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Background Although pregnant women are considered at high
risk for severe influenza disease, comparative studies of maternal
influenza and birth outcomes have not been comprehensively
summarised.

Objective To review comparative studies evaluating maternal
influenza disease and birth outcomes.

Search strategy We searched bibliographic databases from
inception to December 2014.

Selection criteria Studies of preterm birth, small-for-gestational-
age (SGA) birth or fetal death, comparing women with and
without clinical influenza illness or laboratory-confirmed influenza
infection during pregnancy.

Data collection and analysis Two reviewers independently
abstracted data and assessed study quality.

Main results Heterogeneity across 16 studies reporting preterm
birth precluded meta-analysis. In a subgroup of the highest-
quality studies, two reported significantly increased preterm birth
(risk ratios (RR) from 2.4 to 4.0) following severe 2009 pandemic
HINI (pHIN1) influenza illness, whereas those assessing mild-to-
moderate pHINT or seasonal influenza found no association. Five

studies of SGA birth showed no discernible patterns with respect
to influenza disease severity (pooled odds ratio 1.24; 95% CI
0.96-1.59). Two fetal death studies were of sufficient quality and
size to permit meaningful interpretation. Both reported an
increased risk of fetal death following maternal pHINI disease
(RR 1.9 for mild-to-moderate disease and 4.2 for severe disease).

Conclusions Comparative studies of preterm birth, SGA birth and
fetal death following maternal influenza disease are limited in
number and quality. An association between severe pHINI disease
and preterm birth and fetal death was reported by several studies;
however, these limited data do not permit firm conclusions on the
magnitude of any association.

Keywords Fetal death, influenza, pregnancy, preterm birth, small-
for-gestational-age birth, systematic review.

Tweetable abstract Comparative studies are limited in quality but
suggest severe pandemic HIN1 influenza increases preterm birth.

Linked article This article is commented on by JM Snowden and
KF Brookfield, p. 60 in this issue. To view this mini commentary
visit http://dx.doi.org/10.1111/1471-0528.14174.

Please cite this paper as: Fell DB, Savitz DA, Kramer MS, Gessner BD, Katz MA, Knight M, Luteijn JM, Marshall H, Bhat N, Gravett MG, Skidmore B, Ortiz
JR. Maternal influenza and birth outcomes: systematic review of comparative studies. BJOG 2017;124:48-59.

Introduction

Pregnant women are considered vulnerable to serious influ-
enza disease and related complications. On the basis of

evidence documenting excess influenza-related mortality in
pregnant women during historical and recent pandemics'
and higher rates of influenza-related morbidity requiring
hospitalisation ~ during seasonal epidemics,* ® many
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countries advise that women who are, or will be, pregnant
during the influenza season be immunised with inactivated
influenza vaccine.” ® Since 2012, the World Health Organi-
zation (WHO) has recommended that countries expanding
or initiating influenza vaccination programs prioritise preg-
nant women for vaccine receipt.'® While the primary goal
of these recommendations is to protect pregnant women
from severe influenza disease, benefits of maternal immuni-
sation have also been shown to extend to neonates through
transfer of maternal antibodies, providing passive immunity
against influenza virus infection."'

The possibility that maternal influenza immunisation
could be of additional value beyond prevention of maternal
and neonatal influenza illness is of considerable public
health interest.'>'* In recent years, several observational
studies and one secondary analysis of a randomised clinical
trial have reported risk reductions for several adverse peri-
natal outcomes following influenza immunisation during
pregnancy.'> The biologic plausibility of such findings
depends on there being a direct or indirect adverse effect
of maternal influenza disease on fetal health that is pre-
ventable via maternal immunisation. However, evidence on
the effect of maternal influenza disease on birth outcomes
is limited. The literature is dominated by descriptive case
series reports that often lack complete information on birth
outcomes,'® and existing systematic reviews have either
predominantly synthesised evidence from descriptive stud-
ies of the 2009 HINI pandemic'®"® or focused on terato-
genic effects of early pregnancy influenza virus infection."

To address this evidence gap and inform expectations of
possible benefits of maternal influenza vaccination on birth
outcomes, the WHO initiated an evidence review of maternal
influenza disease and adverse birth outcomes.?® The objective
of this systematic review was to assess the risk of preterm
birth, small-for-gestational-age (SGA) birth and fetal death
among women with clinical influenza disease and/or labora-
tory-confirmed influenza virus infection during pregnancy,
compared with women with no influenza during pregnancy.

Methods

We developed a systematic review protocol (available on
request) and prepared this manuscript following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) recommendations.”!

Search strategy and study selection

This manuscript focuses on results from comparative studies;
however, as part of a broader WHO evidence review, 2 the
literature searches and screening procedures pertain to the
full evidence review. We performed electronic literature
searches in MEDLINE, EMBASE, CINAHL and the Cochrane
Library from inception to 5 December 2014. A medical
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librarian developed a sensitive search strategy utilising medi-
cal subject headings (e.g. ‘Influenza, Human’, ‘Pregnancy
Complications’) and keywords (e.g. influenza, antenatal),
and a second librarian peer-reviewed the strategy”” (full
search strategy provided in Appendix S1). Following de-
duplication, search records were uploaded into online soft-
ware (ABSTRAKR?) and screened by two independent
reviewers.

As part of the full WHO evidence review, we considered
studies eligible for full-text review if they (i) employed
comparative designs (i.e. cohort, case-control, cross-sec-
tional), descriptive designs (i.e. ecologic, case series, case
report) or were systematic reviews; (ii) examined women
with clinical influenza illness and/or laboratory-confirmed
influenza virus infection during pregnancy; and (iii)
assessed any of the following primary outcomes: preterm
birth (birth at less than 37 weeks of gestation), SGA birth
(birthweight below the 10th percentile for gestational age
and sex), fetal death (including miscarriage or stillbirth), or
secondary outcomes: preterm birth utilising alternate gesta-
tional age thresholds, mean gestational age, low birthweight
(<2500 g), mean birthweight. The preferred working defini-
tion for each outcome is shown in Table S1; however, indi-
vidual studies were not required to exactly meet these
definitions to be included. As we were not aware of any
evidence concerning the most potentially susceptible time
window for fetal exposure to maternal influenza in relation
to our outcomes, we did not restrict the exposure defini-
tion to any particular gestational age range.

We made the following exclusions: non-English language,
editorials, commentaries, narrative reviews, clinical practice
guidelines, conference abstracts or literature not in peer-
reviewed journals. The same reviewers independently evalu-
ated the full text of all studies identified in the first stage of
screening and resolved disagreements through consensus.
Initially, we included influenza vaccination studies only if
they evaluated our review outcomes relative to maternal
influenza illness. Following completion of the initial screen-
ing process, however, we made a post hoc decision to include
randomised controlled trials (RCTs) of influenza vaccination
during pregnancy in narrative syntheses (but not quantitative
meta-analyses) if a placebo control group was used. In addi-
tion to providing estimates of vaccine efficacy, RCTs can help
characterise the contribution of a vaccine-preventable patho-
gen, such as influenza, to a range of clinical outcomes.**
Thus, we interpreted any differences in rates of adverse birth
outcomes between vaccinated and unvaccinated women as
attributable to differences in the contribution of influenza
infection to the chain of events leading to the outcome.**

Data extraction and quality assessment
We developed a data collection form to extract information
on study design and population, inclusion and exclusion
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criteria, definition and ascertainment of exposure and out-
comes, method of gestational age measurement and con-
founding variables considered in any analyses. For binary
outcomes, we extracted raw cell counts to reconstruct
2 x 2 tables and any measures of effect (i.e. relative risks
(RR), hazards ratios (HR), odds ratios (OR), or risk differ-
ences (RD)) with 95% confidence intervals (CI). Where
possible, we calculated crude effect estimates using raw data
from the reconstructed 2 x 2 tables when they were not
reported by the study.

Individual study quality was assessed by two reviewers
using the Newcastle-Ottawa Scale for comparative observa-
tional studies® or the Cochrane Collaboration risk of bias
tool for RCTs.*® During our review, we developed a con-
cern that ascertainment of clinical influenza disease and/or
laboratory-confirmed influenza virus infection may have
been influenced by concern about the pregnancy (for
example, there may have been a different threshold for
influenza diagnosis/hospitalisation among women with
high-risk pregnancies or poor pregnancy outcome than
among women with low-risk pregnancies) resulting in dif-
ferential misclassification of the exposure by study out-
come. The impact of any such differential ascertainment
would be expected to inflate the magnitude of effect esti-
mates. To assess the risk of this potential differential expo-
sure misclassification, which we denoted ‘diagnostic
ascertainment bias’, we developed a rating system specifi-
cally for this review (Appendix S2) and rated each study as
having low, medium, high or very high risk of diagnostic
bias based on the method of influenza ascertainment. Using
an adapted GRADE framework,””*® we rated the quality of
evidence across studies for each primary outcome as high,
moderate, low, or very low based on factors such as study
design and limitations, inconsistency in study findings, and
imprecision (Appendix $3).27%

Data synthesis and analysis

We summarised study characteristics in descriptive tables
and Forest plots. To determine whether meta-analyses were
appropriate, we considered clinical heterogeneity (i.e. mea-
surement of influenza disease, clinical populations, out-
come definitions and ascertainment), design heterogeneity
(i.e. study design, analytical approach, extent of control for
confounding factors), as well as statistical heterogeneity.*
The latter was quantified with the I? statistic, calculated
using the natural log of the individual-study adjusted effect
estimates (or crude estimates when adjustment was not
performed by the original study) and 95% CIs in a ran-
dom-effects model.® The non-central y* method was used
to compute a 95% CI around the I statistic.”’ Outcomes
with I? values <75% were considered eligible for meta-ana-
lysis if clinical and design characteristics were not qualita-
tively judged as too variable. Conversely, all outcomes with

I values >75% were considered inappropriate for meta-
analysis, regardless of other considerations. In such cases,
we attempted to explore possible sources of heterogeneity
in post hoc analyses by evaluating outcomes within more
homogeneous subgroups, defined according to method-
ological quality and characteristics of influenza. We used
STATA SE 12.1 software (Stata-Corp LP, College Station,
TX, USA) for all quantitative analyses.

Results

Study selection

We identified 1923 records through electronic literature
searches, of which 101 were eligible for full-text review fol-
lowing title and abstract screening (Figure 1). Twenty-two
articles were excluded after full-text review, leaving 79 stud-
ies in the broader WHO evidence review, including 56
descriptive studies and two systematic reviews of descrip-
tive studies, not reported here. Among the comparative
studies, we initially included 21 observational studies, but
later excluded one’” after confirming that more complete
follow-up data on the same subjects had been reported in a
subsequent publication.® After completing our initial
screening, we added one placebo-controlled RCT of influ-
enza immunisation during pregnancy, bringing the final
number of comparative studies to 21."!

Study characteristics and influenza ascertainment
methods

Twelve studies were published in 2010 or later,
between 2000 and 2009,**** and the remainder prior to
2000.°% All of the observational studies originated from
high-income countries, including half from the USAPY
36,38,4043,4446,30.51 the RCT was carried out in South

Africa.'' Thirteen studies reported findings from pre-2009

11,3343 five

seasonal epidemics,”®*' " five assessed influenza during the
2009 HIN1 pandemic,3 3353739 and remaining  studies
assessed a combination of seasonal influenza and 2009 pan-
demic HIN1 (pHINI) influenza®**° or studied influenza
seasons post-2009."" The majority of studies used either a
retrospective® 5363840424446 (1 Loty e374143.47-51
cohort design (Table S2).

With the exception of the four prospective seroepidemio-
logical studies, in which paired maternal sera collected in
early gestation and postpartum were tested for influenza
virus infection during pregnancy®® ' and the RCT with
active surveillance,'’ remaining studies ascertained influenza
among pregnant women who presented for medical care
with symptoms of clinical illness (Table S3). Four studies
classified influenza status based on a self-reported measure
of influenza-like illness collected either prospectively during
pregnancy‘“’45 or by post-partum questionnaire.“’47 Among
12 studies that ascertained influenza illness diagnosed during
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1923 Records identified through database searching
1069 Medline
770 EMBASE
38 Cochrane
46 CINAHL

A

1820 Titles and abstracts screened after duplicates removed
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v

1719 Records excluded based on title and abstract screening

A

101 Records met eligibility criteria for full text screening

v

1 Wrong study population

22 Records excluded in full-text screening
16 No data on study exposure and/or outcomes
3 Not retrieved (descriptive studies)
2 Narrative review/commentary

A

79 Studies included in broader WHO evidence review

58 Studies not reported here 2

v

56 Descriptive studies (case series, case reports)
2 Systematic reviews of descriptive studies

21 Comparative observational studies

v

1 Article excluded due to duplication of study data ®

A

20 Comparative observational studies

1 Placebo-controlled RCT of influenza immunisation during

pregnancy subsequently added ©

A

21 Comparative studies

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram showing study selection process. Descriptive
studies and systematic reviews were screened as part of the overall evidence review, but are not reported in this publication. ®Yates et al. (2010)*?
and Pierce et al. (2011)*3 used the same study population, the former representing an earlier version of the study, published before full follow-up
had been completed. Only the Pierce et al. study>> is reported in this review. “Subsequent to the original screening, a placebo-controlled randomised
clinical trial (RCT) of influenza immunisation during pregnancy was included.™

healthcare visits, there was substantial variation in the type
of clinical settings (i.e. ambulatory versus hospitalisations),
gestational timing of when diagnoses were ascertained (i.e.
during health care visits at any gestational age versus only
during hospitalisations in which the delivery occurred) and
use of laboratory testing for diagnostic confirmation. We
considered two studies to be at very high risk of diagnostic
ascertainment bias owing to influenza ascertainment only at
the time of the hospitalisation to give birth (i.e. coincident
temporal diagnosis of influenza),’®** seven studies were
considered to be at high risk,”> *>*>***"32 and the remain-
ing studies at medium or low risk (Table S3).

Preterm birth

Sixteen studies providing 17 estimates (one study provided
separate estimates for two influenza seasons*’) assessed pre-
term birth (Figure 2; Table S4). We did not compute a
pooled estimate, primarily due to high statistical hetero-
geneity (I° = 98%; 95% CI 97-98); however, heterogeneity
in influenza assessment methods was also a concern. Over-
all, individual-study ratio estimates of effect displayed in
Figure 2 ranged widely (from 0.40 to 4.08). Among the 13
adjusted estimates provided, nine had confidence intervals
that included the null value (with point estimates ranging
from 0.82 to 1.27) and four reported statistically significant
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Preterm Preterm

birth among birth among lliness

Relative effect

Author and year exposed ®  unexposed * Influenza severity Quality ®  Adjusted estimate (95% Cl)
Nieto-Pascual, 2013 4.0 10.1 A (pHIN1) Mild-moderate 0.40(0.11,1.41)
Ahrens, 2014 4.3 5.6 A(pH1N1); Seasonal Mild-moderate < + 0.76(0.10, 5.94)
Tuyishime, 2003 6.4 8.1 Seasonal Mild-moderate —_— ] 0.80(0.34,1.90)
Hansen, 2012 ¢ 9.2 9.3 Seasonal Mild-moderate 4 Yes —_— 0.82(0.55,1.22)
Acs, 2006 8.0 9.2 Seasonal Mild-moderate Yes —rr 0.90(0.74,1.10)
Rogers, 2010 4.9 5.2 Seasonal Severe * 0.94 (0.36, 2.46)
Hiberg, 2013 5.4 A (pHIN1) Mild-moderate v Yes —_—— 1.03(0.85,1.25)
Morken, 20111 25 26 Seasonal Mild-moderate Yes - 1.04(0.92,1.18)
Hansen, 2012 ¢ 11.0 9.3 A (pHIN1) Mild-moderate v Yes - 1.07 (0.82, 1.40)
Hartert, 2003 12.6 10.9 Seasonal Severe Yes —_—— 1.18(0.77,1.82)
McNeil, 2011 7.2 5.4 Seasonal Severe v Yes —_—— 1.20(0.72, 2.01)
Naresh, 2013 14.8 11.5 A (pHIN1) Mild-moderate v Yes ——— 1.27(0.75, 2.15)
Doyle, 2013 23.6 10.4 A (pHIN1) Severe v Yes —_— 2.39(1.64, 3.49)
Martin, 2013 25.8 73 Seasonal Severe Yes - 3.82(3.52,4.14)
Pierce, 2011 235 7.3 A (pHIN1) Severe v Yes —_— 4.00(2.71,5.90)
Cox, 2006 ¢ Seasonal Severe Yes == 4,08 (3.56, 4.67)

I T T T
0.1 0.5 1.0 2.0 10

Figure 2. Forest plot of individual study results for association between influenza illness during pregnancy and preterm birth. Small, black diamond
markers indicate individual study point estimate, with corresponding 95% confidence intervals (Cls) represented by horizontal bars. “Risk of preterm
birth per 100 women classified as having (exposed) or not having (unexposed) influenza illness/infection during pregnancy. °For observational studies,
‘v indicates a Newcastle-Ottawa Score >8, risk of diagnostic ascertainment bias not rated as ‘very high’, and exposure not measured using self-
reported questionnaire. “Crude estimates were used in place of adjusted estimates when the latter were not provided. YHansen (2012)*° is shown
twice: one estimate for 2009 A (pH1N1) and one for 2008-2009 influenza season. ®Haberg (2013)*° did not provide the risk of preterm birth by

exposure group. Overall risk in the study population was 5.4/100 singleton live births. "Morken (2011
9Baseline risk of preterm birth in the study population was not provided.**

estimates greater than one (with point estimates ranging
from 2.39 to 4.08). Results from the RCT of influenza vac-
cination are not displayed in the Forest plot, but the risk
ratio for preterm birth computed from raw study data did
not indicate any difference in preterm birth risk between
treatment arms (Table S4). Using a modified GRADE
framework,”® we rated the quality of evidence across the 16
studies as very low (Appendix S3).

Aside from one study of spontaneous preterm birth,*'
baseline risks of preterm birth across the study populations
ranged from 5.2 to 11.5% among women with no influenza
disease (Figure 2), comparable to population estimates for
preterm birth in high-income countries (Table S5). Among
women with influenza disease, the range of preterm birth
risks extended from 4.0 to 25.8%. Three of seven studies
that ascertained only severe maternal influenza illness (i.e.
all or most women were hospitalised, or selective labora-
tory testing was carried out only on women with symptoms
of severe influenza disease) reported preterm birth risks in
excess of 20% among women with influenza,**?>7*

)*1 studied spontaneous preterm birth only.

After subgrouping studies according to similarity in
methods of influenza assessment, methodological quality
and influenza season characteristics (Table S6), statistical
heterogeneity remained high (I’ > 80%) within most sub-
groups. Among the studies considered to be of highest
quality (i.e. a Newcastle-Ottawa Scale score >8, risk of
diagnostic ascertainment bias not rated as ‘very high’, and
exposure not measured using a self-reported question-
naire), statistical heterogeneity was only marginally lower
(I = 89%; 95% CI 79-92). The only subgroup in which
heterogeneity was substantially reduced was that containing
only studies of mild-to-moderate influenza illness
(I? = 0%; 95% CI 0-53; Table S6).

Among six studies considered of highest methodological
quality, two of severe 2009 pHINI influenza disease
reported a preterm birth risk of 24% among women with
influenza,”>”® resulting in adjusted odds ratios of 2.4 and
4.0 (Figure S1; Table S6). Three other 2009 pHINI studies
based on a wider range of illness severity reported no signifi-
cantly elevated risk of preterm birth (adjusted odds ratios
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from 1.03 to 1.27).°*?>*" In the two highest-quality studies
from seasonal epidemic years, no association was observed
between influenza and preterm birth, whether based on hos-
pitalisation for influenza disease*” or broader ascertainment
criteria.*® In the RCT of influenza vaccination (Table S4),
there was no difference in the proportions of preterm birth
in the two arms despite a 50% reduction in maternal influ-
enza disease in the active treatment group.'’

SGA birth

Five studies providing six estimates assessed SGA
birth.*®*4%42% Three studies defined SGA birth as sex-
specific birthweight <10th percentile, each relative to differ-
ent reference standards,’®*”** another used birthweight
<10th percentile determined from the distribution within
the study population,” and the fifth examined intrauterine
growth restriction but provided no specific definition
(Table S7).*® Baseline risks of SGA birth ranged from 3.948
to 14.1%°” in women with no influenza disease during
pregnancy, and from 2.8*° to 15.3%** among women who
had influenza disease. Aside from differences in definitions
of SGA birth, quality was a lesser concern in this group of
studies than it was for preterm birth — most of the point
estimates originated from studies with a Newcastle-Ottawa
Score of 8 or 9 and most studies were considered to have a
medium or low risk of diagnostic ascertainment bias. Using
the modified GRADE framework,*® we rated the quality of
evidence across the studies as low (Appendix S3).

SGA among  SGA among lliness

Author and year exposed * unexposed * Influenza severity

Irving, 2000 2.8 3.9 Seasonal Mild-moderate
Nieto-Pascual, 2013 14.4 14.1 A (pHIN1) Mild-moderate
Hansen, 20129 7.3 7.2 A (pHIN1) Mild-moderate
Naresh, 2013 8.5 7.4 A (pH1IN1) Mild-moderate
Hansen, 2012 ¢ 12.0 T2 Seasonal Mild-moderate
McNeil, 2011 15.3 9.7 Seasonal Severe
Overall

NOTE: Weights are from random effects analysis

Quality ®

Maternal influenza and birth outcomes

Among the five adjusted ratio estimates provided, three
had confidence intervals that included the null value (with
point estimates ranging from 0.71 to 1.14), and two
reported statistically significant estimates greater than one
(with point estimates of 1.59 and 1.66). As the I statistic
was 43% (95% CI 0-76) and clinical heterogeneity was not
considered prohibitively high, we computed a pooled OR
of 1.24 (95% CI 0.96-1.59; Figure 3). The number of stud-
ies examining this outcome was insufficient for subgroup
analyses; however, we noted that both studies reporting an
association between SGA birth and maternal influenza were
from non-pandemic influenza seasons, whereas none of the
three studies from the 2009 HIN1 pandemic found any
association. The only study of severe influenza disease
reported an increased risk of SGA birth (adjusted OR 1.66;
95% CI 1.11-2.49).** Another found no association with
SGA birth in a primary analysis, but in a secondary analysis
limited to women with severe influenza disease, reported
an adjusted OR of 2.35 (95% CI 1.03-5.36).*°

Fetal death

Fetal death was reported in 10 publications (Figure 4;
Table S8); however, meta-analysis of results across studies
was not possible because of high variability in fetal death
definitions. Several studies used specific terminology to
refer to mortality outcomes, such as spontaneous abortion
or stillbirth, but did not specify the gestational age ranges
underlying these definitions,””*®>*>* and three others

Relative effect

Adjusted estimate (95% Cl) ©
'
]
1
Yes —— 0.71(0.23,2.20)
]
]
1]
— 0.98 (0.47, 2.05)
1
1
1
Yes - 0.99(0.77,1.27)
1
]
1
3
Yes —— 1,14 (0.59,2.22)
1
1
1
L}
Yes —— 1.59 {1.15, 2.20)
Ll
1
1
1
Yes o 1.66 (1.11, 2.49)
1
<® 1.24(0.96, 1.59)
1
: Heterogeneity:
! ¥%=8.73,df =5 (P=0.12); 1= 43%, 95% Cl: O to 76
T T T T

0.1 05 1.0 20 10

Figure 3. Forest plot of individual study results for association between influenza illness during pregnancy and small-for-gestational-age (SGA) birth.
Small, black diamond markers indicate individual study point estimate, with corresponding 95% confidence intervals (Cls) represented by horizontal
bars. ®Risk of SGA birth per 100 women classified as having (exposed) or not having (unexposed) influenza illness/infection during pregnancy. v’
indicates a Newcastle-Ottawa Score >8, risk of diagnostic ascertainment bias not rated as ‘very high’, and exposure not measured using self-reported
questionnaire. “Crude estimates were used in place of adjusted estimates when the latter were not provided. YHansen (2012)%° is shown twice: one

estimate for 2009 A (pH1N1) and one for 2008-2009 influenza season.
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provided no clarifying information.*®*®' Only three of the
studies specified a definition of fetal death.'"?*** The
GRADE quality of evidence rating®® across the studies was
very low (Appendix S3).

Inadequate numbers of mortality events in most of these
studies also seriously limited meaningful interpretation of
results. Although there was a combined total of 103 902
fetal deaths reported from over 17 million participants,
most (103 326/103 902; 99.4%) were reported from one
very large study conducted in the USA across 10 influenza
seasons using a hospitalisation database.’® Despite the large
sample size, we considered this study to be at very high risk
of diagnostic ascertainment bias, as influenza was ascer-
tained only at the time of hospitalisation to give birth. The
two highest-quality studies were conducted during the 2009
pandemic and ascertained influenza disease occurring at
any point during pregnancy. One reflected only severe
maternal illness requiring hospitalisation (adjusted OR 4.2;
95% CI 1.4-12.4),%> whereas the other reflected mild-to-
moderate maternal influenza illness severity and reported
an adjusted hazard ratio of 1.91 (95% CI 1.07-3.41).>° In
the South African RCT of influenza vaccination (not
displayed in Figure 4; see Table S8), the number of miscar-
riages between 20 and 27 weeks and stillbirths >28 weeks

Fetal Fetal

death among  death among Iliness
Author and year exposed * unexposed *  Influenza severity Quality * Adjusted
Nieto-Pascual, 20139 13.2 326 A (pHIN1) Mild-moderate
Korones, 1370 19.6 19.6 Seasonal Mild-moderate
Nieto-Pascual, 2013¢ 133 112 A[pHIN1)  Mild-moderate
Haberg, 2013" 43 A(pHIN1)  Mild-moderate o Yes
Wilson 1969 30.1 133 Seasonal Mild-moderate
Martin, 2013 191 6.5 Seasonal Severe Yes
Hartert, 2003 10.2 31 Seasonal Severe Yes
Pierce, 2011 27.3 57 AlpHIN1)  Severe v Yes
Stanwell-Smith, 1994 - " - Seasanal Mild-moderate
Irving, 2000 5.6 0.0 Seasonal Mild-moderate

was too small for meaningful interpretation (eight miscar-
riages and 24 stillbirths among non-HIV infected women
in total).!!

Results for secondary outcomes are
Appendix S4 and Tables S9-S13.

provided in

Discussion

Main findings

Our systematic review has found that comparative studies
of adverse birth outcomes following maternal influenza dis-
ease are limited in quantity and have produced inconsistent
findings. The overall quality of evidence across studies was
considered low to very low, due to the limited number of
studies (particularly for SGA birth and fetal death), incon-
sistency of results and concerns about potential differential
ascertainment of influenza by pregnancy outcome. Because
of these limitations, firm conclusions are difficult to draw,
although several studies suggest that severe maternal disease
due to 2009 pHINI influenza is associated with preterm
birth. We did not find evidence for an association with
mild-to-moderate 2009 pHINI1 influenza, or with seasonal
influenza of any severity. Drawing any overall conclusions
on the risk of fetal death following maternal influenza is

Relative effect Definition of

estimate (95% Cl)© fetal death

—_— 0.40 (0.04, 3.80) Abortion *
1.00 (0.06, 15.56) Stillbirth =
M 1.19 (0.08, 18.65) Intrauterine fetal death ®
e 1.91(1.07,3.41) Fetal death 212 weeks
——— 2.26 (0.56,9.08) Fetal death *
- 2.50(1.97,3.18) Intrauterine fetal demise or stillbirth &
—_ 3.03 (0.50, 18.20) Fetal death *
B — 4.20(1.42,12.40) Fetal death 224 weeks

—————————— 12.50(1.09,142.99) Spontaneous abortion or stillbirth ¢

Fetal death *

T T T T
01 0.5 1.0 2.0 10

Figure 4. Forest plot of individual study results for association between influenza illness during pregnancy and fetal death. Small, black diamond
markers indicate individual study point estimate, with corresponding 95% confidence intervals (Cls) represented by horizontal bars. °Risk of fetal
death birth per 1000 women classified as having (exposed) or not having (unexposed) influenza illness/infection during pregnancy. ®For observational
studies, ‘v indicates a Newcastle-Ottawa Score >8, risk of diagnostic ascertainment bias not rated as ‘very high’, and exposure not measured using
self-reported questionnaire. © Crude estimates were used in place of adjusted estimates when the latter were not provided. “Nieto-Pascual (2013)*” is
shown twice: one estimate for abortion (RR: 0.40) and one for intrauterine fetal death (RR: 1.19). ®Not further defined. fHe’iberg (2013)*° did not
provide the risk of fetal death by exposure group. Overall risk in the study population was 4.3 fetal deaths per 1000 pregnancies. 9Based on ICD-9
diagnostic codes. "Risk of fetal death cannot be calculated because this was a case-control study. 'Irving (2000)*® had no fetal death events among
unexposed women and only one event among exposed women; therefore an effect estimate could not be computed.
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challenging due to insufficient mortality events in most
studies and inconsistent study definitions of fetal death.
The two highest-quality studies both reported significantly
increased risks of fetal death following maternal 2009
pHINI influenza illness, but high-quality evidence from
seasonal influenza time periods is lacking.

Strengths and limitations

Strengths of our review include the comprehensive litera-
ture search strategy, focus on comparative studies and
thorough assessment of the quality of the evidence. The
most important limitation of the primary studies we
reviewed relates to measurement and ascertainment of
influenza. A particular concern was that seeking medical
attention for influenza illness, being selected for microbio-
logical confirmation or being hospitalised for influenza
could have been motivated by concerns about the preg-
nancy,”® potentially leading to differential misclassification
of the exposure by study outcome. The impact of any such
differential ascertainment would be expected to exaggerate
effect sizes, making influenza appear more strongly associ-
ated with adverse outcomes, though the potential extent of
any such bias is unclear. There was also high potential for
non-differential misclassification of influenza status in
many studies (e.g. if influenza illness was only ascertained
in hospitalised cases or at a singular time point in gesta-
tion), which would tend to bias point estimates closer to
the null value. With the exception of SGA birth, we were
unable to pool data across studies due to high heterogene-
ity. We relied on the I” statistic to assess statistical hetero-
geneity; however, there were wide confidence intervals
around many I° values as a result of the small number of
studies.”® Many studies reported odds ratios rather than
risk or hazard ratios, which may have inflated the apparent
magnitude of any association in studies where rates of
study outcomes exceeded 10%.°>® As noted by other sys-
tematic reviews, % definitions of perinatal outcomes
were heterogeneous and poorly reported. Methods of gesta-
tional age determination were also poorly reported despite
being integral to defining outcomes such as preterm birth
and fetal mortality.

Interpretation

RCTs of influenza vaccination during pregnancy provide
complementary evidence relating influenza disease and
adverse birth outcomes, which is useful to consider in this
context given the low quality, mixed evidence from epi-
demiologic studies. Two such trials have been published,
both of which demonstrated efficacy in preventing influ-
enza disease in pregnant women.'"® Results from the trials
with respect to birth outcomes, however, were dissimilar.
While the trial conducted in Bangladesh found higher
mean birthweight and a lower percentage of SGA infants

Maternal influenza and birth outcomes

among a subset of infants born during the influenza season
to influenza-vaccinated women,” the trial from South
Africa did not detect any differences in preterm birth, low
birthweight or median birthweight between treatment
groups overall'"®" or when assessed by maternal influenza
infection status.®' Whether these divergent findings resulted
from local differences in influenza season characteristics,
vaccine components or comparators (active control’”®
versus placebo control'') is unclear. Forthcoming evidence
from two additional RCTs**®> may help clarify currently
available results.

Most previous systematic reviews of influenza disease
during pregnancy and birth outcomes have focused on
descriptive studies from the 2009 HINI pandemic'®'® or
on teratogenic effects of early pregnancy influenza virus
infection.'” One other recent review included both descrip-
tive and comparative studies, but provided limited synthe-
sis of comparative findings for influenza disease and birth
outcomes.®* Similar to our observations, most descriptive
studies that support an association between pHINI1 influ-
enza illness and adverse birth outcomes were of severely ill
women,'® %% while the few case series not reaching this
conclusion described a broader population of pregnant
women with milder clinical disease.®>®® Tt remains unclear
whether the associations with adverse birth outcomes
found by some comparative studies from the 2009 pan-
demic reflect an increased biological susceptibility of preg-
nant women to the 2009 pHINI1 virus, possibly from lower
levels of pre-existing immunity or differences in viru-
lence,” or whether enhanced surveillance and potential for
disproportionate diagnosis of pregnant women during that
time period played a role.’*®> As the epidemiological char-
acteristics of the 2009 influenza pandemic were different
from surrounding seasonal epidemics,”® a distinctive
impact of the 2009 pHINI1 virus on pregnant women is
plausible, but drawing a firm conclusion is limited by the
small number of studies and the low quality of the com-
parative evidence.

Although sequelae from infection with some viral patho-
gens in pregnancy are well understood (e.g. congenital
cytomegalovirus, rubella, varicella),””® potential patho-
genic effects of influenza viruses on the fetus are not. As
the influenza virus is rarely transmitted across the pla-
centa,”®”! influenza virus infection is more likely to be
associated with adverse birth outcomes through other
mechanisms such as maternal fever and inflammation.”" ">
Immunological responses, such as elevated pro-inflamma-
tory cytokine levels,”* can also influence placental func-
tion’>” and are recognised as an important pathway to
preterm birth.””””® Secondary pneumonia was also identi-
fied as a contributing factor to excess fetal deaths during
the influenza pandemic of 1918-1919." More recently,
women hospitalised with 2009 pHIN1 influenza illness had
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a significantly increased risk of preterm delivery if they
developed secondary pneumonia compared with those who
did not develop pneumonia (71 versus 27%).”> In the case
of an outcome such as preterm birth, which is defined only
by the timing of birth, not by a clinical phenotype,”*" it is
pertinent to note that biological mechanisms can be impli-
cated not only for spontaneous preterm birth, but also for
iatrogenic preterm birth, as the latter is often motivated by
poor maternal condition.>*®!

Conclusions

High-quality data on the effect of maternal influenza dis-
ease on birth outcomes are necessary for informing public
health policies for pregnant women and for clarifying
expectations for improved perinatal outcomes following
maternal influenza immunisation. Yet, our systematic
review has found the evidence base from comparative stud-
ies on this subject to be limited. Although a small sub-
group of higher-quality studies found that severe pHINI
influenza disease during pregnancy increased the risk of
preterm birth and fetal death, there was little evidence that
mild 2009 pHIN1 influenza, seasonal influenza disease of
any severity, or subclinical infection in pregnant women
was associated with the outcomes assessed in this review. A
number of substantive gaps in the primary literature
remain, including insufficient evidence on seasonal influ-
enza disease, gestational timing of influenza disease, and
evidence from low-resource settings.
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