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Abstract: Background: Maternal influenza vaccination provides effective protection against influenza
infections in pregnant women and new-borns. In India, the influenza vaccine has not yet been offered through
immunization programs, owing to the lack of sufficient safety data for Indian pregnant women. Methods: This
cross-sectional observational study enrolled 558 women admitted to the obstetrics ward of a civic hospital in
Pune. Study-related information was obtained from the participants through interviews using structured
questionnaires and hospital records. Univariate and multivariate analysis were used and chi-square with
unadjusted and adjusted odds ratio were estimated to account for vaccine exposure and the temporal nature
of each outcome, respectively. Results: The protective effect of maternal influenza vaccination against
delivering very low birth weight infants was observed. (aOR 2.29, 95% CI 1.03 to 5.58, p=0.03). No association
was observed between maternal influenza vaccination for spontaneous abortion (OR 1.42, 95%CI 0.75, 2.68),
chorioamnionitis (OR 0.60, 95% CI, 0.1, 3.63), gestational hypertension (OR 1.73, 95% CI 0.72, 4.16) and preterm
birth (OR 1.64, 95% CI 0.91, 2.97). Interpretation: These results show that the influenza vaccine administered
during pregnancy is safe and has a lower risk of negative birth outcomes.

Keywords: maternal immunization; influenza vaccination; pregnant women; pregnancy outcome

1. Introduction

Influenza infection causes substantial morbidity and mortality in pregnant women and young
children. Immunization of pregnant women with an influenza vaccine is effective in reducing the risk
of influenza [1] and has been reported to be safe for mothers and their foetuses[2] It also reduces
the risk of influenza in infants during the first six months of life[2,3] In 2009-10 India witnessed an
influenza (HIN1) pandemic[4]. Influenza is still endemic in some part of countries, including Pune,
the city in Maharashtra State that was most severely affected during the pandemic[5]. In 2012, the
World Health Organization (WHO) Strategic Advisory Group of Experts (SAGE) recommended that
any country with an influenza immunization program should prioritize pregnant women[6].
Following the WHO recommendation and considering the endemic situation and availability of
global data on influenza vaccine effectiveness in 2015, the Maharashtra state government proposed
local health care authorities of endemic regions to vaccinate high-risk populations, such as pregnant
women, with seasonal inactivated influenza vaccine free of charge. Since then, only selected civic
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hospitals in Pune have been vaccinating pregnant women with the trivalent Inactivated Influenza
Vaccine (IIV3), mainly Vaxigrip. Vaccine coverage in the area was reported to be low because of
frequent interruptions in vaccine supply and inadequate promotion of antenatal vaccination by
healthcare providers from both the private and government sectors. Although there are no major
safety concerns reported for maternal influenza vaccines, opinions on the effect of influenza
vaccination on adverse birth outcomes vary[7-9].

Observational studies conducted in Canada and Australia did not find an association between
influenza vaccination during pregnancy and adverse foetal or perinatal outcomes [10,11]; however,
another study conducted by Donahue et al. reported a possible association between influenza
vaccination administered very early in the first trimester and spontaneous abortion [12]. A review of
previous studies on the safety of influenza immunization among pregnant women revealed that no
studies have examined the influence of influenza vaccination on adverse birth outcomes in pregnant
Indian women. This lack of evidence among pregnant women may present a barrier to endorsing the
influenza vaccination. In addition, the effect of vaccination may vary by population- or geographic-
specific factors, such as influenza seasonality and baseline rates of low birth weight or preterm births.
Therefore, this study aimed to examine vaccine safety by comparing the incidence of adverse birth
outcomes (including spontaneous abortion, preterm birth, low birth weight, and congenital
anomalies) between vaccinated and unvaccinated pregnant women in Pune. In Pregnant women with
underlying illnesses, such as hypertension or diabetes, the incidence of adverse birth outcomes is
higher. The safety of influenza vaccination was evaluated based on background characteristics.

2. Materials and Methods

2.1. Study Design, Setting and Study-Population

This cross-sectional, observational study was conducted at the Yashwantrao Chavan Memorial
Hospital (YCM), a tertiary care civic hospital in Pune. Pregnant women attending Antenatal Care
(ANC) were offered a trivalent injectable influenza vaccine, mainly Vaxigrip by the hospital.
Vaccination was recommended during the second or third trimester of pregnancy however we also
noticed that few pregnant women received vaccine in first trimester of their pregnancy. It was also
noted that most women receiving the vaccine in the YCM Hospital preferred delivery in the maternity
ward of the same hospital. The study was reviewed and approved by the Institutional Ethics
Committee of KEM Hospital Research Centre Pune (KEMHRC/ RVM/EC/2383). The ICMR’s Ethical
Guidelines for Biomedical and Health Research on Human Participants (2017)[13] were followed. We
approached women who delivered in the YCM hospital and were admitted to the obstetric ward
between October 2019 and March 2020. Voluntarily provided written Informed Consent was obtained
from each participant to access their records and for interviews to check their socioeconomic status,
medical history, past pregnancy status, alcohol consumption, and tobacco consumption using a
structured questionnaire. Maternal characteristics were collected from all the participants.

2.2. Intervention

Influenza vaccination during pregnancy was defined as a vaccine received between the first day
(date) of the last menstrual period and the end of pregnancy, and it was the focus of exposure in this
study. The vaccination status of the participants was ascertained from the influenza vaccination
stamp on their Ante Natal Care (ANC) card. The vaccination date and gestational week of vaccine
administration were recorded.

2.3. Outcomes

Pregnancy-induced hypertension, gestational diabetes, preeclampsia, chorioamnionitis
(premature preterm rupture of membranes or PPROM), spontaneous and/or preterm birth, and birth
outcomes, including congenital anomalies, low birth weight (<2500 g) (LBW), very low birth weight
(< 1500 g), APGAR scores at 1 and 5 min, NICU or neonatal care unit hospitalization, respiratory
distress syndrome, and mechanical ventilation. The Brighton Collaboration guidelines were used to
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diagnose pregnancy and birth complications [14]. The expected date of delivery was calculated from
the last menstrual period (LMP) date. If the LMP date was not confirmed, the antenatal USG scan
dates were used to calculate the estimated delivery date.

2.4. Covariates

In the first encounter with the participants in the obstetric wards of the hospital, information
was obtained regarding socio-demographics, age, education, smoking, medical and obstetric history,
complications during pregnancy, and vaccination status of influenza vaccine as an independent
variable.

2.5. Statistical Methods for Analysis

The demographic and clinical characteristics of the study participants were descriptively
analysed. Continuous variables were estimated as mean + standard deviation (SD), while counts and
percentages were used to describe categorical variables. To evaluate whether there was an association
between influenza vaccination status and each outcome variable, chi-squared tests of association
were applied to the variables. For all multivariable models, different levels of education, maternal
health risk factors (such as age, gravidity, smoking, and alcohol intake), pre-existing health
conditions, history of surgical operations, or abortions were among the variables selected as potential
confounders based on available literature [15,16].

The intergroup statistical comparison of the distribution of categorical variables was performed
using the chi-square test or Fisher’s exact probability test if more than 20% had an expected frequency
of less than 5. The intergroup statistical comparison of the distribution of means of continuous
variables was performed using an independent sample t-test. Multivariate logistic regression analysis
was performed to obtain statistically significant and independent determinants of the incidence of
abnormal outcome measures (such as delivery outcome and incidence of neonatal complications).
The underlying normality assumption was tested before subjecting the continuous variables to t-test.

In the entire study, p-values less than 0.05 were considered statistically significant. All data were
statistically analyzed using the Statistical Package for Social Sciences (SPSS version 24.0, IBM
Corporation, USA) for MS Windows.

3. Results

We approached 595 eligible women admitted to the obstetrics ward. Thirty women refused to
provide informed consent. Written informed consent was obtained from 565 women and were
further screened. Of the 565 women screened, two withdrew consent during screening and three
participants had no mother and child protection card or medical notes; hence, they were excluded
from our final analyses. Two women who had received influenza vaccination within six months prior
to their pregnancy were excluded. The final cohort comprised 558 women (Fig. 1).

Of the 558 women recruited from the obstetric ward, 265 (47.5%) received an influenza vaccine
during their pregnancy. Maternal characteristics did not differ significantly between vaccinated and
unvaccinated women. At recruitment, the mean maternal age of the pregnant women was 24.7 years
(SD 4.4) (range:18-45 years), and the median gestational age at influenza vaccination was 24 weeks
(IQR 22-28 years), with 21.1% (118 of 558) presenting for their study clinic visit in the third trimester
of pregnancy. Higher educational level was found to be significantly associated with vaccine
acceptance (p<0.001) (Table 1).

3.1. Outcomes

3.1.1. Pregnancy Outcomes

Of the 558 women, 43 (7.7%) had spontaneous abortions at < 20 weeks gestation. Though the
number of spontaneous abortion cases were low in vaccinated group than that of unvaccinated the
difference was not statistically significant. At recruitment, the mean maternal age of the pregnant
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women was 24.7 years (SD 4.4) (range:15-38 years), and the median gestational age was 28 weeks and
enrolled in the first trimester of pregnancy.

3.1.2. Birth Weight Variable

Birth weight (gm) is a continuous numerical variable compared across vaccination status
modalities. The distribution of birth weight (g) was not normal among the different groups (p = no:
<0.001, yes:0.001). Infants born to vaccinated mothers were estimated to be 113.95 g heavier than
infants born to unvaccinated mothers. In the present study, the mean birth weight was found to be
2633.57 (Table-2).

The overall uptake of influenza vaccination was 47.5% (265 558); of these, 1.9% (n = 5) were
vaccinated in the first trimester, 40.4% (n = 107) in the second trimester, and 57.7% (n = 153) in the
third trimester (Fig. 2a & 2b). A total of 77.8 % of uneducated women in the study (n=84/108) did not
receive influenza vaccination during pregnancy. Of the 558 study participants, 43 (7.7%) had
spontaneous abortions, three had stillbirths (0.53%), and 555 (99.47%) delivered a live infant. The
mean gestational age at delivery was 37.8 weeks (SD 2.4 weeks). There was no association with
spontaneous abortion in women who were vaccinated against influenza before 20 weeks of gestation.
Our model showed that influenza vaccination during pregnancy was not associated with maternal
hypertensive disorders, including gestational hypertension. Overall, 9.3% (52 of 558) of pregnancies
resulted in preterm births. There was no difference in stillbirth rates between vaccinated (n =1) and
unvaccinated women (n = 2). Our time-dependent analysis showed no association between influenza
vaccination through 37 weeks of gestation and preterm birth or preterm premature rupture of the
membranes.

3.1.3. Birth Outcomes

Influenza vaccination during pregnancy had no effect on the risk of congenital anomalies (P
=0.672). There was no evidence of an increased risk of LBW associated with the receipt of inactivated
influenza vaccine during any trimester of pregnancy. Maternal influenza vaccination was protective
against delivering Very LBW term infants in our univariate and multivariate analyses. There was no
association between maternal influenza vaccination and adverse infant outcomes, including low
APGAR scores at 1 min (OR 1.13, 95% CI, 0.30 to 4.26) and 5 min (OR 0.90, 95% CI 0.22 to 3.64),
admission to the neonatal care unit (OR 0.75, 95% CI, 0.23 to 2.48), mechanical ventilation (OR 0.68,
95% CI, 0.15 to 3.04), and respiratory distress syndrome (OR 1.09, 95% CI, 0.33 to 3.60).

3.2. Figures, Tables and Schemes

Fregnant women
Approched ( 595)

l Consent Refusal { n=30)

[ Eligible women after Informed I

Consent { n=565)

Excluded for reasons (n=7)
No medical record= 03
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influenza vaccination within six
months before pregnancy= 02

3
Eligible women with
Vaccination Status (n=558)
I 1
‘ Vaccinated with Influenza

MNon Vaccinated with Influenza
vaccine during pregnancy
(n=293; 52.5%)

vaccine during pregnancy
(n= 265; 47.5%)

Figure 1. Flow diagram for subject disposition.
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Table 1. Maternal characteristics of vaccinated and unvaccinated pregnant women who delivered at

an obstetric hospital in Pune between October 2019 and March 2020.

Parameters Vaccinated Unvaccinated Total p-value
(n=265) (n=293) (n=558)
No. of participants 265 (47.5%) 293 (52.5%) 558
Maternal Age (years)
Age (yrs) 248+45 247 +44 24.7+ 4.4
<18 2 (0.8%) 6 (2%) 8 p =0.424Ns
18 to 30 228 (86%) 251 (85.7%) 479
>30 35 (13.2%) 36 (12.3%) 71
Parity
Primiparous 132 (49.8%) 129 (44%) 261 p=0.171Ns
Multiparous 133 (50.2%) 164 (56%) 297
Maternal Education
[literate 24 (9.1%) 84 (28.7%) 108 p <0.001*
Primary 118 (44.5%) 121 (41.3%) 239
Secondary 70 (26.4%) 60 (20.5%) 130
Graduation 53 (20%) 27 (9.2%) 80
Post-graduation 0 (0%) 1(0.3%) 1
Gestational maturity
Extremely/early pre-term 3 9 12 p=0.01*
Pre-term/Late pre-term 32 51 83
Term/mature 226 220 446
Post-term 4 13 17
Smoking
No 262 (98.9%) 293 (100%) 555 0.106Ns
Yes 3 (1.1%) 0 3
Alcohol
No 265 (100%) 293 (100%) 558 --
Influenza vaccine at n (%) NA
1st Trimester 5 (1.9%)
2nd Trimester 107 (40.4%)
3rd Trimester 153 (57.7%)
Mean (SD) Gest. Week of 6.8+ 6.9 NA i

vaccine administration

Table-1 shows that the distribution of maternal education differed significantly between groups
of non-vaccinated and vaccinated participants (P-value<0.05). A significantly higher proportion of
vaccinated participants had a relatively higher level of education and vice versa (P-value<0.05). *P-

value<0.05.
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Table 2. Delivery Characteristics and outcomes according to maternal influenza vaccination status

with unadjusted (univariate) and adjusted (multivariate) odds ratios.

. Unadjusted .
Del Not A t
€ “’er?' . ,0 Vaccinated Total p- (Univariate) or d].us efd
Characteristi vaccinated (n=265) (n=558) value Crude Odds ratio (Multivariate)
cs (n=293) Odds ratio (AOR)?
(COR)
COR 95%CI P~ AOR 95%c1 P~
value value
ional 7.83 £
Gestational . 5 6038094219 /8% gop
age 243
Full term 252 (86%) 228 (86%) 480 (86%) 0.02°
Postterm 8 (2.7%) 18(6.8%) 26 (4.7%) 1 - 1 -
Pre-term* 33 (11.3%) 19 (7.2%) 52 (9.3%) 16a U007 009n 169 27 paaws
. (o] . (o] . (o} . 2.97 . . 2‘99 .
. . 257945+ 26934+ 263357+ .
Birthweight )41 50351 56005 02
204 395
1 191 (72.1% A28 ] - 1 -
Normal g 6opy 191 (721%) 75 gy 012
130 0.65 - 0.74 -
00 . 0O . . NS . . NS
LBW 66 (22.5%) 64 (24.2%) (23.3%) 097 7., 086% 086 o~ 061
o o o 1.00 - . 1.03 - .
VLBW 23 (7.8%) 10(3.8%) 33 (5.9%) 2.15 464 0.05° 2.29 558 0.03
Mode of
delivery
Normal 75 (25.6%) 66 (24.9%) ML e 1 1
orma .70 J/0 (253%) .
218 417 0.66— 0.78 -
OO . B NS . o NS
LSCS (74.4%) 199 (75.1%) (74.7%) 0.96 141 0.85Ns .97 185 0.47
Pregnancy
outcome
291 555
Live birth 264 (99.6% 1 - 1 -
ive birt (99.3%) 64 (99.6%) (99.5%)
Stillbirth  2(07%) 1(04%) 3(05%) 0.99% 181 10~ 3w 18 10~ 056N
. (o] o o . (o] . . 20‘13 . . 24.64 .
Baby’s sex
154 298
1 144 (54.3% 67N ] -
Male (52.6%) (543%) 5549y 06
139 260 0.77 -
F 1 121 (45.7% 1.07 67NS -
CMAE 47.4%) AS7%) 46 6%) 07 150 0
Spontaneous
Abortion
267 515
N 24 .6% 1 -
© ©1.1%) 238 O36%) " g) 39,
0.75 -
Yes 26 (8.9%) 17 (6.4%) 43 (7.7%) 0.3Ns 1.42 b 68 0.3Ns -
Gestational
Hypertensio
n**
278 535
N 257 (97.0% 1 -
© ©0a.9%) 2 O70%) " g5 g9,
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0.72 -

Yes 15 (5.1%) 8(3.0%) 23 (4.1%) 0.227Ns 1.73 116 0.22nNs -

Chorioamnio
nitis
291 o 553

No (99.3%) 262 (98.9%) (99.1%) 1 -
.10 -

Yes 2(0.7%) 3(1.1%) 5(0.9%) 0.58Ns 0.6 03 22 0.58Ns -

P-value for comparing mean gestational age and mean birthweight by independent sample t test.
The rest of the P-values by Chi-Square test. P-value<0.05 is considered to be statistically
significant. *P-value<0.05, NS — Statistically non-significant. *Adjusted for maternal age, education,
gravidity using logistic regression analysis.

As shown in Table 2, the distribution of gestational age differed significantly between the non-
vaccinated and vaccinated groups (P-value<0.05). A significantly higher proportion of non-
vaccinated participants had a higher incidence of preterm gestation than vaccinated participants (P-
value<0.05). On univariate statistical analysis, the distribution of outcome measures, such as
pregnancy outcome (still birth), preterm gestation, LBW, and LSCS mode of delivery, were not
significantly associated with vaccination status (P-value>0.05). In univariate statistical analysis, the
distribution of outcome measures, such as VLBW, was significantly associated with vaccination
status (P-value<0.05).

On multivariate statistical analysis, the distribution of outcome measures such as pregnancy
outcome (still birth), preterm gestation, LBW, and LSCS mode of delivery was not significantly
associated with vaccination status after adjusting for confounders such as maternal age, education,
and gravidity (P-value>0.05). On multivariate statistical analysis, the distribution of outcome
measures, such as VLBW, was significantly associated with vaccination status (p <0.05). Non-
vaccinated mothers were twice as likely to have VLBW babies as vaccinated mothers after adjusting
for maternal age, education, and gravidity (P-value>0.05).

Table 3. Pregnancy and birth outcomes following influenza vaccination in pregnancy at obstetric
hospital with unadjusted (Univariate) and adjusted (Multivariate) odds ratios.

Unadjusted

Not  Vaccinat - .. Adjusted
] ) Total (Univariate) ..
Variables vaccinated ed (n=558) valu Crude Odds ratio (Multivariate)
(n=293) (n=265) e (COR) Odds ratio (AOR)
COR 95%CI P~ AOR 95%c1 P~
value value
APGAR score
(1-min)
288 261 549  (.85N
>7 1 - 1 -
(98.3%) (98.5%) (98.4%) s
0.30 — 0.43 -
00 . 00 . OO . . NS . . NS
<7 51.7%) 4(1.5%) 9 (1.6%) 1.13 426 0.85Ns 1.05 484 0.72
APGAR score
(5-min)
289 261 550  0.99N
>7 1 - 1 -
(98.6%) (98.5%) (98.6%) S
23—
<7 4(1.4%) 4(1.5%) 8(1.4%) 0.9 0.22—3.640.88Ns (.92 03 38 0.60Ns
NICU required
2 2 .64N
Not required 88 > 547 (98%) 0 6S 1 - 1 -

(98.3%)  (97.7%)
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0.23 - 0.29 -
i % 3% % . 64N5 0, 558
Required 5(1.7%) 6(2.3%) 11 (2%) 0.75 2.48 0.64% 0.87 2.85 055
Mechanical
ventilation
, o 261 551 0.71N
Not required 290 (99%) (98.5%) (98.7%) 1 - 1 -
0.15 - 0.21-
i % 5% 3% . SINS 0. AONs
Required 3(1%) 4(1.5%) 7(1.3%) 0.68 3.04 0.51% 0.72 4.00 040
Respiratory
distress
260 0.89N
287 (98% 47 (98% - -
No 87 (98%) ©98.1%) ° (98%)
0.33 - 0.35 -
00 . 00 00 . . NS . * NS
Yes 6 (2%) 5(1.9%) 11 (2%) 1.09 3.60 0.89Ns 1.1 305 0.72
Foetal distress
282 539  0.63N
7 (97% 1 - - 1 - -
No (96.2%) 257 (97%) (96.6%) S
0.49 - 0.51 -
% % 4% . 63N 0. AN
Yes 11(3.8%) 8(3%) 19 (3.4%) 125 51 063029 5o, 040
Congenital
anomaly
291 262 553  0.67N
1 - - 1 - -
No (993%)  (98.9%) (99.1%) S
0.09 - 0.10 -
% 1% 9% . 58N5 0. AT7NS
Yes 2(0.7%) 3(1.1%) 5(0.9%) 0.6 54 058081 5., 047
High risk
pregnancy
238 218 456  0.75N
1 -- - 1 - -
No (812%) (82.3%) (817%)
47 102 0.70 - 0.74 -
Y 18.8% 1.07 75N 1.1 71Ns
es 5 (188%) 1770 (18.3%) 07 165 07 188 "
Complications
before
or during
delivery
238 218 456  0.75N
1 -- - 1 - -
No (81.2%) (823%) (817%) S
47 102 0.70 - 0.72 -
Y 18.8% 1.07 75N 1. 70N
© PO g7 asaw) S T 7 S
Complications
after
delivery
283 261 544 (0.18N
1 -- - 1 - -
No (96.6%) (985%) (97.5%)
0.71 - 0.88 —
% 5% 5% . 6N 2. O9NS
Yes 10 (3.4%) 4 (1.5%) 14 (2.5%) 231 7 44 0.16% 2.85 9.85 009

P-values by Chi-Square test. Adjusted for maternal age, education, gravidity using logistic
regression analysis.
P-value<0.05 is considered to be statistically significant. NS — Statistically non-significant.

Table 3 shows that (on univariate statistical analysis), the distribution of the incidence of various
neonatal complications such as Abnormal APGAR score (1-min and 5-min), NICU requirement,
requirement of mechanical ventilation, occurrence of respiratory distress, occurrence of fetal distress,
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occurrence of congenital anomaly, occurrence of high-risk pregnancy, occurrence of complications
before or during delivery, and occurrence of complications after delivery were not significantly
associated with vaccination status (P-value>0.05).

On multivariate statistical analysis, the distribution of the incidence of various neonatal
complications such as Abnormal APGAR score (1-min and 5-min), NICU requirement, requirement
of mechanical ventilation, occurrence of respiratory distress, occurrence of fetal distress, occurrence
of congenital anomaly, occurrence of high-risk pregnancy, occurrence of complications before or
during delivery, and occurrence of complications after delivery were not significantly associated with
vaccination status after adjusting for confounders such as maternal age, education, and gravidity (P-

value>0.05).
o= I6h
200 -
40 175
- max=238,0
e 150
354 =
P e, 3=32.0 §125
g g
2‘ 30 4 g
B Median=28.0 £ 1001
E
g 25 b
g aiosc
-
_ 50 -
%0 4 e Q1=20.0
25 n H H
15 4 0 = IIH ; [ 0 HQQH ”Hﬂ |-|’_|,|-|j inl=iil .
250 275  30.0 325 350 375 400 425
min=12.0 GES.WEEK
10 4

Figure 2. (a) Vaccination based on number of Gestation. Weeks of participants (n=265); (b) Gestational
Weeks of participants (n=558).

4. Discussion

Reports published earlier shows that the influenza virus infection was associated with an
increased risk of adverse pregnancy outcomes, including preterm births, stillbirths, low birthweight,
and miscarriage [17-19]. Antenatal influenza vaccination is the best strategy to avoid both morbidity
and mortality among pregnant women and infants; however, there are always concerns about the
safety of influenza vaccines in terms of their effects on birth outcomes.

The findings of our study, conducted in an Indian setting, suggest that the prevention of
infection by influenza vaccination during pregnancy was not associated with adverse birth outcomes.
This result is consistent with randomized controlled trials conducted in other countries, such as South
Africa and Nepal [1,20]. Several other studies and meta-analysis also demonstrated that antenatal
vaccination with seasonal inactivated influenza vaccines does not increase the risk of foetal death,
adverse foetal and birth outcomes, low birth weight, spontaneous abortion, or congenital
malformations [15,16,20-22].

Our observation regarding the improvement in birth weight among neonates in the vaccinated
group is like that of a randomized controlled trial conducted in Bangladesh, which showed that
maternal influenza vaccination during pregnancy was associated with an increase in the mean birth
weight of babies born during the influenza season[23]. Interestingly, a pooled analysis of randomized
control trials conducted in Nepal, Mali, and South Africa showed no overall association between
maternal vaccination and low birth weight [24]. Therefore, the lack of a biologically plausible
mechanism for the suggested association raises concerns for any interpretation of positive
correlations between vaccination and an increase in mean birth weight among infants. The
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improvement in health conditions in the absence of influenza and other cofactors might have
improved the birth weights of the neonates of vaccinated mothers.

A case-control study conducted by Donahue et al. reported an association between spontaneous
abortion and vaccination with inactivated influenza vaccine within a 28-day exposure period, but
only among women who had received an A(H1N1)-containing vaccine in the previous influenza
season[12]. However, this study failed to gain confidence due to the difficulty in interpreting the data.
We did not find any association between spontaneous abortion and inactivated influenza vaccination
during pregnancy.

Another study conducted by Eick et al. indicated a significant association between influenza
vaccination in pregnant women and a reduced risk of influenza virus infection or hospitalization for
influenza-like illnesses up to six months of age [25]. This study also demonstrated that maternal
influenza vaccination during pregnancy reduces the risk of hospitalization in pregnant women due
to respiratory illnesses and other complications during pregnancy. The first trimester is a significant
period for embryogenesis of major organs, and pregnant women are hesitant to vaccinate during this
period. The results of this study suggest no adverse effects on birth outcomes, even if influenza
vaccination is administered during the first trimester of pregnancy.

Strengths and Limitations of the Study

Our study had several strengths and limitations. The pregnancy outcome data were directly
received from the delivery records, and the information captured from the participants through a
questionnaire for medical history was also confirmed from the physician’s notes and hospital records
simultaneously, which improved the quality of the data. Vaccinated and non-vaccinated participants
were exposed to the same season and had similar seasonal influenza effects.

The limitations include that comparatively few participants were recruited because of the
interrupted supply of influenza vaccine and the lack of access to hospital facilities during the COVID-
19 pandemic-related lockdown across the country. Second, the inclusion of subjects across all seasons
to match the transmission dynamics of influenza disease in the region would have been useful for
studying the effectiveness of the influenza vaccine during pregnancy. The data were collected from
the obstetrics ward of the hospital which is one of the selected hospitals offering maternal influenza
vaccine. Most of the women which delivers in this hospital attend their ANC visits in same hospital.
So the comparatively high influenza vaccine uptake reported in this study which might not be correct
representative of the region. Also, the pregnancy outcome data were collected from women admitted
in the obstetrics ward, some important data such as termination of pregnancies and few cases of still
births might be missed, as those cases generally do not stay for a long duration in the hospital.
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5. Conclusions

Our data provided reassuring evidence that an injectable inactivated trivalent influenza vaccine
is safe during pregnancy. There was no increased risk of adverse birth outcomes, regardless of the
trimester in which vaccination was performed. We also observed that vaccine uptake for influenza
vaccination among pregnant women is good in the Pune area, provided that there is an uninterrupted
supply of vaccine. The findings of this study underscore the importance of maternal influenza
vaccination in preventing influenza in both pregnant women and their infants.
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