1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

%,
/f
Yeyvaaa

/ HHS Public Access

Author manuscript
Lancet Infect Dis. Author manuscript; available in PMC 2023 October 10.

Published in final edited form as:
Lancet Infect Dis. 2021 January ; 21(1): 97-106. d0i:10.1016/S1473-3099(20)30592-2.

Incidence of influenza during pregnancy and association with
pregnancy and perinatal outcomes in three middle-income
countries: a multisite prospective longitudinal cohort study

Fatimah S Dawood,
Wanitchaya Kittikraisak,
Archana Patel,

Danielle Rentz Hunt,
Piyarat Suntarattiwong,
Meredith G Wesley,
Mark G Thompson,
Giselle Soto,
Shailendra Mundhada,
Carmen S Arriola,
Eduardo Azziz-Baumgartner,
Tana Brummer,
Santiago Cabrera,
Howard H Chang,
Madhavi Deshmukh,
Damon Ellison,

Richard Florian,
Oswaldo Gonzales,
Kunal Kurhe,

Surasak Kaoiean,

Correspondence to: Dr Fatimah S Dawood, Influenza Division, Centers for Disease Control and Prevention, Atlanta, GA 30329, USA
fdawood@cdc.gov.

Contributors

FSD, WK, ArP, DRH, PS, MGT, GS, CSA, EA-B, HHC, SL, and YT designed the study. FSD, DRH, MGW, and TB oversaw data
collection across the study network, and WK, ArP, PS, GS, ShM, SC, MD, DE, RF, OG, KK, SK, BR, EL, JAM, SS, AmP, CS, and
YT oversaw data collection at study sites. FSD, MGW, TB, and SaM analysed the data, with statistical support from HHC. All authors
participated in data interpretation. FSD wrote the first draft of the manuscript, and all authors critically reviewed the manuscript and
approved the final manuscript for submission.

Declaration of interests
We declare no competing interests.

For the Thai translation of the abstract see Online for appendix 1
For the Hindi translation of the abstract see Online for appendix 2
For the Marathi translation of the abstract see Online for appendix 3
For the Spanish translation of the abstract see Online for appendix 4
See Online for appendix 5

For World Population Prospects see https://population.un.org/wpp/


https://population.un.org/wpp/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Dawood et al. Page 2

Boonsong Rawangban,

Stephen Lindstrom,

Edwin Llajaruna,

Joshua A Mott,

Siddhartha Saha,

Amber Prakash,

Sarita Mohanty,

Chalinthorn Sinthuwattanawibool,

Yeny Tinoco

Influenza Division, Centers for Disease Control and Prevention, Atlanta, GA, USA (F S Dawood
MD, M G Wesley MPH, M G Thompson PhD, C S Arriola PhD, E Azziz-Baumgartner MD, S
Lindstrom PhD, S Saha MD, S Mohanty MPH); Thailand Ministry of Public Health—US Centers
for Disease Control and Prevention Collaboration, Nonthaburi, Thailand (W Kittikraisak PhD, J

A Mott PhD, C Sinthuwattanawibool MS); Lata Medical Research Foundation, Nagpur, India (A
Patel MD, K Kurhe BAMS; A Prakash); Datta Meghe Institute of Medical Sciences, Wardha, India
(A Patel); Abt Associates, Atlanta, GA, USA (D Rentz Hunt PhD, M G Wesley, T Brummer MPH);
Queen Sirikit National Institute of Child Health, Thailand Ministry of Public Health, Bangkok,
Thailand (P Suntarattiwong MD); US Naval Medical Research Unit No 6, Bellavista, Peru (G
Soto MD, Y Tinoco PhD); Dhruv Pathology and Molecular Diagnostics Lab, Nagpur, India (S
Mundhada MD, M Deshmukh MD); Hospital Nacional Docente Madre Nifio San Bartolomé, Lima,
Peru (S Cabrera MD); Rollins School of Public Health, Emory University, Atlanta, GA, USA (H H
Chang PhD); Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand (D Ellison
PhD); Hospital Nacional Arzobispo Loayza, Lima, Peru (R Florian MD); Instituto Nacional Materno
Perinatal, Lima, Peru (O Gonzales MD); Rajavithi Hospital, Bangkok, Thailand (S Kaoiean MD);
Nopparat Rajathanee Hospital, Bangkok, Thailand (B Rawangban MD); and Hospital Nacional
Dos de Mayo, Lima, Peru (E Llajaruna MD)

Summary

Background—Influenza vaccination during pregnancy prevents influenza among women and
their infants but remains underused among pregnant women. We aimed to quantify the risk of
antenatal influenza and examine its association with perinatal outcomes.

Methods—We did a prospective cohort study in pregnant women in India, Peru, and Thailand.
Before the 2017 and 2018 influenza seasons, we enrolled pregnant women aged 18 years or older
with expected delivery dates 8 weeks or more after the season started. We contacted women
twice weekly until the end of pregnancy to identify illnesses with symptoms of myalgia, cough,
runny nose or nasal congestion, sore throat, or difficulty breathing and collected mid-turbinate
nasal swabs from symptomatic women for influenza real-time RT-PCR testing. We assessed the
association of antenatal influenza with preterm birth, late pregnancy loss (=13 weeks gestation),
small for gestational age (SGA), and birthweight of term singleton infants using Cox proportional
hazards models or generalised linear models to adjust for potential confounders.

Findings—Between March 13, 2017, and Aug 3, 2018, we enrolled 11 277 women with a
median age of 26 years (IQR 23-31) and gestational age of 19 weeks (14-24). 1474 (13%)
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received influenza vaccines. 310 participants (3%) had influenza (270 [87%] influenza A and 40
[13%] influenza B). Influenza incidences weighted by the population of women of childbearing
age in each study country were 88-7 per 10 000 pregnant woman-months (95% CI 68-6 to 114-8)
during the 2017 season and 69-6 per 10 000 pregnant woman-months (53-8 to 90-2) during the
2018 season. Antenatal influenza was not associated with preterm birth (adjusted hazard ratio
[aHR] 1-4, 95% CI 0-9 to 2.0; p=0-096) or having an SGA infant (adjusted relative risk 1-0, 95%
Cl 0-8 to 1-3, p=0-97), but was associated with late pregnancy loss (aHR 10:7, 95% CI 4-3 to 27.0;
p<0-0001) and reduction in mean birthweight of term, singleton infants (-55-3 g, 95% CI —-109-3
to —1-4; p=0-0445).

Interpretation—Women had a 0-7-0-9% risk of influenza per month of pregnancy during the
influenza season, and antenatal influenza was associated with increased risk for some adverse
pregnhancy outcomes. These findings support the added value of antenatal influenza vaccination to
improve perinatal outcomes.

Funding—US Centers for Disease Control and Prevention.

Introduction

Influenza viruses cause annual epidemics of respiratory infection globally. Pregnant women
are thought to be at increased risk for morbidity and mortality from respiratory infections
due to changes in anatomy and the immune and cardiovascular systems that accompany
pregnancy. In 2012, WHO recommended that countries prioritise pregnant women for
influenza vaccination when developing national influenza vaccination policies.k Multiple
clinical trials and observational studies, including studies done in high-income and low-
income countries, have shown that antenatal influenza vaccination prevents influenza illness
in pregnant women?=> and provides protection against influenza to infants of vaccinated
women for the first few months of life.2~46 However, influenza vaccines remain underused
or are not used at all among pregnant women in many countries, particularly in low-income
and middle-income countries (LMICs).”

The underuse of influenza vaccines for pregnant women in LMICs is likely driven by
multiple factors, one of which is the scarcity of data on the burden and effects of seasonal
influenza among pregnant women in these settings. A WHO systematic review about the
effect of antenatal influenza on pregnancy and perinatal outcomes, such as preterm birth
and stillbirth, concluded that existing studies were of inadequate quality, largely limited to
high-income countries, and had mixed findings that precluded conclusions about the effects
of influenza.®

Data on the effect of antenatal influenza on birth and perinatal outcomes associated with
increased infant morbidity and mortality might inform decisions about influenza vaccine use
in pregnant women by policy makers, health-care workers, and pregnant women themselves.
Antenatal influenza has been hypothesised to result in inflammatory responses or immune
dysregulation that might increase the risk for spontaneous abortion, stillbirth, and preterm
birth and alter placental transfer of nutrients and cytokines to the developing fetus, which
might affect fetal growth.? We aimed to estimate the incidence of all-cause acute respiratory
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illness (ARI), febrile ARI, and influenza during pregnancy and assess their association with
pregnancy and perinatal outcomes.

Study design and participants

Procedures

We did a prospective, multi-season cohort study of pregnant women in Bangkok, Thailand,
Lima, Peru, and Nagpur, India. A detailed description of study site selection criteria and
characteristics and the study protocol were published previously (appendix 5 p 1).10 Women
were eligible for enrolment if they were pregnant, as confirmed by urine pregnancy test

or abdominal ultrasound; were 18 years of age or older; had an estimated date of delivery
(based on last menstrual period or ultrasound) that allowed for 8 weeks of observation
during the influenza season, assuming a 40 week gestation; planned to remain in the study
area until delivery and deliver at a study hospital; and were willing to be contacted twice
weekly for study surveillance. All enrolled women had an ultrasound before 28 weeks
gestation to establish estimated date of delivery as part of clinical care or study procedures.

In 2017 and 2018, cohorts of pregnant women were enrolled starting up to 10 weeks
before the anticipated start of the influenza season until the fourth week of the influenza
season. For enrolment purposes, the influenza season was defined as the 16-week period
in which influenza epidemics are most likely to occur as predicted by local influenza virus
surveillance data.10

The study protocol was reviewed and approved by ethical review committees in each
country10 and the Abt Associates Institutional Review Board. The US Centers for Disease
Control and Prevention (CDC) relied on the review of the Abt Associates Institutional
Review Board. Informed consent was obtained from all study participants.

At enrolment, participants completed interviews about their sociodemographic
characteristics, including an abbreviated wealth index questionnaire (appendix 5 p 1),
medical and pregnancy histories, and antenatal care for their current pregnancies. If
participants had not had an ultrasound for gestational age dating as part of routine

clinical care, a transabdominal ultrasound was done according to study standard operating
procedures (appendix 5 p 2). Participants were provided with digital thermometers and
symptom diary cards to use during illness episodes. Participants were also asked to designate
proxies (eg, husband or partner or mother) to answer surveillance screening questions if
participants were not available.

For the duration of participants’ pregnancies, study staff attempted to contact them twice
weekly by phone or home visit to ascertain whether women had influenza-like symptoms
during the preceding 7 days or since the last successful contact (appendix 5 p 2). Influenza-
like symptoms were defined as new onset or sudden worsening of one or more of myalgia,
cough, runny nose or nasal congestion, sore throat, or difficulty breathing. Participants with
influenza-like symptoms with illness onset within the preceding 7 days had mid-turbinate
nasal swabs collected by study staff in Lima and Nagpur or self-collected in Bangkok. The
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influenza-like symptoms case definition was used to capture a broad range of influenza
symptoms during surveillance to allow for evaluation of several outcomes using analytic
definitions.

At delivery, infants were weighed at study hospitals according to study standard operating
procedures using digital scales (appendix 5 p 3).10 Within 7 days after the end of pregnancy,
study staff interviewed participants to collect information about pregnancy complications,
antenatal care and health behaviours since enrolment, end-of-pregnancy complications and
outcomes, and influenza vaccination status during pregnancy. Postpartum maternal deaths
were ascertained through postpartum interviews with participants’ proxies at 6-8 weeks
after end of pregnancy or through review of medical records and local death documents.10
When medical records were available, study staff also completed chart abstractions after the
end of pregnancy (appendix 5 p 3). Women were considered vaccinated against influenza if
influenza vaccination status could be verified from available medical or vaccination records.

Respiratory swabs were tested by real-time RT-PCR (rtPCR) for influenza A and B viruses,
including sub-typing for influenza A(HIN1)pdm09 and A(H3N2) and lineage testing for
B(YYamagata) and B(Victoria) using CDC protocols and primers and probes (appendix 5 p 4).

Incidence outcomes of interest were ARI, ARI-associated hospitalisation, febrile ARI, and
rtPCR-confirmed influenza during pregnancy. ARI was defined as influenza-like symptoms
with at least one of the following symptoms: cough, runny nose or nasal congestion,

sore throat, or difficulty breathing. Febrile ARI was defined as influenza-like symptoms
meeting criteria for ARI with chills or measured fever (=38:0°C) or subjective fever. rtPCR-
confirmed influenza was defined as influenza-like symptoms with a mid-turbinate nasal
swab specimen positive for an influenza virus by rtPCR testing.

The primary pregnancy and perinatal outcomes of interest were preterm birth and
birthweights of term singleton infants. Secondary outcomes were spontaneous abortion
(<22 weeks gestation), stillbirth (=22 weeks gestation), and small for gestational age
(SGA\) infants (appendix 5 p 4).11 Owing to small numbers of spontaneous abortions and
stillbirths, late spontaneous abortions (at 13—21 weeks gestation) and stillbirths (at =22
weeks gestation) were assessed together as a composite outcome of late pregnancy loss for
multi-variable models since gestational cut-offs for determining stillbirth vary by setting,1
and early spontaneous abortion was not assessed. Gestational age for outcomes were
calculated using gestational age dating by the earliest available ultrasound done according
to study standard operating procedures. Because local growth curves were not available,
INTERGROWTH-21 Project Standards'2 were used to determine SGA status.

Statistical analysis

A-priori sample size estimates indicated that 10 700 pregnant women with complete
outcome data would be needed to detect a relative risk of preterm birth of 1.5 among women
with antenatal influenza if the influenza attack rate among the cohort was 3% or a relative
risk of 1-4 with a 5% attack rate (appendix 5 p 4).
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The full analytic population for incidence calculations was defined as participants who
consented to study participation, met eligibility criteria, completed the enrolment interview,
and completed at least one surveillance contact. For incidence analyses restricted to the
influenza season, the analytic population was restricted to participants at risk for influenza,
defined as women pregnant for 2 weeks or more during the influenza season. Crude
incidence rates per 10 000 person-months were calculated for each incidence outcome

by site and trimester for the full cohort period and the influenza season (appendix 5 p

5). An aggregate incidence across all sites and all trimesters of pregnancy, weighted by
population of women of childbearing age (15-44 years) for the country (obtained from

the 2017 revision of the UN’s World Population Prospects), was also calculated to give a
representative estimate for women in middle-income countries. 95% Cls were calculated
using standard formulas assuming a binomial distribution.

The associations of AR, febrile ARI, and rtPCR-confirmed influenza with pregnancy and
perinatal outcomes was assessed using Cox proportional-hazards regression for preterm birth
and late pregnancy loss, SGA infant using modified Poisson regression, and birthweight
among term singleton infants using multiple linear regression (appendix 5 p 5). For Cox
proportional-hazards models, the time scale was weeks since date of conception and began
at week 13 for late pregnancy loss models and week 0 for preterm birth models. Censoring
was defined as a livebirth or loss to follow-up for pregnancy loss models and loss to follow-
up for preterm birth models. For models assessing preterm birth, women with pregnancy
losses were excluded and full-term pregnancies exited the risk-set after completing 36
weeks of gestation. Women were considered exposed from the date of illness onset of their
first ARI, febrile ARI, or tPCR-confirmed influenza episode. The association of antenatal
influenza with birthweight was assessed by trimester using stratified regression models in
which women with exposure in a given trimester were compared with women without

the exposure after excluding women with influenza exposure in other trimesters. Table 1
shows the analytic populations and covariates in each model. Both two-stage site-stratified
analyses and combined analyses were done for each outcome (appendix 5 p 6). x 2 tests

or independent-samples ¢tests were used to evaluate statistical significance. Statistical
significance was defined by a two-tailed p value of less than 0-05.

Analyses were done in SAS version 9.1.

Role of the funding source

Results

CDC-affiliated authors were involved in study design, data collection, analysis, and
interpretation, report writing, and the decision to submit the paper for publication. The
corresponding author had full access to all the data in the study and had final responsibility
for the decision to submit for publication.

Between March 13, 2017, and Aug 3, 2018, 16 950 women consented to screening (figure 1;
appendix 5 p 9), of whom 12 264 (72%) were eligible for study participation. 11 565 (94%)
of 12 264 consented to study participation, and 11 277 (98%) were fully enrolled (ie, met
gestational age criteria by ultrasound and completed an enrolment interview and at least one
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surveillance contact) and included in the analytic population for incidence calculations. Of
these 11 277 women, 10 925 (97%) completed follow-up up to the end of pregnancy, and 10
826 (96%) had complete information for assessment of end-of-pregnancy outcomes. WWomen
in the cohort contributed a mean of 4-3 pregnant woman-months of observation time (SD
1.6), and 11 108 (99%) of the 11 277 women were pregnant for at least 2 weeks during the
influenza season and contributed to influenza incidence estimates.

Of the 11 277 fully enrolled women, 5011 were from India, 3505 from Peru, and 2761
from Thailand (table 2). The median age at enrolment was 26 years (IQR 23-31), 8996
(80%) of 11 277 women had completed some secondary school education or higher, and
4826 (43%) had health insurance (table 2). 1637 (15%) of 11 277 women had at least one
chronic medical condition. 7719 (69%) women were enrolled during their second trimester
of pregnancy at a median gestational age of 19 weeks (IQR 14-24 weeks) and had their
first antenatal care clinic visit at a median of 13 gestational weeks (IQR 9-18). 1474 (13%)
of 11 277 received an influenza vaccine during the current influenza season, although the
proportion of vaccinated women varied by site (11 [<1%] of 5011 in India, 1449 [43%)] of
3505 in Peru, and 14 [1%] of 2761 in Thailand).

4791 (42%) of 11 277 women had at least one episode of ARI while pregnant. 870 (8%)

had at least one episode of febrile ARI, including 202 (2%) with febrile ARI with measured
fever of 38-:0°C or higher, and 310 (3%) had influenza (142 [3%] of 4774 women in 2017
and 168 [3%] of 6503 women in 2018). 270 (87%) of 310 women with influenza had
influenza A virus infection (167 [62%] A(H1N1)pdm09, 95 [35%] A(H3N2), and eight
[3%] influenza A not subtyped) and 40 (13%) had influenza B virus infection (30 [75%]
B(YYamagata), seven [18%] B(Victoria), and three [8%] without lineage typing). One woman
had two episodes of antenatal influenza, an infection with an A(HIN1)pdmO39 virus, and

an infection with a B(Yamagata) virus (appendix 5 p 11). Compared with women without
ARI, febrile ARI, or influenza episodes, women with these exposures were similar in age,
health insurance status, parity, and pre-pregnancy body-mass index (appendix 5 p 12).
However, women with ARI and febrile ARI were more likely to have chronic medical
conditions, smoke and use alcohol, report at least one psychosocial stressor during their
current pregnancies, and have received an influenza vaccine than women without episodes;
there were no differences in these characteristics between women with and without influenza
episodes.

Women in the cohort contributed 50 075 pregnant woman-months of cohort observation
time. Incidence of ARI during the full cohort period, weighted for country population of
women of childbearing age, was 1104-1 per 10 000 and of febrile ARI was 118-8 per 10
000 pregnant woman-months in the 2017 cohort and 1340.0 per 10 000 and 210-1 per 10
000 pregnant woman-months in the 2018 cohort (table 3). There were 3.7 ARI-associated
hospitalisations per 10 000 pregnant woman-months in the 2017 cohort and 12-0 per 10 000
preghant woman-months in the 2018 cohort.

Women in the cohort contributed 39 136 pregnant woman-months of observation time
during influenza seasons (appendix 5 p 14). The weighted incidence of influenza was 88-7
per 10 000 pregnant woman-months and of influenza-associated hospitalisation was 1-6 per
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10 000 pregnant woman-months during the influenza season in the 2017 cohort and 69:6 per
10 000 pregnant woman-months and 2:2 per 10 000 pregnant woman-months in the 2018
cohort. Incidences varied by season and site (figure 2). In Peru, where 1449 (43%) of 3505
women received influenza vaccine, the incidence of influenza was similar among the whole
cohort compared with unvaccinated women during both years (data not shown). Among

the 2017 and 2018 cohorts in all countries combined, the highest incidences of influenza
were attributable to influenza A(HIN1)pdmO39 virus infection (40-5 per 10 000 pregnant
woman-months in 2017 and 46:1 per 10 000 pregnant woman-months in 2018), followed
by influenza A(H3N2) virus infection (22-3 per 10 000 pregnant woman-months in 2017
and 26-7 per 10 000 pregnant woman-months in 2018) and influenza B virus infection (18-1
per 10 000 pregnant woman-months in 2017 and 4-6 per 10 000 pregnant woman-months

in 2018; appendix 5 p 15). Incidences of influenza were highest in the first trimester (149-9
per 10 000 pregnant woman-months, 95% CI1 96-7-232-3), followed by the third (87-2

per 10 000 pregnant woman-months, 75-7-100-5) and second (67-0 per 10 000 pregnant
woman-months, 55-1-81.6) trimesters (appendix 5 p 16).

Among 310 women with influenza, the mean duration of illness was 7 days (SD 3) based
on reported end of symptoms from illness follow-up interviews. 110 (35%) of 310 women
reported subjective fever or chills and 101 (33%) had measured fever of 38-0°C or higher.
The median duration of measured fever was 1 day (IQR 1-2) among the subset of women
with complete data on fever start and end dates (n=56). 148 (48%) of 310 prompted medical
attention, and seven episodes (2%) were associated with hospitalisation within 13 days of
illness onset.

Among 10 826 women with complete data on pregnancy and perinatal outcomes, 1196
(11%) had preterm births, 2385 (22%) had SGA infants, and 222 (2%) had pregnancy
losses, including 89 spontaneous abortions (43 at <13 weeks and 46 at 13-21 weeks)

and 133 stillbirths (appendix 5 p 17). The mean birthweight adjusted for time from birth

to birthweight collection was 3012 g (SD 565) among all infants and 3092 g (SD 516)
among term singleton infants. Of 10 726 liveborn infants, 7903 (74%) had birthweights
measured per study protocol. The prevalence of adverse pregnancy outcomes and mean
infant birthweight varied by site (appendix 5 p 17). There were 15 maternal deaths (five
before delivery and ten within 28 days after delivery); three occurred during pregnancy and
were associated with ARI. Of the three ARI-associated deaths, all occurred in women tested
for influenza in the study, and one was positive.

ARI exposure during pregnancy was not associated with an increased risk of preterm birth,
having an SGA infant, late pregnancy loss, or a difference in mean birthweight among

term singleton infants after controlling for potential confounders (table 4). Febrile ARI also
was not associated with an increased risk of any of these outcomes except preterm birth
(adjusted hazard ratio (aHR) 1-4, 95% CI 1-1-1.6; p=0-0067). Findings were consistent
across multisite and two-stage site-stratified models (appendix 5 p 18) and in sensitivity
analyses described in the supplemental study methods (data not shown). Findings were also
consistent when modelling the effects of multiple episodes of exposure separately (data not
shown).
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Having an influenza episode during pregnancy was not associated with an increased risk of
preterm birth (aHR 1-4, 95% CI 0-9 to 2-0; p=0:096) or having an SGA infant (adjusted
relative risk 1.0, 95% CI 0-8 to 1.3; p=0-97). However, having an influenza episode was
associated with an increased risk of late pregnancy loss (aHR 10-7, 95% CI 4-3 to 27-0;
p<0-0001) and a reduction in mean birthweight (-55-3 g, 95% CI —109-3 to —1-4; p=0-045)
among term singleton infants (table 4). Findings were consistent in sensitivity analyses
(data not shown). In analyses stratified by trimester, there was a significant reduction in
mean birthweight for second trimester exposures (B coefficient -113.9, 95% CI —207:9 to
-19:9; p=0:018) but not first trimester (-117-9, —406-9 to 171-0; p=0-42) and third trimester
exposures (—22-8, =895 to 44-0; p=0-50).

Discussion

We prospectively evaluated the association of influenza, ARI, and febrile ARI during
pregnhancy with pregnancy and perinatal outcomes among a large and diverse cohort of
more than 11 000 pregnant women from three middle-income countries. Influenza was not
associated with preterm birth but was associated with a decrease in birthweight of singleton,
full-term, liveborn infants. Influenza also conferred an increased risk of late pregnancy loss
(at =13 weeks gestation). ARI was not associated with any adverse pregnancy outcomes
assessed in this study, but febrile ARI conferred an increased risk of preterm birth.

Pregnant women in the cohort had 0-7-0-9% risk of influenza per month of pregnancy

spent in the influenza season. Among women with rtPCR-confirmed influenza, half reported
seeking medical care for their illnesses, and one in 50 had an associated hospitalisation.
Pregnant women in the cohort also had an 11-13% risk of ARI and 1-2% risk of febrile ARI
per month of pregnancy.

Adverse pregnancy and perinatal outcomes can result in substantial psychosocial and
economic costs'3-15 and might be associated with adverse long-term health sequelae for
mothers or their infants.16-18 Our finding that antenatal influenza was associated with

an increased risk of late pregnancy loss is consistent with the few published studies

without systematic influenza testing done during influenza pandemics.19-20 Small numbers
of participants precluded our assessment of influenza subtype-specific effects or effects

by trimester of influenza exposure. The mechanisms leading to late spontaneous abortion
and stillbirths are unknown, 2122 put it has been hypothesised that immunological changes
during pregnancy could result in a heightened inflammatory response to systemic infections
that might have a role in both outcomes.?:22 In our study, ARI and febrile ARI were

not associated with late pregnancy loss, suggesting that pathogen-specific effects might be
involved in respiratory infection-induced pregnancy loss. We did not find an association
between antenatal influenza and preterm birth or having an SGA infant, although the sample
size of this study might have been inadequate to detect a smaller effect of influenza on
preterm birth than assumed for sample size calculations. These results are consistent with
the findings for seasonal influenza from a WHO meta-analysis.® Although some previous
studies found an association between antenatal influenza and preterm birth, these studies
were retrospective, did not include systematic testing for influenza, and focused on effects of
severe pandemic influenza requiring hospitalisation.®
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To date, studies evaluating the effects of influenza on birthweight have yielded mixed
results, with most data originating from studies that indirectly assessed these effects by
evaluating the effect of vaccination on low birthweight.2-423 Although it is unclear whether
birthweight alone is a predictor of infant survival, independent of preterm birth, decreased
birthweight might provide an indication of underlying problems during pregnancy that are
linked to both fetal growth and future risks for the newborn.24 Furthermore, effects on
birthweight might have larger effects on infant health in settings where maternal and infant
malnutrition also affect early infant weight gain. We found that antenatal influenza was
associated with an average reduction in birthweight of about 55 g, with the largest reduction
observed with influenza during the second trimester.

This study was designed to provide data to inform decisions by policy makers in middle-
income countries about influenza vaccination policies for pregnant women. Data from the
cohort quantify the risk of influenza per month of pregnancy spent in the influenza season
and show that the risk of influenza was highest in the first trimester. These findings,
coupled with the observed increased risks of late pregnancy loss and decreased infant
birthweight among women with influenza, support influenza vaccination of pregnant women
before the influenza season in settings with seasonal circulation and in the first trimester
in settings with perennial circulation to optimise protection of the mother and fetus. At
present, opportunities for first trimester vaccination are missed in some LMICs where
influenza vaccination recommendations for pregnant women are limited to the second or
third trimesters.

This study has several strengths. We enrolled a large and diverse cohort representative of
pregnant women with access to antenatal care in middle-income countries. We followed the
cohort prospectively to minimise recall bias and surveilled with a broad case definition for
influenza-like illness and systematic influenza testing with molecular diagnostic techniques.
We also had high cohort retention, with ascertainment of study outcomes in more than

95% of participants, and used rigorous procedures to ensure accurate outcome measurement.
Limitations of our study include the absence of systematic testing for other infections that
could increase risk for adverse perinatal outcomes, although other infections would only

be confounders if they were associated with both the outcome and risk for influenza virus
infection; the absence of placental histopathology studies to assess for alternative causes

of pregnancy loss; inability to assess effects of ARIs and febrile ARIs that women may
have had before cohort enrolment, which might bias results towards null effects for these
exposures; and inability to rule out the possibility that cohort participants had antenatal
influenza episodes before enrolment, although local surveillance data from Peru and
Thailand indicated sparse influenza virus detection in the months before cohort enrolment.
The small number of pregnancy losses among women with antenatal influenza resulted in
wide confidence limits around the estimates of influenza effects. Findings from this study
might not be generalisable to women without access to antenatal care or populations with
high rates of HIV infection, which was relatively uncommon in our study population (<1%
of women).

In conclusion, this study quantifies the incidence of antenatal influenza among women
in three diverse middle-income countries using a standardised and broad case definition.

Lancet Infect Dis. Author manuscript; available in PMC 2023 October 10.
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Antenatal influenza was associated with late pregnancy loss at 13 weeks or more gestation
and reduction in birthweight of singleton term infants but was not associated with preterm
birth. Our findings suggest the potential added value of influenza vaccination during
pregnancy to improve perinatal outcomes in addition to the established benefits of protecting
mothers and their infants.
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Research in context
Evidence before this study

Data from seasonal epidemics indicate that pregnant women are at increased risk

of hospitalisation due to seasonal influenza compared with non-pregnant women of
childbearing age. However, few data are available on the effect of antenatal seasonal
influenza on adverse pregnancy and perinatal outcomes. Such data would provide
evidence for evaluation of the potential benefits of maternal influenza vaccination beyond
protection of mothers and infants from influenza illness. Shortly before this study was
done, a WHO systematic review of literature published up to December, 2014, concluded
that existing studies of the effects of antenatal seasonal influenza on key pregnancy
outcomes were of inadequate quality. Of 21 comparative studies included, no study
assessed the effect of antenatal laboratory-confirmed seasonal influenza on outcomes
using a prospective design. We searched PubMed for articles published between Dec 1,
2014, and Dec 31, 2019, in English with the terms “influenza, human” AND “pregnancy
complications” AND “prospective”. The search identified 20 publications. There were no
prospective comparative studies assessing the effects of laboratory-confirmed influenza
on adverse pregnancy or perinatal outcomes.

Added value of this study

This multinational prospective study was designed to assess the effect of antenatal
influenza on pregnancy outcomes, including preterm birth, small for gestational age, late
pregnancy loss, and birthweight. The study was designed to achieve an adequate sample
size to assess the effects of influenza on preterm birth for effect sizes that might be of
public health significance. It is one of few studies to provide estimates of influenza
incidence during pregnancy among women in middle-income countries representing
multiple patterns of influenza seasonality. Our findings that antenatal influenza was
associated with late pregnancy loss and a reduction in birthweight and that women had

a 0-7-0:9% risk of influenza for each month of pregnancy spent in the influenza season
provide evidence of the effects of antenatal influenza on key perinatal outcomes. Findings
from this study provide inputs needed to model potential illnesses and adverse pregnancy
outcomes averted by influenza vaccination programmes.

Implications of all the available evidence

Clinical trials and observational studies have established that maternal influenza
vaccination prevents influenza illness in mothers and their infants during the first few
months of life. This study contributes evidence that maternal influenza vaccination may
have benefit beyond protecting mothers and infants from influenza.

Lancet Infect Dis. Author manuscript; available in PMC 2023 October 10.
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76 960 women presumed eligible*
35469in2017
41491in2018

7500 unable to prescreen
| 1739in 2017
5761in2018

69460 prescreenedt
33730in2017
35730in2018

52510 ineligible
> 25695in 2017
26815in2018

16 950 screened
8035in 2017
8915in 2018
4686 ineligible
> 2663in 2017
2023in 2018
12264 eligible
5372in2017
6892in2018
699 refused consent
— 452in2017
247in2018
A
11565 consented
4920in2017
6645in2018

> 141in2017
126in2018

267 withdrawn for not meeting the ultrasound eligibility criterion

11298 fully enrolled
4779in2017
6519in2018

> least one surveillance contact
5in2017
16in2018

21 excluded for incomplete enrolment survey or not completing at

11277 included in the analytic population for estimating incidence§
4774in2017
6503in2018

| 201in2017
250in2018

451 had missing or inaccurate birth outcome information

A 4

10826 included in the analytic population for evaluating outcomesq|
4573in2017
6253in2018

Figure 1: Study profile
*Includes all women who presented to the antenatal clinics for antenatal care during the

enrolment period. tIncludes all women who study staff screened for selected eligibility
criteria, such as age, before formal eligibility screening. $If participants did not have
ultrasounds for gestational dating that met study protocol standards, ultrasounds were done
as part of the study. If participants were found to be at gestational age of more than 28 weeks
by ultrasound, they were withdrawn due to ineligibility. 8Met gestational age criteria by
ultrasound and completion of an enrolment interview and at least one surveillance contact.
fExcluded women who had missing data on gestational age dating by ultrasound at less than
28 weeks or pregnancy outcome (pregnancy loss or livebirth) and women who had elective
terminations.
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Incidence per 10 000 pregnant woman-months

200 [ 2017
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Figure 2: Incidence of confirmed influenzain pregnant women (N=11 108)
Error bars represent 95% CI. 169 women who were not pregnant for at least 2 weeks during

the influenza season were excluded. Influenza season was defined as starting and ending on
the date of collection of the first and last nasal swabs that were positive for influenza virus
by real-time RT-PCR.
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Cohort characteristics

Table 2:

Participants, N=11 277

Pre-pregnancy characteristics

Country
India 5011 (44%)
Peru 3505 (31%)
Thailand 2761 (24%)
Age, years 26 (23-31)
Highest educational level *
No formal education 166 (1%)
Primary 2096 (19%)
Secondary 5483 (49%)
Post-secondary or university 3513 (31%)
Health insurance 4826 (43%)
Works outside the home 3387 (30%)
Parity 1(0-2)
Pre-pregnancy body-mass index 22 (19-26)
One or more chronic medical conditions 1637 (15%)
Respiratory 202 (2%)
Blood 283 (3%)
Endocrine 582 (5%)
Heart (including hypertension) 180 (2%)
HIV 27 (<1%)
Other 559 (5%)
Previous miscarriage or stillbirth, per number of previous pregnancies 0-0 (0-0-0-5)

Current pregnancy characteristics
Year of enrolment

2017

2018

Trimester at enrolment”
First (0 weeks to 13 weeks 6 days gestation)
Second (14 weeks to 27 weeks 6 days gestation)
Third (=28 weeks gestation)

Gestational age at first antenatal care visit

Multiple gestation pregnancy

Current smoker

Current alcohol user

Gestational diabetes

Pregnancy-induced hypertension

One or more psychosocial stressors

Influenza vaccine in the current year¢

4774 (42%)
6503 (58%)

2662 (24%)
7719 (68%)
867 (8%)
13 (9-18)
162 (1%)
263 (2%)
1559 (14%)
520 (5%)
966 (9%)
4240 (38%)
1474 (13%)

Lancet Infect Dis. Author manuscript; available in PMC 2023 October 10.
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Data are n (%) or median (IQR).
*

19 women were missing data on highest educational level.
7‘29 women were missing data on trimester at enrolment.

7 - . L .
Based on maternal report verified with source documents such as vaccination cards or medical records.

Lancet Infect Dis. Author manuscript; available in PMC 2023 October 10.
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