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Abstract
Background: There are conflicting data concerning the impact of antenatal influenza 
vaccination on birth outcomes including low birthweight (LBW), preterm birth, small 
for gestational age (SGA), and stillbirth.
Methods: We conducted a retrospective observational cohort study of infants born 
to women residing in Mitchells Plain, Cape Town. Infants were born at 4 health facili-
ties during May 28 – December 31, 2015 and April 15 – December 31, 2016. We per-
formed crude and multivariable logistic regression, propensity score (PS) matching 
logistic regression, and inverse probability of treatment weighted (IPTW) regression 
to assess vaccine effectiveness (VE) against LBW, preterm birth, SGA, and stillbirth 
adjusting for measured confounders.
Results: Maternal vaccination status, antenatal history, and ≥1 birth outcome(s) were 
available for 4084/5333 (76.6%) pregnancies, 2109 (51.6%) vaccinated, and 1975 
(48.4%) unvaccinated. The proportion LBW was lower in vaccinated (6.9%) vs. unvac-
cinated (12.5%) in multivariable [VE 0.27 (95% CI 0.07-0.42)], PS [VE 0.30 (95% CI 
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1  | Introduc t ion

Seasonal and pandemic influenza virus infections are associated with 
severe disease outcomes in pregnant women and young infants.1–6 
Maternal antenatal influenza vaccination reduces the incidence of 
influenza among pregnant women and their young infants during the 
first 4-6 months of life.7–11 In 2012, the World Health Organization 
Strategic Advisory Group of Experts on Immunization recommended 
prioritization of pregnant women for influenza vaccination.12 Since 
that time, several countries have introduced influenza vaccination 
programs including programs that target pregnant women13; how-
ever, this recommendation has not been widely implemented in 
sub-Saharan Africa.14

There have also been conflicting data concerning the potential 
impact of antenatal influenza vaccination on birth outcomes includ-
ing stillbirth, preterm birth, and low birth weight. Influenza pan-
demics have been associated with fetal loss,15–17 preterm birth,16,18 
and infants born small for gestational age18 particularly following 
maternal influenza-associated or acute respiratory hospitalization; 
however, there appears to be limited association between seasonal 
influenza epidemics and birth outcomes.19–22 A small random-
ized, controlled trial (RCT) of maternal influenza immunization in 
Bangladesh23 found that maternal influenza immunization increased 
mean birth weight following the influenza season and a larger RCT 
in Nepal24 found that year-round maternal influenza immunization 
reduced the proportion of infants born low birth weight, but similar 
trials in South Africa9 and Mali10 found no impact on these measures. 
Likewise, observational studies of the impact of maternal influenza 
vaccination on birth outcomes including stillbirth, preterm birth, low 
birth weight, or small for gestational age have not provided conclu-
sive evidence of association25–28 and may be subject to bias intro-
duced in vaccination or reporting of comorbidities/risk factors when 
an adverse birth outcome occurs.

Since 2010, South Africa has offered seasonal influenza vaccina-
tion at no cost at public health facilities.29 Approximately 1 million 
doses of Southern Hemisphere trivalent inactivated influenza vac-
cine are procured annually to target risk groups including pregnant 
women, children aged 6-59 months, healthcare workers, persons 

aged 65 years or older and persons with chronic illness including HIV 
and tuberculosis. An additional 1 million doses are available through 
the private sector. South Africa is a middle-income country with a 
high antenatal prevalence of HIV (30.7% (95% CI: 30.1%−31.3%) na-
tionally; 15.9% (95% CI: 14.2%–17.8%) in the Western Cape Province 
(WCP) in 201730), and an annual birth cohort of approximately 
1.2 million.31 In 2016, South Africa’s National Advisory Group on 
Immunization (NAGI) further recommended that pregnant women 
and persons with HIV infection should be prioritized for seasonal 
influenza vaccination.32 Despite this prioritization, influenza vaccine 
coverage remains <16% in pregnant women.32 As part of a study of 
maternal influenza vaccine effectiveness against infant influenza-as-
sociated hospitalization, we collected data on adverse birth out-
comes among infants born to women eligible for antenatal influenza 
vaccination during 2015 and 2016 at 4 health facilities in Cape Town 
to assess the effect of maternal antenatal influenza vaccination on 
birth outcomes.

2  | Methods

2.1 | Study design and population

In South Africa, most antenatal care is provided at primary health 
centers and maternal obstetric units. Women with chronic illnesses, 
prior pregnancy complications including cesarean section, or who 
develop high-risk conditions during pregnancy are referred to district 
hospitals or regional referral hospitals for continuation of antenatal 
care. We conducted a retrospective observational cohort study of 
infants born to women residing in Mitchells Plain, a suburb of Cape 
Town. These infants were born at 4 health facilities (Mitchells Plain 
Maternal Obstetric Unit, Mitchells Plain District Hospital, Mowbray 
Maternity Hospital and Groote Schuur Hospital) representing the 
continuum of care for pregnant women in Mitchells Plain during May 
28 – December 31, 2015 and April 15 – December 31, 2016. We 
collected data on birth outcomes for infants born to women who 
sought antenatal care during influenza vaccination campaigns during 
May 14 – August 16, 2015 or April 1 – August 25, 2016. Influenza 

0.09-0.51)], and IPTW [VE 0.24 (95% CI 0.04-0.45)]. Preterm birth was less frequent 
in vaccinated (8.6%) than unvaccinated (16.4%) in multivariable [VE 0.26 (0.09-0.40)], 
PS [VE 0.25 (95% CI 0.09-0.41)], and IPTW [VE 0.34 (95% CI 0.18-0.51)]. The propor-
tion SGA was lower in vaccinated (6.0%) than unvaccinated (8.8%) but not in adjusted 
models. There were few stillbirths in our study population, 30/4084 (0.7%).
Conclusions: Using multiple analytic approaches, we found that influenza vaccination 
was associated with lower prevalence of LBW (24-30%) and preterm birth (25-34%) 
in Cape Town during 2015-2016.
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vaccines were offered at no cost at all public antenatal clinics ex-
cept Groote Schuur Hospital’s antenatal clinic where most high-risk 
pregnancies are referred for care. Maternal age, parity, HIV status, 
medical history, number of antenatal visits, tobacco, and alcohol use 
were abstracted from antenatal records or birth registers.

2.2 | Primary outcome measures

We used influenza surveillance from local general practitioners in 
the WCP (from the Viral Watch Programme33) to monitor influenza 
activity during the study period. Birth outcomes of interest included 
stillbirth (fetal death after 20 weeks gestation), mean birthweight, 
low birthweight (LBW) (birthweight less than 2500 g), preterm birth 
(birth before 37 weeks gestation), and small for gestational age 
(SGA) (birthweight <10th percentile for gestational age using WHO 
fetal growth charts34). Gestational age was determined by the cli-
nician from last menstrual period, antenatal ultrasound, or fundal 
height at first antenatal visit. Birthweight was recorded at the time 
of delivery in grams.

2.3 | Vaccination campaign and determination of 
influenza vaccination status

Influenza vaccines are offered in limited supply at no cost in public 
antenatal clinics. Influenza vaccines are also offered by private gen-
eral practitioners and at local pharmacies. During the period of this 
study, we increased influenza vaccine availability at selected clinics 
to increase coverage as part of a larger study of the effectiveness 
of maternal influenza vaccination against infant influenza-associated 
hospitalization. As part of the study, we kept influenza vaccine reg-
isters at study clinics to document vaccine uptake and encouraged 
documentation of influenza vaccination status of pregnant women 
in antenatal records and birth registers. We reviewed antenatal re-
cords, birth registers, and vaccine registers at clinics to determine 
maternal vaccination status. Women who did not receive antenatal 
care and those who received care at clinics that did not provide in-
fluenza vaccination were considered unvaccinated in all analyses. 
Women who had not entered the second trimester prior to the end 
of the influenza vaccine campaign and who were not listed in clinic 
vaccine registers were also considered unvaccinated. Women who 
received influenza vaccination less than 2 weeks prior to delivery 
or whose date of vaccination was outside the campaign period were 
excluded from the primary analyses.

2.4 | Determination of maternal HIV status

Healthcare workers offered HIV testing of pregnant or postpartum 
women according to the standard practice for the healthcare facil-
ity. Typically, pregnant women were screened by rapid HIV test with 
confirmation by HIV ELISA if rapid HIV test was positive. Pregnant 

women received HIV testing and counseling throughout pregnancy 
including repeat testing of all previously HIV-uninfected women at 
the time of delivery per national guidelines.

2.5 | Statistical analysis

We described the characteristics of vaccinated and unvaccinated 
women and their infants using frequencies for categorical variables 
and means for continuous variables. We used Pearson Χ2 and Wald 
Χ2 to assess differences in categorical variables, and two-sample t 
test for differences in means. We performed multivariable logistic 
regression to assess vaccine effectiveness against low birth weight, 
preterm birth, small for gestational age and stillbirth adjusting for 
measured confounders. We calculated vaccine effectiveness (VE) as 
1-odds ratio (OR) for all logistic regression analyses.

We also explored other methods to adjust for observational bias 
using methodology similar to Walsh et al.35 We used standardized 
differences to assess the balance of baseline covariates between 
the vaccinated and unvaccinated groups and considered an absolute 
standardized difference below 0.10 indicative of a balanced covariate. 
We included the following variables in logistic regression propensity 
score models: maternal age, campaign year, season of birth, site, gra-
vidity, parity, maternal HIV status, non-HIV chronic illness, smoking, 
alcohol use, and frequency of antenatal care attendance. Non-HIV 
chronic illness included anemia (n = 246), pregnancy induced hyper-
tension (n = 184), hypertension (n = 120), asthma (n = 118), diabetes 
(n = 76), obesity (n = 67), psychiatric disorders (n = 20), heart disease 
(n = 18), seizures (n = 12), and other comorbidities (n = 98). We then 
developed inverse probability of treatment weights (IPTWs), which 
weighted vaccinated pregnancies by the inverse of the propensity 
score and unvaccinated pregnancies by the inverse of one minus the 
propensity score. To generate adjusted results, we ran propensity 
score matching logistic regression models and IPTW weighted logis-
tic regression models to assess the average treatment effect in the 
treated (ATET) for each outcome except birthweight. Complete data 
were available on 3869/4084 (94.7%) of pregnancies for inclusion in 
propensity score analyses. We assessed the impact of vaccination on 
birth weight and adjusted for measured confounders using inverse 
probability weighted (IPW) linear regression.

Because we had limited data about outcomes of prior preg-
nancies, we created additional propensity score models for only 
primigravidae including all listed variables except parity. IPTWs 
were assigned using the same methodology but with the propen-
sity score developed for primigravidae. Complete data were avail-
able for 1218/1286 (94.7%) of primigravidae for propensity score 
development.

2.6 | Ethical review

The University of Witwatersrand Human Research Ethics Committee 
(certificate M140826) and the Faculty of Health Sciences, University 
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of Cape Town Human Research Ethics Committee (ref 835_2014) ap-
proved the study protocol. The National Health Research Committee 
and the Western Cape Provincial Health Research Committee also 
approved the protocol. The US Centers for Disease Control and 
Prevention relied on the local ethical review (CDC protocol #6746).

3  | Result s

3.1 | Influenza activity

In 2015, the influenza season began in WCP in week 17 (week end-
ing May 2nd) and ended in week 36 (Figure 1). Of 326 WCP samples 
tested in the Viral Watch Programme, 173 (53%) tested positive for 
influenza viruses: 95 (55%) influenza A(H1N1)pdm09, 43 (25%) influ-
enza A(H3N2), and 35 (20%) influenza B viruses. Influenza activity 
peaked in week 23. In 2016, the influenza season began in week 19 
(week ending May 13th) and ended in week 40 (Figure 1). Of the 280 
samples tested from the WCP in the Viral Watch Programme, 167 
(60%) tested positive for influenza viruses: 105 (63%) for influenza 
A(H3N2), 53 (32%) for influenza B, and 9 (5%) for influenza A(H1N1)
pdm09 viruses. Influenza activity peaked in week 31.

3.2 | Vaccination campaigns

Due to manufacturing challenges, there was a delay in receiving 
Southern Hemisphere influenza vaccines in 2015.36 The maternal 
influenza vaccination campaign began on May 14th during week 20, 
less than three weeks before influenza activity peaked. During May 
14th-August 16th, 2015, 6058 pregnant women were vaccinated 
in clinics serving the catchment area of the study sites. Influenza 
A(H1N1)pdm09 was the predominant circulating strain, and there 
was no vaccine mismatch. In 2016, the vaccine campaign began on 
April 1st during week 14, and 6461 pregnant women were vacci-
nated before August 25th, 2016. All but 6 (0.1%) women were vacci-
nated more than two weeks before the peak of the season. Influenza 

A(H3N2) was the predominant circulating strain and vaccine effec-
tiveness was 18% (95% CI −55% to 57%) due to poor match with the 
A(H3N2) strain.33

3.3 | Vaccine coverage and baseline characteristics

We collected data on birth outcomes for 5333 pregnancies during 
the study period (Figure 2). Maternal vaccination status, antenatal 
history, and one or more birth outcomes were available for 4084 
(76.6%) pregnancies. Among these 4084 women, 2109 (51.6%) were 
vaccinated and 1975 (48.4%) were unvaccinated (Table 1). Among 
2069 (98.1%) vaccinated women with information on gestational age 
at the time of vaccination, 139 (6.7%) were vaccinated in the first 
trimester, 992 (48.0%) in the second trimester, and 938 (45.3%) in 
the third trimester. HIV status was available for 4081 (99.9%) women 
and 428 (10.5%) were HIV-infected. There were statistically signifi-
cant differences (P  <  0.05) between vaccinated and unvaccinated 
women in maternal age, season of infant birth, site, gravidity, par-
ity, number of antenatal care visits, and non-HIV chronic illness. On 
multivariable analysis, site, parity, season of infant birth, and number 
of antenatal care visits remained significantly associated with vac-
cination. The standardized difference in baseline characteristics was 
greater than 0.10 for season of infant birth, gravidity, parity, number 
of antenatal visits, and non-HIV chronic illness. The IPTW weighted 
absolute standardized differences were smaller but did not com-
pletely correct for these differences, especially the differences in 

antenatal care visits and season of infant birth.

3.4 | Birth outcomes

The mean birth weight among live births included in our analyses 
(n = 4053) was 3150g (95% CI 3133 to 3167) and was statistically 
significantly higher in vaccinated compared to unvaccinated women 
using crude linear regression [114g difference (95% CI 80 to 148), 

F I G U R E  1   Influenza activity and 
number of women vaccinated by week, 
Cape Town, South Africa, 2015-2016
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P  <  0.001] and IPW regression [36g difference (95% CI 1 to 70), 
P  =  0.04], but not multivariable linear regression [20g difference 
(95% CI −11 to 51), P = 0.20](Table 2). Analyses limited to primigravi-
dae also found a significant difference in mean birth weight between 
vaccinated and unvaccinated women using crude linear regression 
[104g difference (95% CI 46 to 162), P < 0.001], but no significant 
difference remained after adjustment in multivariable linear regres-
sion (P = 0.22) or IPW regression (P = 0.10)(Table 3).

Among 4053 births, 390 (9.6%) were low birthweight (<2500g). 
The proportion low birthweight was significantly different between 
vaccinated (146/2102; 6.9%) and unvaccinated (244/1951; 12.5%) 
women on crude logistic regression [OR 0.52 (95% CI 0.42-0.65), 
P  <  0.001] and remained so after adjustment using multivariable 
logistic regression [VE 0.27 (95% CI 0.07-0.42), P = 0.009], propen-
sity score matching logistic regression [VE 0.30 (95% CI 0.09-0.51), 
P = 0.005], and IPTW weighted logistic regression [VE 0.24 (95% CI 
0.04-0.45), P = 0.02] (Table 2). However, in analyses limited to primi-
gravidae an initial difference identified in the crude odds ratio [OR 
0.54 (95% CI 0.37-0.80), P = 0.002] was not significantly different in 
any of the 3 adjusted models, P = 0.14, 0.10, and 0.116, respectively 
(Table 3).

Preterm birth was the most commonly observed adverse birth 
outcome, 500/4051 (12.3%) (Table 2). Preterm birth was signifi-
cantly less frequent in vaccinated (180/2101; 8.6%) than unvacci-
nated women (320/1950; 16.4%) on crude logistic regression [OR 
0.48 (95% CI 0.39-0.58), P < 0.001] and remained so in all adjusted 
models: multivariable logistic regression [VE 0.26 (95% CI 0.09-0.40), 

P = 0.005], propensity score matched logistic regression [VE 0.25 
(95% CI 0.09-0.41), P = 0.003], and IPTW weighted logistic regres-
sion [VE 0.34 (95% CI 0.18-0.51), P  <  0.001]. Preterm birth was 
also commonly reported among primigravidae, 161/1275 (12.6%) 
(Table 3). Preterm birth was less frequent in vaccinated primigrav-
idae (71/700; 10.1%) than unvaccinated primigravidae (90/575; 
15.7%) on logistic regression analysis [OR 0.61 (95% CI 0.44-0.85), 
P = 0.003] but this association did not remain significant in any of the 
3 adjusted models, P = 0.67, 0.42, and 0.31, respectively.

Overall, the proportion of live births small for gestational age was 
7.4% (298/1273). The proportion of live births small for gestational 
age was statistically significantly lower in vaccinated (126/2101; 
6.0%) than unvaccinated (172/1948; 8.8%) women [OR 0.66 (95% CI 
0.52-0.84), P = 0.001] on crude logistic regression but did not remain 
so in any of the 3 adjusted models, P = 0.22, 0.19, 0.06, respectively 
(Table 2). SGA was not significantly associated with vaccination sta-
tus among primigravidae on logistic regression or adjusted analyses, 
P = 0.06, 0.50, 0.48, and 0.44, respectively (Table 3).

There were very few stillbirths documented in our study popu-
lation, 30/4084 (0.7%) (Table 2). Reporting did not consistently de-
note fresh or macerated stillbirth. While stillbirth was less common 
in vaccinated (6/2109; 0.3%) compared to unvaccinated (24/1975; 
1.2%) women on crude logistic regression [OR 0.23 (95% CI 0.09-
0.57), P  =  0.001] and multivariable logistic regression [VE 0.62 
(95% CI 0.04-0.85), P = 0.04], there was no significant association 
in propensity score matched (P = 0.08) or IPTW weighted logistic 
regression (P = 0.19) (Table 2). Eleven (0.9%) stillbirths were reported 

F I G U R E  2   Summary of enrolled 
mothers who received antenatal influenza 
vaccination and those who did not receive 
antenatal influenza vaccination with data 
available on at least one birth outcome, 
Cape Town, South Africa, 2015-2016
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TA B L E  1   Demographic characteristics of postpartum women by influenza vaccination status, N=4084, Cape Town, South Africa, 
2015-2016

Characteristic
All
N = 4084

Vaccinated
n = 2109 (51.6%)

Unvaccinated
n = 1975 (48.4%) P value

Standardized 
difference

IPTW weighted 
standardized 
difference§ 

Maternal age in years, n/N (%)

<20 440 (10.8) 217 (10.3) 223 (11.3) 0.022 0.055 0.043

20-24 1196 (29.3) 660 (31.3) 536 (27.1)

25-29 1177 (28.8) 605 (28.7) 572 (29.0)

30-34 794 (19.4) 403 (19.1) 391 (19.8)

≥35 477 (11.7) 224 (10.6) 253 (12.8)

Mean age in years (range) 26.7 (13-47) 26.5 (13-45) 27.0 (13-47) 0.013

Campaign year, n (%)

2015 2195 (53.7) 1113 (52.8) 1082 (54.8) 0.198 0.059 0.079

2016 1889 (46.3) 996 (47.2) 893 (45.2)

Season of infant birth, n (%)

Before influenza season 327 (8.0) 172 (8.2) 155 (7.8) <0.001 0.341 0.323

During influenza season 1130 (27.7) 801 (38.0) 329 (16.7)

After influenza season 2627 (64.3) 1136 (53.9) 1491 (75.5)

Site, n (%)

Mitchell’s Plain Maternal 1436 (35.2) 745 (35.3) 691 (35.0) <0.001 0.007 0.014

Obstetric Unit

Mitchell’s Plain District 
Hospital

1633 (40.0) 937 (44.4) 696 (35.2)

Mowbray Maternity Hospital 714 (17.5) 337 (16.0) 377 (19.1)

Groote Schuur Hospital 301 (7.4) 90 (4.3) 211 (10.7)

Pregnancy history

Gravidity, n/N (%)

1 1286/4082 (31.5) 701/2109 (33.2) 585/1973 (29.7) <0.001 0.146 0.115

2-3 2103/4082 (51.5) 1111/2109 (52.7) 992/1973 (50.3)

4 or more 693/4082 (17.0) 297/2109 (14.1) 396/1973 (20.1)

Parity† , n/N (%)

0-1 1542/4080 (37.8) 840/2107 (39.9) 702/1973 (35.6) <0.001 0.158 0.117

2-3 2079/4080 (51.0) 1086/2107 (51.5) 993/1973 (50.3)

4 or more 459/4080 (11.3) 181/2107 (8.6) 278/1973 (14.1)

Antenatal visits, n/N (%)

1-3 1104 (27.0) 354 (16.8) 750 (38.0) <0.001 0.458 0.398

4-6 2147 (52.6) 1231 (58.4) 916 (46.4)

7 or more 833 (20.4) 524 (24.8) 309 (15.6)

HIV-infected, n (%) 428/4081 (10.5) 205/2108 (9.7) 223/1973 (11.3) 0.100 0.039 0.032

CD4 <200, n (%) 44/393 (11.2) 20/192 (10.4) 24/201 (11.9) 0.632

Antiretroviral Therapy (ART) use 
among HIV-infected, n (%)

410/415 (98.8) 202/202 (100) 208/213 (97.7) 0.028

Non-HIV chronic illness‡ , n (%) 954/3939 (24.2) 441/2018 (21.9) 513/1921 (26.7) <0.001 0.116 0.125

Smoked during pregnancy, n (%) 1369/4025 (34.0) 683/2083 (32.8) 686/1942 (35.3) 0.090 0.065 0.046

Alcohol during pregnancy, n (%) 376/4023 (9.3) 193/2082 (9.3) 183/1941 (9.4) 0.863 0.007 0.016

Trimester of vaccination, n (%)

First 139/2069 (6.7)

Second 992/2069 (48.0)

Third 938/2069 (45.3)
†Enrolled patients based on delivery record therefore parity reflects outcome of pregnancy under study. 
‡Non-HIV chronic illness included anemia (n = 246), pregnancy-induced hypertension (n = 184), hypertension (n = 120), asthma (n = 118), diabetes 
(n = 76), obesity (n = 67), psychiatric disorders (n = 20), heart disease (n = 18), seizures (n = 12), and other comorbidities (n = 98). 
§Inverse probability of treatment weighted (IPTW) regression adjusted for maternal age, site, season of birth, campaign year, gravidity, parity, number 
of antenatal visits, maternal HIV status, chronic illness, smoking, and alcohol use during pregnancy. 
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among 1286 primigravidae (Table 3). Stillbirth was less common in 
vaccinated (1/701; 0.1%) compared to unvaccinated (10/585; 1.7%) 
primigravidae on crude logistic regression [OR 0.08 (95% CI 0.01-
0.64), P = 0.02], multivariable logistic regression [VE 0.89 (95% CI 
0.15-0.99), P  =  0.04], propensity matched logistic regression [VE 
0.77 (95% CI 0.13-1.41), P = 0.02] and IPTW weighted logistic re-
gression [VE 0.83 (95% CI 0.03-1.63), P = 0.04].

4  | Discussion

Using multiple analytic approaches to adjust for bias associated 
with receipt of influenza vaccination in this observational study, we 
found that influenza vaccination was associated with lower preva-
lence of preterm birth (25-34%) and low birthweight (24-30%) in 
Cape Town during 2015-2016. These associations are similar to 
those noted in some prior observational studies of birth outcomes 
following influenza vaccination and meta-analyses of observational 
and experimental studies.27,37–39 Delivery site, parity, number of an-
tenatal visits, and smoking during pregnancy were also associated 
with preterm birth and low birthweight on multivariable analysis. 
Smoking during pregnancy is a well-established source of reduced 
birthweight and preterm delivery.40–44 Delivery site was associated 
with birth outcomes in our study because two of the sites are re-
ferral centers that deliver high-risk pregnancies. In the propensity 
score and IPTW analyses, number of antenatal visits was one of the 
indicators that was strongly predictive of vaccination and may be a 
source of residual bias in our analyses. Associations between vac-
cination and preterm birth or low birthweight were not significant 
among primigravidae in the same population. Possible reasons for 
this include insufficient sample size of primigravidae, unmeasured 
confounders in the overall population that may have biased our re-
sults, or a true lack of effect.

Although not significant in all models, influenza vaccination was 
associated with lower prevalence of stillbirth in our analyses in all 
pregnant women and primigravidae. A systematic review similarly 
found that vaccinated women had lower risk of stillbirth [RR 0.73 
(95% CI 0.55-0.96)] particularly in seasons where H1N1pdm09 pre-
dominated.45 The 2015 season in South Africa was H1N1pdm09 pre-
dominant but vaccine was delayed which may have limited our ability 
to measure an association between vaccination and prevention of 
stillbirth. Similarly, associations between vaccination and mean 
birthweight or SGA were not significant following adjustment for 
measured confounders, as seen in previous studies and reviews.22

We found that delays in influenza vaccine manufacturing in 2015 
resulted in most vaccines being delivered after the peak of influenza 
virus transmission in the community. In 2016, influenza vaccines 
were delivered before the seasonal influenza virus peak. If the role 
of influenza vaccination in preventing adverse birth outcomes is due 
to prevention of influenza-associated illness, we would expect that 
the protective effect of vaccination would have been more substan-
tial or found only when vaccine was received before the peak of the 
influenza season in 2016 and not in 2015. However, campaign year TA
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was only significantly associated with lower prevalence of stillbirth 
in the final multivariable logistic regression models. Campaign year 
was not significantly associated with lower prevalence of preterm 
birth, low birthweight, or SGA

There are several limitations to this analysis including the ret-
rospective design and the data sources. In South Africa, antenatal 
records and birth registers often lack sufficient data on pregnancies 
to adequately adjust for prior adverse birth outcomes. Difference 
in the timing and method of gestational age assessment, and the 
low proportion of women that initiate ANC during the first tri-
mester, introduce uncertainty in ascertainment of gestational age 
which may impact assessment of preterm and SGA. Likewise, im-
portant predictors of infant weight including maternal education 
and pre-pregnancy body mass index are not routinely collected or 
reported. Furthermore, the decision to receive influenza vaccine 
was not randomized. We identified a high proportion of women with 
non-HIV chronic illness (24.2%) in this population; however, there 
was insufficient data to assess birth outcomes according to different 
disease types or severity of illness. The timing of influenza vacci-
nation both in relation to the gestational age of the infant and the 
influenza transmission season is also important in understanding the 
potential impact of vaccination on birth outcomes. We adjusted for 
season of birth by determining if the infant was delivered before, 
during, or after the influenza season. This adjustment was balanced 
in the propensity score algorithm, but the standardized difference 
(0.323) following propensity score adjustment indicates that IPTW 
weighting may not have sufficiently adjusted for bias associated with 
the timing of vaccination.

In conclusion, in this retrospective observational study we iden-
tified statistically significant associations between antenatal influ-
enza vaccination and reduced risk of low birthweight and preterm 
delivery. In future studies, it would be valuable to implement cluster 
randomization of vaccination, prospective data collection including 
maternal comorbidities and their severity, history of prior pregnan-
cies, maternal BMI, education level, and socioeconomic status.
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