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Abstract

Introduction: Despite prioritization, routine antenatal influenza vaccine coverage is < 16% in South Africa. We
aimed to describe maternal influenza vaccine coverage in 27 antenatal clinics (ANCs) in Gauteng and Western Cape
(WC) Provinces, where in collaboration with the Department of Health (DoH), we augmented the annual influenza
vaccination programme among pregnant women.

Methods: From 2015 through 2018, 40,230 additional doses of influenza vaccine were added to the available stock
and administered as part of routine antenatal care. Educational talks were given daily and data were collected on
women attending ANCs. We compared characteristics of vaccinated and unvaccinated women using multivariable
logistic regression.

Results: We screened 62,979 pregnant women during the period when Southern Hemisphere influenza vaccines
were available (27,068 in Gauteng and 35,911 in WC). Vaccine coverage at the targeted clinics was 78.7% (49,355/
62682), although pregnant women in WC were more likely to be vaccinated compared to those in the Gauteng
(Odds ratio (OR) =3.7 p < 0.001). Women aged 25—29 and > 35 years were less likely to be vaccinated than women
aged 18—24 years (OR = 0.9 p = 0.053; OR = 0.9 p < 0.001). HIV positive status was not associated with vaccination
(OR = 1.0 p = 0.266). Reasons for not vaccinating included: vaccine stock-outs where ANCs depleted available stock
of vaccines and/or were awaiting delivery of vaccines (54.6%, 6949/12723), refusal/indecision (25.8%, 3285), and
current illness that contraindicated vaccination (19.6%, 2489).

Conclusion: Antenatal vaccination uptake was likely improved by the increased vaccine supply and vaccine
education offered during our campaign.
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Introduction
Among those in groups at increased risk for influenza
virus infection in South Africa during 2013–2015, the esti-
mated rates of severe influenza-associated illness were
highest in pregnant women (930 per 100,000 population)
[1], confirming global research showing that pregnant
women are at increased risk of severe complications and
hospitalisation following influenza [2–4]. Children aged
less than 6months are also at increased risk of hospitalisa-
tion and mortality from influenza-related illnesses [5, 6],
yet there is no vaccine licensed for use in this age group.
Maternal influenza vaccination can prevent influenza in
pregnant women, as well as their young infants during the
first 3–6months of life [7–9].
In South Africa, a study to describe the national burden

of influenza-associated mortality between 1999 to 2009
showed that pregnant women have an increased risk of
mortality associated with seasonal as well as pandemic
A(H1N1)pdm09 influenza, compared with non-pregnant
women, estimating 123 all-cause seasonal influenza-
associated deaths annually, and in 2009 alone, 181 pan-
demic A(H1N1)pdm09 influenza-associated deaths among
pregnant women [4]. Influenza morbidity and mortality
among pregnant women could be prevented by investing
in a maternal influenza immunization strategy. Additional
benefits to investing in maternal immunization include a
strengthened antenatal care system and improved country
pandemic preparedness [10].
Since 2010, the Department of Health (DoH) in South

Africa procured approximately 1 million doses of South-
ern Hemisphere trivalent inactivated influenza vaccines
annually to distribute among public health facilities with
the aim of targeting risk groups, including pregnant
women, for vaccination [11]. In 2012, the World Health
Organization (WHO) recommended that pregnant
women have the highest priority for influenza vaccin-
ation [12], promoting influenza vaccination as an essen-
tial component of antenatal care. In 2016, in agreement
with the WHO’s recommendation and based on esti-
mated morbidity and mortality averted, as well as esti-
mated associated costs, South Africa’s National Advisory
Group on Immunization (NAGI) prioritised pregnant
women and persons with HIV infection for influenza
vaccination [13]. Despite this, the national coverage for
annual influenza vaccination of pregnant women since
2011 has been < 16% [11].
In South Africa, the typical influenza season occurs in

the Southern hemisphere winter, starting around the
first week of June and lasting between 11 to 25 weeks
[14–17]. During 2015–2018, the annual routine DoH in-
fluenza vaccination programme among pregnant women
was augmented at two sites in South Africa in order to
increase vaccine coverage prior to a study on maternal
influenza vaccine effectiveness. We describe influenza

vaccine coverage among pregnant women at these sites
and reasons for not receiving the vaccine, and report on
a post-introduction evaluation of the programme in
pregnant women. We also evaluated the timeliness of
the influenza vaccination campaign each year in relation
to the timing of the influenza season.

Methods
From 2015 through 2018, the National Institute for
Communicable Diseases (NICD), a division of the
National Health Laboratory Services (NHLS) in South
Africa, collaborated with the DoH to augment the an-
nual routine influenza vaccination programme targeting
pregnant women at selected sites. The aims were to in-
crease influenza vaccination coverage and, as part of a
larger study, aiming to measure influenza vaccine effect-
iveness in this population. Here we present characteris-
tics of the annual influenza vaccination campaigns.
Antenatal clinics (ANCs) were selected to participate in
the campaign based on proximity to three hospitals par-
ticipating in a larger study to determine maternal influ-
enza vaccine effectiveness among infants, namely
Rahima Moosa Mother and Child Hospital in Johannes-
burg, Gauteng Province; Red Cross War Memorial Chil-
dren’s Hospital and Mitchell’s Plain District Hospital in
Cape Town, Western Cape (WC) Province. In total,
from the 60 ANCs serving the catchment areas of these
hospitals, 25 were selected in 2015, 27 in 2016, 27 in
2017, and 26 in 2018, with the goal of increasing influ-
enza vaccine coverage to > 50% among pregnant women
giving birth at these facilities.
The annual routine influenza vaccination programme

was augmented through providing additional resources
as described below. Prior to the start of the influenza
vaccine campaign, healthcare workers at the selected
ANCs received on-site training regarding influenza, the
influenza vaccine, and how to vaccinate pregnant
women, including the importance of documenting vac-
cine administration. Additional to the allocated DoH
vaccine stock, study doses of influenza vaccine procured
for the exclusive vaccination of pregnant women were
delivered to the selected ANCs. The vaccines procured
by the study were the same vaccines used by the DoH
by year as follows: 2015: Vaxigrip® IIV3 (Sanofi Pasteur,
Lyon, France) and Fluvac (bioCSL, Australia); 2016: Vax-
igrip® IIV3 (Sanofi Pasteur, Lyon, France); 2017: Influvac®
(Abbott, Auckland, New Zealand); 2018: Influvac® (Ab-
bott, Auckland, New Zealand). Study-employed research
administrators delivered short daily health talks and pro-
vided information regarding influenza vaccination to
groups of pregnant women, completed vaccine registers,
and monitored vaccine supply and usage at the selected
ANCs. If pregnant women refused vaccination on initial
visits, they were encouraged to receive the influenza
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vaccine on subsequent visits during the campaign
period. Between 2015 and 2018, the annual influenza
vaccination programme aimed to deliver majority of in-
fluenza vaccines prior to the start of the influenza sea-
son, but actual timing of vaccination was determined by
the availability and delivery of influenza vaccines to the
selected sites.

Data collection
Vaccine registers were used by DoH to document infor-
mation on all pregnant women attending the ANC dur-
ing the influenza vaccine campaign. Vaccine register
data included patient identifiers, maternal age, HIV sta-
tus, gestational age at the time of visit, vaccination sta-
tus, and reason for not accepting the vaccine, if
applicable. At participating ANCs, these registers were
completed by the study-employed research administra-
tors, and then captured electronically using REDCap
(Research Electronic Data Capture) electronic data cap-
ture tools hosted by the University of Witwatersrand
[18, 19]. The number of ANC visits per pregnant woman
during the influenza vaccine campaign was also recorded
for 2016–2018.

Data analysis
We described the characteristics of pregnant women at-
tending antenatal clinics using multivariable logistic re-
gression, as well as reasons for not being vaccinated
using univariate logistic regression. Covariates describing
characteristics of pregnant women with p-values < 0.2 in
univariate analysis were included in the multivariable
model, and statistical significance was considered for p <
0.05. The statistical analyses were performed with Stata
software, version 14.0 (StataCorp, College Station, Texas,
USA). We estimated the number of influenza vaccines
supplied from the DoH by subtracting the number of
study doses administered from the total women vacci-
nated at the selected ANCs.

Influenza surveillance data
The influenza virus data and proportions positive were
obtained from the Viral Watch programme, an influenza
surveillance programme coordinated by the NICD, and
used to describe the timing of the 2015–2018 influenza
seasons in South Africa [20]. The influenza season was
considered to have started when influenza proportion
positive rose above the calculated threshold, determined
by the Moving Epidemic Method (a sequential analysis
using the R Language) [14–17]. Dates of vaccination col-
lected from women vaccinated at the selected ANCs be-
tween 2015 and 2018, were compared to the timing of
the start of each year’s influenza season to evaluate the
timeliness of each year’s vaccination campaign.

Vaccine campaign timing and coverage
The campaign’s start date was defined as the date of the
first administration of influenza vaccine in the ANCs
and the end date was when the last influenza vaccine
was used in the ANCs. Vaccine coverage was calculated
by dividing the number of pregnant women vaccinated
by the number of those that were screened at the se-
lected ANCs within the campaign period.

Influenza vaccine post introduction evaluation (IPIE)
IPIE tools are useful for delineating operational strengths
and weaknesses of seasonal influenza vaccination pro-
grammes [21]. An influenza-focused questionnaire and
IPIE tool was developed from the WHO New Vaccine
PIE tool [22] to provide a systematic method for evaluat-
ing the impact of introducing the influenza vaccine on
the existing immunization system. The IPIE tool tar-
geted the following key areas: 1) Pre-introduction plan-
ning, 2) Vaccine storage and wastage, 3) Logistics of
vaccine administration and data collection for coverage
calculations, 4) Adverse events following immunization,
5) Training and knowledge of healthcare workers, and 6)
Community and provider receptiveness. The IPIE tool
and questionnaire were utilised between 6 and 10 July
2015 at the 7 WC Province ANCs that participated in
the 2015 augmented annual influenza campaign, namely
Hanover Park, False Bay, Retreat, Mitchell’s Plain, Mow-
bray, Vanguard, and Gugulethu. A team consisting of 1
field epidemiologist and 1 research administrator
phoned the participating ANCs and organised meetings
where interviews with the ANC managers and/ or phar-
macists were conducted.

Ethics
The augmented influenza vaccination campaign among
pregnant women was part of the study of antenatal influ-
enza vaccine effectiveness approved by the University of
Witwatersrand Human Research Ethics Committee (cer-
tificate M140826) and the Faculty of Health Sciences,
University of Cape Town Human Research Ethics Com-
mittee (reference 835/ 2014), and all methods were per-
formed in accordance with the relevant guidelines and
regulations. The National Health Research Committee
and the WC Provincial Health Research Committee also
approved the protocol. Informed consent was not re-
quired to utilise data from vaccine registers, as these
were collected as part of routine healthcare practice in
collaboration with the DoH. Verbal informed consent
was obtained from staff participating in the IPIE cam-
paign evaluation.

Results
In total, from 2015 through 2018, the DoH supplied
18.5% (9125/49355) of the vaccine doses administered at
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the selected ANCs. Among the 62,979 pregnant women
who received care and were screened at the selected
ANCs during the influenza vaccination campaigns, we
obtained vaccination status for 62,682 (99.5%), of which
49,355 (78.7%) were vaccinated (Table 1). Percent vacci-
nated was 69.7 (10,473/15017) in 2015, 86.3 (11,212/
13000) in 2016, 80.2 (14,066/17545) in 2017, and 79.5
(13,604/17120) in 2018. Among 49,355 vaccinated
women, 46,129 (93.5%) were vaccinated on their first
antenatal visit during the influenza vaccination campaign
period, 2897 (5.9%) on their second visit, and < 1% each
on their third (n = 295), fourth (n = 31), or fifth (n = 3)
visits.
We obtained data on gestational age at vaccination for

81.2% (40,058/49355) of vaccinated pregnant women;
8.4% (3346/40058) were vaccinated in their first trimes-
ter of pregnancy (< 13 weeks gestation), 41.0% (16430) in
their second (14–27 weeks gestation), and 50.6% (20282)
in their third (28 –42 weeks gestation). Both the median
gestational age at first ANC visit during the campaign
for all screened pregnant women, and the median gesta-
tional age at vaccination, were 28 weeks (Interquartile
range (IQR) 20–34 weeks). Among those vaccinated in
the third trimester, 43.0% (8717/20282) were vaccinated
between 28 and 32 weeks of gestation, 37.4% (7584) be-
tween 33 and 37 weeks of gestation, and 19.6% (3981)
between 38 and 42 weeks of gestation.
On multivariable analysis (Table 2), compared to un-

vaccinated pregnant women, vaccinated women were

more likely to be from the WC (OR 3.7, 95% CI 3.5–
3.8), less likely to be aged 25–29 (OR 0.9, 95% CI 0.9–
1.0) or ≥ 35 years (OR 0.9, 95% CI 0.8–0.9) compared to
18–24 years, and more likely to be in the first (OR 1.3,
95% CI 1.2–1.5) or second (OR 1.5, 95% CI 0.8–0.9) tri-
mester compared to the third trimester.
Among the 13,327 pregnant women not vaccinated,

12,723 (95.5%) reported the reason for non-vaccination,
including vaccine stock-outs, that was not a participant
decision but where ANCs depleted available stock of vac-
cines and/ or were awaiting delivery of vaccines (54.8%,
6949/12723), refusal/ indecision (25.8%, 3285), and
current illness that contraindicated vaccination (19.6%,
2489). On univariate analysis (Table 3) comparing reasons
for non-vaccination, vaccine stock-outs (OR 1.3, 95% CI
1.2–1.5) and current illness (OR 1.5, 95% CI 1.4–1.5) were
more likely to be a reason for non-vaccination compared
to refusal/ indecision in Gauteng compared to WC.
Seven nursing managers from the 7 ANCs in WC were

interviewed for the IPIE, and although they mostly re-
ported that influenza vaccination during pregnancy had
minimal negative impact on the provision of routine ser-
vices during the augmented campaign, they indicated
that services could have benefited from the timely train-
ing of antenatal staff by the DoH, additional educational
resources, and an increased supply of vaccines (Table 4).
Amongst women with data available on date of vaccin-

ation (48,068/49355, 97.4%), half of vaccines (51.9%,
24,944/48068) were administered prior to the start of

Table 1 Characteristics of vaccinated and unvaccinated pregnant women screened in Gauteng and Western Cape, 2015-2018

Characteristics Total
n/N (%) or Median [IQR]

Vaccinated
n/N (%) or Median [IQR]

Unvaccinated
Total n/N (%) or Median [IQR]

Number screened:

Gauteng 27,068/62979 (43.0) 18,532/49355 (37.6) 8339/13327 (62.6)

Western Cape 35,911/62979 (57.0) 30,823/49355 (62.5) 4988/13327 (37.4)

Age (years) 27 [23–32] 27 [23–31] 27 [23–32]

Age group (years):

< 18 2047/62877 (3.3) 1667/49297 (3.4) 370/13292 (2.8)

18-24 20,469/62877 (32.6) 16,237/49297 (32.9) 4150/13292 (31.2)

25-29 18,295/62877 (29.1) 14,243/49297 (28.9) 3974/13292 (29.9)

30-34 13,863/62877 (22.0) 10,828/49297 (22.0) 2955/13292 (22.2)

35+ 8203/62877 (13.0) 6322/49297 (12.8) 1843/13292 (13.9)

HIV status:

Infected 11,287/61298 (18.4) 8861/48279 (18.4) 2390/12844 (18.6)

Gestational age at 1st screening during campaign (weeks) 28 [20–34] 27 [20–33] 28 [21–34]

Trimester distribution at 1st screening during campaign (weeks)

Trimester 1: < 13 4408/52477 (8.4) 35,414/41377 (8.6) 863/11040 (7.8)

Trimester 2: 14-27 21,758/52477 (41.5) 17,520/41377 (42.3) 4210/11040 (38.1)

Trimester 3: 28-42 26,311/52477 (50.1) 20,316/41377 (49.1) 5967/11040 (54.1)

*Abbreviations: n numerator, N denominator, % column percentage, IQR interquartile range
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the influenza season and 18.9% (9072/48068) were ad-
ministered after the annual seasonal influenza peak.
However, in 2015, only 2.1% (210/ 9931) of influenza
vaccines were administered prior to the start and 7183
(72.3%) after the peak of the influenza season (Fig. 1).

Discussion
Between 2015 and 2018, we successfully increased influ-
enza vaccine coverage among pregnant women at par-
ticipating ANCs. By increasing the number of vaccine
doses available and providing clinic staff with basic train-
ing on the benefits of influenza vaccination to pregnant
women, we were able to vaccinate most (78.7%) preg-
nant women in study clinics. In spite of this, around half
(54.8%) of screened pregnant women that did not re-
ceive the influenza vaccine reported vaccine unavailabil-
ity/ stock-outs as a reason for non-vaccination

suggesting a health system failure, that if addressed
might have increased coverage even further.
The high vaccine coverage achieved and the fact that

the majority of vaccinated pregnant women (93.5%) were
vaccinated on their first antenatal visit during the vac-
cination campaign, suggests that influenza vaccine up-
take among pregnant women at ANCs was well
accepted. Especially where additional resources such as
free and increased vaccine supply, focused training of
healthcare workers and improved maternal vaccine edu-
cation were supplied, a high vaccine coverage was
achieved. These findings are similar to those from Ales-
sandrini et al. [23] where the provision of free influenza
vaccine increased vaccine coverage significantly. In other
studies, programmes focussing on maternal knowledge
of vaccines have also improved the timing, completeness,
and coverage of vaccination [24]. Previous research has

Table 3 Univariate logistic regression analysis comparing reasons for non-vaccination among unvaccinated pregnant women
screened in Gauteng and Western Cape, 2015-2018

Reasons for not receiving the influenza vaccine: Gauteng (n/N, %) WC (n/N, %) OR (95% CI) P-value

Vaccine stock-outs 4398/7793
(56.4)

2551/4930
(51.7)

1.3
(1.2–1.4)

< 0.001

Refusal/ indecision 1860/7793
(23.9)

1425/4930
(28.9)

– –

Current illness 1535/7793
(19.7)

954/4930
(19.4)

1.2
(1.1–1.4)

< 0.001

*Abbreviations: n numerator, N denominator, % column percentage, OR odds ratio, CI confidence interval, WC Western Cape

Table 2 Multivariable analysis comparing vaccinated and unvaccinated pregnant women screened in Gauteng and Western Cape,
2015-2018

Characteristics OR
(95% CI)

P-value Adjusted OR (95% CI) P-value

Number screened:

Gauteng Reference Reference Reference Reference

Western Cape 2.8 (2.7–2.9) < 0.001 3.7 (3.5–3.8) < 0.001

Age (years) – 0.015 – –

Age group (years):

< 18 1.2 (1.0–1.3) 0.019 1.0 (0.9–1.2) 0.987

18-24 Reference Reference Reference Reference

25-29 0.9 (0.9–1.0) < 0.001 0.9 (0.9–1.0) 0.053

30-34 0.9 (0.9–1.0) 0.015 1.0 (0.9–1.0) 0.554

35+ 0.9 (0.8–0.9) < 0.001 0.9 (0.8–0.9) < 0.001

HIV status:

Infected 1.0 (0.9–1.0) 0.509 – –

Gestational age at 1st screening during campaign (weeks) – < 0.001 – –

Trimester distribution at 1st screening during campaign (weeks)

Trimester 1: < 13 1.2 (1.1–1.3) < 0.001 1.3 (1.2–1.5) < 0.001

Trimester 2: 14-27 1.2 (1.12–1.3) < 0.001 1.5 (1.4–1.5) < 0.001

Trimester 3: 28-42 Reference Reference Reference Reference

*Abbreviations: n numerator, N denominator, % column percentage, IQR interquartile range, CI confidence interval, OR odds ratio
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shown that by improving healthcare worker’s knowledge
of influenza vaccines, their willingness to recommend
vaccination to pregnant women will increase vaccine up-
take, and that their advice is a key determinant of influ-
enza vaccination uptake in pregnant women [25–28].
There are several challenges affecting optimal timing of

influenza vaccination, including vaccine manufacturing

issues. In 2015, due to a change in influenza strains in-
cluded in the vaccine, there was a delay in manufacturing
and subsequently receiving the Southern Hemisphere in-
fluenza vaccines [29], resulting in the vaccination cam-
paign only being able to start in May. Unfortunately, 2015
also saw an early onset to the influenza season [16], start-
ing 26 April, 1 week before the vaccination campaign

Table 4 Summary of the key findings using the IPIE tool at 7 ANCs in Western Cape, 2015

Key Areas Key findings

Planning and training • None of the sites reported receiving training from the DoH on the vaccination campaign in the current year
• Influenza vaccine coverage and waste calculation could not be determined at the site level
• Several sites complained about the documentation process, specifically citing placing stickers and verifying vaccine receipt
in the record books as “too labour intensive”

Vaccine management • Cold chain management was uniform across sites
• Vaccine shortage was an issue at 2 (29%) sites
• Vaccine wastage reported at 2 (29%) sites due to failure to refrigerate

Adverse events • One AEFI* of localised injection site rash was identified. This was reported to a medical officer only and not documented
using the national AEFI reporting mechanism (through the pharmacy)

Impression and
acceptance

• Overall, the nurse managers interviewed were pleased with their involvement in the campaign
• Of 7 sites surveyed, 6 (85%) felt implementation of the campaign was a smooth process with minor challenges and did
not affect their ability to provide routine antenatal services

Recommendations • Study RAs should vaccinate patients to decrease the burden on the clinic staff
• Provide more influenza educational materials (checklists, presentations geared toward a lay audience) for use during the
season

*Abbreviations: DoH Department of Health, AEFI Adverse event following immunization, RA research assistant

Fig. 1 Number of pregnant women vaccinated compared with influenza proportion positives by epidemiologic week, and duration of the
influenza season indicated by the blue line, in Gauteng and Western Cape, 2015–2018.*
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began, and peaking the week of 24 May. This resulted in
the majority (72.3%) of influenza vaccines being adminis-
tered to pregnant women after the seasonal influenza
peak, which would likely reduce the vaccine’s impact to
protect mother and child. In contrast, during 2016–2018
the majority of influenza vaccines were administered be-
fore the onset of the annual influenza season, with less
than 5% being administered after the seasonal peak.
When considering timing relative to gestational age at

vaccination, research has shown that increased antibody
levels in cord blood are significantly associated with
pregnant women vaccinated in 2nd and 3rd trimesters
compared to those vaccinated in the 1st trimester, al-
though titres are significantly lower if the pregnant
woman was vaccinated less than 4 weeks before birth,
concluding that regardless of trimester, influenza vac-
cines should be administered during pregnancy as soon
as they become available [30]. The newer WHO ANC
guidelines recommend 8 rather than 4 ANC visits in
pregnancy [31]. Although the majority of pregnant
women were vaccinated on their first antenatal visit dur-
ing the campaign, this proposed increase in visits may
provide additional opportunities for vaccination and tim-
ing closer to the start of influenza season. Of those vac-
cinated pregnant women with gestational ages available,
the majority were vaccinated in their 3rd trimesters
(50.6%), with a further breakdown showing that most
3rd trimester vaccinations (43%) occurred before 33
weeks gestational age.
There were several limitations to our study. First, in

ANCs where screening occurred after the pregnant
woman’s examination, pregnant women refusing vac-
cination and wanting to avoid screening may have
exited the clinic unnoticed, leading to overestimating
vaccination coverage. The impact of this may have
been reduced if these women were screened on sub-
sequent visits, as South African government indicators
for maternal health in 2016 reported that 73.2% preg-
nant women from urban areas attend four or more
antenatal visits [32]. Second, different methods of
assessing gestational age at ANC clinics may have im-
pacted the estimation of gestational age at first
screening. A third limitation is that the IPIE was lim-
ited to the WC Province only, targeting 7 out of a
possible 27 participating ANC clinics. Finally, there
may have been some social desirability bias present
where non-vaccinated pregnant women were hesitant
to choose their true reason for vaccine refusal, from a
list of possibilities, in front of staff.

Conclusion
Previous research has shown that antenatal influenza
vaccination campaigns in South Africa can reduce the
impact of influenza and be cost-effective [33]. This study

shows that maternal influenza vaccination was well-
accepted among pregnant women and healthcare
workers, and that improving vaccine supply and provider
education could substantially improve the uptake and
overall coverage of the influenza vaccine among preg-
nant women.
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