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Abstract: Human Respiratory Syncytial Virus (RSV) is a highly contagious viral pathogen. In infants,
it is usually listed among the main causes of medical referrals and hospitalizations, particularly
among newborns. While waiting for the results of early randomized controlled trials on maternal
vaccination against RSV, the present systematic review and meta-analysis aimed to collect available
evidence on maternal RSV infections. According to the PRISMA statement, Pubmed, Embase, and
pre-print archive medRxiv.og were searched for eligible studies published up to 1 April 2022. Raw
data included the incidence of RSV infection among sampled pregnant women, and the occurrence
of complications. Data were then pooled in a random-effects model. Heterogeneity was assessed
using the I2 measure, while reporting bias was assessed by means of funnel plots and regression
analysis. A total of 5 studies for 282,918 pregnancies were retrieved, with a pooled prevalence
of 0.2 per 100 pregnancies and 2.5 per 100 pregnancies with respiratory tract infections. Neither
maternal deaths nor miscarriages were reported. Even though detailed data were available only for
6309 pregnancies and 33 RSV cases, infant outcomes such as low birth weight and preterm delivery
were rare (in both cases 0.04%), but up to 9.1% in cases where RSV diagnosis was confirmed. No
substantially increased risk for preterm delivery (RR 1.395; 95%CI 0.566 to 3.434) and giving birth
to a low-birth-weight infant (RR 0.509; 95%CI 0.134 to 1.924) was eventually identified. Conclusions.
Although RSV is uncommonly detected among pregnant women, incident cases were associated with
a relatively high share of complications. However, heterogeneous design and the quality of retrieved
reports stress the need for specifically designed studies.
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1. Introduction

Since its first description in 1956 [1], human Respiratory Syncytial Virus (RSV) (genus
orthopneumovirus, family of Pneumoviridae) [2–8] has emerged as a highly contagious
viral pathogen. According to available figures, RSV represents the main cause of hos-
pitalization among infants < 1 year of age in western countries, and a leading cause of
lower respiratory tract infections (RTI) in children in their first year of life [4,9–12], with a
well-defined seasonal trend [4,8].

Likewise, other viral agents of RTI do not elicit a long-lasting immunity, and adults
are constantly re-infected throughout their lives, with annual rates ranging from 2 to
12% [13,14]. Until recently, the only available therapeutic option has been represented by
supportive care (i.e., respiratory support and the management of volume depletion) [7,15],
and preventive interventions have been limited to monoclonal antibodies (mAb) [16–18].
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Even though real-world evidence has shown that mAb are rather effective in reducing
hospitalizations and preventing lower RTI in some high-risk groups (i.e., prematurely born
infants under 6 months of age, and children with certain comorbidities under 2 years of
age during the RSV season) [19–24], mAb are affected by several shortcomings. Firstly,
they must be injected once each month during the RSV season, for a total of five subse-
quent weight-dependent doses (i.e., 15 mg/kg), with obvious logistic issues and costs
ranging between $1661 and $2584 per dose [25]. As a consequence, alternative strategies
including long-acting mAb [26–29] and new, effective vaccines have been more recently
explored [2,4,19,30,31].

In this regard, maternal vaccination strategies appear particularly attractive [32–35],
as transplacental transfer of neutralizing antibodies is well-documented even in RSV
infections, and high titers of maternal antibodies have been shown able to reduce the risk
of infant RSV infections, particularly in the first 30 days of life [36–39].

Despite the potential analogies with other maternal vaccination programs, such as
influenza and pertussis vaccination programs [40–42], some significant ethical issues still
remain to be addressed. More precisely, while there is consolidated evidence that preg-
nant women are at increased risk of serious illness and mortality due to influenza virus
infection [43], giving some further rationale to their vaccination, more limited information
is available on RSV infections. On the one hand, RSV usually does not cause significant
disease in healthy adults. On the other hand, some earlier reports have suggested that RSV
infection in pregnancy may increase the risk of early delivery by cesarean section [44–46],
as well as higher rates of adverse pregnancy outcomes [44,47,48]. While we are waiting for
the results of the earlier large randomized controlled trials on maternal vaccination [49,50],
an updated synthesis of the literature is therefore needed to ascertain (1) whether RSV
infection may be acknowledged or not as a rare occurrence in pregnant women; (2) whether
available evidence confirms that RSV infections in pregnancy are associated with more
severe outcomes for mothers and children or not.

2. Results

As shown in Figure 1, a total pool of 970 entries (i.e., 505 from PubMed; 132 from
MedRxiv; 333 from EMBASE) were initially retrieved. After duplicates were removed
(No. 299), the resulting 671 articles were screened by title and abstract. Of them, 271 entries
were removed after the title and abstract screening. Twenty-eight articles were then assessed
and reviewed via full-text screening. Finally, five papers were included in the qualitative
and quantitative analysis.

A detailed description of individual studies is available in Table 1, and their corre-
sponding risk of bias (ROB) assessment is summarized in Figure 2.

Table 1. Summary description of individual studies.

Reference Year Settings Study Design Target Population RSV Sampling

Chaw et al.
[51] 2016 Mongolia

2013–2015

Prospective study on
influenza-like illnesses
(ILI) and severe acute
respiratory infections

(sARI) in the semirural
district of Baganuur.
Periodic follow-up

(1 call every 2 to 5 days)
in order to catch

ILI episodes.

Pregnant women with
ILI and sARI Reported ILI and sARI

Chu et al.
[52] 2016 Nepal

2011–2014

Prospective study
performed during a

randomized controlled
trial on maternal

influenza immunization.

Pregnant women in the
second trimester

of pregnancy.

Reported or measured fever
(>38 ◦C) with at least one

symptom among cough, myalgia,
sore throat, or rhinorrhea.
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Table 1. Cont.

Reference Year Settings Study Design Target Population RSV Sampling

Hause et al.
[53] 2019

USA
(Texas)

2015–2016

Cross-sectional
surveillance study.

Outpatients from an
outpatient obstetric and

gynecologic clinic.
Pregnant women in 2nd

or 3rd trimester with
diagnosis of sARI in the
7 days before the visit.

Reported sARI

Hause et al.
[46] 2021

USA
(California)
2010–2017

Case series,
retrospective study.

Pregnant women having
live births outcomes at
Kaiser Permanente in
Southern California.

Unclear rationale.

Madhi et al.
[54] 2018

South
Africa

2011–2012

Retrospective study
on three cohorts of
pregnant women:

2 HIV-uninfected and
1 HIV-infected that were

initially defined for a
randomized controlled

trial on maternal
influenza immunization.

Women developing any
respiratory symptoms
during the follow-up.

Women complaining symptoms
compatible with the diagnosis of

ILI (i.e., presence of fever
(≥38 ◦C on oral measurements)

or chills/rigors or feeling feverish
in past <7 days, and one of the
following for <7 days duration:

(i) cough/sore
throat/pharyngitis, or
(ii) muscle aches/joint
aches/headaches, or
(iii) chest pain while

breathing/feeling short of
breath/difficulty breathing)
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Figure 2. Summary of risk of bias assessment (Note: D1: Possibility of selection bias; D2: Exposure
assessment; D3: Outcome assessment; D4: Confounding; D5: Reporting bias; D6: Other bias).
(a) detailed report by single study [46,51–54], (b) summary report.

When dealing with selection bias, four out of five studies were reasonably affected by
possible selection bias, as enrollment required registration with local providers [46,51–53]
in areas affected by limited access to healthcare services, or specific healthcare plans of
infrastructures [46,53]. Exposure assessment was affected by a definitively high risk of bias
in two studies [46,53] where the clinical criteria for RSV testing were not strictly defined.
The ROB for the outcome assessment was likely low in three of the reported studies, as
both maternal and offspring clinical features were reported [46,52–54], while one study did
not include significant information about the mother [51], and another study only reported
hospitalized women giving live births [46]. Confounding factors were accurately taken into
account by one study only [54], but the remaining studies considered differences among
the sampled individuals for stratification, with a likely low risk of bias. Similarly, reporting
bias (i.e., selective inclusion of outcomes in the publication of the study on the basis of the
results) was likely low in all studies. However, in two reports [46,51], the study design
presumptively impaired the proper identification of complications, while other reports
lacked the proper assessment of pregnancies occurring during the RSV season or outside
the RSV season [46,51,52]. Both issues were properly addressed by only one report [53].

As shown in Table 2, a total of 282,918 pregnancies were included, with the majority
of them (97.3%) from a study retrieving data on women at Kaiser Permanente Southern
California, whose pregnancies ended in a live birth between 1 July 2010 and 30 April 2017.
A further study by Regan et al. was, in turn, excluded as reported estimates on RSV
infections were only available in hospitalized women [47].

Overall, 2942 cases of RTI were documented, including a total of 62 RSV infections. In
sampled pregnancies, the occurrence of RTI ranged between 0.4 and 44.0% (Figure 3a), with
a corresponding share of RSV infections over RTI cases ranging between 1.0% and 12.3%,
for a pooled RSV prevalence of 0.221 (95%CI 0.045 to 1.081) per 100 pregnancies, and
2.532 (95%CI 1.218 to 5.189) per 100 episodes of RTI (Figure 3b). In both cases, heterogeneity
was substantial (I2 = 99% and I2 = 86%, respectively). In total, only 11 cases required
hospitalization (i.e., 0.003% of all pregnancies, 0.4% of all RTIE, and 2.5% of all RSV cases).
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Table 2. Characteristics of the studies included in the quantitative analysis (Note: RSV = Respiratory
Syncytial Virus; RTI = Respiratory Tract Infection).

Reference Pregnancies
(No.)

RTI
(No./Total, %)

RSV
(No./RTI, %)

Hospitalizations
(No./RSV, %)

Pneumonia
(No./RSV, %)

Miscarriage
(No./RSV, %)

Preterm
(No./RSV, %)

Low Birth
Weight

(No./RSV, %)

Chaw et al. [51] 1260 160, 12.7% 4, 2.5% NA NA NA NA NA

Chu et al. [52] 3693 733, 19.8% 7, 1.0% 0, - 0, - 0, - 1, 14.3% 2, 28.6%

Hause et al. [53] 500 65, 13.0% 8, 12.3% 1, 12.5% 0, - 0, - 0, - 0, -

Hause et al. [46] 27,5349 1057, 0.4% 25, 2.4% 10, 40.0% 4, 16.0% 0, - 1, 4.0% 1, 4.0%

Madhi et al. [54] 2116 932, 44.0% 18, 1.9% 0, - 2, 11.1% 0, - 2, 11.1% 1, 5.6%
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Clinical characteristics of the pregnancies were reported by four studies [46,52–54], but
one of them only included clinical data on hospitalized women (i.e., 10 out of 25 cases) [46].
Of them, four episodes evolved into pneumonia and two into sepsis. However, as no
detailed information on other patients (i.e., 15/25 RSV positive cases) is provided, summary
estimates were calculated in three studies, for a total of 33 RSV cases over 6309 pregnancies
(i.e., 2% of the total sample), and are reported in Table 3 [51,53,54].

Overall, 6.1% of RSV episodes developed maternal pneumonia, but no maternal
deaths were reported. On the contrary, complications in the infant were reported in
approximately 1 out of 10 pregnancies, as 9.1% of RSV pregnancies resulted in preterm
delivery and/or in a low-birth-weight infant.

Comparisons between RSV cases and normal pregnancies were limited to the estimates
from two studies by the heterogeneity of data reporting on non-RSV cases. A pooled
Risk Ratio (RR) of 1.193 was reported, 95%CI 0.076 to 18.681 (p = 0.900) for miscarriage,
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with an RR of 1.395 (95%CI 0.566 to 3.434; p = 0.479) for preterm delivery, and an RR
of 0.509 (95%CI 0.134 to 1.924) for giving birth to a low-birth-weight infant (p = 0.289).

Table 3. Summary of collected outcomes of RSV cases in pregnancies. Data on studies reporting on
maternal episodes in both hospitalized and non-hospitalized women were summarized [51,53,54].

Outcome No. % (No./6309 Pregnancies) % (No./33 RSV Cases)

Pneumonia in mother 2 0.03% 6.1%
Deaths in mother 0 - -

Miscarriage 0 - -
Preterm delivery 3 0.04% 9.1%
Low Birth Weight 3 0.04% 9.1%

The presence of publication bias was evaluated using funnel plots and regression tests
for funnel plot asymmetry. In the funnel plot, studies’ effect sizes are plotted against their
standard errors; each point represents a separate study, and their asymmetrical distribution
upon visual inspection is suggestive of publication bias (i.e., publication depending not
just on the quality of the research, but also on the hypothesis tested, and the significance
and direction of detected effects), as in Figure 4a. Such subjective evidence from the funnel
plot was only partially confirmed after the regression test. In fact, the Egger test ruled out
publication bias (i.e., t = 1.07, df = 4, p-value = 0.361). On the other hand, in radial plots
(Figure 4b), estimates were substantially scattered across the regression line, suggesting no
significant small-study effect.
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3. Discussion

Recent studies have suggested that the occurrence of RSV infections in adults has been
substantially underscored [13,14,55–58], but limited data exist on the clinical characteristics
of infections in pregnant women [45,47]. For instance, in a previous case series from the
USA, two out of three cases eventually developed respiratory distress, requiring mechan-
ical ventilation, suggesting that RSV infections in pregnancy may represent a clinically
significant event [45].

However, as RSV is uncommonly tested among women with RTI, particularly during
influenza season, substantial uncertainties about the actual prevalence of RSV infections
still remain [47,59]. In fact, the interest in maternal infections and complications has been
only recently raised by the ongoing RCT on RSV immunization in pregnant women, a
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strategy that is specifically designed in order to protect the newborns during their first
months of life [32,49,50]. On the one hand, future health technology assessments on
maternal vaccination strategies will require a preventive, detailed definition of the burden
of disease and potential outcomes of RSV infection in pregnant women [60–62]. On the
other hand, studies on maternal influenza strategies have stressed how difficult reaching
targeted vaccination rates could be for a pathogen whose actual relevance in adults is
irregularly acknowledged by the general population [43,63–66]. Unfortunately, RSV is an
often “forgotten” pathogen, and medical professionals may also fail to acknowledge the
potentially dismal consequences of RSV infection in infants and adults [67–69]. Therefore,
recommending a medical intervention to otherwise healthy individuals with a low risk of
complications may elicit substantial ethical issues as well as unmotivated concerns [68,69]
that could be mitigated only through the characterization of a direct advantage for the
pregnant women themselves [54].

In our systematic review and meta-analysis, we were able to retrieve data on a total
of 282,918 pregnancies, with 58 incident cases of RSV infection, for an attack rate of 0.2%.
Such estimates reasonably represent an underestimation of the actual figures, as only
women with signs and symptoms of RTI were regularly tested for RSV [46,48,51–53], and in
healthy adults, RSV infections are often limited to indolent mucosal infections [56,70]. For
example, in family studies, RSV infections have been associated with fever in 5 to 27% of
cases [56]. Not coincidentally, in a previous report on hospitalization for RTI in California,
Israel, Ontario, and Western Australia, a total of 21 women out of 846 episodes of RTI
were eventually positive for RSV [47], for an attack rate of around 2.5%. Even though it
is reasonable that most cases of RSV in pregnant women may have occurred unnoticed,
we cannot conversely rule out the potential oversampling of RSV cases. As RSV follows
a clear and well-known seasonal trend [71–75], studies that mostly include “in-season”
pregnancies may have over-reported cases of RSV infections compared to studies including
a larger share of pregnancies outside the RSV season. In this regard, only two papers
properly took into account the background viral activity [46,53]. Not surprisingly, most
cases did cluster between the 44th and 52nd calendar weeks (i.e., the conventional RSV
season for Southern USA).

In other words, RSV infections in pregnant women do occur, but the incidence of severe
infections (i.e., those cases that have a better chance to be accurately detected, tracked, and
reported) is quite rare. Corresponding figures are hardly comparable to available estimates
for other respiratory tract pathogens, likewise with seasonal influenza, whose attack rates
usually range between 9% and 11% [76–78], with a 0.7 to 0.9% risk for influenza infection per
month [79]. On the other hand, even though both maternal and infant deaths were recorded,
the occurrence of complications in incident cases was far from being inconspicuous. Not
only 11 out of the 58 sampled cases (19.0%) required hospitalization [46,53], but focusing the
analyses on studies that reported both hospitalized and non-hospitalized cases (No. = 33),
the incidence of pneumonia was noticeable (6.1%) [51,53,54]. Similarly, the burden of infant
complications was relatively high, with 9.1% of infants born preterm and/or with low birth
weight. When dealing with these figures, however, a somewhat precautionary approach is
forcibly required.

Firstly, the two largest studies [52,54] were based on populations affected by poverty,
gender inequalities, malnutrition, and high occurrences of infectious diseases such as
HIV/AIDS and tuberculosis. In other words, these infant outcomes may be rather associ-
ated with baseline conditions of the sampled population than with RSV infections. Nonethe-
less, no substantially increased risk for preterm delivery (RR 1.395; 95%CI 0.566 to 3.434)
and giving birth to a low-birth-weight infant (RR 0.509; 95%CI 0.134 to 1.924) was even-
tually identified. On the contrary, as milder cases of RSV likely failed to be sampled for
the pathogen being deprived of noticeable signs and symptoms, original studies may have
failed to properly assess the association between RSV infection and infant outcomes [52].

Limitations. Despite the potential interest, our study is affected by several limitations.
Firstly, we had to deal with the implicit limitations of all meta-analyses, being highly
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dependent on the quality and heterogeneity of the original studies [80,81]. From this point
of view, not only the number of studies we were able to retrieve was limited, but also
their quality was highly heterogeneous. In fact, as the actual burden of RSV in adults
has been only recently acknowledged, the potential impact on pregnant women has been
mostly ignored until the case series from Wheeler et al. [45]. Even in subsequent studies,
maternal outcomes have been only rarely addressed, with the limited evidence we were
able to summarize in the present review. Likewise, the comparison of prevalence rates
across various studies and different sampling strategies is particularly complicated. For
example, the study from Hause et al. [46] mostly focused on hospitalized cases tested for
RSV, the very same case definition and sampling strategy in other collected studies were
quite heterogeneous [51,53,54,82]. Moreover, two out of the five studies were performed
in countries (i.e., Nepal and Mongolia) with limited access to maternal and newborn
care [4,51,52,82], and the overall figures may have been substantially biased through the
oversampling of cases characterized by a more severe outcome, particularly when compared
to the aforementioned studies from Texas and California [46,53,59]. Not coincidentally, the
reported attack rates had a very large actual range, from 0.955% to 12.308% on total RTI.

Eventually, all the reported studies were performed before the SARS-CoV-2 pandemic.
The implementation and the subsequent lifting of non-pharmaceutical interventions (NPI,
i.e., public health measures that aim to prevent and/or control SARS-CoV-2 transmission
in the community) have resulted in a sudden and earlier-than-expected end of the RSV
epidemic season, with substantially no cases detected in the following months [83–87].
NPI blocked the normal transmission of RSV to susceptible individuals at the community
level [85,86,88–92], generating a larger RSV-vulnerable population, and preserving suscep-
tibility to the pathogen during the subsequent seasons [2,88–90,93]. To date, the impact of
lockdown measures has been mainly assessed on infants, but updated figures during the
reemergent RSV epidemics in 2021–2022 are needed to guarantee a better cost-effectiveness
estimate of potential preventive interventions.

4. Materials and Methods

This systematic review and meta-analysis of the literature were conducted following
the “Preferred Reporting Items for Systematic Reviews and Meta-Analysis” (PRISMA)
guidelines [94], and research concepts were preliminarily defined according to the “PICO”
(Patient/Population/Problem; Intervention; Control/Comparator; Outcome) strategy
(Table 4). The review was registered with PROSPERO (CRD42022330471).

Table 4. PICO worksheet (note: RSV = respiratory syncytial virus).

Item Definition

Population of interest Pregnant women
Investigated result Prevalence of RSV infections

Control Pregnancies negative for RSV infections
Outcome Complications for mother and infant

Two scholarly databases (i.e., PubMed/MEDLINE and EMBASE) and the pre-print
server medrxiv.org were searched for relevant studies from inception up to 1 April 2022,
without applying any backward chronological restrictions. In order to collect the most
evidence available, we opted for a broad search strategy that resulted from the combination
of the following keywords (free text and Medical Subject Heading [MeSH] terms, where
appropriate): (“pregnancy” OR “pregnant women” OR “pregnant woman”) AND (“RSV”
OR “respiratory syncytial virus”). Articles eligible for review were original research
publications available online or through inter-library loans. A language filter was applied,
by retaining articles written in Italian, English, German, French, or Spanish, the languages
spoken by the investigators.

Records whose title and abstract appeared pertinent to the search strategy were
initially handled using references management software (Mendeley Desktop Version 1.19.5,
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Mendeley Ltd., London, UK, 2019), being subsequently reviewed and screened by two
independent authors (E.S. and A.Z.) against eligibility criteria. More precisely, retrieved
studies were included if they met the following inclusion criteria:

1. Reporting a crude number of assessed pregnancies.
2. Reporting the number of RSV cases diagnosed.
3. Diagnosis of RSV infection by means of either polymerase chain reaction or point-of-

care tests.

In order to avoid the risk of oversampling more severe cases, studies were excluded if
the diagnosis of RSV infection was limited to hospitalized women. Only articles reporting
original results were retained. Therefore, review articles, meta-analyses, case reports, case
series, meeting reports, and conference abstracts were excluded from both qualitative and
quantitative analysis. All articles meeting all of the inclusion criteria were retained for the
full-text review. The investigators independently read full-text versions of eligible articles.
Disagreements were resolved by consensus between the two reviewers; when it was not
possible to reach a consensus, input from a third investigator (M.R.) was searched and
obtained. Data extracted included:

1. Settings of the study.
2. Number of included pregnancies cases.
3. Number of RTI assessed (if available).
4. Number of RSV episodes.
5. Outcome of RSV episodes, and more precisely, episodes of pneumonia, maternal deaths,

miscarriages, giving birth preterm, and/or giving birth to a low-birth-weight infant.

After data extraction, studies were rated on the potential risk of bias by means of
the National Toxicology Program (NTP)’s Office of Health Assessment and Translation
(OHAT) handbook and respective risk of bias (ROB) tool [95,96]. The ROB tool evaluates the
internal validity of a given study in order to assess whether the study’s design and conduct
have compromised the credibility of the link between the exposure and the outcome or
not. The OHAT ROB tool covers six possible sources of bias (i.e., participant selection,
confounding, attrition/exclusion, detection, selective reporting, and other sources) with
potential answers ranging from “definitely low,” “probably low,” “probably high,” to
“definitely high”. Interestingly, the OHAT ROB tool does not apply an overall rating for
each study, and the OHAT handbook also recommends that even studies with “probably
high” or “definitely high” ratings should not be removed from consideration of the overall
body of evidence.

Initially, a descriptive analysis was performed by calculating the crude prevalence
figure per 100 pregnancies: If a study did not include raw data, either as the number of
prevalent cases or a referent population, such figures were reverse-calculated from available
data. In order to cope with the presumptive heterogeneity in the study design, we opted
for a random-effect model. The amount of inconsistency between included studies was
estimated by means of the I2 statistic (i.e., the percentage of total variation across studies
that is due to heterogeneity rather than chance), assuming the following categorization: For
I2 estimates ranging from 0 to 25%, low heterogeneity was assumed; for I2 ranging between
26% and 50%, moderate heterogeneity; for I2 ≥ 50%, the heterogeneity was acknowledged
as substantial. To investigate publication bias, contour-enhanced funnel plots representing
the Egger test for quantitative publication bias analysis (at a 5% of significance level) were
generated. Radial plots were then calculated and visually inspected to rule out small study
bias. All analyses were performed by means of “meta” and “metafor” packages with R
(version 4.0.3) and RStudio (version 1.1.463) software. The meta package is an open-source
add-on for conducting meta-analyses.

5. Conclusions

RSV was uncommonly detected among pregnant women, but incident cases were
associated with a relatively high share of complications. In other words, RSV infections
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in pregnancy are a rare event that may result in severe infections, with a relatively benign
outcome. However, because of the inconsistent testing strategies, it is reasonable that
a substantial share of cases may have been lost from the parent estimates, eventually
impairing the reliability of our estimates. Therefore, the information presented here can
hardly be considered definitive, and stress the opportunity for additional studies that,
through a more consistent case definition and testing strategy, would help to identify the
true burden of severe RSV infections for mother and child, eventually contributing to a
better definition of potential costs and benefits of upcoming maternal vaccination strategies.
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