants have a higher 
incidence of pneumococcal disease and higher mortality 
caused by invasive pneumococcal disease during the first 
6 months of life, than HIV-unexposed infants.6 Antibiotic 
resistance against several pneumococcal serotypes is 
high, making the development of primary prevention 
strategies crucial.97 Among HIV-infected individuals, the 
incidence of invasive pneumococcal disease remains 
43-times higher than HIV-uninfected individuals, even in 
the era of combination antiretroviral therapy.12,13
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A 13-valent conjugate vaccine and a 23-valent poly-​
saccharide pneumococcal vaccine are available,98 and the 
23-valent polysaccharide vaccine is more commonly 
administered in adults.99 Given the high morbidity and 
mortality associated with pneumococcal disease in 
children, the goal of maternal pneumococcal immuni
sation is to protect infants during the first few months of 
life when they are most susceptible to the disease.100,101

The WHO and US Centers for Diseases Control and 
Prevention have not made a policy recommendation 
on routine maternal pneumococcal immunisation85,102 
because of insufficient information on conjugate or 
polysaccharide pneumococcal vaccines during pregnancy. 
However, the WHO does recommend that pneumococcal 
vaccination be considered for women at high risk of 
pneumococcal infection.99

Most data on pneumococcal vaccination during 
pregnancy evaluates the 23-valent polysaccharide vaccine. 
With some variation by serotype, the 23-valent poly
saccharide vaccine is considered immunogenic in 
pregnant women.103–108 However, transfer of maternal 
antibodies is relatively inefficient even among HIV-
uninfected women.100 Most evidence does not indicate a 
benefit of maternal pneumococcal immunisation against 
infant infection101,105,107,109,110 or nasopharyngeal pneumococcal 
colonisation, which is a precursor to pneumococcal 
disease.103,109,111 Among HIV-uninfected women, vaccine 
efficacy of maternal pneumococcal immunisation on 
infant nasopharyngeal carriage was estimated to be 
30% (95% CI 34–64%).104

Data on maternal pneumococcal vaccination among 
pregnant WLWH shows that vaccination is immunogenic, 
but that HIV infection might influence maternal 
antibody response and transfer. In one study of the 
23-valent polysaccharide pneumococcal vaccine, WLWH 
vaccinated after 20 weeks of gestation responded to four 
of six serotypes investigated.39 Pneumococcal serotypes 
vary with geographical location, making it difficult to 
compare results from studies involving HIV-uninfected 
women. However, the maternal antibody responses for 
two serotypes reported across studies were lower among 
WLWH, than those reported among HIV-uninfected 
women (appendix)39,106–108,112 In two studies among 
unvaccinated women, HIV-infection was also associated 
with at least 50% fewer maternal antibodies and 
15% fewer antibodies transferred to infants, than HIV-
uninfected women.3,113 Maternal pneumococcal vacci
nation among WLWH does not reduce infant 
nasopharyngeal pneumococcal colonisation in HIV-
exposed infants up to age 6 months.40

Vaccines under investigation for use during 
pregnancy
RSV
RSV is a ubiquitous virus that can cause severe illness in 
infants and adults older than 65 years.114 RSV is the 
leading cause of lower respiratory tract infections among 

children younger than 5 years, leading to an estimated 
66 000–199 000 deaths per year.115,116 In HEU infants, the 
incidence of RSV is 40% higher than among HIV-
unexposed infants.7 Palivizumab, an RSV neutralising 
monoclonal antibody, is approved to prevent RSV in 
infants; however, it is costly and only approved for use in 
preterm and other high-risk infants.114

In 2017 there were 14 RSV vaccines being investigated 
in clinical trials, with approval of at least one RSV vaccine 
expected in the next 5 years.114 Maternal RSV vaccination 
is expected to be the primary strategy for providing 
passive RSV antibody protection to infants during their 
first few months of life.117 In various clinical trials, RSV 

Panel: Research priorities for HIV maternal immunisation

Prioritise vaccine efficacy research in HIV-infected women
Data on how HIV infection affects vaccine performance will be crucial for policy makers 
considering scaling up maternal immunisation programmes in resource-limited settings. 
Of the three vaccines recommended during pregnancy (influenza, pertussis, and tetanus), 
information on vaccine efficacy during pregnancy among women living with HIV (WLWH) 
is only available for influenza. Large observational studies in high HIV-burden areas—
notably eastern and southern Africa where the prevalence of HIV and vaccine-preventable 
diseases during pregnancy is high—are urgently needed to estimate vaccine efficacy 
among WLWH. For vaccines being developed for use in pregnancy (group b streptococcus 
[GBS], respiratory syncytial virus [RSV]), clinical trials evaluating vaccine efficacy should be 
conducted in sub-Saharan Africa and include WLWH.

Focus resources on maternal immunisation against pneumococcal disease, 
GBS, and RSV
Pneumococcal disease, GBS and RSV are three vaccine-preventable diseases that are 
prevalent in high HIV-burden areas and are more common and more severe in 
HIV-exposed, but uninfected (HEU) infants.5–7 Maternal immunisation strategies for these 
three diseases might have the potential to substantially reduce morbidity and mortality 
in HUE infants. Consideration of WLWH in ongoing research on pneumococcal, GBS, 
and RSV vaccination during pregnancy will be crucial to evaluate the potential health 
benefits of maternal immunisation for HEU and should be prioritised.

Optimise vaccine response among HIV-infected pregnant women
Limited data have explored correlates of vaccine response in WLWH, with no consistent 
link between CD4 count or HIV viral load and vaccine response.3,146 Preliminary evidence 
suggests that duration of HIV infection, timing of antiretroviral therapy initiation, and 
depletion of T cells and memory B cells could be indicators of vaccine response in 
pregnant WLWH;146 however, further research is required. Investigation into alternative 
vaccine formulations, doses, or schedules might improve vaccine response and efficacy 
among HIV-infected pregnant women and will be crucial in ensuring that maternal 
immunisation is effective among HEU infants and WLWH.

Maternal health benefits of maternal immunisation
In resource-limited settings, pregnancy represents one of the few routine times women 
interact with the health system. Immunisation of women during pregnancy could have 
important implications for maternal health. Influenza, RSV, hepatitis B, 
and pneumococcal disease all substantially contribute to morbidity and mortality in 
pregnant women.147 Several vaccine-preventable diseases, such as GBS, have also been 
linked to adverse pregnancy outcomes.136,148 WLWH are already at an increased risk of 
adverse pregnancy outcomes including low birthweight and preterm birth.149 
Understanding whether maternal immunisation improves maternal health and reduces 
the risk of adverse pregnancy outcomes is an important public health priority.

See Online for appendix
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vaccinations given to pregnant women in the third 
trimester were well tolerated, immunogenic, and 
provided efficient antibody transfer to infants.118–120

People with HIV are at an increased risk of severe illness 
from RSV.121 No data are available evaluating maternal 
RSV vaccination in pregnant WLWH. However, data from 
SSA suggests that RSV might be more common among 
HIV-infected pregnant women, compared with HIV-
uninfected pregnant women.121 In unvaccinated women, 
HIV-infection has been associated with higher levels of 
maternal and infant anti-RSV antibodies at birth, but 
reduced transplacental antibody transfer and lowered 
titres of anti-RSV antibodies among HIV-exposed infants 
at 6 months, compared with HIV-unexposed infants.122

GBS
GBS is a bacterial infection that is a leading cause of 
stillbirth, neonatal sepsis, and meningitis.123 Approximately 
10–40% of women of reproductive age are colonised with 
GBS in the gastrointestinal or genital tracts.124–126 HEU 
infants are at increased risk of being infected with GBS, 
and once infected, at increased risk of developing more 
severe GBS symptoms.5 Infants exposed to GBS can 
experience either early (0–6 days) or late onset (7–89 days) 
invasive GBS.125 In developed countries, introduction of 
intrapartum antibiotic prophylaxis has reduced the 
incidence of invasive early onset GBS by 80%.127 However, 
the incidence of late onset GBS has not declined, probably 
because perinatal transmission accounts for only a portion 
of late onset GBS cases.128 In many developing countries 
where the prevalence of GBS is high, intrapartum 

antibiotic prophylaxis is not feasible.129–132 Adults with HIV 
have an increased risk of developing invasive GBS.14

Several different types of GBS vaccines are in 
development.133 To help guide research priorities regarding 
GBS vaccine development, WHO have introduced a 
roadmap for GBS vaccine development.124 Data from 
clinical trials suggest that a trivalent glycoconjugate GBS 
vaccine is well tolerated and immunogenic in both 
pregnant and non-pregnant women.23,24,134,135

GBS is an important source of morbidity and mortality 
in WLWH and HEU infants. People with HIV are at an 
increased risk of invasive GBS, and GBS is linked to an 
increased risk of stillbirth and preterm birth.123,136 
HIV-exposed infants are also at an increased risk of GBS 
infection, compared with HIV-unexposed infants.4,5,137,138 
Maternal HIV infection is not associated with increased 
GBS colonisation,139–141 but is associated with colonisation 
with more virulent GBS serotypes, lower pre-vaccine 
maternal GBS antibody concentrations and, in some 
studies, reduced transplacental antibody transfer.142–145 

One study investigated vaccination with the trivalent 
glycoconjugate GBS vaccine in HIV-infected and 
HIV-uninfected pregnant women at 24–35 weeks of 
gestation and found that HIV status did not affect 
antibody transfer ratios, but did lead to fewer maternal 
antibodies being transferred to HIV-exposed infants.23

Conclusions
For WLWH maternal immunisation could be a promising 
strategy to reduce neonatal infections and improve 
maternal health. However, very little research has 
explored the effect of HIV infection and HIV exposure 
on the immunogenicity and effectiveness of vaccines 
given during pregnancy, which is an important gap given 
the goal of passive immunity during the infant’s first 
months of life. We identified only seven papers evaluating 
only three of the nine vaccines recommended or 
considered for use during pregnancy that evaluated 
maternal immunisation among HIV-infected women. 
The quality of the evidence was moderate, ranging from 
small safety and immunogenicity studies to well 
designed randomised controlled trials (table 2). Available 
evidence suggests that maternal HIV infection limits the 
immunogenicity of several vaccines, as would be 
expected, potentially leaving HEU infants more 
susceptible to infection during their first few months of 
life. However, in many cases, whether reduced maternal 
vaccine immunogenicity translates into reduced efficacy 
against vaccine-preventable diseases in HEU infants is 
not known.

As policy makers consider expanding maternal im
munisation programmes, HIV will be an important 
consideration. The increased susceptibility of HIV-infected 
women to several vaccine-preventable diseases15,22,63,77,78,89,102 
and overlapping high burdens of HIV and infectious 
diseases in many areas emphasises the potential benefits 
of maternal immunisation for both women and infants.146,147 

Search strategy and selection criteria

References for this Review were identified through searches 
of PubMed and Web of Science databases through July, 2018. 
Searches included the keywords “HIV, pregnancy, vaccine” 
and the name of each of the 11 potentially vaccine-
preventable diseases reviewed. Additional and supporting 
manuscripts were identified from searches for each 
potentially vaccine-preventable disease that did not include 
the keyword “HIV” and from the reference list of reviewed 
papers. We included all published manuscripts and reports in 
English from any year that reported on immunisation during 
pregnancy and included women living with HIV (WLWH).
Titles and abstracts were screened by the first author and 
assessed for inclusion eligibility. A subset of full-text articles 
was reviewed. All included articles were assessed for major 
sources of bias. Our goal was to summarise the available 
evidence on maternal immunisation in WLWH; therefore, 
we did not combine results across studies or publish a 
systematic review protocol. For each vaccine-preventable 
disease, we briefly review the epidemiology and available 
vaccines, before reporting on immunogenicity and vaccine 
effectiveness of maternal immunisation, with an emphasis 
on WLWH.
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We identify key research priorities within the field of HIV 
and maternal immunisation (panel).
 Globally, immunisation during pregnancy is increasingly 
being considered in areas with high burdens of HIV 
during pregnancy and vaccine-preventable diseases in 
infants. Maternal immunisation could have important 
benefits for improving the health of HIV-infected women 
and reducing infectious disease-related morbidity and 
mortality in HEU children. However, to maximise the 
benefits of maternal immunisation for HIV-infected 
women and HEU infants, further research is required to 
investigate how HIV status influences the performance 
and clinical effect of vaccines administered during 
pregnancy.
Contributors
AMB and DAS conceived the idea for the Review. AMB conducted the 
literature search and drafted the Review. All authors made substantial 
contributions to the interpretation of the available evidence and revised 
the manuscript. All authors give final approval for the version to be 
published, agree to be accountable for all aspects of the work, and ensure 
that questions related to the accuracy or integrity of any part of the work 
are appropriately investigated and resolved.

Declaration of interests
AMB reports a grant from National Institute of Mental Health during 
the conduct of the study. BLH is a scientific adviser to Merck for their 
cytomegalovirus vaccine program. All other authors declare no 
competing interests.

Acknowledgments
We thank the National Institute of Mental Health, which supported 
AMB through a career development award (K99MH112413).

References
1	 UNAIDS. UNAIDS Data 2017. 2017. Joint United Nations 

Programme on HIV/AIDS. http://www.unaids.org/en/resources/
documents/2017/2017_data_book (accessed Oct 11, 2018).

2	 Arikawa S, Rollins N, Newell ML, Becquet R. Mortality risk and 
associated factors in HIV-exposed, uninfected children. 
Trop Med Int Health 2016; 21: 720–34.

3	 Jones CE, Naidoo S, De Beer C, Esser M, Kampmann B, 
Hesseling AC. Maternal HIV infection and antibody responses 
against vaccine-preventable diseases in uninfected infants. 
JAMA 2011; 305: 576–84.

4	 Adler C, Haelterman E, Barlow P, Marchant A, Levy J, 
Goetghebuer T. Severe infections in HIV-exposed uninfected 
infants born in a European country. PLoS One 2015; 10: e0135375.

5	 Epalza C, Goetghebuer T, Hainaut M, et al. High incidence of 
invasive group B streptococcal infections in HIV-exposed 
uninfected infants. Pediatrics 2010; 126: e631–38.

6	 von Mollendorf C, von Gottberg A, Tempia S, et al. Increased risk 
for and mortality from invasive pneumococcal disease in 
HIV-exposed but uninfected infants aged <1 year in South Africa, 
2009–2013. Clin Infect Dis 2015; 60: 1346–56.

7	 Cohen C, Moyes J, Tempia S, et al. Epidemiology of acute lower 
respiratory tract infection in HIV-exposed uninfected Infants. 
Pediatrics 2016; 137: e20153272.

8	 Eaton JW, Rehle TM, Jooste S, et al. Recent HIV prevalence trends 
among pregnant women and all women in sub-Saharan Africa: 
implications for HIV estimates. AIDS 2014; 28 (suppl 4): 507–14.

9	 You D, Hug L, Ejdemyr S, et al. Global, regional, and national levels 
and trends in under-5 mortality between 1990 and 2015, with 
scenario-based projections to 2030: a systematic analysis by the 
UN Inter-agency Group for Child Mortality Estimation. Lancet 2015; 
386: 2275–86.

10	 Kachikis A, Englund JA. Maternal immunization: optimizing 
protection for the mother and infant. J Infect 2016; 
72 (suppl): 83–90.

11	 Lindsey B, Kampmann B, Jones C. Maternal immunization as a 
strategy to decrease susceptibility to infection in newborn infants. 
Curr Opin Infect Dis 2013; 26: 248–53.

12	 Meiring S, Cohen C, Quan V, et al. HIV infection and the 
epidemiology of invasive pneumococcal disease (IPD) in South 
African adults and older children prior to the introduction of a 
pneumococcal conjugate vaccine (PCV). PLoS One 2016; 11: e0149104.

13	 Nunes MC, von Gottberg A, de Gouveia L, et al. Persistent high 
burden of invasive pneumococcal disease in South African 
HIV-infected adults in the era of an antiretroviral treatment 
program. PLoS One 2011; 6: e27929.

14	 Sendi P, Johansson L, Norrby-Teglund A. Invasive group B 
streptococcal disease in non-pregnant adults : a review with 
emphasis on skin and soft-tissue infections. Infection 2008; 
36: 100–11.

15	 Crum-Cianflone NF, Sullivan E. Vaccinations for the HIV-infected 
adult: a review of the current recommendations, part I. 
Infect Dis Ther 2017; 6: 303–31.

16	 WHO. Vaccines against influenza WHO position paper—
November 2012. Wkly Epidemiol Rec 2012; 87: 461–76.

17	 Centers for Disease Control and Prevention. Updated 
recommendations for use of tetanus toxoid, reduced diphtheria 
toxoid, and acellular pertussis vaccine (Tdap) in pregnant women—
Advisory Committee on Immunization Practices (ACIP), 2012. 
MMWR Morb Mortal Wkly Rep 2013; 62: 131–35.

18	 National Center for Immunization and Respiratory Diseases. 
General recommendations on immunization: recommendations of 
the Advisory Committee on Immunization Practices (ACIP). 
MMWR Recomm Rep 2011; 60: 1–64.

19	 Centers for Disease Control and Prevention. General 
recommendations on immunization. Recommendations of the 
Advisory Committee on Immunization Practices (ACIP). 
MMWR Recomm Rep 1994; 43 (Rr-1): 1–38.

20	 Advisory Committee on Immunization Practices. Prevention of 
hepatitis A through active or passive immunization: 
recommendations of the Advisory Committee on Immunization 
Practices (ACIP). MMWR Recomm Rep 2006; 55 (Rr-7): 1–23.

21	 WHO. Polio vaccines: WHO position paper—March, 2016. 
Wkly Epidemiol Rec 2016; 91: 145–68.

22	 WHO. Meningococcal vaccines: WHO position paper—
November 2011. Wkly Epidemiol Rec 2011; 86: 521–39.

23	 Heyderman RS, Madhi SA, French N, et al. Group B streptococcus 
vaccination in pregnant women with or without HIV in Africa: 
a non-randomised phase 2, open-label, multicentre trial. 
Lancet Infect Dis 2016; 16: 546–55.

24	 Madhi SA, Cutland CL, Jose L, et al. Safety and immunogenicity of 
an investigational maternal trivalent group B streptococcus vaccine 
in healthy women and their infants: a randomised phase 1b/2 trial. 
Lancet Infect Dis 2016; 16: 923–34.

25	 Esposito S, Pietro GD. Respiratory syncytial virus vaccines: 
an update on those in the immediate pipeline. 
Future Microbiol 2016; 11: 1479–90.

26	 Guvenel AK, Chiu C, Openshaw PJ. Current concepts and progress 
in RSV vaccine development. Expert Rev Vaccines 2014; 13: 333–44.

27	 Saso A, Kampmann B. Vaccination against respiratory syncytial 
virus in pregnancy: a suitable tool to combat global infant morbidity 
and mortality? Lancet Infect Dis 2016; 16: e153–63.

28	 Keller-Stanislawski B, Englund JA, Kang G, et al. Safety of 
immunization during pregnancy: a review of the evidence of 
selected inactivated and live attenuated vaccines. Vaccine 2014; 
32: 7057–64.

29	 Moro PL, Museru OI, Niu M, Lewis P, Broder K. Reports to the 
Vaccine Adverse Event Reporting System after hepatitis A and 
hepatitis AB vaccines in pregnant women. Am J Obstet Gynecol 2014; 
210: 561.e1–6.

30	 Myers TR, McNeil MM, Ng CS, Li R, Lewis PW, Cano MV. 
Adverse events following quadrivalent meningococcal 
CRM-conjugate vaccine (Menveo(R)) reported to the Vaccine 
Adverse Event Reporting system (VAERS), 2010–2015. Vaccine 2017; 
35: 1758–63.

31	 Centers for Disease Control and Prevention. HIV infection and 
adult vaccination. 2017. https://www.cdc.gov/vaccines/adults/rec-
vac/health-conditions/hiv.html (accessed April 9, 2018).

32	 Nunes MC, Cutland CL, Dighero B, et al. Kinetics of 
hemagglutination-inhibiting antibodies following maternal 
influenza vaccination among mothers with and those without HIV 
infection and their infants. J Infect Dis 2015; 212: 1976–87.

https://www.cdc.gov/vaccines/adults/rec-vac/health-conditions/hiv.html
https://www.cdc.gov/vaccines/adults/rec-vac/health-conditions/hiv.html


e129	 www.thelancet.com/infection   Vol 19   April 2019

Review

33	 Richardson K, Weinberg A. Reduced immunogenicity of influenza 
vaccines in HIV-infected compared with uninfected pregnant women 
is associated with regulatory T cells. AIDS 2011; 25: 595–602.

34	 Madhi SA, Cutland CL, Kuwanda L, et al. Influenza vaccination of 
pregnant women and protection of their infants. N Engl J Med 2014; 
371: 918–31.

35	 Abzug MJ, Nachman SA, Muresan P, et al. Safety and 
immunogenicity of 2009 pH1N1 vaccination in HIV-infected 
pregnant women. Clin Infect Dis 2013; 56: 1488–97.

36	 Aboud S, Matre R, Lyamuya EF, Kristoffersen EK. Antibodies to 
tetanus toxoid in women of childbearing age in Dar es Salaam and 
Bagamoyo, Tanzania. Trop Med Int Health 2001; 6: 119–25.

37	 Cumberland P, Shulman CE, Maple PA, et al. Maternal HIV 
infection and placental malaria reduce transplacental antibody 
transfer and tetanus antibody levels in newborns in Kenya. 
J Infect Dis 2007; 196: 550–57.

38	 Bashir MF, Elechi HA, Ashir MG, et al. Neonatal tetanus immunity 
in Nigeria: the effect of HIV infection on serum levels and 
transplacental transfer of antibodies. J Trop Med 2016; 2016: 7439605.

39	 Almeida Vde C, Mussi-Pinhata MM, De Souza CB, et al. 
Immunogenicity of 23-valent pneumococcal polysaccharide vaccine 
in HIV-infected pregnant women and kinetics of passively acquired 
antibodies in young infants. Vaccine 2009; 27: 3856–61.

40	 Almeida Vde C, Negrini BV, Cervi MC, Isaac Mde L, 
Mussi-Pinhata MM. Pneumococcal nasopharyngeal carriage among 
infants born to human immunodeficiency virus-infected mothers 
immunized with pneumococcal polysaccharide vaccine during 
gestation. Pediatr Infect Dis J 2011; 30: 466–70.

41	 WHO. Up to 650 000 people die of respiratory diseases linked to 
seasonal flu each year. 2017. Geneva: World Health Organization. 
http://www.who.int/mediacentre/news/releases/2017/seasonal-flu/
en/ (accessed March 25, 2018).

42	 WHO. WHO taskforce to evaluate influenza data to inform vaccine 
impact and economic modelling. 2015. http://www.who.int/
immunization/sage/meetings/2015/april/1_Interim_Report_
WHO_Initiative_Vaccine_Research_24March_2015_execSAGE.
pdf?ua=1 (accessed March 25, 2018).

43	 Haberg SE, Trogstad L, Gunnes N, et al. Risk of fetal death after 
pandemic influenza virus infection or vaccination. 
N Engl J Med 2013; 368: 333–40.

44 	 Hansen C, Desai S, Bredfeldt C, et al. A large, population-based 
study of 2009 pandemic Influenza A virus subtype H1N1 infection 
diagnosis during pregnancy and outcomes for mothers and 
neonates. J Infect Dis 2012; 206: 1260–68.

45	 Pierce M, Kurinczuk JJ, Spark P, Brocklehurst P, Knight M. 
Perinatal outcomes after maternal 2009/H1N1 infection: 
national cohort study. BMJ 2011; 342: d3214.

46	 Tapia MD, Sow SO, Tamboura B, et al. Maternal immunisation with 
trivalent inactivated influenza vaccine for prevention of influenza in 
infants in Mali: a prospective, active-controlled, observer-blind, 
randomised phase 4 trial. Lancet Infect Dis 2016; 16: 1026–35.

47	 Zaman K, Roy E, Arifeen SE, et al. Effectiveness of maternal 
influenza immunization in mothers and infants. N Engl J Med 2008; 
359: 1555–64.

48	 Steinhoff MC, Katz J, Englund JA, et al. Year-round influenza 
immunisation during pregnancy in Nepal: a phase 4, randomised, 
placebo-controlled trial. Lancet Infect Dis 2017; 17: 981–89.

49	 Jackson LA, Patel SM, Swamy GK, et al. Immunogenicity of an 
inactivated monovalent 2009 H1N1 influenza vaccine in pregnant 
women. J Infect Dis 2011; 204: 854–63.

50	 Rahman M, Chen LC, Chakraborty J, et al. Use of tetanus toxoid for 
the prevention of neonatal tetanus. 1. Reduction of neonatal 
mortality by immunization of non-pregnant and pregnant women 
in rural Bangladesh. Bull World Health Organ 1982; 60: 261–67.

51	 WHO. Maternal and Neonatal Tetanus Elimination (MNTE). 2018. 
http://www.who.int/immunization/diseases/MNTE_initiative/en/ 
(accessed March 25, 2018).

52	 Chow MY, Khandaker G, McIntyre P. Global childhood deaths from 
pertussis: a historical review. Clin Infect Dis 2016; 
63 (suppl 4): 134–41.

53	 Munoz FM, Bond NH, Maccato M, et al. Safety and 
immunogenicity of tetanus diphtheria and acellular pertussis (Tdap) 
immunization during pregnancy in mothers and infants: 
a randomized clinical trial. JAMA 2014; 311: 1760–69.

54	 Blencowe H, Lawn J, Vandelaer J, Roper M, Cousens S. 
Tetanus toxoid immunization to reduce mortality from neonatal 
tetanus. Int J Epidemiol 2010; 39 (suppl 1): 102–09.

55	 Baxter R, Bartlett J, Fireman B, Lewis E, Klein NP. Effectiveness of 
vaccination during pregnancy to prevent infant pertussis. Pediatrics 
2017; 139: e20164091.

56	 Skoff TH, Blain AE, Watt J, 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; 65: 1977–83.

57	 de Moraes-Pinto MI, Almeida AC, Kenj G, et al. Placental transfer 
and maternally acquired neonatal IgG immunity in human 
immunodeficiency virus infection. J Infect Dis 1996; 173: 1077–84.

58	 Franco E, Meleleo C, Serino L, Sorbara D, Zaratti L. Hepatitis A: 
epidemiology and prevention in developing countries. 
World J Hepatol 2012; 4: 68–73.

59	 Howell J, Lemoine M, Thursz M. Prevention of materno-foetal 
transmission of hepatitis B in sub-Saharan Africa: the evidence, 
current practice and future challenges. J Viral Hepat 2014; 
21: 381–96.

60	 Zhao Y, Jin H, Zhang X, Wang B, Liu P. Viral hepatitis vaccination 
during pregnancy. Human Vaccin Immunother 2016; 12: 894–902.

61	 Bayo P, Ochola E, Oleo C, Mwaka AD. High prevalence of hepatitis 
B virus infection among pregnant women attending antenatal care: 
a cross-sectional study in two hospitals in northern Uganda. 
BMJ Open 2014; 4: e005889.

62	 Chasela CS, Kourtis AP, Wall P, et al. Hepatitis B virus infection 
among HIV-infected pregnant women in Malawi and transmission 
to infants. J Hepatol 2014; 60: 508–14.

63	 Andersson MI, Maponga TG, Ijaz S, et al. The epidemiology of 
hepatitis B virus infection in HIV-infected and HIV-uninfected 
pregnant women in the Western Cape, South Africa. Vaccine 2013; 
31: 5579–84.

64	 Mast EE, Weinbaum CM, Fiore AE, et al. A comprehensive 
immunization strategy to eliminate transmission of hepatitis B virus 
infection in the United States: recommendations of the 
Advisory Committee on Immunization Practices (ACIP) Part II: 
immunization of adults. MMWR Recomm Rep 2006; 55 (Rr-16): 1–33.

65	 Sookoian S. Liver disease during pregnancy: acute viral hepatitis. 
Ann Hepatol 2006; 5: 231–36.

66	 Gupta I, Ratho RK. Immunogenicity and safety of two schedules of 
hepatitis B vaccination during pregnancy. 
Journal Obstet Gynaecol Res 2003; 29: 84–86.

67	 Ingardia CJ, Kelley L, Lerer T, Wax JR, Steinfeld JD. Correlation of 
maternal and fetal hepatitis B antibody titers following maternal 
vaccination in pregnancy. Am J Perinatol 1999; 16: 129–32.

68	 Sheffield JS, Hickman A, Tang J, et al. Efficacy of an accelerated 
hepatitis B vaccination program during pregnancy. 
Obstet Gynecol 2011; 117: 1130–35.

69	 Sangkomkamhang US, Lumbiganon P, Laopaiboon M. Hepatitis B 
vaccination during pregnancy for preventing infant infection. 
Cochrane Database Syst Rev 2014; 11: CD007879.

70	 Staples JE, Gershman M, Fischer M. Yellow fever vaccine: 
recommendations of the Advisory Committee on Immunization 
Practices (ACIP). MMWR Recomm Rep 2010; 59 (Rr-7): 1–27.

71	 WHO. Vaccines and vaccination against yellow fever. WHO position 
paper—June 2013. Wkly Epidemiol Rec 2013; 88: 269–83.

72	 Garske T, Van Kerkhove MD, Yactayo S, et al. Yellow fever in Africa: 
estimating the burden of disease and impact of mass vaccination 
from outbreak and serological data. PLoS Med 2014; 11: e1001638.

73	 Centers for Disease Control and Prevention. Yellow fever. 
Symptoms, diagnosis and treatment. 2018. https://www.cdc.gov/
yellowfever/symptoms/index.html (accessed Nov 19, 2018).

74	 Suzano CE, Amaral E, Sato HK, Papaiordanou PM. The effects of 
yellow fever immunization (17DD) inadvertently used in early 
pregnancy during a mass campaign in Brazil. Vaccine 2006; 
24: 1421–26.

75	 Thomas RE, Lorenzetti DL, Spragins W, Jackson D, Williamson T. 
The safety of yellow fever vaccine 17D or 17DD in children, pregnant 
women, HIV+ individuals, and older persons: systematic review. 
Am J Trop Med Hyg 2012; 86: 359–72.

76	 Nasidi A, Monath TP, Vandenberg J, et al. Yellow fever vaccination 
and pregnancy: a four-year prospective study. 
Trans R Soc Trop Med Hyg 1993; 87: 337–39.

http://www.who.int/mediacentre/news/releases/2017/seasonal-flu/en/
http://www.who.int/mediacentre/news/releases/2017/seasonal-flu/en/
http://www.who.int/immunization/sage/meetings/2015/april/1_Interim_Report_WHO_Initiative_Vaccine_Research_24March_2015_execSAGE.pdf?ua=1
http://www.who.int/immunization/sage/meetings/2015/april/1_Interim_Report_WHO_Initiative_Vaccine_Research_24March_2015_execSAGE.pdf?ua=1
http://www.who.int/immunization/sage/meetings/2015/april/1_Interim_Report_WHO_Initiative_Vaccine_Research_24March_2015_execSAGE.pdf?ua=1
http://www.who.int/immunization/sage/meetings/2015/april/1_Interim_Report_WHO_Initiative_Vaccine_Research_24March_2015_execSAGE.pdf?ua=1
http://www.who.int/immunization/diseases/MNTE_initiative/en/


www.thelancet.com/infection   Vol 19   April 2019	 e130

Review

77	 Veit O, Niedrig M, Chapuis-Taillard C, et al. Immunogenicity and 
safety of yellow fever vaccination for 102 HIV-infected patients. 
Clin Infect Dis 2009; 48: 659–66.

78	 Mullaert J, Abgrall S, Lele N, et al. Diphtheria, tetanus, 
poliomyelitis, yellow fever and hepatitis B seroprevalence among 
HIV1-infected migrants. Results from the ANRS VIHVO vaccine 
sub-study. Vaccine 2015; 33: 4938–44.

79	 Aycock WL. Acute poliomyelitis in pregnancy; its occurrence 
according to the month of pregnancy and sex of fetus. 
N Engl J Med 1946; 235: 160.

80	 Hunter JS Jr, Millikan CH. Poliomyelitis with pregnancy. 
Obstet Gynecol 1954; 4: 147–54.

81	 WHO. Poliomyelitis. 2017. Geneva, Switzerland: World Health 
Organization. http://www.who.int/immunization/diseases/
poliomyelitis/en/ (accessed March 30, 2018).

82	 WHO. Global Polio Eradication Initiative: Key at-risk countries. 
2017. Geneva, Switzerland: World Health Organization. 
http://polioeradication.org/where-we-work/key-at-risk-countries/ 
(accessed March 30, 2018).

83	 Minor PD. Immunization of pregnant women could protect babies 
from vaccine associated poliomyelitis. Vaccine 1997; 15: 1709.

84	 Fescharek R, Budde RK, Arras C. OPV vs IPV—could placental 
immunity reduce the number of vaccine-associated paralytic 
poliomyelitis? Vaccine 1997; 15: 1707–78.

85	 Centers for Disease Control and Prevention. Guidelines for 
vaccinating pregnant women. 2016. https://www.cdc.gov/vaccines/
pregnancy/hcp/guidelines.html#polio (accessed March 30, 2018).

86	 Da Silva MM, Prem KA, Johnson EA, McKelvey JL, Syverton JT. 
Response of pregnant women and their infants to poliomyelitis 
vaccine; distribution of poliovirus antibody in pregnant women 
before and after vaccination; transfer, persistence, and induction of 
antibodies in infants. J Am Med Assoc 1958; 168: 1–5.

87	 Brown GC, Carroll CJ. Antibody response of pregnant women to 
poliomyelitis vaccine and passive transfer to infants. 
J Immunol 1958; 81: 389–95.

88	 Linder N, Handsher R, Fruman O, et al. Effect of maternal 
immunization with oral poliovirus vaccine on neonatal immunity. 
Pediatr Infect Dis J 1994; 13: 959–62.

89	 Cardemil CV, Jonas A, Gerber S, et al. Poliovirus immunity among 
pregnant females aged 15–44 years, Namibia, 2010. J Infect Dis 2014; 
210 (suppl 1): 136–42.

90	 Molesworth AM, Thomson MC, Connor SJ, et al. Where is the 
meningitis belt? Defining an area at risk of epidemic meningitis in 
Africa. Trans R Soc Trop Med Hyg 2002; 96: 242–49.

91	 Al-Tawfiq JA, Clark TA, Memish ZA. Meningococcal disease: 
the organism, clinical presentation, and worldwide epidemiology. 
J Travel Med 2010; 17 (suppl): 3–8.

92	 Meningococcal A conjugate vaccine: updated guidance, 
February 2015. Wkly Epidemiol Rec 2015; 90: 57–62.

93	 Wak G, Williams J, Oduro A, Maure C, Zuber PL, Black S. 
The safety of PsA-TT in pregnancy: an assessment performed 
within the Navrongo health and demographic surveillance site in 
Ghana. Clin Infect Dis 2015; 61 (suppl 5): 489–92.

94	 Shahid NS, Steinhoff MC, Roy E, Begum T, Thompson CM, 
Siber GR. Placental and breast transfer of antibodies after maternal 
immunization with polysaccharide meningococcal vaccine: 
a randomized, controlled evaluation. Vaccine 2002; 20: 2404–09.

95	 O’Brien KL, Wolfson LJ, Watt JP, et al. Burden of disease caused by 
Streptococcus pneumoniae in children younger than 5 years: 
global estimates. Lancet 2009; 374: 893–902.

96	 WHO. Immunization, vaccines and biologicals. Estimates of 
disease burden and cost-effectiveness. 2017. Geneva: World Health 
Organization. http://www.who.int/immunization/monitoring_
surveillance/burden/estimates/en/ (accessed March 30, 2018).

97	 WHO. Pneumococcal vaccines. WHO position paper. 
Wkly Epidemiol Rec 1999; 74: 177–83.

98	 Centers for Disease Control and Prevention. Pneumococcal 
vaccination: what everyone should know. 2017. https://www.cdc.gov/
vaccines/vpd/pneumo/public/index.html (accessed April 2, 2018).

99	 WHO. 23-valent pneumococcal polysaccharide vaccine. 
WHO position paper. Wkly Epidemiol Rec 2008; 83: 373–84.

100	 Clarke E, Kampmann B, Goldblatt D. Maternal and neonatal 
pneumococcal vaccination—where are we now? 
Expert Review Vaccines 2016; 15: 1305–17.

101	 Chaithongwongwatthana S, Yamasmit W, Limpongsanurak S, 
Lumbiganon P, Tolosa JE. Pneumococcal vaccination during 
pregnancy for preventing infant infection. 
Cochrane Database Syst Rev 2015; 1: CD004903.

102	 WHO. Pneumococcal vaccines WHO position paper—2012. 
Wkly Epidemiol Rec 2012; 87: 129–44.

103	 Shahid NS, Steinhoff MC, Hoque SS, Begum T, Thompson C, 
Siber GR. Serum, breast milk, and infant antibody after maternal 
immunisation with pneumococcal vaccine. Lancet 1995; 
346: 1252–57.

104	 Binks MJ, Moberley SA, Balloch A, et al. PneuMum: impact from a 
randomised controlled trial of maternal 23-valent pneumococcal 
polysaccharide vaccination on middle ear disease amongst 
Indigenous infants, Northern Territory, Australia. Vaccine 2015; 
33: 6579–87.

105	 O’Dempsey TJ, McArdle T, Ceesay SJ, et al. Immunization with a 
pneumococcal capsular polysaccharide vaccine during pregnancy. 
Vaccine 1996; 14: 963–70.

106	 Quiambao BP, Nohynek H, Kayhty H, et al. Maternal immunization 
with pneumococcal polysaccharide vaccine in the Philippines. 
Vaccine 2003; 21: 3451–54.

107	 Lehmann D, Pomat WS, Combs B, Dyke T, Alpers MP. 
Maternal immunization with pneumococcal polysaccharide vaccine 
in the highlands of Papua New Guinea. Vaccine 2002; 20: 1837–45.

108	 Munoz FM, Englund JA, Cheesman CC, et al. 
Maternal immunization with pneumococcal polysaccharide vaccine 
in the third trimester of gestation. Vaccine 2001; 20: 826–37.

109	 Lopes CR, Berezin EN, Ching TH, Canuto Jde S, Costa VO, 
Klering EM. Ineffectiveness for infants of immunization of mothers 
with pneumococcal capsular polysaccharide vaccine during 
pregnancy. Braz J Infect Dis 2009; 13: 104–06.

110	 Lehmann D, Pomat WS, Riley ID, Alpers MP. Studies of maternal 
immunisation with pneumococcal polysaccharide vaccine in 
Papua New Guinea. Vaccine 2003; 21: 3446–50.

111	 Lopes CC, Berezin EN, Scheffer D, et al. Pneumococcal 
nasopharyngeal carriage in infants of mothers immunized with 
23V non-conjugate pneumococcal polysaccharide vaccine. 
J Trop Pediatr 2012; 58: 348–52.

112	 O’Dempsey TJ, McArdle T, Ceesay SJ, et al. Meningococcal antibody 
titres in infants of women immunised with meningococcal 
polysaccharide vaccine during pregnancy. 
Arch Dis Child Fetal Neonatal Ed 1996; 74: F43–46.

113	 Gupta A, Mathad JS, Yang WT, et al. Maternal pneumococcal 
capsular IgG antibodies and transplacental transfer are low in south 
Asian HIV-infected mother-infant pairs. Vaccine 2014; 32: 1466–72.

114	 Villafana T, Falloon J, Griffin MP, Zhu Q, Esser MT. Passive and 
active immunization against respiratory syncytial virus for the 
young and old. Expert Rev Vaccines 2017; 16: 1–13.

115	 Hall CB. Respiratory syncytial virus in young children. Lancet 2010; 
375: 1500–02.

116	 Nair H, Nokes DJ, Gessner BD, et al. Global burden of acute lower 
respiratory infections due to respiratory syncytial virus in young 
children: a systematic review and meta-analysis. Lancet 2010; 
375: 1545–55.

117	 Munoz FM. Respiratory syncytial virus in infants: is maternal 
vaccination a realistic strategy? Curr Opin Infect Dis 2015; 
28: 221–24.

118	 August A, Glenn GM, Kpamegan E, et al. A phase 2 randomized, 
observer-blind, placebo-controlled, dose-ranging trial of 
aluminum-adjuvanted respiratory syncytial virus F particle vaccine 
formulations in healthy women of childbearing age. Vaccine 2017; 
35: 3749–59.

119	 Munoz FM, Piedra PA, Glezen WP. Safety and immunogenicity of 
respiratory syncytial virus purified fusion protein-2 vaccine in 
pregnant women. Vaccine 2003; 21: 3465–67.

120	 Chu HY, Steinhoff MC, Magaret A, et al. Respiratory syncytial virus 
transplacental antibody transfer and kinetics in mother-infant pairs 
in Bangladesh. J Infect Dis 2014; 210: 1582–89.

121	 Moyes J, Walaza S, Pretorius M, et al. Respiratory syncytial virus in 
adults with severe acute respiratory illness in a high HIV prevalence 
setting. J Infect 2017; 75: 346–55.

122	 Weinberg A, Mussi-Pinhata MM, Yu Q, et al. Excess respiratory 
viral infections and low antibody responses among HIV-exposed, 
uninfected infants. AIDS 2017; 31: 669–79.

http://www.who.int/immunization/diseases/poliomyelitis/en/
http://www.who.int/immunization/diseases/poliomyelitis/en/
http://polioeradication.org/where-we-work/key-at-risk-countries/
http://www.who.int/immunization/monitoring_surveillance/burden/estimates/en/
http://www.who.int/immunization/monitoring_surveillance/burden/estimates/en/


e131	 www.thelancet.com/infection   Vol 19   April 2019

Review

123	 Nan C, Dangor Z, Cutland CL, Edwards MS, Madhi SA, 
Cunnington MC. Maternal group B Streptococcus-related stillbirth: 
a systematic review. BJOG 2015; 122: 1437–45.

124	 Vekemans J, Moorthy V, Friede M, et al. Maternal immunization 
against Group B streptococcus: World Health Organization research 
and development technological roadmap and preferred product 
characteristics. Vaccine 2018; published online Feb 2. 
DOI:10.1016/j.vaccine.2017.09.087.

125	 Le Doare K, Heath PT. An overview of global GBS epidemiology. 
Vaccine 2013; 31 (suppl 4): 7–12.

126	 Kwatra G, Adrian PV, Shiri T, Buchmann EJ, Cutland CL, 
Madhi SA. Serotype-specific acquisition and loss of group B 
streptococcus recto-vaginal colonization in late pregnancy. 
PLoS One 2014; 9: e98778.

127	 Schrag SJ, Verani JR. Intrapartum antibiotic prophylaxis for the 
prevention of perinatal group B streptococcal disease: experience in 
the United States and implications for a potential group B 
streptococcal vaccine. Vaccine 2013; 31 (suppl 4): 20–26.

128	 Jordan HT, Farley MM, Craig A, et al. Revisiting the need for 
vaccine prevention of late-onset neonatal group B streptococcal 
disease: a multistate, population-based analysis. 
Pediatr Infect Dis J 2008; 27: 1057–64.

129	 Russell NJ, Seale AC, O’Driscoll M, et al. Maternal colonization 
with group B streptococcus and serotype distribution worldwide: 
systematic review and meta-analyses. Clin Infect Dis 2017; 
65 (suppl 2): 100–11.

130	 Sinha A, Russell LB, Tomczyk S, et al. Disease burden of group B 
streptococcus among infants in sub-Saharan Africa: a systematic 
literature review and meta-analysis. Pediatr Infect Dis J 2016; 
35: 933–42.

131	 Kwatra G, Cunnington MC, Merrall E, et al. Prevalence of maternal 
colonisation with group B streptococcus: a systematic review and 
meta-analysis. Lancet Infect Dis 2016; 16: 1076–84.

132	 Nishihara Y, Dangor Z, French N, Madhi S, Heyderman R. 
Challenges in reducing group B streptococcus disease in African 
settings. Arch Dis Child 2017; 102: 72–77.

133	 Chen VL, Avci FY, Kasper DL. A maternal vaccine against group B 
streptococcus: past, present, and future. Vaccine 2013; 
31 (suppl 4): 13–19.

134	 Leroux-Roels G, Maes C, Willekens J, et al. A randomized, 
observer-blind phase Ib study to identify formulations and vaccine 
schedules of a trivalent group B streptococcus vaccine for use in 
non-pregnant and pregnant women. Vaccine 2016; 34: 1786–91.

135	 Donders GG, Halperin SA, Devlieger R, et al. 
Maternal immunization with an investigational trivalent group B 
streptococcal vaccine: a randomized controlled trial. 
Obstet Gynecol 2016; 127: 213–21.

136	 Bianchi-Jassir F, Seale AC, Kohli-Lynch M, et al. Preterm birth 
associated with group B streptococcus maternal colonization 
worldwide: systematic review and meta-analyses. 
Clin Infect Dis 2017; 65 (suppl 2): 133–42.

137	 Cutland CL, Schrag SJ, Thigpen MC, et al. Increased risk for group 
B streptococcus sepsis in young infants exposed to HIV, Soweto, 
South Africa, 2004–2008. Emerg Infect Dis 2015; 21: 638–45.

138	 Dangor Z, Lala SG, Cutland CL, et al. Burden of invasive group B 
streptococcus disease and early neurological sequelae in 
South African infants. PLoS One 2015; 10: e0123014.

139	 Gray KJ, Kafulafula G, Matemba M, Kamdolozi M, Membe G, 
French N. Group B streptococcus and HIV infection in pregnant 
women, Malawi, 2008–2010. Emerg Infect Dis 2011; 17: 1932–35.

140	 Shah M, Aziz N, Leva N, Cohan D. Group B streptococcus 
colonization by HIV status in pregnant women: prevalence and risk 
factors. J Womens Health (Larchmt) 2011; 20: 1737–41.

141	 Cutland CL, Schrag SJ, Zell ER, et al. Maternal HIV infection and 
vertical transmission of pathogenic bacteria. Pediatrics 2012; 
130: e581–90.

142	 Dzanibe S, Adrian PV, Mlacha SZK, Dangor Z, Kwatra G, 
Madhi SA. Reduced transplacental transfer of group B 
streptococcus surface protein antibodies in HIV-infected 
mother-newborn dyads. J Infect Dis 2017; 215: 415–19.

143	 Dangor Z, Kwatra G, Izu A, et al. HIV-1 Is associated with lower 
group B streptococcus capsular and surface-protein IgG antibody 
levels and reduced transplacental antibody transfer in pregnant 
Women. J Infect Dis 2015; 212: 453–62.

144	 Le Doare K, Taylor S, Allen L, et al. Placental transfer of anti-group 
B streptococcus immunoglobulin G antibody subclasses from 
HIV-infected and uninfected women to their uninfected infants. 
AIDS 2016; 30: 471–75.

145	 Seale AC, Koech AC, Sheppard AE, et al. Maternal colonization with 
Streptococcus agalactiae and associated stillbirth and neonatal 
disease in coastal Kenya. Nat Microbiol 2016; 1: 16067.

146	 Dangor Z, Nunes MC, Kwatra G, Lala SG, Madhi SA. Vaccination of 
HIV-infected pregnant women: implications for protection of their 
young infants. Trop Dis Travel Med Vaccines 2017; 3: 1.

147	 Swamy GK, Beigi RH. Maternal benefits of immunization during 
pregnancy. Vaccine 2015; 33: 6436–40.

148	 Sirilert S, Traisrisilp K, Sirivatanapa P, Tongsong T. 
Pregnancy outcomes among chronic carriers of hepatitis B virus. 
Int J Gynaecol Obstet 2014; 126: 106–10.

149	 Malaba TR, Phillips T, Le Roux S, et al. Antiretroviral therapy use 
during pregnancy and adverse birth outcomes in South African 
women. Int J Epidemiol 2017; 46: 1678–89.

© 2018 Elsevier Ltd. All rights reserved.


	Maternal immunisation to improve the health of
HIV-exposed infants
	Introduction
	Vaccines recommended during pregnancy
	Influenza
	Tetanus and pertussis

	Vaccines for consideration during pregnancy
	Hepatitis A and B
	Yellow fever
	Polio
	Meningococcal meningitis
	Pneumococcal disease

	Vaccines under investigation for use during
pregnancy
	RSV
	GBS

	Conclusions
	References




