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Abstract

Background

Pregnant women are the World Health Organisation’s top priority group for influenza vaccination and it
is the primary intervention to protect pregnant women, their foetus, and infant from influenza infection.
However, it is considered to be an expensive public health measure and data on the effectiveness and
safety of the vaccine has been lacking and inconsistent. Evidence of the vaccine’s effectiveness and
safety is critical to the decision making process of governments and policy-makers, as well as clinicians

and pregnant women.
Objectives

To synthesise the best available evidence on the effectiveness and safety of influenza vaccination

during pregnancy for pregnant women, their foetus, and infant up to six months of age.
Inclusion criteria.
Types of participants

Pregnant women with or without risk factors for complications from influenza infection, their foetus, and

infants up to the age of 6 months.

Types of intervention

Inactivated influenza vaccination administered to pregnant women of any trimester.
Types of studies

Studies using quantitative research methods were considered for this systematic review.
Types of outcomes

This systematic review considered studies that reported on the effectiveness of maternal influenza
vaccination at reducing the rate and severity of influenza and influenza-like illness for pregnant women
and infants up to six months of age. The review also investigated the safety outcomes for pregnant
women and foetus following influenza vaccination during pregnancy including adverse events,
spontaneous abortion, foetal death, premature birth, low birth weight, small for gestational age, and

congenital malformation.
Search strategy

An extensive search of the literature was undertaken to find both published and unpublished English

language studies between the inception of each database to April 2013.



Methodological quality

Papers selected for retrieval were assessed by two independent reviewers for methodological validity
prior to inclusion in the review.

Data collection

Data were extracted from included papers using data extraction tools.

Data synthesis

Data were, where possible, pooled in statistical meta-analysis. Where statistical pooling was not
possible the findings were presented in narrative and table form.

Results

A total of 39 relevant studies were included in the review following critical appraisal. Studies
investigating birthing and foetal outcomes were reported in 28 studies. Adverse event outcomes for
pregnant women were present in 24 studies. The effectiveness of maternal influenza vaccination in
reducing illness in pregnant women and infants up to 6 months was reported in 13 studies.
Conclusions

Influenza vaccine administered during pregnancy is effective and provides a similar reduction in
influenza-like iliness as it does for a healthy adult population. Despite this, there is no evidence on the
effectiveness of the influenza vaccine at reducing severe illness or hospitalisation in pregnant women.

Infants of pregnant women vaccinated during their second or third trimester can expect to have reduced

rates of influenza, and influenza related hospitalisation, for their first 6 months of life.

Influenza vaccination during pregnancy had no association with adverse outcomes for the foetus
including premature birth, small for gestational age infants, congenital malformation, spontaneous

abortion, and foetal death.
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Chapter 1. Introduction

Chapter 1 provides the context and methodological basis of the systematic review. The chapter also

outlines the researcher’s background and importance of this review.

1.1 Context of the review
1.1.1 Description of the condition for pregnant women

Influenza virus circulates worldwide, usually during winter in temperate climates. In most cases it
causes an acute self-limiting respiratory infection and febrile illness and can sometimes be
accompanied with other symptoms such as myalgia, headache, malaise, and fatigue. However,
complications from influenza can be serious and there is an increased risk of harm to pregnant women,

particularly in the last two trimesters of pregnancy.'-5

The increase in risk to pregnant women is thought to be due to the immunologic and physiologic
changes that occur during pregnancy. The immune system in pregnant women changes so that they
can tolerate a genetically foreign foetus, with half of the genes from the father. These changes are not
well understood and are thought to result in a shift from cell-mediated immunity towards humeral
immunity.6 When combined with physiological changes such as increased heart rate, oxygen
consumption, and decreased lung capacity, pregnant women become more susceptible to infectious
diseases, including influenza.t As the pregnancy progresses and the physiologic changes are greater,

the risk of hospital admission with a respiratory illness also increases.?

Influenza related mortality appears to be rare in otherwise healthy pregnant women.5 Not one influenza
related death was reported in two studies conducted in the USA that spanned a combined period of 20
influenza seasons.2 7 However, the influenza virus has the potential for a sudden antigenic shift that can
result in a more pathogenic subtype resulting in pandemic spread. The novel influenza virus places
people at greater risk due to little or no immunity to the virus.8 During pandemic periods pregnant
women have been at an increased risk of respiratory complications, as well as hospital and intensive
care admissions.%'3 The only reliable epidemiological evidence of increased influenza related mortality
prior to the 2009 influenza pandemic was associated with the 1918 (H1N1) influenza pandemic and
1957 (H2N2) influenza pandemic.5

Although there appears to be very low risk of mortality during non-pandemic influenza seasons, there is
an increased risk of severe disease and hospitalisation.'* A 2007 Canadian study by Cox et al. during a
non-pandemic period reported that the number of pregnant women admitted to hospital with a

respiratory illness increased per trimester of pregnancy, with a rate ratio of 1.7 (95% Cl: 1.0 to 2.8) in



the first trimester, 2.1 (95% CI: 1.3 to 3.3) in the second trimester and 5.1 (95% CI: 3.6 to 7.3) in the
third trimester. The authors estimated that 68 healthy pregnant women in their third trimester were
excess hospital admissions per 100000 persons.® This rate was lower than that of healthy children
under 2 years of age, but equivalent to rates of American adults aged 15-44 years with a comorbid
condition; both of these population groups are recommended to receive the influenza vaccine.?
Pregnant women who have a coexisting iliness or risk factor such as asthma or obesity have an even
greater risk of harm from influenza infection.3. 5. 14 This increase in risk compared to healthy pregnant
women was well illustrated by Cox et al., who estimated that women with a comorbidity in their third
trimester had 1210 hospital admissions per 100000, compared to the figure of 68 per 100000 for healthy

pregnant women.3
1.1.2 Description of the condition during the 2009 influenza A (H1N1) pandemic

In April 2009 a novel influenza A (H1N1) virus was identified.8 15 The virus spread rapidly around the
world and was declared a pandemic on June 11 2009.1% Early in the pandemic pregnant women were
identified as a high-risk group for severe complications from the virus.'> Most of these early studies
were small case series reports.'s In 2011 a systematic literature review of 120 papers reporting on 3110
pregnant women from 29 countries during the 2009 influenza A pandemic was published.'s It
concluded that pregnancy was associated with increased risk of hospitalisation and intensive care
admission, and death. The included studies consisted of 1625 (52.3%) pregnant women who were
hospitalised, 378 (23.3%) who were admitted to intensive care, and 130 (8%) who died. The authors of
the review reported that pregnant women were disproportionately represented amongst hospitalisations,
intensive care admissions, and death.'> In Australia and the USA, pregnant women made up 6.3% of
hospitalisations, 5.9% of ICU admissions, and 5.7% of deaths, whilst only making up 1% of the total
population. This was not replicated across all studies and some research has reported lower rates of

morbidity and mortality than the studies from Australia and the USA.15. 16

Consistent with studies conducted during seasonal influenza seasons, pregnant women with additional
risk factors were at an increased risk of severe disease during the 2009 influenza pandemic period. !
30.3% of the pregnant women with severe disease had at least one additional risk factor with asthma

being the most common, followed by diabetes mellitus, and obesity.5 15
1.1.3 Description of the condition for the foetus

The effect on the foetus in mothers infected with influenza is not as clear. A comprehensive literature
review conducted in 2009 reported that there was no consistent association between influenza and
adverse pregnancy outcomes.® The 2009 review by Skowronski et al. reported that no association has

been found between pregnant women who have contracted influenza and pre-term delivery, low birth



weight, low Apgar scores, and delivery complications.® A retrospective cohort study by McNeil et al.
(2011) included data over a 13 year period and reported that pregnant women who had been
hospitalised for respiratory illness during the influenza season were more likely to deliver small for
gestational age (SGA) infants, adjusted RR 1.66 (95% CI: 1.11 to 2.49). This finding was not replicated
by an earlier study by Hartert et al. (2003)." Overall the risk of transplacental transmission is thought to
be low, despite case reports of in-utero infection confirmed with viral culture.® A 2005 study reported an
increased prevalence of congenital malformations in infants of mothers who had an influenza iliness
during pregnancy, although they concluded that this was unlikely to be a teratogenic effect and could be
explained mainly by fever.!" There is currently some debate about a possible link between influenza
contracted in early to mid-trimester pregnant women and schizophrenia.5 In 2004 a case control study
of 64 people with schizophrenia spectrum disorders and 125 controls showed an odds ratio of 7.0 (95%
Cl: 0.7 to 75.3) between prenatal exposure to influenza during the first trimester and risk of
schizophrenia.'” According to Skowrinski et al. there has more recently been a theoretical link proposed
between activation of a maternal immune response to influenza antigens and schizophrenia using

animal models.® These possible associations need to be further investigated.

In times of pandemic the risk of harm to the foetus of pregnant women rises.'8-20 A retrospective cohort
study during the influenza A (H1N1) 2009 pandemic found pregnant women infected with influenza had
an increased risk of preterm delivery and perinatal mortality when compared to non-infected pregnant
women.'® This finding is consistent with observations during the pandemic of 1918-20, where women
with influenza complicated by pneumonia had increased rates of spontaneous abortion.?0 A prospective
cohort study by Pierce et al. (2011) was conducted in the United Kingdom (UK) and reported that
pregnant women hospitalised with pandemic influenza also had an increased rate of stillbirth (27 per
1000 total births vs. 6 per 1000 total births; p=0.001), and premature birth adjusted OR 4.0, (95% ClI:
2.7 t0 5.9).19 Harberg et al. (2013) conducted an analysis comparing women who were pregnant outside
the pandemic window with those who were exposed to the pandemic, and reported an increased risk of
foetal death, adjusted HR 1.26 (95% CI: 1.02 to 1.55). The risk of foetal death increased among women
with a clinical diagnosis of influenza, adjusted HR 1.91 (95% CI: 1.07 to 3.41).8 Even with this evidence,
maternal infection with influenza virus is not generally recognised as a risk to foetal survival in the

absence of hospitalised maternal illness. '8
1.1.4 Description of the condition for infants under 6 months of age

Infants under 6 months of age have an immature immune system and are susceptible to complications
from influenza. A report from the Centre of Disease Control (CDC) in the USA estimated that children
under 5 months of age without high risk conditions had a rate of 1038 hospitalisations per 100,000

between 1973 to 1993.2 The rates were estimated in years of low immunisation rates." Surveillance



undertaken during the 2003-04 influenza season in the USA by the CDC reported that 18 infants under
the age of six months died due to complications from influenza, resulting in the highest mortality rate in
children under 17 years of age.?? Similar to pregnant women, infants aged 0-6 months are more
susceptible to complications from influenza if they have an underlying comorbidity such as cardiac,
respiratory, neurological, or neuromuscular conditions.2 22 During the same period of 1973 to 1993 it
was estimated that the number of hospitalisations for children 0-11 months with an underlying
comorbidity was 1900 per 100,000.2"

1.1.5 Evolution of the influenza virus

Influenza is an enveloped, single stranded, negative-sense RNA virus and forms part of the
Orthomyxoviridae virus family.23. 24 There are three types of influenza virus core proteins A, B and C,
with Influenza A and B the most common causes of human epidemics and thus the most common types
produced in vaccines. 23.25.26 On the surface of influenza viruses are embedded two antigenic
glycoproteins, namely hemagglutinin (HA) and neuraminidase (NA) that induce an antibody response in
humans.? Each of these has subtypes, with influenza A having three major HA subtypes (H1,H2, and
H3) and two major NA subtypes (N1 and N2).28.2” These components are also used to describe the

strain of the influenza virus e.g., influenza A (H1N1).

Influenza viruses are continually mutating with minor mutations due to ‘antigenic drift’. This type of
mutation is usually associated with influenza epidemics.?® Sudden mutations that result in a novel strain
are described as being caused by an ‘antigenic shift'. These rapid changes result from a pandemic
strain, such as occurred in the 2009 influenza season and results in widespread infection and mortality,
especially if there is no pre-existing immunity in the human population. These rapid changes are often

caused by reassortment between animal and human influenza viruses.?’

Pandemics due to the influenza virus have occurred throughout history. The most notable was recorded
in 1918 to 1919. This was known as the “Spanish Flu” and was estimated to have resulted in 50 to 100
million deaths.28 25 Following the 1918 pandemic other notable pandemics have occurred in 1957, 1968,
1977 and 2009.

1.1.6 Description of the influenza vaccine

Humans’ immune systems have the ability to remember foreign invaders including the influenza virus.
During a ‘natural’ infection, memory B and T cells are produced that can provide protection against
future attacks, however the infection can have serious consequences with severe complications and
even death.2? Vaccines were developed as a safe way of triggering the production of memory Band T
cells without the potential risks of contracting the disease.?® Vaccines have been extremely effective in

reducing contagious disease. One example of the potential effectiveness of vaccines is the polio



vaccine. Contracting polio can result in irreversible paralysis for 1 in 200 children under 5 years of age
and death in 5% to 10% of those paralysed. Rates of polio since the introduction of a global
immunisation program have decreased by over 99% since 1988 from 350000 to 223 cases reported in
2012.30

Influenza vaccination is the primary preventive measure to reduce complications from influenza. Unlike
many of the other vaccines, regular mutation of the influenza virus from antigenic drift means the
vaccine may need to be modified on a yearly basis, or more frequently in the case of a sudden antigenic
shift that results in a pandemic strain. Currently trivalent influenza vaccines are recommended to
provide protection against three different strains of influenza that are anticipated to be circulating in the
northern and southern hemisphere influenza seasons. Inactivated influenza vaccines are currently the
most common type of vaccines available and there are three types contained in this review. The first are
whole-virion vaccines developed in the 1940s and contain killed or inactivated whole influenza viruses.3!
The second are split-virion vaccines developed in the 1960s in response to the reactogenicity of the
whole-virion vaccines, especially in infants and children. These are manufactured by disrupting the
whole-virion vaccine with detergents.3' The third are subunit vaccines that contain surface antigens
only.3!.32 The most common method of administration is parenteral, although live attenuated aerosol
and inactivated aerosol are used in some parts of the world.32 Due to the potential risk to the foetus from

live vaccines, inactivated influenza vaccines are the only type recommended for use in pregnant women.

The types of adjuvant added to improve the immunogenicity of vaccines also varies depending on what
region or company developed the vaccine. Adjuvants can aid in antigen delivery or target specific
immune pathways that improve the immune response to the vaccine.3® Recently the influenza A (H1N1)
2009 vaccine was manufactured with adjuvants, and the types varied between manufacturers. Licensed
adjuvants include aluminium salt and squalene oil-in-water emulsion systems MF59 and ASO3. Whilst
adjuvants may improve the immunogenicity of vaccines and appear to be well tolerated, they are

another factor that needs to be considered when looking at the safety of specific vaccines.3?

In 1947 The World Health Organisation (WHO) established a worldwide surveillance system identifying
and tracking circulating viral influenza strains. This tracking is used to predict the most likely strains to
be circulating in the upcoming influenza seasons around the world and inform the make-up of the
vaccine. The accuracy of the match of the vaccine strains to the circulating viral strains has shown to be
important in the effectiveness of the influenza vaccine.34 During the influenza A (H1N1) 2009 pandemic,
a monovalent vaccine was manufactured and administered to target the dominant circulating pandemic
influenza A (H1N1) virus. Whilst the monovalent vaccine was manufactured using similar methods to
the seasonal vaccine, the single strain in the vaccine and increased pathogenicity of the circulating virus

warranted a sub group analysis of the research findings in this review.



Infants under 6 months of age are currently unable to be vaccinated. The vaccine is not licensed in this
age group as they are likely to have a modest immune response to influenza vaccines.® Reduced
immunity and effectiveness of vaccines for children under 6 months is also a concern with other
potentially serious childhood diseases, and there is a recent focus on vaccination during pregnancy to

protect infants from other vaccine preventable diseases.3¢

For infants under the age of 6 months it has been shown that influenza antibodies are transferred from
their mother and this may provide some protection for the first months of life.3” Placental transfer of
maternal immunoglobulin G (IgG) can provide short-term passive immunity for the newborn infant.3¢ IgG
antibodies’ unique ability to pass from the mother’s blood through the placenta to the foetus, can
provide protection for several months until the infant starts producing its own antibodies.?® The transfer
of IgG can start occurring from about 13 weeks gestation, although the majority of IgG transferred
occurs in the last 4 weeks of pregnancy,® and may be important in regards to the timing of the
influenza vaccine during pregnancy. Higher concentrations of IgG in the infant are associated with a
longer duration of protection, which in turns means that they will have a shorter period where they may
be vulnerable before their immune system matures.3¢ There is some research that has raised issues
about an infant with a higher level of maternally derived antibodies not having as effective immune
response when vaccinated for the first time, and further research is needed in this area to establish its

impact on infant vaccination schedules.36

Maternal immunoglobulin A (IgA) is present in colostrum and breast milk and also assists in protecting
infants.38 IgA is the main antibody class that protects the mucosal lining of the respiratory tract and
digestive system.2? Influenza A IgA antibodies in breast milk have been shown to be significantly higher

in women vaccinated during pregnancy at birth, 6 weeks, and 6 months but not 12 months.3®
1.1.7 Uptake of the influenza vaccine in pregnant women

The uptake of Influenza vaccination during pregnancy is suboptimal.3® In the USA the the Advisory
Committee on Immunisation Practices (ACIP) and American College of Obstetricians and
Gynaecologists recommend that pregnant women have the vaccine. Despite this, in 2004 only 12% of
pregnant women were vaccinated. Following the 2009 influenza pandemic during the 2010 to 2011
influenza season 47% of pregnant women were vaccinated.*? In the 2012-2013 influenza season 50.5%
of pregnant women were vaccinated with the influenza vaccine. These levels have improved markedly
post the 2009 pandemic, but are still well short of efforts to reach an 80% set in the USA.3

The CDC in the USA conducted an Internet based survey in April 2013 with 2047 women between 18-
49 years of age who were pregnant during the time the vaccine was available.0 In this survey they

found that women who were non-Hispanic black, had no college degree, were not married, had no



health insurance, were unemployed, lived below the poverty level, had no chronic conditions, and had
fewer than six health care provider visits were less likely to get vaccinated.*® Pregnant women were less
likely to get vaccinated if they had a negative attitude to the safety of the vaccine (13% versus 65.6%),

or negative attitude to the efficacy of the vaccine (9.8% versus 64.2%).40

A total of 72.3% of the women reported having the vaccine recommended to them by a health-care
provider and those that received a recommendation were more likely to be vaccinated.4? The top three
reasons women cited as to why they chose to get the vaccine were to protect the infant (33.2%), to
protect themselves (20%), and because it was recommended to them by their health-care provider. The
top three reasons that women cite as to why they did not have the vaccine were concerns about
harming the infant (20.5%), that the vaccine would give them influenza (13.6%), and that the vaccine

was not effective in preventing influenza (10.6%).

A qualitative study based on a health belief model using a naturalistic paradigm was conducted in the
USA in 2012.3° The authors used a health belief model to attempt to explain and predict health
behaviours, and this was achieved by focusing on the attitudes and beliefs of individuals.3 Sixty
pregnant women were interviewed face to face with 31 who had the vaccine and 29 who rejected the

vaccine.3® Five main themes emerged on the influence for action to be vaccinated, and these were:3°

* Two-for-one benefit is an important piece of knowledge that influences future vaccination.
* Fearif I do get vaccinated.

* Fearif I don't get vaccinated.

*  Women who verbalise that they have ‘no need’ for the vaccine also fear the vaccine.

* A convenient location reduces a barrier to getting vaccinated.

In Australia vaccine uptake during pregnancy is low with estimates reported by Wiley et al. as ranging
between 7% and 40%, although the author does say these findings are based on small samples in
specific regions.4! The Australian Institute of Health and Welfare estimates that there was a 22.8%
vaccination uptake of the influenza (H1N1) vaccine in pregnant women during the 2009 influenza
season.*2 A survey conducted in 2011 of 815 pregnant women in New South Wales found that 27% of
their sample had had the influenza vaccine and that women who were recommended to have the
vaccine from a health-care provider were more likely to be vaccinated with an adjusted odds ratio 20.0
(95% CI: 10.9 to 36.9).4* Concern about the safety of the vaccine was negatively associated with
pregnant women being vaccinated with an odds ratio of 0.5 (95% CI: 0.2 to 0.9).4! The authors
concluded that the recommendation from a health-care provider was strongly associated with pregnant
women overcoming concerns about the safety of the vaccine.4! A similar retrospective survey

conducted in Western Australia found that 25% of women in their sample who gave birth in 2012



received the influenza vaccine during their most recent pregnancy.3 The findings again identified
barriers in regards to women'’s beliefs about the safety and effectiveness of the influenza vaccination,
with 23% of women saying that the vaccine was unsafe for them and 27% believed it was unsafe for the
baby.*® When asked about effectiveness, 30% thought that it would not protect them from influenza and
26% thought it did not offer protection for the baby.43

Seasonal influenza uptake in the UK for pregnant women as a percentage of those registered as seeing
a GP was 27.4% in 2011/12 season and 40.3% in 2012/13.44 In Europe, vaccination rates with the 2009
(H1N1) varied from country to country. A study by Luteijn et al. (2011) tabled the available data from
Europe and indicates vaccination rates of the 2009 pandemic (H1N1) vaccine varied between 0% to

54%. Figures from Denmark and Norway have been added from papers included in this review, and

also contain births from the 2010 influenza season (table 1).4°

Table 1 Pandemic 2009 (H1N1) influenza vaccination coverage of pregnant women; available
data on EUROCAT per European country.#

Country (births 2009) | (H1N1) vaccination rates

Austria (76033) 0 to 24%. Based on personal estimation

Croatia (44794) 20%. Data from Croatian Institute of Public Health, Epidemiology unit

Denmark (53 432)t 13.1% 46

Finland (60187) 51.2% of mothers giving birth October-December 2009 were vaccinated
with Pandemrix according to the Finnish medical birth register.

France (823925) 25 t0 49%. Based on CoFluPreg study (maternity wards in Paris)

Germany (664219) 0 to 24%. Based on registry and the Robert Koch Institute

Ireland (73870) National Summary of Pandemic Influenza Vaccination estimates a
vaccination rate of 32.5%

Malta (4136) 0 to 24%. Based on national vaccination register data

Norway (117347)t 54% of pregnant women during their second or third trimester of
pregnancy.'8

Portugal (99896) 0 to 24%. Based on national registry.

Spain (494944) 0 to 24%. Based on personal estimation.

fIncludes 2010 season.

The uptake of influenza vaccination during pregnancy throughout the world is varied and some

countries are well short of the proportion of the pregnant population they would consider optimal to be

vaccinated.

1.1.8 Current recommendations, strategies and policies for influenza vaccination

Worldwide many health authorities including the WHO recommend pregnant women receive an

influenza vaccination during any trimester of pregnancy.*’ In 2012 the WHO Strategic Advisory Group




for Experts on immunisation recommended pregnant women “as the most important risk group for
inactivated seasonal influenza vaccination”(p.207).48 That shift in priority resulted in a revision of the
2005 position paper on influenza vaccines, and was based on the evidence “of substantial risk of severe
disease in this group’(p.207).48 Additionally, considerations for targeting this group included “operational
feasibility and the opportunity to prioritise and strengthen maternal immunisation programs.”(p.207)*8
The WHO have a stance that recommends each country; “(i) establish its burden of disease for
influenza, (ii) introduce a control policy, (iii) implement vaccination, managing supply and demand and

cost, and (iv) establish targets and measure outcomes.”(p.4)*

The practice of vaccination of pregnant women is not new and has been performed since the 1950s.
ACIP in the USA officially recommended the vaccine for all pregnant women in 1997.4° Originally, this
recommendation was for vaccination in the second and third trimester only, but was changed in 2004 to
include any trimester.%0 Other countries have gradually followed suit with the ACIP recommendations,
some hastened by the influenza A (H1N1) 2009 pandemic. Countries such as Australia and the UK
recommend and fund influenza vaccine programs for groups considered at higher risk, which includes
pregnant women of any trimester. Other countries such as USA and Canada recommend influenza

vaccine from six months of age for all people.49. 5!

In June 2012 the first Asia-Pacific influenza summit was held in Bangkok with the objectives of
reviewing the state of official influenza control policies in Asia-Pacific countries. The summit was
specifically interested in identifying and communicating successfully increased influenza vaccine uptake
in the region, as well as developing policy and advocacy approaches to increase vaccine uptake,
especially for high-risk groups.8 The group called Asia-Pacific Alliance for the Control of Influenza
(APACI) consists of members from nine countries, namely Australia, China, Hong Kong, India,
Indonesia, Korea, New Zealand, Philippines, and Thailand.*® The summit noted that there are multiple
influenza vaccine policies throughout the region with varying adherence to the WHO recommendations,
and some of the countries did not have any policy about vaccinating high risk groups, including
pregnant women.*8 They also identified that communicating the risk of influenza to policy makers,
healthcare professionals and patients is an area that the region wished to improve, especially in respect

to having appropriate messages to different cultural groups.4

Variability of influenza policy around the world is not dissimilar to that noted in the Asia-Pacific region.
Luteijn et al. (2011) collated strategies used throughout Europe and these are outlined in table 2.45 One
of the clear differences around the world was the recommendation of which trimester pregnant women

should be vaccinated.



Table 2 Pandemic vaccination policy overview by country for pregnant women and the general
population (only those with a policy included)*

Country Trimester Vaccination strategy for general population
1 2 3
Austria X | X | The entire population was offered the vaccine and certain groups were prioritised
Belgium X | X | Priority groups only
Denmark X | X | Priority groups only
Finland X | X | X | The entire population was offered the vaccine and certain groups were prioritised
France X | X | The entire population was offered the vaccine and certain groups were prioritised
Germany X | X | The entire population was offered the vaccine and certain groups were prioritised
Greece X | X | The entire population was offered the vaccine and certain groups were prioritised
Hungary X | X | X | The entire population was offered the vaccine and certain groups were prioritised
Ireland X | X | The entire population was offered the vaccine and certain groups were prioritised
Italy X | X | The entire population was offered the vaccine and certain groups were prioritised
Malta X | X | X | The entire population was offered the vaccine and certain groups were prioritised
Netherlands X | X | Priority groups only
Norway X | X | The entire population was offered the vaccine and certain groups were prioritised
Portugal X | X | Priority groups only
Slovakia X | X | X | The entire population was offered the vaccine and certain groups were prioritised
Slovenia X | X | X | The entire population was offered the vaccine and certain groups were prioritised
Spain X | X | X | Priority groups only
Sweden X | X | X | The entire population was offered the vaccine and certain groups were prioritised
Switzerland X | X | The entire population was offered the vaccine and certain groups were prioritised
UK X | X | X | Priority groups only

1.1.9 Influenza vaccination during the first trimester of pregnancy

The developing foetus is at most risk during the first trimester,52 so the timing of the vaccination in
relation to the date of conception is an important factor to consider. As described in section 1.1.8, there
were differing recommendations in countries around the world with the rollout of the pandemic influenza
vaccine in 2009/10. Medications are rarely tested for teratogenicity in controlled clinical trials,>2 and the
influenza vaccine is no different.37. 5359 Evidence for safety is often derived from epidemiological studies,
individual case reporting, and animal studies. This can cause some issues with the quality of evidence
available.52 All treatment carries some risk. The risk of harm to pregnant women from contracting
influenza increases as the pregnancy progresses to the second and especially the third trimester. The
risk of harm to pregnant women from complications of contracting influenza during their first trimester is
only marginally more than the healthy non-pregnant population.® These factors need to be considered
when collating the evidence and making recommendations regarding influenza vaccination during

pregnancy.
1.1.10 Influenza vaccination outcome measures

Influenza is seasonal in temperate climates and there is normally an epidemic period during winter
when people are at risk of contracting the virus.32 60 Investigating the effectiveness of influenza vaccines
requires timing the study period to coincide with the influenza season and ideally the peak period of

virus circulation. This is achieved by various methods in influenza research and includes using the

10



winter period as a proxy for the influenza season, which is sometimes referred to as the putative season.
Other more accurate methods include identification of the first and last influenza virus circulating in the
community, or setting a threshold of the amount of influenza cases, or respiratory illness that needs to
be occurring in the community.32 The antigenic match of the vaccine with the circulating strain is also
important when assessing the effectiveness of the vaccine. Vaccines that are well matched with the
circulating strain have been shown to be more effective than poorly matching vaccines.32 To measure
the rates of influenza a set of symptoms is often used to identify a case of influenza. During peak
periods of influenza circulation an acute febrile respiratory illness is often diagnosed as influenza
without laboratory testing, as this can be a reasonable predictor of laboratory confirmed influenza cases
and a prudent use of resources.®® However, there are circumstances where it is clinically important to
establish the diagnosis via laboratory testing and is often performed in hospitalised patients with
influenza-like symptoms.8% The case definitions can vary between studies, regions, and age groups,
although definitions commonly require a sudden onset of symptoms, fever and at least one respiratory

symptom. 6!

Study outcomes are often defined or identified by the use of International Classification of Disease (ICD)
categories, such as the 9t revision (ICD-9) or the 10t revision (ICD-10). The WHO and 10 international
collaborating centres work at standardising and classifying conditions so they are able to be compared
worldwide.52 In 1976 the British Paediatric Association created specific coding for congenital
abnormalities® that is now used internationally with extensions in use for both ICD- 9 or ICD-10
classifications.82-64 This type of coding is also commonly used in retrospective studies that are using
electronic databases to identify conditions of interest such as influenza-like illness, comorbidities and

birthing outcomes.

Safety outcomes during clinical trials are commonly separated into two main categories, namely ‘serious
adverse events’ and ‘adverse events’. Serious adverse events are considered an adverse event that
results in death, is life threatening, requires hospitalisation, results in significant on-going incapacity, or
causes a congenital abnormality or birth defect.6> Adverse events are defined as unfavourable changes
in health that occur during the trial or specified period following the trial.5> In some studies investigating
adverse events for pregnant women, ‘adverse events of special interest’ were reported that included
conditions of specific interest to the researchers. To evaluate the safety of the vaccine for the foetus
outcome measures such as spontaneous abortion, foetal death, premature birth, SGA infant, and low
birth weight infants are sometimes used. Definitions for some of these outcomes vary between regions
and studies. Spontaneous abortion or miscarriage is defined as clinically recognised pregnancy loss
before the 20t week of gestation, although there are other accepted definitions including the definition

used by the WHO that defines it as expulsion of an embryo or foetus weighing less than 500g.56 Foetal
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death or stillbirth usually describes foetal death later than the 20-week period or more than 500g.5”
There are other alternatives to these definitions and some are used in the papers included in this review.
Preterm birth is consistently defined as delivery that occurs prior to 37 weeks gestation and very

preterm as prior to 32 weeks gestation. Low birth weight is defined as less than 2500g and very low

birth weight less than 1500g.58

1.2 Importance of this review

Protecting pregnant women and infants from influenza is a priority, as seen during the 2009 influenza A
(H1N1) pandemic, where pregnant women developed severe complications from influenza infection.
Maternal immunisation is considered the optimal means to provide protection to both mother and infant
for an expanding number of vaccines. In addition to influenza, pertussis vaccine has now been
approved for use in the UK, USA and Australia. Safety and effectiveness data are required to ensure
confidence in the implementation of these programs and ensure effectiveness of these expensive public
health interventions. Doubts about the effectiveness and safety of the vaccine still heavily influence
whether pregnant women decide to have the vaccine, and it requires weighing the evidence of benefit
against the risk of harm. Therefore evidence of the vaccine’s effectiveness and safety is critical to the
decision making process by government and policy-makers, as well as clinicians and pregnant women.
No recent systematic reviews were found that contained studies of the influenza A 2009 pandemic
vaccine following a search of the JBI Library of Systematic Reviews, Cochrane Library, Pubmed, Cinahl

and Prospero.

A large amount of new evidence is now available following the pandemic influenza A (H1N1) 2009
outbreak. This systematic review assesses all available studies in an attempt to provide clarity on the

effectiveness and safety of influenza vaccination in pregnant women.

1.3 Researchers experience in this field

| have worked as a Registered Nurse since completing my training in 1992 at The Queen Elizabeth
Hospital in Adelaide. | moved to Darwin in 1995 and worked in the Royal Darwin Hospital Infectious
Disease unit and also in Infection Control. In 2008 | was a Research Officer at Menzies School of Health
Research involved in a year-long prospective epidemiological study on sepsis in the Top End, and
research on sepsis-associated micro vascular dysfunction, as well as a prospective study investigating
bacteraemic Acinetobacter Pneumonia in Tropical Australia. | also worked for the Centre of Disease
Control in Darwin during the 2009 (H1N1) influenza pandemic, and coordinated fever clinics for
healthcare workers and the general public. During that period | participated in the rollout and

administration of the influenza (H1N1) 2009 vaccine, which included pregnant women.
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1.4 Methodological basis of review approach

Evidence based healthcare is a relatively new concept and was considered to become an organised
movement in the early 1990's.%% The start of the Evidence-based healthcare movement was influenced
by the growth in laboratory research, the growth in clinical research, and the realisation that despite the
increased scientific knowledge healthcare practice was not uniformly being influenced by the findings.°
Evidence-based medicine, as it was originally called, evolved through the 1990’s from a medically
focused model on literature effectively guiding practice, to a “bottom-up approach that integrates the
best external evidence with individual clinical expertise and patient choice” as described by Sackett et al
in 1998.70

The Joanna Briggs Institute (JBI) was part of the origins of the organised evidence-based healthcare
movement through the 1990’s. In 2005 Pearson et al. published a conceptual model of evidence-based
healthcare.”" The model contained four major cyclical components derived from the understandings in
the field of evidence-based healthcare. The four components of the JBI evidence-based healthcare

process model are:”’

1. Healthcare evidence generation.
2. Evidence synthesis.
3. Evidence (knowledge) transfer.

4. Evidence utilisation.

Healthcare evidence generation is considered a complex concept that means different things to different
people.”! The JBI model seeks to be inclusive of a wide range of activities and interventions, as well as
the type of evidence required to substantiate their worth.”" In the JBI model the ‘healthcare evidence
generation’ is inclusive of evidence that pertains to the feasibility, appropriateness, meaningfulness, and

effectiveness of an activity or intervention.”

This comprehensive quantitative systematic review question and approach is designed to synthesise
the evidence on the effectiveness and adverse events of influenza vaccine during pregnancy. This
approach is limited to evidence derived from clinical empirical research. Pearson et al. define
‘effectiveness’ as ‘“the extent to which an intervention, when used appropriately, achieves the intended
effect. Clinical effectiveness is about the relationship between an intervention and clinical or health
outcomes.”(p.210)7" These relationships between interventions and health outcomes are encompassed

in the questions that are pursued in this review.

In the JBI model ‘evidence synthesis’ there are key components that are considered to be fundamental
to the synthesis of evidence.” The cornerstone of evidence synthesis is the systematic review of a

condition, intervention or issue.”. 72 Pearson et al. (2005) outline the key steps that are required to be
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undertaken to conduct a systematic review and they are the basis of the methodology prescribed by JBI

and followed in this review.”® The key steps include:™
1. Development of a rigorous protocol.
Stating the question that will be pursued in the review.

Identifying the criteria that will be used to select the literature.

el

Detailing the strategy that was used to identify all relevant literature within a specified

timeframe.

o

Assess and critically appraise each study based on quality considerations.
6. Detail how data will be extracted.

7. Setting out a plan of how the data will be synthesised.

Systematic reviews are further defined by Tufanaru et al (2012) as “a research synthesis study that
identifies relevant studies, appraises their methodological quality, and summarises their results using a
transparent and explicit scientific methodology.” # This definition touches on some of the strengths of a
systematic review over traditional literature reviews, namely synthesis of studies, appraisal of quality,

transparency, identification of all relevant studies, and use of scientific methodology.

This systematic review on effectiveness and safety is just one piece of the puzzle regarding influenza
vaccination during pregnancy. There are likely to be other factors at play that are affecting the uptake of
the influenza vaccine during pregnancy which require different methodology to complement the
evidence obtained from this review. The basis behind the methodology used in this review is that gaps
in empirical evidence exist, as no recent systematic review investigating the effectiveness or safety of
the vaccine has been published, and a large body of new evidence post the 2009 influenza pandemic is

now available.
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Chapter 2. Systematic review protocol

Chapter 2 outlines the systematic review protocol and includes the types of participants, interventions,
studies, and outcomes included in this systematic review. This chapter also describes the methods used
for searching, critical appraisal, data extraction, and data synthesis. The protocol and methods of
analysis for this review were specified in advance and published in the JBI Database of Systematic
Reviews and Implementation Reports and PROSPERQO International prospective register of systematic

reviews.’s 76

2.1 Review question(s) and objective

The overall objective of the review was to provide clarity on the effectiveness and safety of influenza
vaccination in pregnant women. The systematic review set out to find, appraise, extract, and synthesise
the available evidence on the effectiveness and safety of influenza vaccination for mother, foetus, and

infant up to 6 months of age.
More specifically the systematic review questions were:

1. What are the beneficial effects of influenza vaccination during pregnancy for pregnant women, their

foetus, and infant up to six months of age?

2. What are the adverse effects of influenza vaccination during pregnancy for pregnant women, their

foetus, and infant up to six months of age?
2.2 Criteria for considering studies
2.2.1 Types of participants

This review focused on pregnant women with or without risk factors for complications from influenza

infection, their foetus, and infants up to the age of 6 months.

2.2.2 Types of intervention(s)/phenomena of interest

* Inactivated whole-virion, split-virion, or subunit influenza vaccine administration, irrespective of
antigenic configuration, or adjuvant, administered via any route, any dose, to pregnant women of
any trimester.

* Studies investigating the monovalent influenza A (H1N1) 2009 vaccine were assessed separately,

as well as in combination with the standard trivalent vaccine.

Comparator: Pregnant women not vaccinated against influenza
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2.2.3 Types of studies

This review considered both experimental and epidemiological study designs including randomised
controlled trials, non-randomised controlled trials, quasi-experimental, before and after studies,

prospective and retrospective cohort studies, case control studies, and analytical cross sectional studies.

2.2.4 Types of outcomes

» Effectiveness of maternal influenza vaccination at reducing the rate and severity of influenza
and influenza-like episodes for pregnant women and infants up to six months of age.

* Adverse events for pregnant women following influenza vaccination including, but not limited to,
local reaction, fever, anaphylaxis, Guillain-Barré Syndrome, and maternal death.

* Protective and adverse effects of maternal influenza vaccination on the foetus including, but not
limited to, spontaneous abortion, stillbirth, premature birth, birth weight, foetal growth, and

congenital malformation.

The case definition of influenza was accepted as a clinical diagnosis of respiratory and systemic
symptoms as defined by the author, and/or laboratory confirmed influenza using viral isolation and/or

serology.
Severity for the mother and infant was assessed by hospitalisation and/or death, and/or severe disease

requiring intensive care admission.

2.3 Review methods
2.3.1 Search Strategy

The search strategy aimed to find both published and unpublished studies. A three-step search strategy
was utilised in this review. An initial limited search of PubMed and Embase was undertaken followed by
analysis of the text words contained in the title and abstract, and of the index terms used to describe the
article. A second search using all identified keywords and index terms was then undertaken across all
included databases. Thirdly, the reference list of all identified reports and articles was searched for
additional studies. Only studies published in English were considered for inclusion in this review. Al
articles from the inception of the database to April 2013 were considered for inclusion. A search for
unpublished studies was conducted using key words and restricted to populations and study designs of

interest. Search strategy details are further described in Appendix I.
The databases searched included:

PubMed, Embase, Scopus, and Web of Science.

The search for unpublished studies included:

Scirus, MedNar, ProQuest Dissertation and Theses, Australian Digital Thesis program.
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Appendix | provides the search statements and grids of all databases searched.
2.3.2 Assessment of methodological quality

Papers selected for retrieval were assessed by two independent reviewers for methodological validity
prior to inclusion in the review using standardised critical appraisal instruments from the JBI Meta-

analysis of Statistics Assessment and Review Instrument JBI-MAStARI (Appendix II). Disagreements
that arose between the reviewers were resolved through discussion. Studies were excluded if they did

not meet at least 5 of the criteria in the critical appraisal instruments.
2.3.3 Data extraction

Data were extracted from papers included in the review using the standardised data extraction tool from
JBI-MAStARI (Appendix IlI).

2.3.4 Data synthesis

Quantitative data were, where possible, pooled in statistical meta-analysis using Cochrane Review
Manager (Revman) version 5.2.5. Effects estimates and generic inverse variance meta-analysis were
used as results consisted of adjusted odds ratios following regression analysis of large unmatched
cohorts. DerSimonian and Laird random-effects model was used due to the potential clinical variability.
The random effects model estimate provides a more conservative estimate of overall effect size.
Statistical heterogeneity was assumed at probability-value (p) less than 0.05 using the Chi-square test
for homogeneity, as well as the I-squared (12) statistic and Tau-squared (Tau?) greater than 1. Where
statistical pooling was not possible the findings were presented in narrative form including tables to aid

in data presentation. Numbers needed to vaccinate were calculated using GraphPad Software.
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Chapter 3. Results

Chapter 3 contains the results of the systematic review. Firstly it describes the studies included and
their methodological quality as a whole. The results for each outcome are then described in detail along

with tabling of individual results and meta-analysis where appropriate.

3.1 Description of studies

From the initial database search 5338 articles were identified. After removal of duplicates and
evaluation of title and abstract, 5265 records were excluded. Full text articles were retrieved for 79
records, with 35 excluded. Of the studies excluded, 18 were due to pregnant women making up a small
sub-population of a larger cohort and not being analysed separately, or not identified in the cohort. Of
the remainder, 11 were excluded because the studies contained no outcome of interest for this review,
four were reports on surveillance, one was a summary of data in other papers, and one was available in
abstract only. One study had 6.2% of its participants vaccinated in the four weeks prior to conception
that could not be separated from outcome results of the women vaccinated during pregnancy. This
study was retained, as the preconception group was a small number and they were specifically
investigating potential adverse events during the first trimester, and vaccination pre-conception may
have an effect on the developing foetus.”” Other studies also had participants who were vaccinated prior
to conception, but these results could be separated from results specific to women vaccinated during
pregnancy.’8 79 The initial search was conducted during November 2012, and during the course of the
review up until 29t of April 2013 six studies published after the initial search were identified through
Embase and Pubmed email alerts using the original search criteria.8. 7983 These were critically
assessed and included in the review. The 35 full text articles excluded are described in Appendix IV.

Figure 1 outlines the process used to identify studies for inclusion in this review.

A total of 39 studies were retained in the review,’. 18.37.46,53-59,77-104 with six studies including outcomes
on the effectiveness of maternal influenza vaccination for pregnant women,’: 18.59.80.89,95 and seven for
their infants up to six months of age.3". 58.59.84,93, 95,99 Foetal and infant outcomes, as either primary or
secondary measures were present in 28 studies.”. 18.46.53, 54, 57, 77-81, 83, 85, 87-89, 91-98, 100-103 Adverse event
outcomes for pregnant women were present in 24 studies.53-59. 77,78, 81-83, 86-90, 92-95, 97, 103, 104 There were
14 studies that were investigating outcomes for trivalent seasonal influenza vaccination.”. 37. 55. 59,79, 82, 8,
89,95, 96, 99, 101, 102,104 Two of these were reporting on outcomes of the same study population;59: 102 and
different outcomes were extracted and not duplicated in the synthesis. The majority of studies included
in this review were investigating the effects of the monovalent influenza A (HIN1) 2009 vaccine, with 22
in total.'8. 46. 53, 54, 56, 58, 77, 80, 83, 85-88, 90-94, 97, 98, 100, 103 OQne study contained outcomes for both influenza A

(H1N1) 2009 and the trivalent seasonal influenza vaccine.8' Monovalent (Hsw1N1) was the only other
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single antigen vaccine and two studies contained outcomes pertaining to this vaccine.5”. 78 The types of

vaccines and outcomes are described in table 3.

The publication dates of the included studies ranged from 1964 to 2013, with 46% of the studies being
published during or since 2012. Some of the studies that investigated the effectiveness and safety of the
trivalent seasonal vaccine spanned three or more influenza seasons.”. 37. 79, 84, 95,99, 101 Randomised
controlled trials only made up three of the studies included in this review.%5. 56.59 Of those, only one
assessed effectiveness of the influenza vaccine at reducing influenza and influenza-like illness.%® The
remaining two studies were not studies of effectiveness or compared to a non-vaccinated cohort and
were included for adverse event outcomes only.%. % Each study was randomised to a different control
intervention which included pneumococcal vaccine,* tetanus toxoid, and two doses of the influenza
vaccine.% Steinhoff et al. (2012),192 conducted secondary analysis on the same data set used by

Zaman et al. (2008).%° This review only extracted previously unpublished adverse event data.

Observational cohort studies made up the majority of studies in this review. Of these, seven were
prospective cohort designs,37. 54.57.77.78.88,94 two were prospective studies with a sub-population of
pregnant women who were compared to other populations in the study,®. % and six were single arm
studies that presented data as frequencies and percentages.53 58.92.97. 103,104 The remainder of studies
consisted of 14 retrospective cohort studies,’: 18. 46, 80-82, 85,91, 93, 95, 96, 98, 100, 101 three of which were case-

control studies,”® 8499 one was a cross sectional design,® and two were mixed methods.87. 89

The study cohorts were mainly from the USA and Europe, with 17 studies undertaken in the USA,7. 37,55
57,78-82, 84,89, 95, 96, 99,101,104 one each from Canada® and Argentina, and 14 from Europe?18.46. 53,54, 58,77,
86,87,91,97.98 and the UK.94.100.103 Fjve studies were conducted in the Asian region.59. 88,90, 92,93 The

randomised controlled trial conducted in Bangladesh was only counted once.

The characteristics of the studies included in this review are described in more detail in Appendix V.
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Records identified through
database searching
(n =5338)

Full-text studies retrieved from
email alerts
(n=6)

A 4

Records excluded after
examination of title and abstract
(n = 5265)

A 4

Full-text studies retrieved for
detailed examination
(n=79)

Full text studies excluded with
> reasons, appendix I
(n=35)

A 4

Studies included for critical
appraisal by two reviewers
(n=44)

Studies excluded following
critical appraisal

A 4

(n=5)
Studies included in quantitative
synthesis (meta-analysis)

(n=239)
Figure 1 Identification and selection of studies
Table 3 Number of included studies per outcome and vaccine type
Vaccine Effectiveness Effectiveness Safety for Safety for foetus

on mother on infant <6 pregnant
months women

Trivalent 4 5 6 7
seasonal
Monovalent A 0 0 2 2
(Hsw1N1) 1976
Monovalent A 2 2 16 19
(H1N1) 2009

3.1.1 Assessment of Methodological quality

The included studies vary from moderate to high quality studies, ranging from 5 criteria to 9 criteria on
critical appraisal. Randomised /Pseudo-randomised control trials were generally performed well, with
description of blinding to treatment allocation being the lowest rated criteria. The only randomised
controlled trial investigating the effectiveness of the vaccine was of high quality meeting nine of the 10
criteria.>® As previously described, retrospective and prospective cohort studies, case control and cross
sectional studies made up the majority included in this review. Most categories were well performed,
although describing the outcomes of the people who withdrew from the prospective cohort studies was

missing in all studies that had attrition of participants.?”- 78.87.89.94 |dentifying confounding factors and
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including strategies to deal with them was performed in most studies, however the number and type of
variables used in analysis varied widely between studies and need to be considered on an individual
basis when assessing outcomes. These are described in more detail in the description of relevant
outcomes. Descriptive studies did not contain random samples of pregnant women and dealt poorly with
potential confounding factors, although two studies only included healthy pregnant women.58. 92

Description of outcomes for people who withdrew from the studies was also not well performed.

Some of the larger retrospective cohorts contained close to entire populations of pregnant women in a
country or region and thus enabled investigation of potentially rare outcomes in the participants. 8. 46. 5.
91,98 The majority of these studies collected information from medical databases and relied on the
accurate coding of ICD codes, or documentation of birthing outcomes using other regional or national
databases. This method of data collection can be susceptible to missing and misclassification of data.
Two retrospective cohorts collected data directly from client notes and discharge summaries,®. 10' and

one from information collected on a database following direct patient contact and questioning.®

Observational studies included in this review had multiple ‘all cause’ outcomes. All cause outcomes of
premature birth, small for gestational age, congenital abnormalities, foetal death, spontaneous abortion,
and low birth weight are contained in this review, without indication that the pregnant women had
influenza at any stage during their pregnancy. Even with regression analysis, propensity matching and
adjustment for potential confounding factors, there are limits as to how this data can be interpreted.!05
There are numerous confounders that may increase the risk of some of these outcomes including
maternal age, smoking, prior pre-term birth, short cervical length, low socio-economic status, African
ancestry, alcohol or drug use, and chronic disease such as hypertension, renal insufficiency or
diabetes.06. 107 The risk of residual confounding is inherent in the nature of retrospective observational
cohort studies.'% This has been shown to be the case with previous influenza research in which
observational research has been used 195109, and needs to be taken into consideration when

interpreting the results, especially considering the number of observational studies in this review.

Influenza vaccine comes in many different compositions, due to the regular changes in the antigenic
make-up the vaccine. Even with the subgroup of influenza A (H1N1) 2009 vaccines, there are different
adjuvants used, as well as differences in the method of manufacture, with split-virion and subunit
vaccines produced. The match of the vaccine to the circulating strain of influenza virus during the study
period is an important factor when assessing the effectiveness of influenza vaccines and comparing
studies. This was scarcely reported in the papers included in this review, although surveillance suggests
that there was a good match between the influenza A (H1N1) 2009 vaccine and the studies conducted

during the pandemic period.110-112

On the whole, the sampling of participants in the cohort studies was representative of the pregnant
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population during their second or third trimester of pregnancy due to large population-based cohorts.
Women were included with other factors that placed them or their foetus at risk from complications from
influenza. Several studies were performed on healthy pregnant women only.55. 56. 58, 59, 87, 88, 92, 113
Pregnant women vaccinated during their first trimester were under represented in the study cohorts and

this has been considered in the analysis.

There are 16 studies included in this review in which one or more of the authors declared receiving
pharmaceutical industry support or payment. Potential conflicts of interest were unclear in seven studies,
with most being from the older published material, and the remaining 16 reported no conflict of interest.
Overall eight studies did not report on whether they obtained ethical or research review board approval,”
55,57,78,84,89, 90,97 three reported that they were using surveillance data that did not require ethics
approval in their country,*6.91.98 one reported that they did not require ethics without any rationale,® and

the remainder reported Seeking approva|_18, 37,53, 54, 56, 58, 59, 77, 79-83, 85, 87, 88, 92-96, 99-104

Reviewer agreement was high and discrepancies were resolved following discussion. Further detail

regarding methodological quality is tabled in Appendix VI and discussed in section 4.7.
3.1.2 Assessment of heterogeneity

The clinical and methodological diversity reduced the number of studies able to be combined in meta-

analysis with the majority of studies presented in narrative form.

No studies assessing the effectiveness of the vaccine, or adverse events in pregnant women were
suitable for meta-analysis due to heterogeneity of the studies or definitions of the outcomes. There were
four birthing outcomes that were consistently defined and suitable to be combined in meta-analysis,
namely premature birth less than 37 weeks, very premature birth less than 32 weeks, SGA less than

10t percentile infants, and low birth weight less than 2500g.

There were three studies that were assessed as being homogenous in their methodological design and
appropriate to be combined in meta-analysis. Each study contained close to complete populations of
pregnant women with singleton births in a country or large city, reducing potential sampling bias. All ran
for one influenza season and were investigating outcomes for the influenza A (H1N1) vaccine.46. 8. 91
They all adjusted for some potential confounding variables including maternal age and maternal
smoking, as well as having similar methods in collecting data. The only other large country-wide
population based cohort study used a Cox proportional hazard model with an underlying time metric,
and was unable to be combined with the previous mentioned studies for this reason.'® The remaining
retrospective cohort studies that assesses these outcomes were excluded from meta-analysis because
they were not large population based cohort studies. There were no prospective designed studies that

were homogenous and suitable to combine.
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3.2 Effectiveness in pregnant women
3.2.1 Pregnant women with a self-reported respiratory illness

Only two studies examined the effectiveness of reducing self-reported influenza-like illness and both
were for the seasonal vaccine. The double blind randomised controlled trial by Zaman et al. (2008)
investigated a split-virion seasonal vaccine and met nine of the 10 critical appraisal criteria. The study
participants lived in Bangladesh and were healthy pregnant women in their third trimester of pregnancy.
In the study 172 were vaccinated with the influenza vaccine and 168 of the control group received the
pneumococcal vaccine. The mean age was 25.1 years with a range of (18.0 to 36.0) in the vaccinated
group and 24.9 years with a range of (18.0 to 36.0) in the control group. The primary outcome for the
study was laboratory confirmed influenza in infants. Incidence rate ratios (IRR) were calculated for the
study outcomes with the use of Poisson regression models and estimates of clinical effectiveness were
calculated with the formula (1 - IRR) x 100. They measured self-reported respiratory illness with any
fever, with a clinical effectiveness of 35.8% (95% ClI: 3.7 to 57.2) and a risk difference of -14.2 (95% Cl:
-25.510-2.9, p<0.05).% The study also included respiratory illness with fever over 38°C, with a clinical
effectiveness of 43.1% (95% CI: -9.0 to 70.3) and a risk difference -7.3 (95% Cl: -14.5 to - 0.1,
p<0.05).5° Numbers needed to vaccinate were calculated using the risk difference reported in the study
and it is estimated that 7 (95% ClI: 4.0 to 34.5) women need to be vaccinated to prevent one case of
self-reported influenza with any fever and 14 (95% CI: 6.9 to 1000) women to prevent one case with a
fever over 38°C. The antigenic match of the vaccine to the circulating strains during the study period
was not reported in the paper. However, a secondary analysis also included in this review reported a
substantial number of influenza A (H3N2) and B viruses were in circulation during a part of the study
period.'92 |t is not possible to accurately ascertain how well matched the vaccine was although it did
contain an influenza A (H3N2) strain and influenza B virus strain. It is also unclear how the study period
was chosen in relation to influenza circulation in the community. The authors report that the influenza

virus was circulating for 10 of the 11 months of observation.5®

Hulka (1964) conducted a mixed prospective and retrospective cohort study.8? Pregnant women were
administered a seasonal whole-virion influenza vaccine or saline placebo. It is unclear how these
groups were allocated and the study was timed to run during the putative influenza season. Some
women were added retrospectively to the control group if they were not vaccinated during the previous
winter and then asked if they experienced “the flu with fever”.8% Data were presented as frequencies and
percentages. The author originally planned to conduct a double blind trial, but technical difficulties and
the imminent arrival of the influenza season meant that the investigators were not blinded to allocation
participants.® Study participants were mostly from a low socioeconomic background and consisted

largely of an African American population. No other characteristics of the cohorts were described.
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Pregnant women in any trimester of pregnancy were included and 19 women were vaccinated in their
first trimester. There were 316 women vaccinated with the influenza vaccine and 138 with the placebo.
There was a marked attrition rate with the drop out of 149 women from the vaccinated cohort and an
unknown number from the control group. Self-reported influenza-like illness and cases were identified
via mail, phone, or personal visits during winter.89 In the influenza vaccinated group 24 (11%) pregnant
women reported a fever and upper respiratory disease compared to 36 (20%) pregnant women in the
unvaccinated control group and this was reported as not being significantly different.8% The whole-virion
vaccines are considered to be more immunogenic than the split-virion and subunit vaccines currently
available,®' so the outcome may not be generalisable to current subunit or split-virion vaccines. The
attrition of a large number of participants and retrospective allocation participants to the control arm of

the study limits the findings that can be made from this study.

3.2.2 Pregnant women with an Influenza-like illness at outpatient or clinic visit following

exposure to influenza vaccine

Seasonal trivalent influenza vaccine was investigated in three studies.”- %% % Zaman et al. (2008) was
the only randomised controlled trial on the effectiveness of reducing clinic visits.5® They defined a case

as a clinic visit with respiratory illness and fever and reported clinical effectiveness.5

Effectiveness of seasonal influenza vaccines was investigated by two retrospective cohort studies using
ICD-9 codes to identify influenza cases.” % Coding was used to identify a variety of respiratory illnesses
and this reduces the specificity of their results. Black et al. (2004) followed up all women with live births
during Influenza seasons from 1997 to 2002 in northern California.* The period was identified with the
first and the last virus isolation in the community. The study was unclear about the match of the vaccine
with circulating strains during these periods. Over this period they followed up 3707 women vaccinated
during pregnancy and compared outcomes with 45878 unvaccinated women who were pregnant during
the same period. The characteristics of the women were not described and the trimester of vaccination
was not reported. The influenza vaccination status of women in the cohort was determined through
review of an Immunisation Tracking System database. The cohorts were unmatched and limited
potential confounders were considered. Effectiveness for pregnant women having an influenza-like
iliness at an outpatient visit was assessed using hazard regression analysis and adjusted for women's

age and week of delivery.'!4

Munoz et al. (2005) conducted a retrospective cohort study over five influenza seasons from July 1,
1998, to June 30, 2003 in Houston Texas.% Prevalent strains are listed in the paper, however the
matches of the vaccines to the circulating influenza strains are not stated. The vaccinated cohort was
made up of 225 healthy pregnant women vaccinated in their second or third trimester. They were

included in the study if they had an uncomplicated singleton pregnancy and at least one prenatal care
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visit. The mean age of the vaccinated cohort was 30.7 years and the mean gestational age at
vaccination was 26.1 weeks.”- % The comparison cohort of 826 unvaccinated pregnant women was
matched for maternal age at delivery, month of delivery, type of insurance, and had a mean age of 30.8
years.% There was no adjustment of any potential confounding variables. Nominal values were
compared among the groups with chi-squared test or Fisher exact test. Retrospective studies are not as
reliable as prospective studies for assessing effectiveness of vaccines.!'> The non-specific nature of the
case identification with ICD-9 codes impacts on the accuracy of identifying influenza cases for both

retrospective studies.

Influenza-like illness outcomes for the influenza A (H1N1) 09 vaccine were contained in two
retrospective cohort studies. 8.8 Harberg et al. (2013) conducted a study primarily investigating any
potential association between the influenza vaccine and foetal death, with a secondary outcome
measure of ‘primary care physician diagnosed influenza cases’.'8 The study included nearly all women
from Norway who were pregnant and had a singleton birth in 2009 and 2010, with 25976 pregnant
women vaccinated during any trimester, and 87335 in the unvaccinated cohort.'® The study cohort
consisted of 80% of women aged less than 35 years and 11% of women vaccinated had a chronic
illness. There were 57% in the vaccinated cohort compared to 43% in the unvaccinated cohort with a
chronic iliness. The study used a Cox proportional hazard model using a time dependent variable from
the day of gestation to the day of clinical diagnosis, or day of delivery, or end of study period. The period
selected to measure the effectiveness of the vaccine was based on laboratory-confirmed cases and
physician visits for influenza that were reported to the Norwegian Institute of Public Health.1® Only
pregnancy days that fell during a 3-month period of the main pandemic wave were included in this
outcome.8 Selecting a period when the peak circulation of the virus is occurring means that the vaccine
has its best chance of showing a reduction in influenza cases, rather than a putative period that may

contain periods of low or no virus circulation.

Richards et al. (2013) were primarily investigating the impact of the influenza vaccine on birthing
outcomes during the 2009 influenza A (H1N1) pandemic in a health consortium located in California
USA.80 Their study included third trimester births only with first and second trimester births being
excluded. The mean age of participants was 31.2 years, with a standard deviation (SD) (+5.6). The
study ran over a 12-month period and included 1125 vaccinated women and 1581 unvaccinated
women; the authors were contacted and data were not collected on which trimester they were
vaccinated. The study period was derived from the first positive influenza A (H1N1) 09 case in the
region up to when the cases dropped below 5%.80 It is not clear if the unvaccinated cohort had a larger
proportion of participants who were exposed to the peak periods of virus circulation, as some

participants were assigned a cohort prior to the introduction of the vaccine and thus could only be in the
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unvaccinated cohort. The analysis did not involve assessing the time spent at risk using a time
dependent hazard ratio, or match or adjust for confounding variables. The vaccine effectiveness was
calculated as one minus the odds ratio (OR) X 100. If the unvaccinated cohort did have a higher amount

of exposure to the peak influenza period, this would result in a bias towards the vaccinated cohort.

The sole randomised controlled trial indicated that the influenza vaccination during pregnancy resulted
in a statistically and clinically significant reduction in respiratory illness with fever.5® However, the
sample size and absence of other randomised controlled trials means that the estimate of the numbers
needed to treat is not precise. Both retrospective studies on the trivalent vaccine used methodology not
conducive to accurately estimating effectiveness of the vaccine.”- 95 There was no statistically or
clinically significant evidence that trivalent influenza vaccine reduced clinic visits for influenza-like iliness.
The two retrospective studies on the influenza A (H1N1) 2009 vaccine estimated a statistically
significant reduction. 8. 80 |deally prospective studies would be used to establish effectiveness of an
intervention such as a vaccine.'% Under the circumstances of a sudden pandemic outbreak that
restricts the opportunities to conduct such a study, the use of a hazard model and a concise influenza
period has resulted in a high quality retrospective study that may be clinically important for assessing
the appropriate management of pandemic influenza in pregnant women in the future.® The results are

described in further in table 4.
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Table 4 Pregnant women with an Influenza-like illness at outpatient or clinic visit following exposure to influenza vaccine

Study Design Vaccination | Control group Results Definition of influenza or influenza-
group (n) (n) like illness
Black etal. | Retrospective |  Trivalent No vaccine | Hazard ratio (HR) 1.151 (p=0.088), Diagnostic coding identifying one or
(2004)7 cohort (3707) (45878) adjusted for women's age and week of more of the following; upper respiratory
delivery. infection, pharyngitis, otitis media,
asthma, bronchial asthma, viral
infection, pneumonia, fever, cough, and
wheezing associated with respiratory
iliness.
Munoz et Retrospective |  Trivalent No vaccine | 51 (22.6%) with acute respiratory ICD-9 codes for unspecified viral
al. (2005)% | cohort (225) infections in vaccinated group and infection, acute respiratory infections,
(826) 156 (18.9%) in control group (p=0.24). other diseases of the respiratory tract,
pneumonia, and influenza.
Zaman et Randomised Trivalent | Pneumococcal | Clinical effectiveness Clinic visit with respiratory iliness and
al. (2008)%° | controlled trial (172) vaccine 24.9% (95% Cl: —43.9 t0 60.8) fever
(168)
Harberg et | Retrospective | Monovalent No vaccine | Adjusted HR 0.30 (95% CI: 0.25 to 0.34). | R80 code from a primary care
al. (2013)"® | cohort HIN1 (87335) It is unclear what variables were physician, which can be a set of
(25976) included. influenza-like illness symptoms or
confirmed by culture or serology.
Richards et | Retrospective | Monovalent No vaccine | Effectiveness against diagnosed Reverse transcription polymerase chain
al. (2013)8 | cohort HINT +/- (1581) influenza A (H1N1) 2009 infection. reaction test positive for influenza, or
trivalent 61.5% (95% Cl: 15.5% to 82.5%). having a medical visit during pregnancy
(1125) with influenza-related ICD-9 diagnosis.
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3.3 Effectiveness in infants up to 6 months of age

3.3.1 Influenza or influenza-like illness identified in non-hospitalised infants up to 6 months of

age.

Effectiveness of the vaccine in preventing influenza-like iliness in non-hospitalised infants was
contained in three studies investigating the trivalent seasonal vaccine,3-59.9 and one with outcomes for

the influenza A (H1N1) 09 vaccine.8

Zaman et al.’s (2008) randomised controlled trial was described earlier and the effectiveness of the
vaccine in infants up to 6 months of age was the study’s primary outcome measure.>® The same method
of calculating the effectiveness for pregnant women was used for infants less than 6 months. Following
vaccination, mothers were asked to record axillary temperatures of their infants. Families were also
asked to bring infants who were ill to the study clinic for assessment, influenza-antigen testing and

treatment.®®

Eick et al. (2011) conducted a prospective cohort study on an Apache Indian reservation in Arizona
USA. Navajo and White Mountain Apache Indian mother-infant pairs were recruited after delivery over 3
influenza seasons from November 2002 to September 2005.37 It is not clear how these periods were
decided. Infants included in the study consisted of 51% male and 49% female and no other infant
characteristics were described. Pregnant women were vaccinated during their second or third trimester
and 573 were enrolled in the vaccinated cohort and 587 in the unvaccinated cohort.3” Active
surveillance was then conducted and included review at the clinic, emergency department, and inpatient
paediatric wards until the child reached 6 months of age. Participants of both groups were similar for
sex, presence of household smokers, day-care, gestational age, and mean birth weight. There was a
statistically significant difference in infants who were breastfed with more in the vaccinated cohort and
more residing in a house with a coal-burning stove.3” These variables were assessed and no significant

associations were found and there were no adjustments made to the final results.

The retrospective study of Munoz et al. (2005) has also been described previously. They used ICD-9
respiratory illness codes reported during ambulatory medical visits in the first 6 months of life as

described in table 2.9

The only study on the influenza A (H1N1) 09 vaccine was a phase two single arm clinical trial primarily
investigating immunologic effects and safety of the vaccine, with data being presented as frequencies
and percentages.®8 Participants were healthy pregnant women between 22 and 32 weeks of gestation,
with a median age of 32.0 years (interquartile range 30.1 to 36.4). Pregnant women were enrolled in the
study and they filled out questionnaires at 1 and 6 months after birth about their infant, including

information about influenza-like symptoms. No laboratory confirmation of influenza-like illness was
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performed.58

The number needed to vaccinate for Zaman et al (2008) was calculated at 16 (95% CI: 8.2 to 200) to
prevent one case of laboratory confirmed influenza in an infant up to 6 months of age. Eick et al. (2011)
estimated that the reduction in risk of an infant presenting with laboratory confirmed influenza was 41%
(95% Cl: 7% to 63%).3” Munoz et al. (2005) relied on non-specific coding and this is a low quality
method of measuring effectiveness.? Both prospective studies by Eick et al. (2011) and Zaman et al.
(2008) indicate that infants of vaccinated mothers up to 6 months of age have a clinically and
statistically significant reduction in risk of being diagnosed with laboratory confirmed influenza. Both of
the studies from Zaman et al and Eick et al. were conducted on groups of people who were either in a
developing country, or considered to be a vulnerable population group, possibly affecting the
generalisability of the results. Clinical and methodological diversity of the studies did not allow meta-

analysis to be performed. The studies and results are described further in table 5 and Appendix V.

3.3.2 Influenza or Influenza-like iliness in infants up to 6 months of age that required hospital

admission.

Hospitalisation of infants up to 6 months of age was investigated in three studies of the trivalent
seasonal influenza vaccine.3’- 8.9 Benowitz et al. (2010) conducted a case control study that included
pregnant women vaccinated in their second or third trimester over a period of nine influenza seasons up
to, but not including, the 2009 pandemic. Case and matched controls were enrolled in a large
metropolitan hospital in the USA.8 Risk set sampling was used to match hospitalised infants with a
positive influenza direct fluorescent antibody test with controls that were admitted with influenza-like
iliness, but tested negative for influenza. In the case cohort 11.6% were born premature compared to
19.3% in the control group. Both groups had similar number of infants with a chronic medical condition
with 36.3% in the case group and 38.5% in the control group. The most notable differences were that
case subjects came from households with a larger number of people residing in them (p=0.015), and
they were also significantly less likely to live with anyone who had been vaccinated for influenza
(p=0.001).84 Matched odds ratios were estimated for vaccination of mothers of the 91 case subjects,
compared with mothers of the 156 matched control subjects. Effectiveness of the vaccine was
calculated as 1 minus the matched odds ratio times 100. Logistic regression was performed for multiple
potential confounders and the adjusted model retained vaccination of household contacts and

prematurity.

Poehling et al. (2011) conducted a case control study that ran over seven influenza seasons up to, but
not including, the 2009 influenza pandemic season. The study took place in hospitals situated in 3
different US counties and the trimester that women were vaccinated was not stated.® Infants were

identified through hospital surveillance and were eligible for enrolment if they were hospitalised with
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fever and/or acute respiratory symptoms during the winter. All children enrolled had nasal and throat
swabs for viral culture or Polymerase chain reaction (PCR) testing for influenza A and B. The infants
who had an influenza positive test comprised the case group and the control group consisted of those
with a negative influenza test. The vaccinated cohort consisted of mothers from Hispanic (22%), African
American (15%), and Caucasian (21%) backgrounds. Infants with private insurance were more likely to
be from vaccinated mothers. Overall infants included in the study consisted of 44.0% female, 56% male,
11.8% who were born premature, and 7.9% who had a high-risk condition.%® The trimester that the
mother was vaccinated in during pregnancy was not reported. Multivariate logistic regression models

were used and consisted of three different models.

Eick et al.’s (2011) prospective study has been previously described.?” All three studies met seven or
more of the appraisal criteria. The methodological diversity and clinical heterogeneity prevented meta-

analysis being performed.

A retrospective cohort study investigating the influenza A (H1N1) 2009 vaccine by Lin et al. (2012) was
conducted in Taiwan and consisted of 202 women vaccinated during pregnancy, with 10 (4.9%) in the
first trimester. The infants were only followed up for 8 weeks post-partum and consisted of 14 cases in
total.%3 The mean age for both cohorts was 32.4 years (SD+4.0) and 32.8 years (SD+3.9), and the
mean gestational age at vaccination was 26.5 weeks (SD+8.0). Data were presented as frequencies
and percentages for this outcome and the study was well conducted and met all the criteria for critical

appraisal.

Both case-control studies on the trivalent seasonal influenza vaccine indicated a clinically and
statistically significant reduction in influenza related hospitalisation of infants less than 6 months of age
following vaccination of their mothers during pregnancy.8. % The prospective study by Eick et al. (2011)
indicated that vaccination during pregnancy resulted in statistically and clinically significant protection

from influenza complications.3” Results from each study and definitions are described in table 6.
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Table 5 Influenza or Influenza-like illness identified in non-hospitalised infants up to 6 months of age.

Study Design Vaccination | Control group | Results Definition of Influenza or Influenza-
group (n) (n) like illness
Eick et al. (2011)% Prospective Trivalent No vaccine | Laboratory confirmed influenza virus | Laboratory confirmation was achieved
cohort (573) (587) infection. by virus culture, serology, or rapid
Relative Risk (RR) 0.59 (95% Cl: 0.37 | influenza diagnostic test.
to 0.93) Influenza-like illness was defined as a
Influenza-like illness medical visit with at least one of the
RR 0.92 (95% CI: 0.73 to 1.16) following: fever > 38.0°C, diarrhoea,
or respiratory symptoms.
Munoz et al. (2005)% Retrospective Trivalent No vaccine | 26.8% of vaccinated group ICD-9 diagnostic codes for acute
cohort (225) (826) 30.2% of unvaccinated group respiratory tract illness.
Zaman et al. (2008)5° Randomised Trivalent | Pneumococcal | Respiratory illness with any fever, As described in results column.
controlled trial (169) vaccine 28.9% (95% Cl: 6.9 t0 45.7) Influenza test positive was conducted
(167) Respiratory illness with temperature | using rapid test for both influenza A
>38°C, 28.1% (95% Cl: - 4.6 to 50.6) | and B.
Clinic visit, 42.0% (95% Cl: 18.2 to
58.8)
Influenza test positive, 62.8% (95%
Cl: 5.0t0 85.4)
Tsatsaris et al. (2011)% | Single arm Monovalent N/A 28 infants had fever associated with | Self-reported fever associated with
prospective H1N1 09 another respiratory symptom during another respiratory symptom during
(116) the study period. the study period via a questionnaire.
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Table 6 Influenza or Influenza-like illness in infants up to 6 months of age that required hospital admission.

Study Design Study group Control Results Definition Influenza or Influenza-
(n) group (n) like illness
Benowitz et al. (2010)84 Case-control Influenza test | Influenza test | Adjusted effectiveness of the vaccine, | Positive for influenza by direct
positive negative 91.5% (95% CI: 61.7% t0 98.1%, fluorescent antibody test.
(91) (156) p=0.001)
Adjusted model retained, immunisation
of household contacts and prematurity
Eick et al. (2011)% Prospective Trivalent No vaccine | Unadjusted RR 0.61 (95% CI: 0.45 to Influenza-like illness requiring
cohort (573) (587) 0.84) hospitalisation, with at least one of

the following signs or symptoms
reported: fever > 38.0°C, diarrhoea,
or respiratory symptoms.

Poehling et al. (2011)%

Case-control

Influenza test

Influenza test

Adjusted OR 0.52 (95% CI: 0.30 to

Positive viral culture or PCR test.

positive negative | 0.91)

(151) (1359) Adjusted model included age, sex,
race/ethnicity, site, study year, tertile of
the influenza season, smoke exposure
at home, number of siblings, day care
attendance, insurance status, and
whether the infant was ever breast-fed.

Lin etal. (2012)% Retrospective Monovalent | No vaccine | 6 (3.0%) vaccinated Upper respiratory tract infection
cohort H1N1 09 (206) 8 (3.9%) unvaccinated documented in medical records."
(202)

Tlnfant health status data were only followed until 8 weeks post-partum.
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3.4 Vaccine safety
3.4.1 Adverse events for pregnant women

Studies reporting on adverse events included 18 investigating monovalent influenza A (H1N1)
vaccines3. 54, 56-58, 77,78, 81, 83, 86-88, 90, 92-94, 97, 103 wiith six including data on the seasonal trivalent vaccine.5:
59,82,89,95,104 An assortment of methods and measures were included in the identification of adverse
events for pregnant women. Prospective methods were used in 19 of the 24 studies and they included
active surveillance via direct interviews, questionnaires, phone contact, email contact, and also
identified serious adverse events through surveillance of medically attended events.53-59.77. 78, 86, 88, 90, 92-
94,97,103,104 The majority of studies presented a descriptive summary of adverse events with data
presented as frequencies and percentages, or as a narrative summary for one or both of their cohorts.%*
59,77, 78, 88,9294, 97, 103,104 Three prospective studies contained pregnant women as a sub-population of
other influenza vaccinated groups,®. 9. % and two of these compared the risk of an adverse event with
other ‘at risk’ populations using multivariate logistic regression models.8: % The quality of the

prospective studies is mixed, with attrition of participants in some studies a concern.?7.78. 8. 87,89, 92,97

Other studies used mixed designs,?7-89 with one comparing adverse events from a whole-virion vaccine
with a placebo,®® and the other estimated an adjusted odds ratio for preeclampsia.8” Only four studies
with outcomes for adverse events were retrospective,8'-83. 93 with three describing frequencies and
percentages of adverse events from medical presentations.8'. 8. 95 One study performed a retrospective
analysis of medically attended adverse events over a seven year period and calculated rates compared
to non-vaccinated pregnant women.82 In all there were nine studies that only contained vaccination to

pregnant women in their second or third trimester.53-59. 86. 95

Characteristics of participants involved in the studies varied, with seven made up of healthy pregnant
women, 55,56, 58, 59,87, 88, 92, 95 foyr others contained between 3.7% to 17.6% of pregnant women with a
comorbidity,”8. 82.95.103 and others did not describe an overall percentage of women with a comorbidity.53
54,57,77, 81, 83, 86, 89, 90, 93, 94, 97,104 The make-up of the vaccine also varied between studies with the
adjuvant and formulation not always described.%5. 598182, 94,95 Stydies that did describe the type of
vaccine included subunit MF-59-adjuvant,53. 54. 83.86, 87 gp|it-virion adjuvant free,56. 58,77, 88, 90, 92,93, 97, 104

split-virion AS03-adjuvant,’”. 193 and whole virus vaccines.>. 78.89

The methods and characteristics of each study are described in more detail in Appendix V and
methodological quality has been described previously and can also be found for individual studies in

Appendix VI.

The largest study on the trivalent seasonal vaccine was conducted by Nordin et al. (2013) and used

ICD-9 codes from inpatient, outpatient, or emergency department visits to assess medically attended
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visits within 3 days of being vaccinated.82 The study population consisted of 10 health care systems
across the USA and contained 21553 women vaccinated during their first trimester. The mean age was
30.8 years (SD+5.6) and the vaccinated cohort were more likely to have a pre-existing condition
(14.5% compared with 11.7%).82 Unvaccinated and vaccinated women were matched using an
algorithm to the age at pregnancy (+1year) and pregnancy start date (+30 days). Presentations that
were included were based on biological plausibility of the timing of the vaccine being associated with an
adverse event and this included two different time periods; 3 days post vaccination and 1- 42 days post
vaccination. The authors reported that rates for medically attended events 0-3 days after vaccination

were low and did not exceed 2 per 10,000 among both the vaccinated and unvaccinated women®2

There was minimal data available for adverse events for pregnant women who received the trivalent
seasonal vaccine, including local reactions such as pain and systemic reactions such as fever, myalgia,
and fatigue. For both the seasonal and influenza A (H1N1) 2009 influenza vaccine the most common
adverse events were local symptoms, which included pain and/or redness at the injection site. Systemic
symptoms such as fever, headache, myalgia, malaise, and nausea were also reported in smaller
numbers. For the influenza A (HIN1) 09 vaccine the studies that individually itemised adverse events
had rates that ranged from 19% to 41.6% for local pain, 1% to 13.7% for fever, 9% to 30% for headache,
22% to 40% for fatigue, 2.7% to 23.7% for myalgia, and 2% to 14.2% for cough and respiratory

Symptoms_53, 56, 92, 97, 103

There were two studies that used multivariate logistic regression models to compare the risk of an
adverse event in pregnant women following vaccination with monovalent influenza A (H1N1) 09 vaccine
with other vaccinated groups.86. % The study by Harmark et al.8¢ was conducted in General Practitioner
settings in the Netherlands and was attempting to quantify adverse events related to an influenza A
(H1N1) subunit MF-59-adjuvant vaccine. The prospective study investigated adverse events via
questionnaires of all groups in receipt of the vaccine, including 72 pregnant women.8 The
characteristics of the pregnant women are not described. They performed multivariate logistic
regression as described in table 7. Hwang et al. (2011) used a similar methodology to assess the risk to
pregnant women. With only 21 pregnant women in their study the lack of statistical precision due to the

small sample sizes in both studies limits the conclusions that can be made.%

Both showed an increased risk for pregnant women experiencing adverse events compared to other
vaccinated groups, including age groups, and groups with a comorbidity, with Harmark et al .8
estimating a statistically significant increase. However, the small number of pregnant women and
attrition of participants means that these results should be interpreted with caution. The results are

contained in table 7.

There were four studies that reported on rates of preeclampsia following vaccination with influenza A
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(H1N1) 09 vaccine.””.81.83.87 Three of those compared rates with an unvaccinated cohort.””- 83.87 Two of
those calculated an odds ratio and had a point estimate that favoured the unvaccinated cohort. 77.87

None indicated a statistically or clinically significant association with vaccination.

There were no adverse events of special interest such as Guillain-Barré Syndrome, other rare
neurological conditions or deaths reported from the 24 studies included. Serious adverse events such
as hospitalisation were mostly associated with adverse pregnancy outcomes and not necessarily
associated with vaccination. The studies that further investigated adverse pregnancy outcomes found

no relationship with the vaccine.58. 97

Overall the results are clinically significant to the extent that pregnant women and health care providers
need to be aware of the incidence of minor local and systemic reactions in order to obtain appropriate
consent and provide advice on the management of adverse reactions post vaccination. There is no
clinically or statistically significant evidence that influenza vaccination has been responsible for serious
adverse events in these study populations. The size, heterogeneity, and design of the studies means
that it is not possible to draw any findings about the association a particular trimester of pregnancy, or

type of adjuvant, or formulation may have on adverse event outcomes for pregnant women.

Meta-analysis was not suitable for adverse event outcomes due to the clinical and methodological
diversity of the studies. Further description of the included studies can be found in table 7 and 8, as well

as the studies designs and methods in Appendix V.
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Table 7 Adverse events in pregnant women following influenza vaccination.

Study Design Vaccination Control Adjuvant & | Results
group (n) group (n) | formulation
Englund et Pseudo- Trivalent Tetanus Not reported | No significant adverse reaction including fever, moderate or severe pain, or need to visit a
al. (1993)% randomised (13) toxoid physician were reported.
controlled trial (13)
Hulka Mixed Polyvalent Placebo | Whole-virion, | 40% of patients receiving saline complained of pain and 83% of vaccinated reported pain.
(1964)8° prospective (363) (181) adjuvant not | 43% is therefore potentially attributable to the vaccine. Malaise was experienced by 15-20%
retrospective reported of vaccinated women and only 1.9% of unvaccinated women.
cohort
Munoz etal. | Retrospective Trivalent No vaccine | Notreported | 9 women were hospitalised within 14 days of vaccination. 11 women were hospitalised for
(2005)% cohort (225) reasons that related to delivery. 2 were not related to delivery and 1 had influenza-like
(826) iliness within 5 days of receipt of vaccine.
Nordin etal. | Retrospective Trivalent No vaccine | Not reported | Adverse event in the first 3 days after vaccination, adjusted incident rate ratio (IRR) 1.12,
(2013)82 cohort (75906) (126246) (95% Cl: 0.81 to 1.55).
Adverse event in days 1 to 42 post influenza vaccination, adjusted IRR 0.90 (95% CI: 0.68-
1.19)
New diagnosis of thrombocytopenia, adjusted IRR 0.90 (95% CI: 0.68 to 1.19).
Acute neurologic event, adjusted IRR 0.92 (95% CI: 0.54 to 1.56).
Among vaccinated women, there were no cases of Guillian-Barré syndrome, optic neuritis,
Bell’s palsy, or transverse myelitis.
Adjusted for pre-existing high-risk conditions, receipt of care in the first trimester, and
hospitalisation before the vaccination or index date.
Yeager etal. | Prospective Trivalent N/A Split-virion, | 17 (5.3%) of women reported adverse reactions. All reactions were described as mild and
(1999)104 single arm (319) adjuvant not | consisted mostly of influenza-like symptoms (4.4%) and soreness at the injection site
study reported. | (0.9%). No other adverse events were noted, including premature birth.
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Study Design Vaccination Control Adjuvant & | Results
group (n) group (n) | formulation
Zaman et al. | Randomised Trivalent Pneumococ | Notreported | Adverse events
(2008)% controlled trial (172) cal vaccine Minor local and systemic reactions 13 (7.6%)
(168) Local pain 7 (4.1%)
Fever within 72 hours 23 (13.4%)
Candela et Prospective Monovalent N/A Subunit Adverse events
al. (2012)53 single arm H1N1 09 MF59- 26 medically confirmed and 33 self-reported adverse events were reported. Systemic
study (370) adjuvant | adverse events included common cold (11.5%), cough (11.5%), diarrhoea, and
gastroenteritis (11.5%).
Adverse events of special interest
Nil
Serious adverse events
Nil suspected to be vaccine related were identified.
Cristiani et al. | Prospective Monovalent | Monovalent Subunit Adverse events
(2011)54 cohort H1N1 09 H1N1 09 + MF59- 11in 7 pregnant women, Local adverse events; 4 injection site reactions. Systemic adverse
(3) trivalent adjuvant | events; 4 headaches, 2 fatigue, and 1 respiratory tract infection.
(10)
Harmark et | Prospective Monovalent | Vaccinated Subunit Risk of adverse event following influenza vaccination,
al. (2011)86 cohort H1N1 09 risk groups MF59- OR 2.61 (95% CI: 1.55 to 4.40). The multivariate logistic regression model compared
(72) (3703) adjuvant | gender, age (0-52.5 years), (52.5 to 61.9 years), (61.9 to 67.2 years), (67.2 to 90.0 years),
cardiovascular disease, pulmonary disease, immunodeficiency, and pregnancy.
Horiya etal. | Prospective Monovalent | Monovalent | Split-virion | Adverse events
(2011)88 cohort HIN109,2 | HIN109,1 | adjuvantfree | Redness at the vaccination site was the most common reaction, followed by local
doses dose symptoms such as pain, and induration. Less common were systemic symptoms such as
(128) (82) headache, malaise, fever, and nausea.

Serious adverse events
No serious adverse events requiring medical intervention were reported.
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Study Design Vaccination Control Adjuvant & | Results
group (n) group (n) | formulation
Hwang et al. | Prospective Monovalent | Vaccinated | Split-virion | Incidence of local reactions in pregnant women 38.1%. Incidence of systemic reactions in
(2011)%0 cohort study H1N1 09 risk groups | adjuvant free | pregnant women 33.3%.
(21) (875) Odds of reaction following vaccination for pregnant women
Local adjusted OR 1.82 (95% CI: 0.72 to 4.56).
Systemic, adjusted OR 0.95 (95% CI: 0.37 to 2.45). The multivariate logistic regression
model compared age < 20, (20 to 29), (30 to 39), (40 to 49), >50, Body Mass Index (BMI),
smoking, regular alcohol consumption, and comorbidity. Adjusted for smoking, regular
alcohol use, and pregnancy.
Jackson et Randomised Monovalent | Monovalent | Split-virion | Adverse events
al. (2011)% | controlled trial H1N1 09 HIN109 | adjuvant free | Mild to moderate pain at injection site 25ug, 25%. 49ug, 35%.
25ug HA 49ug HA Erythema < 50mm, 25ug, 8%. 49ug, 13%.
(60) (60) Swelling/induration, 25ug, 7%. 49ug, 2%.
Fever (not defined), 25ug, 8%. 49 ug, 7%.
Malaise, 25 ug, 31%. 49ug, 40%.
Oral temperature >37.8, 25ug, 0%. 49ug, 2%.
Headache 25ug, 28%. 49ug, 30%.
Serious adverse events
18 serious adverse events were reported for 15 women; all were considered to be unrelated
to the vaccine, the more common were 6 reports of postpartum haemorrhage, 2 reports of
preterm contractions, and 2 reports of severe pre-eclampsia.
Lim et al. Prospective Monovalent N/A Split-virion | Adverse events
(2010)°2 single arm H1N1 09 adjuvant free | Local adverse reactions; soreness (41.6%) and redness (8.4%) at the injection site.
survey (190) Systemic symptoms; fatigue (36.6%), myalgia (23.7%), dizziness (23.2%), headache (20%),

fever (13.7%), chills (10%), respiratory symptoms including rhinorrhoea (14.2%), sore throat
(11.1%), cough (8.4%), gastrointestinal symptoms including diarrhoea (5.8%), and
abdominal pain (5.3%).
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Study Design Vaccination Control Adjuvant & | Results
group (n) group (n) | formulation
Lin et al. Retrospective Monovalent | Novaccine | Split-viion | Adverse events
(2012)% cohort H1N1 09 (206) adjuvant free | Systemic adverse events occurred in 4 women (2.0%). These were made up of fever,
(202) cough, runny nose, nasal congestion, and skin itching.
Serious adverse events
No serious adverse events were reported.
Mackenzie et | Prospective Monovalent | No vaccine | Notreported | Serious adverse events
al. (2012)% | cohort H1N1 09 (13) No serious adverse events were reported.
(104)
Omonetal. | Prospective Monovalent N/A Split-virion | Adverse events
(2011)7 single arm H1N1 09 adjuvant free | Fever occurred in 11 (1.9%) women. Other adverse events during the 48-hour period
(651) following the vaccination included asthenia, headaches, pain at the site of injection, and
influenza-like symptoms occurred in 11 (1.9%) women.
141 (25%) women reported adverse events during pregnancy and these included preterm
labour, arterial hypertension, gestational diabetes, infections, and premature rupture of
membranes.
Serious adverse events
96 (9.6%) were hospitalised during pregnancy, mainly related to hypertension or preterm
labour. Further investigation of each case was not reported.
Opperman et | Prospective Monovalent | Novaccine | Split-virion | Adverse events
al. (2012)77 cohort H1N1 09 (1329) adjuvant free | Systemic adverse events occurred in 16.2% of women vaccinated with non-adjuvanted
(323) or split-virion vaccine.
Split-virion | Systemic adverse events occurred in 25.6% of women vaccinated with ASO3-adjuvanted
AS03- vaccine.
adjuvant Local adverse events occurred in 38.9% and in 71.1% of women vaccinated with the non-

adjuvanted and AS03-adjuvanted vaccines respectively.
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Study Design Vaccination Control Adjuvant & | Results
group (n) group (n) | formulation
Taveres et al. | Prospective Monovalent N/A Split-virion, | Medically attended adverse event
(2011)108 single arm H1N1 09 ASO3 Within the 31 day post-vaccination period, 59 (22.1%). The most common were upper
study (267) adjuvant respiratory tract infections (3.8%) and urinary tract infections (3%).
Serious adverse event
During the 6-month follow-up period, 34 (12.7%). These were mostly associated with an
adverse pregnancy outcome. i.e., spontaneous abortions (table 11) premature labour (table
9), and preeclampsia/hypertension (table 8).
No adverse events of special interest reported.
Tsatsaris V, | Single arm Monovalent N/A Split-virion | Adverse events
etal. (2011)% | prospective H1N1 09 adjuvant free | | ocal adverse events; pain 20 (19%), induration 3 (3%), and erythema 2 (2%). Systemic
study (107) reactions; asthenia 24 (22%), headache 10 (9%), myalgia 3 (3%), arthralgia 2 (2%),
hyperhidrosis 2 (2%), pyrexia 1 (1%), and chills 2 (2%).
Serious adverse events
Serious adverse events were reported for 13 women. An independent committee
considered none related to the vaccine. No adverse events of special interest were
reported.
Deinard, Prospective Monovalent | Novaccine | Either splitor | Adverse events
Ogburn. cohort Hsw1N176 (517) whole virus | Systemic adverse events included arthralgia or myalgia 2.7%, headache 1.6%, fever 37.8-
(1981)78 (176) vaccine. | 386 1.2%, fever >38.6 0.1%, malaise 1.1%, chills 0.6%, and cough 0.2%.
Adjuvant not | serious adverse events
reported. No major or life-threatening reactions occurred following vaccination.
Sumaya et Prospective Monovalent | No vaccine | Whole virus, | Systemic reactions; 3 fever, 1 each for dizziness, headache, influenza-like symptoms, and
al. (1979)5" | cohort HswiN1 76 (56) adjuvant not | coryza.
(56) reported
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Table 8 Preeclampsia in pregnant women following exposure to the influenza vaccine

Study Design Vaccination Control Adjuvant & | Result
group (n) group (n) | formulation
Conlinetal. | Retrospective Monovalent Trivalent | Notreported | Preeclampsia or eclampsia
(2013)81 cohort H1N1 09 (7560) 5.8% of women vaccinated with monovalent influenza A (H1N1) 09 vaccine.
(10376) 5.2% of women vaccinated with seasonal trivalent vaccine.

Heikkinen et | Mixed Monovalent | No vaccine Subunit Adjusted OR 1.12 (95% CI: 0.81 to 1.55). Adjusted for parity, smoking, and maternal
al. (2012)8" | prospective H1N1 09 (2213) MF59- age.

and (2295) adjuvant

retrospective
Opperman Prospective Monovalent | Novaccine | Split-viion | Adjusted OR 1.15 (95% Cl: 0.54 to 2.46)."
(2012)77 cohort H1N1 09 (1329) adjuvant free

(323) or
Split-virion
AS03-
adjuvant
Rubinstein Cross Monovalent | No vaccine Subunit 124 (1.7%) vaccinated
(2013)83 sectional study H1N1 09 (23195) MF59- 384 (1.7%) unvaccinated
(7293) adjuvant

Taveres et Prospective Monovalent N/A Split-virion, | Preeclampsia/hypertension
al. (2011)10% | single arm H1N1 09 ASQO3 4 (1.5%) within 19-30 days of vaccination.

study (267) adjuvant

t Propensity score adjusted, refer to Appendix V.
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3.5 Foetal, birth, and infant outcomes
3.5.1 Premature birth (< 37 weeks)

Premature birth outcomes were reported in 22 studies in this review with a standard definition of less
than 37 weeks gestation across all studies.”. 18.46.53,54,77, 78, 80, 81, 83, 85, 87, 88, 91-93, 9597, 101-103 There were
17 studies with outcomes of monovalent influenza A vaccines 18.46.53, 54,77, 78, 80, 81, 83, 85, 87, 88, 91-93, 97, 103
and five for the trivalent seasonal vaccine.”- 9. %. 101,102 Prospective study designs were performed in
nine studies.>3 54.77.78, 88, 92,97, 102, 103 The remainder of studies were of retrospective: 8. 46, 80, 81,83, 85, 91,
93,95,96, 101 or mixed retrospective/prospective design.8” Timing of vaccination varied between the studies
and the percentage of women vaccinated during their first trimester ranged from 1.2% to 39.7%.46.77. 78,
81,83, 86-88, 91-93, 97, 101,103 There were three with no women vaccinated during their first trimesters3. 54, 102

and four did not report what trimester vaccination took place.”: 80.85. 9

Maternal risk factors that may confound estimates of rates or ratios of premature birth were described or
analysed differently across the study designs. Studies that were using cohorts of healthy pregnant
women had a reduced risk of confounding, however most did not report external risk factors such as
smoking, alcohol use, or drug use®®. 92.95.102 with one exception.8” The remainder of studies reported a
variety of other variables including smoking,8.46. 7. 78,83, 85,87, 91,93, 97 maternal weight,46. 77. 83, 85, 91, 101
diabetes and other comorbidities, 8. 46.77.80.97. 101,103 prior preterm birth,85 93.97 and alcohol or drug
use.46.77.83,87,93,97 Eight of the studies statistically adjusted for one or more of the variables and they
are described in more detail in Appendix V.18.46.80.85.87, 91,9 The remainder of studies presented data

descriptively as frequencies and percentages.53 54 77,78, 81, 88, 92, 93, 95, 97, 101, 103

Meta-analysis was performed for three retrospective cohort studies.*6. 8591 Each study contained large
populations of singleton births in a country or large city, and were investigating outcomes of the
influenza A (H1N1) 2009 vaccine.

The first study included in meta-analysis by Fell et al. conducted a retrospective cohort on Ontario
residents in Canada.? All singleton hospital births of 20 weeks gestation or more with a birth weight
equal to or greater than 500 g were included in the study. The groups consisted of 78% of pregnant
women less than 35 years of age and 7.4% of the vaccinated women had a medical comorbidity. Data
was obtained from national databases on birthing outcomes, demographic characteristics, and
socioeconomic status. Multivariable regression was used to calculate adjusted risk ratios and all
adjusted models included maternal age, family income, and education. In all 23340 pregnant women
were included in the vaccinated cohort and 32230 in the unvaccinated cohort. For the outcome of
premature birth there was missing data from 60 in the vaccinated cohort and 139 of the unvaccinated
cohort that was not included in the regression modelling. The trimester of vaccination could not be

obtained and was not reported.® It was a well-conducted study meeting all eight of the relevant critical
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appraisal criteria.

Kallen B, Olausson P. (2012) also included a whole of pregnant population based cohort, this time from
Sweden.® Pregnant women who delivered after the 1st of October 2009 were compared to a group of
pregnant women who delivered prior to that date. The highest recorded vaccination rate was in women
aged 25 to 29 years with 80.2% of the vaccinated cohort being less than 35 years of age. All trimesters
were vaccinated and 3165 (17%) were vaccinated in the first trimester.%! In total 18844 infants were
from vaccinated mothers and 84484 were in the group who delivered prior to the availability of the
monovalent influenza vaccine.®! Mantel-Haenszel odds ratio and approximate 95% confidence intervals
were estimated and adjusted for adjusted for year of birth, maternal age, parity, smoking, BMI, preterm
birth, low birth weight, and SGA<2 SD for age.?" It was also a well-conducted study meeting all eight of

the relevant critical appraisal criteria.

The final study included in the meta-analysis was a retrospective study that contained a nationwide
cohort of pregnant women from Denmark.6 Information was obtained from the medical birth register
that has detailed records of all births in Denmark. Women were vaccinated in all trimesters, although
only women vaccinated in their second and third trimester were included in meta-analysis as the small
number of women (345) who were vaccinated in the first trimester were analysed separately.*6 In the
vaccinated cohort 81% of pregnant women were less than 35 years of age.*6 The authors calculated a
propensity score for each participant and then both cohorts were matched 1:1 and participants with no
match excluded. Logistic regression was used to estimate prevalence odds ratios. Potential
confounders that are included in the modelling are described in table 9. Potential confounders in
propensity matched scores included maternal age, place of birth, degree of urbanisation, parity,
smoking, pre-pregnancy body mass index, history of birth defects, preterm birth, spontaneous abortion,
SGA, maternal comorbidities, drug use, health care utilisation, number of hospital admissions and
hospital outpatient visits in the last 3 years, and number of drugs used in the last 6 months. It was a

well-conducted study meeting all eight of the relevant critical appraisal criteria.

The meta-analysis of the three large population based cohorts investigating the safety of the influenza A
(H1N1) 2009 vaccine was homogenous with an |2 percentage of 0% and had a point estimate of 0.94
(95% CI: 0.89 to 0.99) as shown in figure 2.

The retrospective study by Harberg et al. (2013) met the criteria needed to be included in meta-analysis,
but could not be combined due to the use of hazard ratios.'8 Their study was also a whole of pregnant
population who had singleton births in Norway and included pregnant women of whom 80% were aged
less than 35 and 11% had a chronic illness. '8 The vaccinated cohort consisted of 25976 women and
the unvaccinated 87335 pregnant women. '8 Data were obtained from national databases and the

authors used a Cox proportional hazard model with gestational day as the underlying time metric
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adjusting for age, parity, marital status, use of nutritional supplements during pregnancy, smoking
during pregnancy, history of earlier foetal death, and eight chronic medical conditions. '8 It was a well-
conducted study meeting all eight of the relevant critical appraisal criteria. They estimated the risk of
premature birth following influenza (H1N1) 2009 vaccination as an adjusted HR of 1.00 (95% CI: 0.93 to
1.09), which is similar to the overall meta-analysis result and indicates that there is no adverse
association between the monovalent influenza vaccine and premature birth in the large retrospective

population studies. '8

The seven prospective studies that reported results as a percentage had rates ranging from 1.2% to
9.9% for premature births of vaccinated pregnant women and they were all on the influenza A (H1N1)
2009 vaccine. 53.54.77,78,88, 92,97, 103 The three remaining smaller retrospective studies that had an
unvaccinated comparator group and calculated odds ratios had a point estimate that favoured the
vaccinated cohort, with two indicating a statistically significant reduction,®. & and one was not

statistically significant.8’

Seasonal influenza outcomes of premature birth were contained in five studies.”- 9. 9. 101,102 The study
by Steinhoff et al (2012) that is a secondary analysis of the randomised control trial previously described
by Zaman et al.>® had small numbers and wide confidence intervals with a point estimate favouring the
vaccinated cohort.'02 The studies by Black et al. (2004) and Sheffield et al (2012) had unmatched
cohorts and no adjustment was made for their results on premature birth.”. 10" Only Black et al. (2004)
had a point estimate that favoured the unvaccinated cohort,” however the study also had the least
comprehensive assessment of potential confounding factors and should be overlooked in preference to
the studies of Munoz et al.%5 and Omer et al.% Munoz et al. (2005) did include assessment and
matching of some potential confounders and had a point estimate that favoured the vaccinated cohort,

although not statistically significant.%

Omer et al. (2011) conducted a retrospective cohort study in multiple sites in the USA.% Data were
obtained from medical databases and the cohorts consisted of pregnant women vaccinated in unknown
trimesters of pregnancy with 82.3% of the vaccinated cohort being under 35 years of age. They used
primary adjusted models that identified covariates during the pre-influenza period. The authors
conducted analysis of premature birth during periods of widespread influenza activity, and found a

further reduction in the odds of giving birth to a premature infant following vaccination.%

The studies with the most comprehensive assessment of potential confounding factors and largest
population wide cohorts indicated that there were no harmful effects of the vaccine on premature birth.
The only study that conducted a separate analysis on first trimester vaccinations had a small but not
statistically significant increase.#6 The methods of each study are described in more detail in Appendix V

and the results, type of vaccine, and sample size are also described in table 9.
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Vaccinated Unvaccinated Odds Ratio Odds Ratio

Study or Subgroup  log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI
3.1.1 HIN1 vaccine

Fell 2012 -0.0538 0.0409 23280 32091 50.7% 0.95 [0.87, 1.03]

Kallen 2012 -0.0943 0.0469 18844 84484 38.6% 0.91 [0.83, 1.00]

Pasternak July 2012 0 0.089 6642 6642 10.7% 1.00 [0.84, 1.19]

Subtotal (95% CI) 48766 123217 100.0% 0.94 [0.89, 0.99] [

Heterogeneity: Tau? = 0.00; Chi? = 1.00, df = 2 (P = 0.61); I = 0%
Test for overall effect: Z = 2.19 (P = 0.03)

Total (95% CI) 48766 123217 100.0% 0.94 [0.89, 0.99] [

Heterogeneity: Tau? = 0.00; Chi? = 1.00, df = 2 (P = 0.61); I = 0% IO o1 051 1 1=O 1005

Test for overall effetj‘t: Z=219(F= 0'93) Favours vaccinated Favours control
Test for subgroup differences: Not applicable

Figure 2 Meta-analysis of premature birth (< 37 weeks). Infants up to 6 months of vaccinated
versus non-vaccinated pregnant women
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Table 9 Premature birth (<37 weeks) in pregnant women following exposure to the influenza vaccine. Studies not included in meta-analysis.

Study Design Maternal Trimester | Vaccination | Control group | Results
age’ vaccinated | group (n) (n)
Black et al. (2004)” | Retrospective Not Not Trivalent No vaccine | 7.37% Vaccinated
cohort reported. reported (3652) (44987) 6.72% Unvaccinated (p=0.136).

Munoz et al. Retrospective | Mean 30.7 2nd or 3rd Trivalent No vaccine | 5.5% vaccinated women

(2005)% cohort and 30.8 | trimester (225) (826) 8% unvaccinated women (p=0.28).
Unadjusted OR 0.67 (95% CI: 0.32 to 1.32)

Omer, et al. Retrospective | 82.3% <35 Not Trivalent No vaccine | Putative influenza season adjusted OR 0.60 (95% ClI:

(2011)% cohort study years reported (578) (3590) 0.38 t0 0.94, p=0.02)
Period of widespread influenza activity adjusted OR 0.28
(95% CI: 0.11 t0 0.74, p=0.01). Adjusted for gestational
age at first antenatal visit, maternal diabetes,
multivitamin use in pregnancy, history of alcohol use
during pregnancy, education less than 12th grade, and
mother married.

Sheffield et al. Retrospective | 89% < 35 All, 439 Trivalent No vaccine | 460 (5%) vaccinated,

(2012)10" cohort and 91% < | (5%)in 1! (8864) (76919) 4612 (6%) unvaccinated (p=0.004)

35 years trimester
Steinhoff et al. Randomised Mean 25.1 | 34 trimester |  Trivalent Pneumococcal | During circulating virus adjusted OR 0.32 (95% ClI: 0.05
(2012)102 controlled (range 18.0 (169) vaccine to 2.29). Adjusted for interval from immunisation to
trial to 36.0) and (167) delivery.
24.9 (range
18.0 to 36.0)
Candela et al. Prospective Not 2nd or 3rd Monovalent N/A 4.3% of women vaccinated gave birth prematurely.
(2012)%3 single arm reported. trimester H1N1 09
(70)
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Study Design Maternal Trimester | Vaccination Control Results
age’ vaccinated group (n) group (n)
Conlin et al. Retrospective 92.5% < 35 All, 39.7% Monovalent Trivalent | 6.5% in (HIN1) 09 vaccine-exposed group
(2013)*1 cohort and 92.7% < | and 36.3% in |  H1N109 (6759) | 6.2% in trivalent seasonal influenza vaccine
35 years 1st trimester. (9435)
Cristiani et al. Prospective Median 33 2nd or 3rd Monovalent | Monovalent | 1 preterm delivery (35 weeks of gestation)
(2011)% cohort (range 25 to trimester H1N1 09 HIN1 09 +
39 years). (3) trivalent
(10)
Harberg et al. Retrospective 80% aged All, 2431 Monovalent | No vaccine | Adjusted HR 1.00 (95% CI: 0.93 to 1.09) Vaccination
(2013)8 cohort <35years | (9.4%)inthe H1N1 09 (87335) status and pandemic exposure were adjusted for each
1st trimester (25976) other and also adjusted for age, parity, marital status,
use of nutritional supplements during pregnancy,
smoking during pregnancy, history of earlier foetal
death, and eight chronic medical conditions.
Heikkinen et al. Mixed Mean 31.6 | All, 94 (4%) | Monovalent | Novaccine | Adjusted OR 0.75(95% CI: 0.55 to 1.01), adjusted HR
(2012)87 prospective in the 1st H1N1 09 (2213) 0.69 (95% CI: 0.51 t0 0.92)
retrospective trimester (2295) Adjusted for parity, smoking, and maternal age.
Horiya et al. Prospective Mean 34.8 | All, 15(7.1%) | Monovalent | Monovalent | 7% vaccinated in the first or third trimester.
(2011)%8 cohort (SDt4.1) in the 1t HIN109,2 | HIN109,1 | 29 vaccinated in the second trimester.
and 35.7 trimester doses dose :
4.2% all trimesters.
(SD+36) (128) (62) °
Lim et al. Prospective Mean 31.3 | All,2(1.2%) | Monovalent N/A Two babies (1.2%) were delivered preterm at the 35th
(2010)116 single arm (SD=+3.8) in the 1st H1N1 09 gestational week; 42 babies (25.9%) were delivered
trimester (167) between 36 and 38 weeks’ gestation.
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Study Design Maternal Trimester | Vaccination Control Results
age’ vaccinated group (n) group (n)
Linetal. (2012)% | Retrospective Mean 32.4 | All, 10 (4.9%) | Monovalent | Novaccine | 12(5.9%) vaccinated
cohort (SD+4.0) in the 1t H1N1 (206) 18 (8.7%) unvaccinated
and 32.8 trimester (202)
(SD%3.9)
Omon et al. Prospective Mean 31 All, 29 (4%) < | Monovalent N/A 7.2% of women vaccinated
(2011)7 single arm (SD+4) 15 weeks H1N1 09
(651)
Opperman etal. | Prospective Median 33 | All, 55(17%) | Monovalent | No vaccine | 29 (9.09%) vaccinated
(2012)77 cohort and 32 in the 1t H1N109 (1329) 122 (10.25%) unvaccinated
trimester (323)
Pasternak et al. Retrospective Mean 30.7 First Monovalent | No vaccine | Propensity matched odds ratio (POR) 1.32 (95% Cl:
(2012)%6 cohort study (SD+5.2) | trimester only H1N1 09 330" 0.76 t0 2.31).1
and 30.1 345' 330°
(SD+5.0)
Richards et al. Retrospective Mean 31.2 | Notreported | Monovalent | Novaccine | Adjusted OR, 0.63 (95% ClI: 0.47 to 0.84)
(2013)% cohort (SD+5.6) HIN109 + (1581) | Adjusted for: maternal age, asthma, gestational
trivalent diabetes, cardiovascular disease, hypertension during
(1125) pregnancy, multiple birth, any pregnancy complication,

any antiviral use, and site.
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Study Design Maternal Trimester | Vaccination Control Results
age’ vaccinated group (n) group (n)
Rubinstein etal. | Cross 88.5% < 35 All, 2874 Monovalent | No vaccine | Adjusted OR 0.79 (95% CI: 0.69 to 0.90)
(2013)83 sectional study | and 86.9% < | (39.4%) in H1N1 09 (23195) Adjusted antenatal visits, level of education, maternal
35 years first trimester (7293) age, income, parity, smoking, and history of pregnancy
induced hypertension.
Taveres et al. Prospective Mean 30.9 All, 42 Monovalent N/A 5.4% of women vaccinated gave birth prematurely.
(2011)108 single arm (15.7%) in H1N1 09
study first trimester (267)
Deinard, Ogburn | Prospective Mean 21.97 | All, 41 (23%) | Monovalent | Novaccine | 16 (9.1%) vaccinated
(1981)78 cohort (SD+4.6) in first Hswi1N1 76 (517) 55 (10.6%) unvaccinated
trimester (176)

Maternal age is in years. The first listed are the vaccination group, and the second the control group. If only one is present that represents the entire study population.
* Separate analysis was performed for infants with mothers who were vaccinated during their 1st trimester. The POR for 2nd and 31 trimester is used in the meta-analysis.
¥ Propensity matched cohort sizes.

TPropensity score matched cohorts, refer to Appendix V
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3.5.2 Very premature birth (<32 weeks)

Very premature birth outcomes were reported in five studies,*6. 85.97. 101,103 gand four investigated
outcomes for the influenza A (H1N1) 2009 vaccine.46.85.97.103 Two of these were retrospective studies
that met the criteria outlined for meta-analysis.#6. 8 The analysis had a point estimate that favoured the
vaccinated cohort, with the upper 95% confidence interval marginally crossing the null value and it was
homogenous with an 12 percentage of 19% as seen in figure 3. The results from Pasternak et al. include
second and third trimester vaccination analysis only. Very premature birth for women vaccinated during
their first trimester had an estimated OR 0.97 (95% CI: 0.63 to 1.53). Two remaining studies were single
arm prospective studies and reported 0.8% and 1.1% of women in their vaccinated cohort having a very

premature delivery.97. 103

Only one study reported outcomes for very premature birth with the trivalent seasonal vaccine.'0! The
retrospective cohort study was conducted in hospitals in Texas USA over five influenza seasons
between October 2003 and March 2008 and included 8690 women who received seasonal influenza
vaccine, with 439 during the first trimester.10 The vaccinated cohort had 89% of women who were
under 35 years of age and the unvaccinated cohort was 91%. The vaccinated cohort had statistically
significant differences with a history of obstetric complication, with 72% compared to 48% and diabetes
12% to 6%.'91 The unexposed cohort received prenatal care over the same period. The study reported
that 0.7% of vaccinated women and 1.3% of the vaccinated cohort (p<0.001) had very premature

births.10" No adjustments or matching was performed on the study groups.

Overall there was no clinically or statistically significant adverse effect of the vaccine on very premature
births.

Vaccinated Unvaccinated Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI
4.1.1 HIN1 vaccine
Fell 2012 -0.3165 0.118 23280 32091 73.4% 0.73[0.58, 0.92]
Pasternak July 2012 -0.0305 0.2284 6642 6642 26.6% 0.97[0.62, 1.52]
Subtotal (95% CI) 29922 38733 100.0% 0.79 [0.61, 1.01]

Heterogeneity: Tau? = 0.01; Chi? = 1.24, df = 1 (P = 0.27); I = 19%
Test for overall effect: Z = 1.90 (P = 0.06)

Total (95% CI) 29922 38733 100.0% 0.79 [0.61, 1.01]
Heterogeneity: Tau? = 0.01; Chi®> = 1.24, df = 1 (P = 0.27); I*> = 19%

Test for overall effect: Z = 1.90 (P = 0.06)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100
Favours vaccine Favours control

Figure 3 Meta-analysis of very premature birth (< 32 weeks). Vaccinated versus unvaccinated
pregnant women with influenza A (H1N1) 2009
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3.5.3 Foetal death

Foetal death outcomes were reported in 17 studies in this review8. 77,78, 81,83, 85, 87, 88, 91, 93, 94, 97, 98, 100-103
and contained two new studies not discussed in previous sections.%. 190 Trivalent seasonal influenza
was only investigated in two studies'0!. 192 and the remainder investigated the monovalent influenza A
(H1N1) 200918.77.81,83,85, 87, 88, 91,93, 94,97, 98, 100, 103 gnd (Hsw1N1) 1976 vaccine.”® Foetal death following
influenza vaccination during pregnancy had a variety of definitions that complicated comparison

between studies and they are described in table 10.

Two studies were specifically designed to investigate the risk of foetal death following influenza A
(H1N1) 2009 vaccine.0!. 102 Sammon et al. (2012)% conducted a retrospective cohort study during the
2009 to 2010 influenza A (H1N1) vaccination campaign in the UK. Data were obtained from the UK
General Practice Research Database that contains primary care records for 8.4% of the UK population
and an algorithm was used to identify pregnancies and estimate start and end dates. Pregnant women
with at least 6 months of data available prior to their last menstrual period date were included. The
vaccinated cohort consisted of 9445 pregnant women with an unvaccinated cohort of 26993,1% and had
a mean age 29.9 years for those that delivered an infant, with 5.9% of pregnant women included also
having another clinical risk for influenza.1% The authors conducted a discrete survival analysis with
separate hazard ratios for weeks 9 to 12, weeks 13 to 24, and weeks 25 to 42. Only weeks 25 to 42 are
included in the foetal death analysis of this review. They used two models, with one assessing for an
adverse association and one for a protective effect. Potential confounders that were investigated in the
analysis included maternal age, history of spontaneous loss, diabetes, pre-pregnancy smoking status,
pre-pregnancy alcohol use, pre-pregnancy body mass index, the number of consultations in the 6
months before the last menstrual period, and being in an influenza risk group. None of these potential
confounders changed the point estimate of the HR for vaccination by more than 10% and they were not

included in the final models. 100

Foetal death following influenza A (H1N1) 2009 vaccination was also the sole outcome of interest for
the study by Pasternak et al. (2012).9 Using the nationwide registry they conducted a retrospective
cohort study of all singleton pregnancies in Denmark including live births, still births, and pregnancies
with an abortive outcome. Pregnant women included in the cohorts had a mean age of 30 (SD+5.2)
(n=7062) in the vaccinated cohort and 30.9 (SD+4.7) (n=47525) in the unvaccinated cohort.%¢ The
study included a period from November 2009 to 30 September 2010 and coincided with the start of the
vaccination campaign. A detailed assessment of comorbidities was performed and these were used in
propensity modelling. Cox proportional hazards regression with gestational age in days as the
underlying time scale was used to assess foetal death, stillbirth, and spontaneous abortion. Logistic

regression was used to estimate each woman’s probability to be vaccinated conditional on covariates.
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Women were excluded with a non-overlapping probability of being vaccinated at the extreme ends of
score distribution.® Multiple variables were included in the propensity models and these are described
in more detail in table 10. Both studies met all the appraisal criteria and were well-conducted

retrospective cohort studies.

Studies for trivalent seasonal influenza vaccine included a randomised controlled trial that has a small
sample size and not large enough to accurately assess this outcome,'%2 and a retrospective cohort that
indicated a reduction in the number of episodes of foetal death following vaccination that was
statistically significant.’0' The retrospective cohort study reported unadjusted rates and had unmatched

cohorts.

Studies on the influenza A (H1N1) 2009 vaccine included two retrospective cohort studies that had a
point estimate favouring the vaccinated cohort, with the upper confidence interval crossing the null
value. 891 Both were well conducted studies, although one did not have a clear definition of foetal
death.®' There were two retrospective cohort studies that also had a point estimate which favoured the
vaccinated cohort with an upper confidence interval that did not cross the null value and indicated the

results were statistically significant.85. 9

The study by Sammon et al. had a hazard ratio point estimate that favoured the unvaccinated cohort
with relatively wide confidence intervals that did not indicate a statistically significant result. One mixed
prospective and retrospective case study had a point estimate that favoured the unvaccinated cohort
with wide non-statistically significant confidence intervals due to only three cases in the vaccinated and

two in the unvaccinated cohort.8”

There were eight studies that had a description, rate or percentage of foetal death that occurred in their
studies. Two prospective cohort studies’”- % and a prospective single arm study'% reported no foetal
deaths. A cross sectional study reported a lower percentage for the vaccinated cohort with a non-
statistically significant reduction following a chi-square test.83 A retrospective study that had a
comparator group of the trivalent seasonal vaccine reported similar percentages for both the (H1N1)
2009 cohort and the trivalent cohort.8’

The remaining studies that included a prospective single arm and cohort study, one retrospective cohort
study, and the prospective study on the (Hsw1N1) 1976 vaccine had very small numbers and provide

limited additional insight into this outcome.”8. 8. 93,97

The outcome of foetal death had no statistically significant increase following vaccination during
pregnancy, although one study that used survival analysis had a point estimate that favoured the
unvaccinated cohort with wide non-statistically significant 95% confidence intervals.'® Some studies
indicated that the vaccine could potentially decrease the risk of foetal death, 89" however large

prospective studies are needed to confirm these findings. There was clinical and methodological
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diversity in the cohort studies and meta-analysis was unable to be performed. Further description of the

studies can be found in table 10 and Appendix V
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Table 10 Foetal death following exposure of pregnant women to the influenza vaccine

Study Design Vaccination | Control group | Results Definitions
group (n) (n)
Sheffield etal. | Retrospective | Trivalent No vaccine | 30 (0.3%) vaccinated Foetal death with weight >
(2012)10" cohort (8864) (76919) 436 (0.6%) unvaccinated (p=0.006) 500g.
Steinhoff etal. | Randomised Trivalent Pneumococcal | 3 stillbirths in influenza vaccinated cohort. No definition described. It is
(2012)102 controlled (169) vaccine Nil in the pneumococcal vaccinated cohort, unclear what gestational ages
trial (167) were included.
Conlin et al. Retrospective | Monovalent Trivalent 6.4% monovalent (H1N1) 2009 vaccine ICD-9 codes. Ectopic or molar
(2013)% cohort HIN1 09 (6759) 6.5% trivalent seasonal vaccine experienced pregnancy, other pregnancy
(9435) with abortive outcome,
intrauterine death, outcome of
delivery V27 (1,3,4,6,7), and
procedure indicating foetal
death. Gestational weeks not
clear.
Fell etal. Retrospective | Monovalent No vaccine | Adjusted RR 0.66 (95% CI: 0.47 to 0.91) Intrauterine death > 20 weeks
(2012) cohort H1N1 09 (32230) Adjusted for maternal age, family income, gestation.
(21363) + education, and maternal smoking.
trivalent
(1977)
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Study Design Vaccination | Control group | Results Definitions
group () (n)
Harberg etal. | Retrospective | Monovalent No vaccine | 78 foetal deaths in vaccinated cohort, HR 0.88 Miscarriage or stillbirth > 12
(2013)8 cohort H1N1 09 (87335) (95% CI: 0.66 to 1.17). weeks gestation.
(25976) Vaccination status and pandemic exposure were
adjusted for each other and also adjusted for age,
parity, marital status, use of nutritional supplements
during pregnancy, smoking during pregnancy,
history of earlier foetal death, and eight chronic
medical conditions.
Heikkinen et al. | Mixed Monovalent No vaccine | Adjusted OR 1.44 (95% CI: 0.23 to 8.90) Foetal death > 22 weeks
(2012)%7 prospective H1N1 09 (2213) Adjusted for parity, smoking, and maternal age. gestation.
retrospective (2295)
Horiya et al. Prospective Monovalent Monovalent | One aborted a 5-month twin gestation 40 days after | No definition described. It is
(2011)88 cohort H1N1 09, 2 HIN1 09,1 | immunisation. unclear what gestational ages
doses dose were included.
(128) (82)
Kallen and Retrospective | Monovalent No vaccine | Adjusted OR 0.81 (95% CI: 0.59 to 1.12). No definition described. It is
Olausson cohort H1N1 (84 484) Adjusted for year of birth, maternal age, parity, unclear what gestational ages
(2012)° (18 844) smoking, BMI, preterm birth, low birth weight, and | were included.
SGA<2 SD for age.
Lin et al. Retrospective | Monovalent No vaccine | Nil in vaccinated group No definition described. It is
(2012)% cohort HIN1 (206) 1in unvaccinated group. unclear what gestational ages
(202) were included.
Mackenzie et Prospective Monovalent No vaccine | No reported stillbirths No definition described. It is
al. (2012)% cohort H1N1 09 (13) unclear what gestational ages
(104) were included.
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Study Design Vaccination | Control group | Results Definitions
group (n) (n)
Omon et al. Prospective Monovalent N/A 1 foetal death (0.2%) No definition described. It is
(2011)%7 single arm HIN1 09 unclear what gestational ages
study (651) were included.
Opperman et Prospective Monovalent No vaccine | Nil foetal deaths in either cohort No definition described. It is
al. (2012)7" cohort H1N1 09 (1329) unclear what gestational ages
(323) were included.
Pasternak et al. | Retrospective | Monovalent No vaccine | Adjusted HR 0.44, (95% ClI: 0.20 to 0.94).f Foetal death > 22 weeks
(2012)%8 cohort HIN1 09 (47524) gestation.
(7062)
Rubinstein et Cross Monovalent No vaccine | 25 (0.3%) vaccinated Intrauterine death of the
al. (2013)% sectional H1N1 09 (23195) 111 (0.5%) unvaccinated (p=0.08) foetus in a pregnancy > 22
study (7293) weeks.
Sammon et al. | Retrospective | Monovalent No vaccine | HR 0.70 (95% CI: 0.47 to 1.03) immunity model. Foetal death in gestational
(2012)100 cohort H1N1 09 (26993) HR 1.56 (95% Cl: 0.73 to 3.34) toxicity model. weeks 25 to 43
(9445)
Taveres etal. | Prospective Monovalent N/A Nil stillbirths Foetal loss > 24 weeks
(2011)103 single arm H1N1 09 gestation.
study (267)
Deinard, Prospective Monovalent No vaccine | 1in each cohort. Foetal death > 20 weeks
Ogburn cohort HswiN1 76 (517) gestation.
(1981)78 (176)

t Propensity score modelling performed, refer to Appendix V.
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3.5.4 Spontaneous abortion

Spontaneous abortion outcomes were reported in 8 studies in this review.”7-79.87. 94,98, 100,103 Qnly one
was investigating the trivalent seasonal vaccine,’ and the remainder were investigating the monovalent
influenza A (H1N1) 200977. 87,94, 98,100,103 or (Hsw1N1) 1976 vaccine.” The gestational age of
‘spontaneous abortion’ was inconsistent in the studies included and two studies did not have a clear
definition.””- 94 Spontaneous abortion is the most common complication of early pregnancy,!'” but
despite this the numbers receiving the vaccine prior to the period used to define spontaneous abortion

are low and that has resulted in smaller sample sizes in this outcome.

Only one case control study included spontaneous abortion outcomes for the seasonal trivalent
influenza vaccine.” The study was conducted in the USA amongst health sites linked by a data network
and was conducted over two influenza seasons between 2005 and 2007, involving a cohort of pregnant
women aged 18 to 44 at the time of pregnancy loss.” The mean age in the cohort with pregnancy loss
prior to 16 weeks was 31.7 years (SD+6.0) and in the group with no pregnancy loss 29.3 years
(SD+5.4), with 16.5% of all pregnant women also having a chronic medical condition. Pregnancy losses
through to 16 weeks were included to capture events in the weeks following vaccine exposure. Controls
were randomly selected and matched based on the closest last menstrual period, as well as having
confirmed pregnancy and delivery beyond 20 weeks. Logistic regression was performed for maternal
age, parity, maternal diabetes, and health care utilisation. McNemar tests were used for dichotomous
variables. The results had an odds ratio point estimate that favoured the vaccinated group in the 28-day
exposure window following vaccination,’ although the confidence interval indicates that this result was
not statistically significant. There were limitations including possible vaccinated women in the control
cohort, and some potential confounders that increase the risk of spontaneous abortion were not
included such as ethnicity, alcohol, and other medical conditions. The other issue that is common with
most of the retrospective studies is that spontaneous abortion needed to be identified in a medical
setting and this may not always be the case in an early spontaneous abortion. In this particular study

spontaneous abortions prior to 5 weeks of gestation were excluded.

Pasternak et al.’s (2012) retrospective cohort study on all live births in Denmark investigated the
association of the influenza A (H1N1) 2009 vaccine with spontaneous birth up to 22 weeks and has
been described in the previous section.®® Spontaneous abortion only consisted of pregnant women
vaccinated during their first trimester and had a hazard ratio point estimate that favoured the
unvaccinated control cohort. Although the confidence interval crossed the null value and was non-
statistically significant,® adverse effects on spontaneous abortion cannot be ruled out from this study.
Whilst there was a comprehensive number of potential confounding factors included in their analysis,

not all potential confounding factors were able to be included such as some comorbidities, alcohol, and
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non-prescription drug use.

The other study that was specifically designed to assess the outcomes of foetal death and spontaneous
abortion following influenza A (H1N1) 2009 vaccination is also described in the previous section.'% Both
models for foetal death between the weeks (9 to 12) and (13 to 24) calculated hazard ratios with a point
estimate that favoured the vaccinated cohort with a confidence interval suggesting that the results were
statistically significant. Despite this, their results also indicated that the vaccine resulted in a reduction in
foetal death at a time when the influenza virus was in limited circulation and no such association should

exist. The authors concluded there was residual confounding that was unable to be measured.%

A prospective single arm study described the number of pregnant women who experienced foetal loss
prior to 24 weeks and four occurred during their study. The remaining studies had low numbers, or
unclear definitions of gestational age, or did not specify the number of women vaccinated prior to the

event of interest and provide limited additional insight into this outcome.”7. 78,87, 94

Whilst these studies show no statistically significant increase in spontaneous abortion, even a very
small increase due to a vaccine would be of great clinical significance. Both studies by Irving et al.
(2013) and Pasternak et al. (2012) discuss the preliminary nature of their first trimester findings.” % The
studies were clinically and methodologically diverse and meta-analysis was unable to be performed.

Results are described in further detail in table 11.
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Table 11 Spontaneous abortion following exposure of pregnant women to the influenza vaccine

Study Design Trimester | Study group | Control group | Results Definitions
vaccinated (n) (n)
Irving et al. Case control | 31inthe 15t | Foetalloss < | No foetal loss < | Receipt of the influenza vaccine in the 28 days Pregnancy loss < 16
(2013)7° study trimester. 16 weeks 16 weeks prior to spontaneous abortion, adjusted OR 1.23 | weeks of gestational
gestation + gestation + (95% CI: 0.53 to 2.89, p=0.63) age.
trivalent trivalent Adjusted for maternal age, parity, maternal
influenza influenza diabetes, and health care utilisation.
vaccination. | vaccination.(n=2
(n=243) 43)
Heikkinen etal. | Mixed 94 in the 1st | Monovalent No vaccine Nil in vaccinated cohort. Foetal death < 22
(2012)8 prospective trimester. H1N1 09 (2213) 9 cases in unvaccinated cohort. weeks gestation.
retrospective (Unclear)
Mackenzie et Prospective | 19inthe 1st |  Monovalent No vaccine 4 spontaneous miscarriages reported by 3 No definition
al. (2012)% cohort trimester H1N1 09 (13) women. described. It is unclear
(Unclear) what gestational ages
were included.
Opperman et al. | Prospective | 55in the 1st | Monovalent No vaccine Adjusted HR 0.89 (95% ClI: 0.36 to 2.19). No definition
(2012)77 cohort trimester H1N1 09 (1329) Adjusted for vaccination time and Study entry_ described. It is unclear
(Unclear) what gestational ages
were included.
Pasternak et al. | Retrospective | 2736 inthe | Monovalent No vaccine Adjusted HR 1.11 (95% CI: 0.71 to 1.73). Foetal death between
(2012)%8 cohort 1st trimester H1N1 09 (32627) 7 and 22 weeks
(2736) gestation.
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Study Design Trimester | Study group | Control group | Results Definitions
vaccinated (n) (n)
Sammon etal. | Retrospective 4912 Monovalent No vaccine Foetal death in weeks 9 to12, Foetal loss at any time
(2012)100 cohort vaccinated H1N1 09 (26993) HR 0.74 (95% Cl: 0.62 to 0.88) immunity model. | between the 9" week
weeks in (N/A)§ HR 0.56 (95% Cl: 0.43 to 0.73) toxicity model. | of pregnancy and
the 1 Foetal death in weeks 13 to 24, delivery.
trimester, HR 0.59 (95% Cl: 0.45 to 0.77) immunity model.
46952 r:(r; the HR 0.45 (95% CI: 0.28 to 0.73) toxicity model.
trimester*
Taveres et al. Prospective 42 in 1st Monovalent N/A 4 spontaneous abortions occurred (3.3%). Foetal death < 24
(2011)103 single arm trimester, H1N1 09 weeks gestation.
study 120 prior to (120)
24 weeks
Deinhard, Prospective 41in 1st Monovalent No vaccine 2 women had a spontaneous abortion following Foetal death < 20
Ogburn cohort trimester. HswiN1 76 (517) vaccination in the first trimester. 6 women in the | weeks gestation.
(1981)8 (Unclear) unvaccinated group had a spontaneous abortion.

" Propensity matched cohorts, refer to Appendix V.
* Presented as weeks at risk following vaccination per trimester.
% Crude numbers not available; refer to vaccinated weeks per trimester.
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3.4.5 Congenital abnormality

Congenital abnormality outcomes were reported in 15 studies.46.57.77.78, 81,83, 87-89, 91, 94, 95, 97, 101,103 The
studies with outcomes of interest contained three investigating trivalent seasonal vaccines, 9. 9. 101 10
on monovalent influenza A (H1IN1) 2009, 46.77.81,83, 87,88, 91,94, 97,103 gnd two on (Hsw1N1) 1976

vaccine.57. 78

The developing foetus is at most risk during the first trimester,52 so the timing of the vaccination in
relation to the date of conception is an important factor. Not all studies included a sub group analysis of
women vaccinated during their first trimester, or restricted their results to this population. The definition
used for congenital malformation was not standard amongst the studies as some of the studies included
minor malformations and major malformations, whilst others just counted major malformations. The
majority of studies used European Surveillance of Congenital Anomalies (EUROCAT) guidelines®, or
Centre for Disease Control Metropolitan Atlanta Congenital Defects Program (CDC MACDP)
guidelines,® or the Swedish Birth Defects Register, and the Medical Birth Registry for classification of
congenital abnormalities. Other studies took the information directly from medical discharge summaries
or medical records, and undertook deliberation by a panel of clinicians to classify congenital

malformations. The methods of classification are described for each study in table 12.

Some maternal risks have been described previously that may increase the risk of congenital
abnormalities. Other than age, the overall assessment of potential confounding variables was not
performed well. Only one study included folic acid supplementation in its assessment of participant
characteristics,?’ six assessed level of smoking,46. 78.83.87.91.97 foyr assessed maternal weight,46. 8. 91, 101
five assessed diabetes and other comorbidities,*6. 97. 101,103 and four assessed alcohol or drug use.*6. 83.
87.97 Congenital abnormalities due to some chromosomal conditions, genetic disorders, and other
known causes such as infection were also managed differently in the studies. These are explained in

more detail in the summary of study outcomes.

There were three studies on a trivalent seasonal influenza vaccine®®. 9. 101 and two reported no
congenital malformations in the vaccinated cohorts.®. % The study by Sheffield et al. (2012)
investigating major malformations had a point estimate odds ratio marginally over the null value and
precise confidence intervals.'0" They were able to perform a sub-group analysis on women vaccinated
during their first trimester that had a point estimate favouring the vaccinated cohort and non-statistically

significant confidence intervals. 0!

There were four studies investigating the influenza A (H1N1) 2009 vaccine that had an unvaccinated
comparator group and calculated odds ratios.#6.77.87.91 A retrospective nation-wide cohort study by
Pasternak et al. (2012) investigating major birth malformations used EUROCAT definitions for women

vaccinated in their first trimester. They excluded infants with chromosomal defects, genetic disorders,
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defect syndromes with known causes, and congenital viral infections possibly associated with birth
defect e.g. rubella. They had an odds ratio point estimate that favoured the unvaccinated control cohort,
but with only 33 cases and matched cohorts of 330 pregnant women each, it had wide confidence
intervals with a high upper limit.6 In the study the population exposed to the vaccine during the first
trimester was women with comorbidities, which were a potentially higher risk population for congenital

malformations than the unvaccinated cohort.

Opperman et al.’s (2012) prospective cohort investigating major malformations contained 20
participants who were vaccinated within four weeks prior to conception, as well as during the first
trimester.”” Their cohorts excluded women with exposure to teratogenic or fetotoxic substances
including multiple prescription medications, exposure to antiviral medication, treatment for influenza,
malignant tumours, and any convulsions including febrile convulsion. Results indicated an odds ratio
point estimate favouring the vaccinated cohort for ‘all malformations’ using EUROCAT definitions.”
They also did a sub group analysis of those women vaccinated during their first trimester only and the
point estimate indicated null effect, with relatively wide confidence intervals due to the smaller number

of women vaccinated.””

Kallen and Olausson’s (2012) retrospective cohort used Swedish Medical Birth Register definitions
which excluded less significant malformations and had an odds ratio point estimate 0.1 above the null
value for pregnant women vaccinated in their first trimester, with precise confidence intervals.®! The
authors also performed a separate analysis for women vaccinated during weeks one to nine gestation

and this estimate also was close to the null value, with precise confidence intervals.?!

Heikkinen et al.'s (2012) mixed prospective and retrospective cohort study had each potential congenital
malformation adjudicated by an expert panel that was blinded to the vaccination status of the infant's
mother. Malformations were retained if they were listed on the EUROCAT guidelines. Malformations
diagnosed prior to vaccination and chromosomal malformations were excluded. Pregnant women
vaccinated during any trimester had an odds ratio point estimate that favoured the unvaccinated control

cohort, with non-statistically significant confidence intervals.8”

The remaining studies on the influenza A (H1N1) vaccine contained descriptive data and had rates of
major congenital malformation that ranged between 0% and 4.7%.8!.83. 88,103 These studies included all
congenital abnormalities regardless of possible cause.8!. 83.88.103 The two remaining studies that
investigated the monovalent (Hsw1N1) 1976 vaccine had descriptive results on all congenital
malformations and one performed a chi-square analysis that estimated a significant reduction of

congenital abnormalities in the vaccinated cohort.57. 78 All results are described in more detail in table 12.

Meta-analysis was unable to be performed due to the diversity in definitions and methodology. Similar to

the outcome of spontaneous abortion, even a small increase in harm in this outcome would likely
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outweigh the benefit of being vaccinated during the first trimester for healthy women, when the risk from
complication from influenza is at its smallest.5 12 No studies indicated a statistically significant increase
in congenital malformation following influenza vaccination. Descriptive studies that reported
percentages are difficult to align with external congenital malformation rates from surveillance or other
studies, as there are many variables and differences in methods that need to be taken into
consideration. Four studies were able to compare vaccinated and unvaccinated cohorts during the first
trimester when the foetus is at most risk.46.77.91.101 Studies by Pasternak et al (2012) and Opperman et
al (2012) had upper odds ratio confidence intervals at or above 2 and it is not possible to conclude with
certainty that the vaccine had no adverse effect on congenital malformations in these studies.6.77 The
studies by Kallen and Olausson., (2012) and Sheffield (2012) had more statistical power and confidence
intervals are closer to the null value, indicating that an association with the influenza vaccination and
congenital malformation is unlikely in these studies.®!. 101 Clinically there is no evidence that the vaccine
is unsafe to use in the first trimester. However, the evidence would be strengthened with increased
sample size of the vaccinated cohort. Comprehensive assessment and adjustment or matching of

potential variables that may contribute to premature birth is also required.
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Table 12 Congenital malformation following exposure of pregnant women to the influenza vaccine

Study Design 1st trimester | Vaccination Control Results Definitions
vaccinations | group (n) group (n)
Hulka (1964)% | Pseudo- 13 Seasonal Placebo | No congenital anomalies in pregnant women No definition described.
randomised (13) (181) vaccinated in their first trimester.
controlled
trial
Sheffield et al. | Retrospective 439 (5%) Trivalent No vaccine | 1st trimester unadjusted OR 0.67 (95% CI: 0.36 to Major malformations,
(2012)101 cohort (8864) (76919) 1.26). significant functional or
2nd and 3 trimester, unadjusted OR 1.01 (95% Cl: | cosmetic impairment or
0.85t0 1.21). those that were life
limiting.
Munoz et al. Retrospective Nil Trivalent No vaccine | Nil vaccinated ICD-9 codes not
(2005)% cohort (225) (826) 15 (1.8%) unvaccinated described.
Conlin et al. Retrospective | 4122 (39.7%) | Monovalent | Trivalent | 2.1% of all trimester (H1N1) 2009 vaccinations. Case definition from the
(2013)81 cohort H1N1 and H1N1 09 (7560) 2.0% of all trimester trivalent seasonal vaccinations | National Birth Defects
2745 (36.3%) |  (10376) Prevention Network.62
trivalent ICD-9 codes for
congenital anomalies
(740.xx-760.xx).
Heikkinen et Mixed 94 (4%) Monovalent | No vaccine | All trimesters adjusted OR 1.33 (95% CI: 0.88 to All congenital
al. (2012)37 prospective H1N1 09 (2213) 2.00), adjusted for parity, smoking, and maternal malformations defined
retrospective (2295) age. as such in EUROCAT

1st trimester 2 (2.1%)
2nd trimester 35 (2.7%)
3rd trimester 19 (2.1%).

guidelines.®
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Study Design 1st trimester | Vaccination Control Results Definitions
vaccinations | group (n) group (n)

Horiya et al. Prospective 15(11.7%) | Monovalent | Monovalent | Nil vaccinated in 1st trimester. No definition described.
(2011)88 cohort HIN109,2 | HIN109,1 | 5(4.2%) vaccinated in 2nd and 3 trimester.

doses dose

(128) (82)
Kallen and Retrospective 3165 Monovalent | No vaccine | 1sttrimester only adjusted OR 1.01 (95% CI: 0.83 to | Any malformation
Olausson. cohort (17.0%), H1N1 (138.931) | 1.23). Adjusted for year of birth, maternal age, registered in the
(2012)°1 weeks 1-9 (3165) parity, smoking, BMI, preterm birth, low birth weight, | Swedish Medical Birth

1729. Weeks 1-9 and SGA <2 SD for age. Register
(1729) Vaccination between weeks 1 and 9, OR 0.93 (95%
Cl: 0.81101.22).

Mackenzie et | Prospective Unclear Monovalent | No vaccine | 6 in the vaccinated cohort. No definition described.
al. (2012)% cohort H1N1 09 (13)

(104)
Omon et al. Prospective 29 (4%) <15 | Monovalent N/A All trimester vaccination. EUROCAT definitions.
(2011)%7 single arm weeks HIN1 09 19 (3.1%) major congenital malformations

(580) 7 (1.4%) minor cases or deformities
Opperman et | Prospective 95 (17%) Monovalent | No vaccine | All trimester, ‘all malformations’ adjusted OR 0.92 All malformations as per
al. (2012)77 cohort H1N1 09 (1329) (95% Cl: 0.58 to 1.46)." EUROCAT definitions.?

(Unclear) 1st trimester vaccination ‘all malformations’ crude OR
0.99 (95% CI: 0.43 to 2.00)

Pasternak et | Retrospective 345 Monovalent | No vaccine | Adjusted POR 1.21 (95% CI: 0.60 to 2.45).} Major malformations as
al. (2012)46 cohort HIN1 09 (330)t per EUROCAT

(330)t definitions.83
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Study Design 1st trimester | Vaccination Control Results Definitions
vaccinations | group (n) group (n)
Rubinstein et | Cross 2874 (39.4%) | Monovalent | No vaccine | All trimester vaccination. Alterations in anatomical
al. (2013)8 sectional H1N1 09 (23195) | 35 (0.5%) vaccinated development diagnosed
study (7293) 137 (0.6%) unvaccinated during gestation or
physical examination
Taveres etal. | Prospective 42 (15.7%) | Monovalent N/A 6 (1.9%) in all trimester vaccinations. CDC MACDP
(2011)103 single arm HIN1 09 Nil vaccinated in 15t trimester guidelines®
study (267)
Deinard, Prospective 41 (23%) Monovalent | No vaccine | 14 (8.0%) vaccinated in all trimesters The data included major
Ogburn cohort Hsw1N176 (517) 67 (13.0%) unvaccinated cohort. (p < 0.005) and minor malformations
(1981)78 (176) from nursery discharge
summaries.
Sumaya, Prospective Nil Monovalent | No vaccine | 3 had detectable congenital defects; inguinal hernia, | No definition described.
Gibbs (1979)7 | cohort Hsw1N1 76 (56) phalangeal tag, and clubfeet.
(56)

t Propensity matched cohort sizes, refer to Appendix V.

* Propensity score adjusted, refer to Appendix V.
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3.4.6 Small for gestational age (SGA) birth

Small for gestational age infants were reported in 8 studies.46. 57. 80. 85,91, 96,101,102 The studies included
three investigating the trivalent seasonal vaccine, % 101.102 four investigating the monovalent influenza A
(H1N1) 200946. 80.85,91 yaccine, and one the (Hsw1N1) 1976 vaccine.5” The definitions used for SGA
birth consisted of SGA less than third percentile and SGA less than tenth percentile, or two or more
standard deviations below the mean gestational age. Retrospective studies were included in meta-
analysis as described in the ‘assessment of heterogeneity’ section. There were two retrospective
studies combined in meta-analysis (figure 4) and they have been described previously.46.85 The
influenza A (H1N1) 2009 analysis showed the Tau? was less than one, and combined with the |2
percentage of 30% it indicates the studies are statistically homogenous. The meta-analysis indicated a
statistically significant reduction in SGA less than tenth percentile births, although the upper confidence
interval was close to the null value. Kallen and Olausson (2012) were not able to be included in meta-
analysis as they used a different outcome measure of less than two SD. They had a point estimate

favouring the unvaccinated cohort, with non-statistically significant confidence intervals.%!

In the remaining retrospective studies one was investigating the influenza (H1N1) 2009 vaccine,?0 with
the study by Richards et al. (2013) using SGA less than tenth percentile and reporting a point estimate

that favoured the unvaccinated control group, although it was not statistically significant.&

SGA following vaccination with the seasonal vaccine was included in three other studies, with the
secondary analysis of the randomised control trial by Steinhoff et al. (2012) indicating a reduction in the
point estimate, with a non-statistically significant confidence interval.1%2 The study by Sheffield et al. also
on the seasonal influenza vaccine investigated both SGA less than the third and tenth percentile and
reported that both with similar percentages and not statistically significantly different.’9! The remaining
study on the trivalent seasonal vaccine conducted analysis in different periods of influenza circulation.
The estimate during the putative period showed a non-statistically significant reduction in the point
estimate that became a significant reduction when measurement was restricted to the peak influenza
period.? The only study that investigated the monovalent (Hsw1N1) vaccine reported the percentage of

SGA births from the vaccinated arm of the study only.%

The outcome of SGA infants had no statistically significant increase following vaccination. The larger
population cohorts indicate that there is unlikely to be any adverse effect of gestational size of infants at
birth associated with influenza vaccination.8 91.98 Some studies and meta-analysis indicated that
vaccination may reduce the number of SGA infants, especially during times of peak influenza

circulation.8 %. 102 These findings would need to be confirmed in larger prospective research.
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Vaccinated Unvaccinated Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
5.1.1 HIN1 vaccine
Fell 2012 -0.1054 0.0292 23265 32068 69.9% 0.90 [0.85, 0.95]
Pasternak July 2012 -0.0305 0.0555 6642 6642 30.1% 0.97 [0.87, 1.08]
Subtotal (95% Cl) 29907 38710 100.0% 0.92 [0.86, 0.98]
Heterogeneity: Tau? = 0.00; Chi? = 1.43, df = 1 (P = 0.23); I* = 30%
Test for overall effect: Z = 2.41 (P = 0.02)
Total (95% CI) 29907 38710 100.0% 0.92 [0.86, 0.98]
Heterogeneity: Tau? = 0.00; Chi? = 1.43, df = 1 (P = 0.23); I = 30% IO o1 0=1 1 1‘0 100=
Test for overall effect: Z = 2.41 (P = 0.02) Favours vaccine Favours control
Test for subgroup differences: Not applicable

Figure 4 Meta-analysis of SGA < 10t percentile infant. Vaccinated versus unvaccinated pregnant

women
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Table 13 SGA infants following exposure of pregnant women to the influenza vaccine (not included in meta-analysis)

Study Design Vaccinated | Control | Result
group (n) | group (n)
Omer, et al. Retrospective Trivalent | No vaccine | Putative influenza season, OR 0.74 (95% CI: 0.47 to 1.15)
(2011)% cohort study (578) (3590) | Period of widespread influenza activity, OR 0.31 (95% CI: 0.13 to 0.75)
Adjusted for gestational age at first antenatal visit, maternal diabetes, multivitamin use in
pregnancy, history of alcohol use during pregnancy, education less than 12th grade, and
mother married.
Sheffield et al. | Retrospective Trivalent | No vaccine | SGA < 10t percentile, 944 (11%) vaccinated, 183 (11%) unvaccinated, (p=0.9)
(2012)10" cohort (8864) (76919) | SGA < 3rd percentile, 311 (4%) vaccinated, 2579 (3%) unvaccinated (p=0.5)
Steinhoff et al. | Randomised Trivalent | Pneumococ | SGA <10t percentile, adjusted OR 0.63, (95% CI: 0.4 to 1.0).
(2012)"8 controlled trial (169) cal vaccine | During the period with circulating virus, adjusted OR 0.43 (95% Cl: 0.20 to 0.94)
(167) Adjusted for interval between vaccination and birth.
Fell et al. Retrospective | Monovalent | No vaccine | SGA < 31 percentile, Adjusted RR 0.81 (95% CI: 0.72 to 0.92)
(2012)% cohort HIN1 09 (32230) | Adjusted for maternal age, family income, education, neighbourhood immigrant
(21363) + concentration, chronic hypertension, and maternal smoking.
trivalent
(1977)
Kallen, Retrospective | Monovalent | No vaccine | <2 SD, adjusted OR 1.08 (95% CI: 0.95 to 1.23)
Olausson, cohort HIN1 (84484) | Adjusted for year of birth, maternal age, parity, smoking, BMI, preterm birth, and low birth
(2012)% (18844) weight.
Richards et al. | Retrospective | Monovalent | No vaccine | SGA < 10t percentile, adjusted OR 1.26 (95% CI: 0.94 to 1.69)
(2013)% cohort HIN109+ | (1505) | Adjusted for: matemal age, asthma, gestational diabetes, cardiovascular disease,
trivalent hypertension during pregnancy, multiple birth, pregnancy complication, any antiviral use
(1064) during pregnancy, and site.

69



Study Design Vaccinated | Control | Result
group (n) | group (n)
Sumaya, Prospective Monovalent | No vaccine | SGA <2 SD, 9 infants (16%)
Gibbs, (1979)%" | cohort Hswi1N1 76 (56)
(56)
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3.4.7 Low birth weight baby

Low birth weight infants were reported in 9 studies. 8. 46. 80. 83,87, 91, 93,102,103 Qnly one study on the
trivalent influenza vaccine included this outcome. 02 Low birth weight was consistently defined as less
than 2500g in all of the studies. Only two of the studies assessed as suitable for meta-analysis had the
outcome of low birth weight infant.46.91 For this outcome they were statistically heterogeneous with an 12
statistic of 72% and the meta-analysis has not been included. This is the only outcome in which there
has been an issue with the heterogeneity of the studies that have been combined. There are differences
that may have resulted in the statistical heterogeneity for low birth weight. Pasternak et al.46 has small
numbers of pregnant women vaccinated during their first trimester and the analysis includes 2" and 31
trimester vaccinations only. Kallen et al®! has a comparatively large number of first trimester
vaccinations in their analysis. Potential confounders also have some difference with Pasternak et al,
including several more variables in their propensity matched cohorts that were not assessed by Kallen
et al. Some of these included history of foetal death, diabetes and other chronic conditions, drugs used
during pregnancy, degree of urbanisation, history of birth defects, and spontaneous abortion. 46.91 Both
studies also used different methods for adjusting for potential confounders. Pasternak et al. adjusted
odds ratio had a point estimate that favoured the unvaccinated cohort for pregnant women vaccinated
during their second and third trimester, with a precise confidence interval that has upper and lower limits
close to the null value.*6 Their separate analysis of pregnant women vaccinated during their first
trimester had a point estimate that favoured the vaccinated cohort with wider non-statistically significant
intervals.“6 Kallen et al. had a point estimate favouring the vaccinated cohort that was also not

statistically significant.®!

Remaining studies on the influenza A (H1N1) 2009 vaccine that had an unvaccinated comparator and
calculated an odds or hazard ratio had a point estimate favouring the vaccinated cohort and confidence
intervals that were precise, indicating no adverse effects of the vaccine on low birth weight were likely.®
83,87 80 One of those studies indicated a statistically significant reduction in low birth weight infants in the
vaccinated cohort.83 One study that reported percentages for both cohorts had a reduced number of
vaccinated women who gave birth to low birth weight infants. The only study on trivalent seasonal
influenza vaccine was from a randomised controlled trial, and the point estimate favoured the

vaccinated cohort, but due to the low power had wide imprecise confidence intervals.102

The outcome of low birth weight infants had no statistically significant increased risk following
vaccination and any adverse effect of the vaccine on low birth weight infants is unlikely. Results are
described further in table 14.
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Table 14 Low birth weight baby (<2500g) following influenza vaccination during pregnancy.

Study Design Vaccinated Control group | Results
cohort (n) (n)
Steinhoff et al. Randomised Trivalent Pneumococcal | Adjusted OR 0.53 (95% CI: 0.2 to 1.4).
(2012)102 controlled trial (169) vaccine Adjusted for gestational age at immunisation and interval from immunisation to
(167) delivery.

Harberg et al. (2013)'® | Retrospective Monovalent H1N1 No vaccine | HR 0.90 (95% CI: 0.76 to 1.08).

cohort 09 (87335) Adjusted for influenza exposure and vaccination status, age, parity, marital status,

(25976) use of nutritional supplements during pregnancy, smoking during pregnancy, history
of earlier foetal death, and eight chronic medical conditions.

Heikkinen et al. Mixed Monovalent H1N1 No vaccine | Adjusted OR 0.88 (95% CI: 0.61 to 1.26).
(2012)%7 prospective 09 (2213) Adjusted for parity, smoking, and maternal age.

retrospective (2295)
Kallen, Olausson, Retrospective Monovalent H1N1 No vaccine | Vaccinated versus pre-vaccination group OR 0.91 (95% CI: 0.81 to 1.03).
(2012)*" cohort (18 844) (84 484) | Adjusted for year of birth, maternal age, parity, smoking, BMI, preterm birth, low

birth weight, and SGA <2 SD for age.

Lin etal. (2012)% Retrospective Monovalent H1N1 No vaccine | 16 (7.9%) infants in the vaccinated group

cohort (202) (206) 28 (13.6%) in the unvaccinated group
Pasternak, et al. Retrospective Monovalent H1N1 No vaccine | POR 0.83 (95% Cl: 0.41 to 1.67), 1st trimester vaccination.
(2012)% cohort study 1sttrimester (330) | 1sttrimester | POR 1.14 (95% CI: 0.94 to 1.38), 2" and 3t trimester vaccination.”

2nd gnd 3 (330)
trimester 2nd and 3
(6642) trimester
(6642)
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Study Design Vaccinated Control group | Results
cohort (n) (n)
Richards et al. (2013)80 | Retrospective Monovalent H1N1 No vaccine | Adjusted OR, 0.79 (95% CI: 0.56 to 1.10).
cohort 09 + trivalent (1581) Adjusted for: maternal age, asthma, gestational diabetes, cardiovascular disease,
(1125) hypertension during pregnancy, multiple birth, any pregnancy or birth complication,
and site.
Rubinstein et al. Cross sectional | Monovalent H1N1 No vaccine | Adjusted OR 0.74 (95% ClI: 0.65 to 0.83).
(2013)% 09 (23195) Adjusted for: antenatal visits, level of education, maternal age, income, parity,
(7293) smoking, and history of pregnancy induced hypertension.
Taveres et al (2011)103 | Prospective Monovalent H1N1 N/A 21 (8.1%), 12 were preterm.
single arm 09
(267)

T Propensity matched cohorts, refer to Appendix V.
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Chapter 4. Discussion and Conclusion

Introduction

Chapter 4 will further explore and discuss the results of the systematic review and draw conclusions
from the findings. The premise of this review is that pregnant women are a unique group due to the
changes that take place to their immune system during pregnancy, as well as the potential effects of the
influenza vaccine on the growing foetus and infant. Although some evidence gathered from research on
healthy adults is applicable, the effectiveness and safety of vaccines in pregnant women should be
considered separately, just as it is in other groups with altered immune function such as children and

the elderly.

It is clear from this systematic review that there has been a large body of evidence added in the three
years following the influenza A (H1N1) 2009 pandemic. It is difficult to assess how relevant the evidence
gathered during this period is to the trivalent seasonal vaccine, and if it is transferrable to our next
pandemic vaccine and outbreak. The increased severity of illness in pregnant women, mixed with the
good match between the vaccine and circulating pandemic strain, should have resulted in increased
protective effect if there is one. Any association with a protective or adverse effect during the pandemic

outbreak may not be replicable during a non-pandemic influenza season, or with a polyvalent vaccine.

4.1 Effectiveness in pregnant women

Recent studies on pregnant women and the influenza vaccine have shifted focus to the effects on the
foetus and infant, rather than the mother. Only a small number of studies are available that demonstrate
the vaccines are effective at preventing influenza in pregnant women, and an even smaller number
assessing the effects on reducing severe illness and mortality in pregnant women. This remains an
important area, with complications from influenza during the influenza A (H1N1) 2009 pandemic

resulting in increased mortality and severe illness in pregnant women.®: 13

There is only one recent randomised controlled trial that is able to give us an estimate of the seasonal
vaccine’s effectiveness in reducing influenza-like illness in pregnant women. A systematic review on the
effectiveness of trivalent influenza vaccination on healthy adults by Jefferson et al. (2010) reported an
estimated effectiveness at 30% (95% Cl: 17% to 41%) during times that the vaccines were well
matched.32 That estimate is similar to the effectiveness estimated in the sole randomised controlled trial

in this review investigating this outcome.%®

Estimating effectiveness of outcomes generally requires the cohorts to be at similar risk of harm. There
were four retrospective studies that reported results on the effectiveness of the vaccine in reducing

influenza-like iliness in pregnant women.”: 18.80.95 Risk of contracting influenza fluctuates with the peaks
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and troughs of virus circulation during an influenza season and varies with the lengths of time exposed
to the virus. The studies need to take this into account with their design and one method is to use a
model that involves survival analysis,® as performed by Harberg et al. (2013)'8 Another method is to
match the unvaccinated cohort at a similar stage of pregnancy, length of time exposed to the influenza
season, and timing, in relation to the peak period of circulating virus. This needs to be considered when
looking at outcomes from individual retrospective studies. Even with consideration of these factors there
are still important limitations with retrospective designed studies that require passive identification of
cases, and in particular non-hospitalised cases.% |deally prospective research that has primary end
points which include laboratory confirmed cases of influenza, rather than influenza-like iliness, should

be conducted to establish effectiveness of the vaccine.10

Research into the effectiveness of the influenza vaccine was sparse. Conducting prospective research
during a pandemic is extremely difficult due to the limited time to design the study, as well as arrange
funding and ethics approval. In addition, the methods used for testing are inconsistent as resources,
both human and material, become scarce so that sets of symptoms are used to diagnose positive cases
and laboratory viral testing is restricted to prioritised groups, or ceases all together. Despite these
obstacles, large amounts of public money is spent developing and administering influenza vaccines.
More prospective research is required to better inform decision makers and the general public. It is
logical that reducing non-hospitalised influenza-like iliness or influenza should result in a decrease of
severe disease. However as yet there is currently no evidence available to show that this is the case.
This is an important area of research not only for the health of pregnant women, but also for foetal
outcomes as hospitalised maternal illness is currently considered the main threat to good outcomes. 8
Reducing severe disease in pregnant women appears to be one of the highest priority areas for future

research.

4.2 Effectiveness for infants up to 6 months of age

Effectiveness of the vaccine in reducing both influenza symptoms and hospitalisation for infants up to 6
months of age appears to be important evidence as to why pregnant women should get vaccinated
during non-pandemic influenza seasons. Studies conducted on the seasonal vaccine by Eick et al.
(2011), Poehling et al. (2011), Zaman et al. (2008), and Benowitz et al. (2010) demonstrated a clinically
significant protective effect for infants up to 6 months of age.3"- 59 84.99 Generalisability of findings in both
the randomised control trial by Zaman et al. (2008) and the prospective cohort study by Eick et al.
(2011) is an issue due to the location and demographics of the participants. As well as this, three of the
studies were conducted on participants during their second or third trimester and it is not clear if it would
be equally as effective for pregnant women vaccinated during their first trimester. Like all influenza

vaccines, they are also likely to be more effective when they are well matched to the circulating

75



influenza strains, and less so when the match is poor.32 Further studies in this area would be of benefit
to enable clinicians and policy makers to quantify how effective they can be in different population
groups, settings, seasons, and vaccine types. In Australia a large National Health and Medical
Research Council funded study (FluMum) is conducting an observational study of 10106 mother and
infant pairs that will add to the body of evidence for the effectiveness of reducing influenza in infants
less than 6 months of age through maternal vaccination. As well as this study, clinical trials are also

being conducted in South Africa, Nepal, and Mali.'20

Hospitalisation of infants was investigated by two case-control studies that were conducted in similar
population groups in the USA,84.99 and whilst they are considered lower level evidence due to their
retrospective case-control design, they provide a compelling argument for expecting mothers to strongly
consider vaccination. It is not possible to accurately calculate the numbers needed to vaccinate to
prevent a hospitalisation of an infant. However, even a small reduction in severe illness and

hospitalisation amongst newly born infants up to 6 months of age would be of significant clinical benefit.

4.3 Adverse events for pregnant women

Both clinicians and pregnant women need to have a clear understanding of the potential adverse events
that may be encountered following influenza vaccination. This outcome was specifically targeted at
events affecting the pregnant women, and not the foetus. Explanation of the potential adverse events
and appropriate management of symptoms, especially fever in the first trimester, should be an important

part of the vaccination procedure.

There are systems in place in many countries that conduct passive surveillance on adverse event
reporting, including pregnant women. These systems provide an indicator for clusters of events, trends
or severe adverse events, but do not replace the need to conduct targeted research on the outcome as
these systems are prone to under reporting.'2' However, due to the large sample size needed to detect
rare conditions such as Guillain-Barré Syndrome, this review is unable to detect small variations in the
incidence of such conditions. A systematic review conducted by Jefferson et al. (2010) on influenza
vaccination in a healthy adult population cited evidence that estimates the incidence of vaccine related
Guillain-Barré Syndrome at 1.6 extra cases per million vaccinations.32 The numbers of pregnant women
included in the adverse event outcome were not large enough to assess changes this small, however,

there were no cases reported.

There were a limited number of studies investigating adverse events for pregnant women with the
seasonal vaccine. Symptoms such as fever and fatigue are important factors to consider for clinicians
caring for pregnant women and the women themselves. Accurate information should be available so

that women are well informed about common local and systemic reactions.
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Studies investigating adverse events with the influenza A (H1N1) vaccine and preeclampsia did not
indicate a statistically significant association with vaccination. However, it is biologically plausible that
the inflammatory response from influenza vaccination during pregnancy could be associated with
developing preeclampsia.'?? A study by Christian et al. (2012) demonstrated statistically significant
increases in C-reactive protein (CRP) on the first and second day following vaccination, indicating a
substantial inflammatory response. Inflammatory processes may contribute to gestational hypertension
and preeclampsia.'22 Whilst there is no evidence that there is an increased association, these findings

do not rule out an association and further research on this outcome is required.
4.4 Foetal, birth and infant outcomes

Birth outcomes have been the area of largest growth in evidence over the last three years. The study
designs included in this review were mostly retrospective studies geared towards investigating the
safety of the vaccine on birthing outcomes. Retrospective studies investigating foetal, birth, and infant
outcomes are complex due to the multi-factorial risks and causes of spontaneous abortion, premature
birth, congenital abnormalities, SGA infants, and low birth weight infants. Each outcome has multiple
potential confounding factors that may impact on these outcomes. Confounding is a threat to the validity
of studies, and in particular observational studies.'?® Confounding can result in the over or under
estimation of outcomes and is potentially an issue with many of the studies in this review. The risk is
magnified with the use of ‘all cause’ outcomes that don’t decipher if the women with the outcome of
interest were exposed to influenza. There was varying quality of the studies included in regards to the
matching of cohorts and/or analysis and adjustment of potential confounding factors. This was a
significant issue with many missing important variables that may increase the risk of poor birthing

outcomes.

Influenza vaccination during pregnancy did not have an association with or increase the incidence of
premature birth. It was one of the outcomes with the most evidence available and also had a consistent
definition that made it easier to compare studies. It is possible that influenza vaccination during
pregnancy provides some protection during an influenza season, although there are many caveats as

previously discussed.

Foetal death following influenza vaccination during pregnancy had a variety of definitions that
complicated comparison between studies. Large cohort studies indicate that there is unlikely to be an
association between the influenza vaccine and adverse outcomes due to foetal death. 8. 83.85.91,98 A]|

but one of the large cohort studies was investigating the seasonal influenza vaccine.

There was also sufficient evidence to conclude that influenza vaccination during pregnancy was unlikely

to have an adverse effect on gestational growth and birth weight.
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Spontaneous birth and congenital malformations were two outcomes that required accurate information
on the timing of influenza vaccination and date of conception, as the first trimester is a crucial stage of
foetal development and key to these outcomes.'2* Precise measurements for these outcomes were
affected due to reduced statistical power with less women getting vaccinated during their first trimester.
Some studies reported outcomes for congenital malformations in women vaccinated during any
trimester, and whilst this is applicable for women vaccinated during their second and third trimester, it
does not equate to evidence that it is safe in the first trimester when the foetus is at greatest risk from
teratogenic agents and effects, including fever. Both of these outcomes are of important clinical
significance considering even a minimal increase in either outcome would likely outweigh the benefit of
getting vaccinated during the first trimester of pregnancy.® Clinically there is no evidence that the
vaccine is unsafe to use in the first trimester. However the evidence for spontaneous abortion and
congenital abnormalities would be strengthened with increased sample size of the vaccinated cohort

and comprehensive assessment.

4.5 Trimester of vaccination

The risk of harm to pregnant women from contracting influenza increases as the pregnancy progresses
to the second and especially the third trimester. The risk to pregnant women from influenza during their
first trimester is only marginally more than the healthy non-pregnant population.> Recommending the
influenza vaccine is based on an assessment of the risks and benefits, and multiple factors should be
considered when assessing the evidence for which trimester is the most effective and safest to be
vaccinated. The only evidence for reducing rates of influenza in infants less than 6 months of age is with
pregnant women vaccinated during their second or third trimester. When this evidence is combined with
the increased statistical power and clinical certainty of the safety of the vaccine being administered
during the second or third trimester, it is appropriate that vaccination during the second and third
trimester be the recommended clinical practice. However, there are occasions when vaccination during
the first trimester will need to be considered. This occurs when there is increased harm from the virus,
such as a pandemic outbreak, or the pregnant woman has comorbidities that place her and her foetus

at greater risk, or the timing and severity of the peak influenza period is a factor.

These findings do not necessitate a change to current recommendations for the vaccine. However, it
seems prudent to provide a prescriptive statement on the most effective and safest trimester to be
vaccinated, in line with best available evidence. This may provide clinicians and pregnant women with
clarity and confidence regarding the optimal timing of influenza vaccination in maximising effectiveness

and safety.
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4.6 Findings from the wider review literature

Only one systematic review was available for comparison on the effectiveness of the seasonal influenza
vaccination during pregnancy.'25 The authors conducted a search of the Cochrane database of
systematic reviews, Cochrane Central Register of Controlled Trials, and Medline from 2006 to 2011.
From their search they found no systematic reviews on the effectiveness or risks of influenza
vaccination during pregnancy. One randomised controlled trial by Zaman et al was included and it was
considered it to be of high methodological quality.'?® The authors used the GRADE classification
method and considered it level B evidence for effectiveness against respiratory tract infections and fever.
They also reported that the studies were from subtropical and less developed countries and “high-
quality studies to confirm these effects in temperate regions are urgently needed. Pregnant women and
their newborns might benefit from influenza vaccination, but large studies in temperate climate zones
are still needed.”(p.9169)125

Findings from that sole systematic review are restricted to the sole randomised controlled trial that is
also included in this review, thus the findings are not dissimilar to the ones made in this review. A

search of Pubmed and Google Scholar did not locate any other systematic reviews post 2011.
4.7 Study quality

Study quality and the type of studies that made up the evidence in this review impacts on the
conclusions that can be drawn. Even though critical appraisals were performed and only studies that
contained five or more criteria were retained in this review, there remains high variability in the level of
quality of the studies retained. Raising the number of criteria required for the study to be retained in this
review may have rectified this, but it was thought that being more inclusive of the studies on influenza

vaccination during pregnancy would provide more informative and transparent evidence.

4.7.1 Size and duration

The duration of studies varied, as you would expect with so many studies included with different aims.
Because influenza is seasonal in temperate regions, it was quite common for studies to span one
influenza season, especially those investigating outcomes for the influenza A (H1N1) 2009 influenza
vaccine. Studies that were investigating adverse events for pregnant women were also mostly
conducted over one influenza season with one specific type of vaccine. Some of the studies that
investigated the effectiveness and safety of the seasonal vaccine spanned three or more influenza
seasons, 7-37.79.84,95,99,101 and potentially have greater generalisability than those performed over just
one season. However, ideally they should indicate how well the vaccine matched the circulating strain

and the finding would be better able to be extrapolated and compared to other results.
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Follow up time was dependent on the aim of the study and no issues were found for this, with
reasonably clear cut timelines for outcomes i.e., follow up until birth. In this review, studies were only
included if they contained outcomes for children under the age of 6 months. There were some studies
that were excluded, as they did not contain separate data for that time frame.126 |deally studies should

use 6 months of age as at least a sub-group, as children can start to be vaccinated at 6 months of age.

Sample size was an issue for some studies, especially when investigating uncommon events in regards
to safety. This was particularly evident with investigations on the effects of influenza vaccination during
the first trimester. This was due to difficulty ascertaining dates that vaccination occurred, or just
generally low rates of vaccination in this group affecting the precision of some of the results, including
some of the higher quality retrospective studies. This makes interpretation difficult as the upper
confidence intervals can indicate that there is a possibility of harm.'2” Some studies included an entire
pregnant population overall enabling good statistical power for most of the less common outcomes,

especially during the second and third trimester of pregnancy.
4.7.2 Conflict of interest of study authors

There are 16 studies included in this review for which one or more of the authors declared they had
received pharmaceutical industry support or payment. Potential conflicts of interest were unclear in
seven studies, with most being from the older published material, and the remaining 16 reported no
conflict of interest. Potential conflict of interest has been found to be a concern with previous influenza
vaccination systematic reviews.3? Jefferson et al. reported an inverse relationship between risk of bias
and direction of study conclusions, and favourable conclusions were associated with a higher risk of
bias.32 The authors also found that industry funded studies were more likely to draw favourable

conclusions and be published in higher impact journals than those not funded by industry.32
4.7.3 Study populations

On the whole, the sampling of participants in the cohort studies was representative of the pregnant
population during their second or third trimester of pregnancy, due to large population-based cohorts.
Women were included with other factors that placed them or their offspring at risk from complications
from influenza. Adverse event investigations for pregnant women contained several studies that were
performed on healthy pregnant women only. Many of these were primarily immunogenicity studies with

adverse events as a Secondary outcome measure.

Two of the key studies investigating the effectiveness of the influenza vaccine were conducted on
women from Bangladesh and an Apache Indian Reserve in the USA. Both populations groups are
potentially from socioeconomic disadvantaged groups. The studies on these populations groups may

not be entirely generalizable to urbanised populations in developed countries where the vaccine is
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predominantly used. As previously mentioned, pregnant women vaccinated during their first trimester
were under-represented in the study cohorts. This population group requires a concerted focus as there
are logistical difficulties studying women vaccinated during the first trimester of pregnancy and it is one

of the main areas where further evidence is required.
4.7.4 Measurements

Foetal death, congenital malformation, and spontaneous abortion had an array of different definitions.
Definitions for foetal loss included:
* groups of ICD-9 codes,
» foetal death in women > 20 weeks gestation,
* miscarriage or stillbirth after 12 completed weeks of pregnancy,
» foetal death after 22 weeks gestation,
» foetal death with weight 500g or more, and
* five with no definition.
Definitions for spontaneous abortion included:
» foetal death prior to 20 weeks,
» foetal death prior to 22 weeks gestation,
* spontaneous pregnancy loss occurring at, or before, 16 weeks of gestational age,
» foetal death between 7 and 12 weeks, and
» foetal death prior to 24 weeks.
Consistent definitions would aid in the synthesis of study results and the variety of definitions used

means comparing outcomes is problematic and meta-analysis is not possible.
4.7.5 Potential confounders

Confounding is a threat to the validity of studies, and in particular observational studies.'2® Confounding
can result in the over or under estimation of outcomes and is potentially an issue with many of the
studies in this review. The risk is magnified with the use of ‘all cause’ outcomes that don’t decipher if the
women with the outcome of interest were exposed to influenza. There was varying quality amongst the
studies included in regards to the matching of cohorts and/or analysis of potential confounding factors.
This was a significant issue with many of the large retrospective cohorts, with many missing important
variables that may increase the risk of poor birthing outcomes. This is in part due to the use of medical
databases. There is a ‘trade off for having large sized cohorts and in most cases data is derived from
computerised medical information that is already coded. The most common variables assessed in the
large retrospective cohorts were those easily collected from the databases, such as maternal age and

chronic diseases. The least common were information that would have probably involved investigation
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of client medical records, or use of other methods to obtain information such as socioeconomic status,
smoking, alcohol and drug use. Even if every variable above was included in analysis, birthing
outcomes such as premature birth are areas in health in which much remains unknown.1%¢ Causality
and purported risk factors have been difficult to prove, with some risks requiring cofactors to exert their

effect and many preterm births occur without any risk factors. 106

4.8 Issues regarding observational influenza vaccine research

There is increased interest and need in pharmacological research to monitor health outcomes in real
world settings, rather than just rely on studies investigating the efficacy of a drug.!'> The JBI approach
to systematic reviews of effectiveness is congruent to this approach, by having an inclusive approach to
the type of studies that provide evidence for outcomes of this nature. Experimental studies that aim to
establish a causal relationship between two variables, and observational studies that imply a correlation

or a relationship between two variables are used depending on the nature of the evidence sought.”

Similar to research on the influenza vaccine in the elderly, the bulk of the evidence for the influenza
vaccine for both pregnant women and infants under the age of six months is derived from observational
rather than experimental evidence. Whilst there are some positive aspects of sourcing evidence from
observational studies including better generalisability, including inclusion of people with comorbid
diseases and women vaccinated during their first trimester, there are limitations. Systematic and serious
overestimation of the effectiveness of the influenza vaccine in the elderly highlighted potential issues of
confounding with influenza research, especially observational studies.!% Much of the evidence that
indicated that the influenza vaccine saved approximately one life for every 200 vaccinations was found
to be unreliable and the real protective effect was far less than initially thought.'95 This was thought to
be due to selection bias with the presence of a sub-group of seniors who were not vaccinated due to
being frail or terminally ill."% Using ‘all-cause’ outcomes such as ‘all-cause mortality’ in winter magnified
this bias. Even though ‘all-cause mortality’ is not likely to be an outcome investigated during seasonal
influenza seasons for pregnant women, all cause outcomes for birth and infant outcomes are

commonplace in this review.

Observational research rather than experimental is likely to remain the mainstay of evidence available
for women vaccinated during pregnancy, due to the comparative cost and ethical considerations as the
vaccine is already recommended in most countries. This is no different to studies for the influenza
vaccine in other risk groups such as the elderly.% Lessons should be learnt from influenza research in
other risk groups and some of the studies included in this review did follow some of the
recommendations made for influenza research on the elderly. Key recommendations from Simonsen et

al. are made for vaccine effectiveness and cost-effectiveness research in the elderly. They include:0
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* Abandoning convenient electronic cohort studies in favour of primary observational studies with
laboratory confirmed end points, as well as comprehensive assessment and adjusted for
potential confounding factors by manual chart review.

» Carefully controlled inpatient studies of laboratory confirmed influenza and influenza vaccination
rates.

* Manual chart review with a specific end point i.e. x-ray confirmed pneumonia hospitalisations,

and controlled for bias by adjusting the relative risk to 1 during the pre-influenza period.

The unique aspect of researching influenza is that in most temperate climates there is an influenza
period that allows the measurement of an influenza related event in a period when there is no virus
circulating. Risk of contracting influenza fluctuates with the peaks and troughs of virus circulation during
an influenza season and varies with the length of time exposed to the virus. The retrospective studies
need to take this into account with their design. One method, especially for studies looking at outcomes
during the first trimester, is to use a model that involves survival analysis.''® Another method is to match
the unvaccinated cohort at a similar stage of pregnancy, length of time exposed to the influenza season,

and timing in relation to the peak period of circulating virus.

Due to the age of pregnant women they are less likely to have as many serious comorbidities and
medication use that may confound all cause outcomes. However, there are numerous variables that
may increase the risk of poor birthing outcomes. All cause outcomes of premature birth, small for
gestational age, congenital abnormalities, foetal death, spontaneous abortion, and low birth weight were
all recorded in studies contained in this review, without any indication that the pregnant women had
influenza at any stage during their pregnancy. Even with regression analysis and adjustment for some

of the factors mentioned there still remains concerns about the quality of the information.

For influenza vaccination in the elderly it is thought that “simply applying more sophisticated confounder
modelling techniques that use the existing database variables alone will probably not suffice and cannot
substitute for accurately measuring important confounders. The use of propensity scores, for example,
does not reduce bias due to unmeasured confounders and generally produces similar results to

standard regression adjustment that involves the same database variables”. (p.691)109

Some of the retrospective studies included in this review followed recommendations suggested for
influenza research in older people, although they were in the minority. Two case-control studies
conducted controlled inpatient studies of hospitalised children with laboratory confirmed influenza.84. 9
One study adjusted for potential bias by using models that were based on the approach of identifying
covariates that produce adjusted ORs of 1 during the pre-influenza period at a time where there should

be no effect.% One study investigated whether the associations were due to underlying differences

83



between individuals who were vaccinated and those who were not (a “healthy user effect”).’® They
compared a period when influenza was not circulating widely and little or no protective association with
foetal death should be observed. Any association that was observed was considered to be an estimate
of the level of confounding present in their modelled estimates. They found that the protective
association with influenza A (H1N1) 2009 vaccine with foetal death was similar during periods of high
influenza circulation and during periods of little or no influenza circulation.'® They investigated and
analysed several potential confounding factors including maternal age, history of spontaneous loss,
diabetes, pre-pregnancy smoking status, pre-pregnancy alcohol use, pre-pregnancy body mass index,
the number of consultations in the 6 months before the last menstrual period date, and being in an
influenza A (H1N1) clinical risk group (i.e. chronic condition). The authors concluded that it was
suggestive of unmeasured confounding as the vaccine should not be providing any true protective effect
in these periods, and that, “developing methods to account for, or evaluate, residual confounding will be

vital in any [future] such studies.” (p.€51734)100
4.9 Systematic Review Methods

This systematic review had some strengths and limitations. A protocol defining the inclusion and
exclusion criteria (population, intervention, comparator, and outcomes) was used as described in the
systematic review protocol. A comprehensive search was conducted including grey literature as
described in Appendix |, and this potentially reduces the risk of publication bias. Two reviewers
independently using predefined and validated tools critically appraised the studies. As a result 39

studies were included across both outcome measures for effectiveness and safety.

At the time of developing the protocol it was decided to include information about adverse events and
birthing outcomes, as well as outcomes for effectiveness. This decision was made so as to provide a
more complete set of evidence for people to use when making policy, prescribing, administering, and
having the influenza vaccine during pregnancy. Authors of systematic reviews have previously focused
on beneficial outcomes of interventions, and systematic reviews on harms have been less common. 127
Both benefits and harm are important pieces of evidence and necessary to make any decision when
weighing up the balance between both. This proved to be important with much of the new evidence

obtained during the influenza A (H1N1) pandemic coming from studies investigating birthing outcomes.

This review included both experimental and epidemiological study designs including randomised
controlled trials, non-randomised controlled trials, quasi-experimental, prospective and retrospective
cohort studies, case control studies, and analytical cross sectional studies. That resulted in the collation
of a comprehensive and inclusive body of evidence. This is potentially a strength and a limitation. The

studies used in this review are the same studies that currently inform policy decisions, clinical decision,
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and personal decisions in regards to getting vaccinated during pregnancy. To restrict the studies
included in this review to randomised controlled trials or prospective experimental studies would have
severely restricted the amount of evidence available for this review and ignored research that is already
informing policy. Critically appraising the evidence and synthesising it in a systematic review is an

important missing part of evidence regarding influenza vaccination during pregnancy.

The broad array of study designs and the large number of observational retrospective studies does
however result in limitations to what conclusions can be drawn and synthesising the evidence. As
previously discussed, observational, or epidemiological population based study designs, are subject to
biases and confounding.'23 Some researchers are critical of the worth of these types of studies for
informing healthcare.128 There is some basis to this argument, however this topic is a good example of
the problems associated with just restricting evidence to randomised controlled trials. Influenza for both
pregnant women and their infant can be a serious disease and currently influenza vaccination is the
primary preventive measure to protect mothers and infants. 27 Currently around the world influenza
vaccination during pregnancy is recommended in most countries. This recommendation is not based on
one available well-conducted randomised control trial by Zaman et al.%® In the USA they were
vaccinating pregnant women close to a decade prior to this piece of research.?® Even though the RCT
provides excellent information to guide decision-making, there are multiple sources of evidence used to
make decisions regarding the influenza vaccination of women during pregnancy. The vast majority are
not randomised controlled trials. There are times when observational studies provide important
evidence that a randomised controlled trial may not be able to. The safety of influenza vaccination
during pregnancy is a good example, where large numbers are needed to investigate rare outcomes.
For many of these outcomes such as foetal death and congenital malformation, randomised controlled
trials are often designed to investigate a hypothesis evaluating the effectiveness of an intervention and
may lead to inaccurate conclusions about adverse events.'2® Even though randomised controlled trials
are the gold standard for investigating the effectiveness of an intervention, they are often smaller
sample sizes due to logistical and financial constraints, and these may result in reduced statistical
power to be of use in informing outcomes for adverse events. Even though observational research
contained in this review is important and does provide useful evidence, there is little doubt that more
prospective and experimental research is required for many of the outcomes assessed in this review to

further inform researchers, clinicians, policy makers, and the general public.

As well as its strengths, this review also has some limitations. Even though the review aimed to be as
inclusive as possible, not all evidence was assessed and this means that not all evidence was used to
provide information about influenza vaccination during pregnancy. Evidence derived purely from

national or regional vaccination surveillance was excluded from this review for two main reasons. The
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task of locating and collating studies and grey literature that contained surveillance information from
around the world would have been a monumental task. Even though surveillance provides an indicator
for clusters of events, changing trends, or severe adverse events, it is prone to under reporting.'2! From
a systematic review perspective it was thought that the level of evidence quality was not suitable or
practical for this review. Another missing source of evidence is case reports. Case reports can identify
uncommon adverse drug events that often go undetected in clinical trials.'2? In the case of this review it
was thought that study design was not going to make a large contribution to the review, considering the
length of time the vaccine has been manufactured and used. However, with changes in manufacturing
methods, changes in strains in the vaccines, and introduction of new adjuvants, it could be argued that

case reports would have been of some value.

Evidence on the efficacy of the vaccine at producing an immunologic response in pregnant women
and/or infants under the age of 6 months was not included in this review. Some immunologic studies
were included in this review, although only data regarding adverse events was extracted. This evidence
is potentially useful to compare the immunologic responses in pregnant women. Research has shown
that transplacental transfer of antibodies to infants occurs, %5 130. 131 and further information from these
types of studies may better inform about adjuvants used, the timing of vaccination, and duration of
potential protection. Evidence obtained from animal modelling was also not included, which can provide

some evidence on potential teratogenic effects of medications and vaccines.

Heterogeneity between studies has meant that meta-analysis has not been able to be performed for all
available studies and outcomes. This has resulted in the tabling and narrative summaries for many of
the outcomes. Whilst every effort has been made to remain objective and transparent, the nature of
combining narrative results and forming a conclusion is open to subjective assessment and potential
bias from the authors.'32 Using JBI methodology and tools that included a systematic search, critical

appraisal, and data extraction tools, every effort has been made to minimise this risk.

Meta-analysis has been performed on observational studies that were deemed suitably matched to be
combined. Meta-analysis of observational studies carries a risk of overestimation or underestimation
due to combining errors in measurement of the exposure variables, confounding, and biases, that do

not usually occur in randomised controlled trials. 08

A comprehensive search for studies was undertaken, including for grey literature. However, searching
was only conducted in English, meaning that some important papers written in another language may

be available, but not included in this review.
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4.10 Implications for research

4.10.1 Research investigating the effectiveness of the vaccine for pregnant women

There are several implications for future research, with many building on the evidence derived from

existing observational studies. Implications for further research involving the effectiveness of the

influenza vaccine for pregnant women include:

Use a prospective design with a large enough sample size to ensure that there is adequate
statistical power to be able to calculate accurate numbers needed to vaccinate.

Good quality prospective studies need to be performed in developed countries to ascertain if
the vaccines are as effective as the trials done in developing countries, or in communities of
lower socio-economic background.

Prospective research that has primary end points, which include laboratory confirmed cases of
influenza, rather than influenza-like illness.

Case-control studies, or retrospective cohort studies, that involve manual chart review of
hospitalised pregnant women and identification of laboratory confirmed influenza, or a specific
end point i.e. x-ray confirmed pneumonia, rather than reliance on ICD coding.

Adjust for important confounders in prospective unmatched cohort studies and retrospective
studies. To be comprehensive this will more than likely need to involve direct interview or at the
very least manual chart review of potential confounding factors.

Report the match of the circulating influenza strain with the influenza vaccine used during the
study period.

Studies on effectiveness should not include adverse event outcomes if the design is not
appropriate i.e., calculation of appropriate sample size to measure adverse events as an
outcome was not considered at the planning stage of the study.

The usefulness of retrospective observational studies to ascertain the effectiveness of the
influenza vaccine in non-hospitalised pregnant women is limited. Unless an emergency
situation occurs, such as was the case with the 2009 influenza A (H1N1) pandemic, further
studies of this type should be avoided.

If retrospective studies investigating the effectiveness of the vaccine are performed, then a time
dependent hazard ratio should be used.

If retrospective studies investigating the effectiveness of the vaccine are performed, then a

concise influenza period should be used to avoid large variations in circulating virus.
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* Even though it is logistically difficult, planning, ethics and funding should be set aside for the
next pandemic, so that prospective research can be conducted during the pandemic period,

especially investigating the protective effects of the vaccine.

There is currently no research that demonstrates pandemic or seasonal influenza vaccines reduce the
severity of iliness or hospitalisation of pregnant women. This area is a priority as hospitalised maternal
iliness is currently considered the main threat to good foetal outcomes, as well as detrimental outcomes

for pregnant women.
4.10.2 Research investigating the effectiveness of the vaccine for infants under 6 months

Implications for research in children up to 6 months of age are similar to those listed for pregnant
women. More research has been conducted in this group regarding the effectiveness of the vaccine at
reducing hospitalisation, however further studies need to be conducted with a prospective design and
ideally allow a precise absolute risk measurement, so that a number needed to vaccinate can be
estimated. Prospective research on the effectiveness of the vaccine in this group should also consider
ensuring that the trimester of vaccination is recorded, and that there is a large enough sample size for
children born to mothers vaccinated during their first trimester to give a precise measurement. The
sample size should also be large enough to ascertain what trimester of pregnancy provides the most

effective reduction in influenza in children up to 6 months of age.
4.10.3 Research investigating adverse events in pregnant women

The number of studies included in this review that were investigating adverse events for the influenza A
(H1N1) vaccine compared to seasonal influenza vaccine were in the ratio 4:1, which is probably due to
the increased priority of protecting pregnant women during the pandemic. Although, considering that the
pandemic vaccine was only manufactured in 2009 and the seasonal vaccine has been in production for
decades and recommended for pregnant women in the USA for around a decade, it does appear
disproportionate. The findings for the influenza A (H1N1) vaccine may not be generalisable to the
trivalent vaccine due to it being a monovalent vaccine. Larger prospective studies with the trivalent
seasonal vaccine need to be conducted to ascertain an accurate incidence of adverse events,
especially considering pregnant women remain the top priority group for vaccination with the influenza
vaccine. Future studies on the safety of influenza vaccine should not just be secondary outcomes of
immunologic studies, they should also be designed for the purpose of identifying adverse events with
enough numbers to be informative for less common outcomes. Further research is also required for the

potential effects of the influenza vaccine, specifically on preeclampsia.
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4.10.4 Research investigating birthing outcomes

The majority of research on birthing outcomes was conducted on the influenza A (H1N1) vaccine during
the 2009 influenza pandemic. The majority are retrospective studies that are only suitable to imply an
association and designed to investigate the safety of the vaccine. The findings in these studies
regarding the safety of the vaccine may not be generalisable to the seasonal vaccine. There are
retrospective cohort studies that imply there is a protective association for birth outcomes such as
premature birth and foetal death. Large prospective studies are needed to confirm that vaccinating

pregnant women reduces the risk for these outcomes.
Implications for further research involving birthing outcomes include:

* Further studies that investigate women vaccinated during their first trimester for spontaneous
abortion and congenital abnormality outcomes with adequate sample sizes are needed.

* The use of standard definitions for foetal death, spontaneous abortion, and congenital
abnormalities would help with comparing study results.

* Adjust for important confounders. To be comprehensive this will more than likely need to
involve direct interview, or at the very least a manual chart review of potential confounding
factors.

* Use of primary end points that are not ‘all-cause’ outcomes and include mothers with laboratory
confirmed cases of influenza.

* Use of a large prospective designed study with enough statistical power to assess less common

birthing outcomes.
4.10.5 Research investigating the effects of pregnant women contracting influenza

This systematic review did not conduct a systematic search of the literature or extract every finding
available regarding the risks of contracting influenza during pregnancy. It does appear that further
epidemiological research may be useful in this area to better inform health professionals and the public.
In seasonal influenza seasons the risk to pregnant women appears to be less than that of the elderly
and children,? although harm for both the mother and infant aged less than 6 months of age needs to be
considered. The focus on pregnant women as the number one priority group may be detrimental to
groups who are at more risk of harm, as well as cause unnecessary alarm. There is conflicting evidence
on the harm caused from contracting influenza during pregnancy and potential harm to the foetus.
Some retrospective observational studies are finding an association between the influenza vaccine and
protective effects for some birthing outcomes. Further epidemiological research may be able to shed
light on the extent, if any, influenza contributes to adverse birthing outcomes i.e., is exposure to

influenza during pregnancy associated with or cause premature birth? There was some research that
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suggested children whose mother was vaccinated during pregnancy had a reduced immune response

to the influenza vaccine at 6 months of age, and this also needs further investigation.36

4.11 Implications for practice

Rates of vaccination for women during pregnancy during the 2009 influenza A (H1N1) pandemic ranged
between 0% to 54% in Europe, with the majority of countries estimating rates between 0% and 25%.18.
45,46 This was during a period where women were thought to be at an increased risk of harm from
complications of influenza during the 2009 pandemic. The results of this systematic review supports
efforts to vaccinate pregnant women during their second and third trimester of pregnancy. Health
professionals can be confident that the vaccine has been shown to be safe and effective for women
during this period. However, influenza vaccination during the first trimester of pregnancy may be
warranted during pandemic periods, or for women with comorbidities, or dictated by the timing and
severity of the peak seasonal influenza period. This decision needs to be made in consultation with the

pregnant woman, noting that women with comorbidities are at an increased risk of harm. 3.5.14.15

Health professionals should advocate for the safety of the vaccine when discussing vaccination options
with pregnant women. Some evidence suggests that a recommendation from a health provider to have
the vaccine increases the likelihood that women elect to receive the vaccine.0 Women also raised
concerns about the safety and the lack of effectiveness as two of the main reasons they chose not to
receive the vaccine.#! This is where well informed health professionals armed with the latest evidence
on effectiveness and safety of the influenza vaccine can inform and educate women about the benefits
of the vaccine, for both the pregnant woman and child under 6 months of age, as well as safety for both

the mother and foetus.

Health professionals should be aware that the vaccine has been shown to be effective in reducing
influenza illness and hospitalisation in infants up to six months of age. This should be conveyed to
pregnant women as one of the key potential benefits of vaccination during pregnancy. Two-for-one

benefit is an important piece of knowledge that influences future vaccination.3?

4.12 Implications for recommendations and policy

New evidence gathered during the influenza A (H1N1) pandemic period has not necessitated a change
to current recommendations or policy for the influenza vaccine, however it seems prudent to provide a
prescriptive statement on the most effective and safest trimester to be vaccinated, in line with best
available evidence. This may provide clinicians and pregnant women with clarity and confidence

regarding the optimal timing of influenza vaccination in maximising effectiveness and safety.
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It appears that vaccination during the second and third trimester should be the standard clinical practice.

However, there are occasions that vaccination during the first trimester will need to be considered.

In Australia, UK, USA and Canada the influenza vaccine is recommended to be administered during any
trimester of pregnancy.40. 133135 |n Australia The Australian Immunisation Handbook 10t Edition

recommends the following:!33

‘Recommended for all pregnant women at any stage of pregnancy, particularly those who will be in the

second or third trimester during the influenza season.”(P.135)133
The Australian Immunisation Handbook 10t Edition also states:

“Although it is recommended that all pregnant women should be immunised as early as possible in
pregnancy, the precise timing of vaccination will depend on the time of the year, vaccine availability,

influenza seasonality, gestation of pregnancy and the likely duration of immunity.”(p.252)133

In the USA the recommendation refers to the second and third trimester in regards to the risk of harm
from contracting the virus. They however recommend being vaccinated during any trimester with the

key factor being the proximity of the influenza season. They recommend:

“Women in the second and third trimesters of pregnancy are at increased risk for hospitalisation from
influenza. Because vaccinating against influenza before the season begins is critical, and because
predicting exactly when the season will begin is impossible, routine influenza vaccination is
recommended for all women who are or will be pregnant (in any trimester) during influenza season,

which in the United States is usually early October through late March.”36

In Canada the recommendation does not refer to the trimester of pregnancy and recommends any

stage of pregnancy. They recommend:

“All pregnant women, at any stage of pregnancy, should be considered high priority for receiving
inactivated influenza vaccine because of their increased risk of influenza-associated morbidity, evidence
of adverse neonatal outcomes associated with maternal influenza, evidence that vaccination of
pregnant women protects their newborns from influenza and influenza-related hospitalisation, and
evidence that infants born during the influenza season to vaccinated women are less likely to be

premature, small for gestational age, and low birth weight.”’34

In the UK they also do not refer to any trimester having better evidence than any other. They

recommend:
“‘Pregnant women at any stage of pregnancy (first, second or third trimesters).” (p.199)13

Ambiguity and vagueness can reduce the adherence to recommendations, as well as lead to
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inconsistent interpretation.'3” Expressing any issues regarding the safety of the vaccine may also
decrease uptake of the vaccine, even though there is no evidence of any harm. In an effort to be clear,
but also provide the clinician and pregnant women with the best evidence based statement regarding

vaccination, it could read similar to this:

Influenza vaccination is recommended for pregnant women during any trimester of pregnancy. There is
less evidence regarding the safety and effectiveness of the vaccine during the first trimester of
pregnancy, although there is no evidence of harm. Pregnant women vaccinated during the second or

third trimester can provide protection for their child up to 6 months of age.

4.13 Conclusion

Influenza vaccine administered during pregnancy is effective and provides a similar reduction in
influenza-like iliness as it does for a healthy adult population. Despite this, there is no evidence to
assess the effectiveness of the influenza vaccine at reducing severe illness, or hospitalisation in
pregnant women. Infants of pregnant women vaccinated during their second or third trimester can
expect to have reduced rates of influenza, and influenza related hospitalisation, for their first 6 months

of life.

Influenza vaccination during pregnancy had no harmful association with adverse outcomes for the
foetus, including premature birth, small for gestational age, congenital malformation, spontaneous
abortion, and foetal death. However, the evidence during the first trimester of pregnancy involved
smaller numbers and requires further evaluation. Despite this, there are scenarios when vaccination
during the first trimester of pregnancy will be appropriate. Serious adverse events requiring medical

attention are rare for both pandemic and seasonal vaccines.

There is some evidence that influenza vaccination provides protection for the foetus during a pandemic
influenza season and even during peak seasonal influenza periods. However, more experimental

studies are needed to confirm these findings.

Despite a large body of new evidence, overall the results of this systematic review support the current

recommendations regarding influenza vaccination during pregnancy.

92



Appendix | Search strategy

Pub med search

A B C

Influenza, human[mh] Immunization [mh] Pregnancy[mh]

Influenza* [tiab] Influenza Vaccines[mh] Infant, newborn [mh]

HIN1* [tiab] Influenza vaccin* [tiab] Fetus [mh]

Flu [tiab] Immunization [tiab] Pregnan*[tiab]
Immunisation [tiab] Maternal [tiab]
Immunotherap* [tiab] Fetal [tiab]
vaccin® [tiab] Fetus [tiab]
immuni* [tiab] Foet* [tiab]
inocul* [tiab] Infan* [tiab]
efficacy [tiab] Newborn* [tiab]
effectiveness [tiab] Neonat*[tiab]
adverse* [tiab]

Result = 1864.

Embase

A B C

Influenza: exp ‘influenza vaccine’: exp Pregnancy: exp

Flu: abti ‘swine influenza vaccine’: de Infant: exp, ab, ti

influenza*:; ab, ti vaccin®: ab, ti Fetus: exp, ab, ti

HIN1*: ab, ti immuni*; ab, ti Pregnan®: ab, ti
safety: ab, ti Newborn:de, ab, ti
effectiveness: ab, ti Fetal: ab, ti
efficacy: ab, ti Foetus: ab, ti
adverse: ab, ti Foetal: ab, i
innoculat*: ab, ti Maternal: ab, ti

Result = 1749

Database Search statement

Scopus ((TITLE-ABS-KEY (influenza* OR h1n1* OR flu) AND SUBJAREA(mult OR

agri OR bioc OR immu OR neur OR phar)) AND (TITLE-ABS-KEY (pregnan*
OR maternal OR fetal OR fetus OR foet* OR newborn* OR infant OR
neonat*) AND SUBJAREA(mult OR agri OR bioc OR immu OR neur OR
phar)) AND (TITLE-ABS-KEY ("Influenza vaccin*™ OR immunization OR
immuni* OR vaccin* OR inocul*) AND SUBJAREA(mult OR agri OR bioc
OR immu OR neur OR phar))) AND NOT (TITLE-ABS-KEY("Haemophilus
influenzae") AND SUBJAREA(mult OR agri OR bioc OR immu OR neur OR
phar)) AND (LIMIT-TO(EXACTKEYWORD, "Influenza vaccine") OR LIMIT-
TO(EXACTKEYWORD, "Influenza")) AND (LIMIT-TO(LANGUAGE,
"English")) AND (EXCLUDE(DOCTYPE, "re")) AND
(EXCLUDE(SUBJAREA, "VETE")) Result = 520
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Web of Science

#1 TS=("Influenza vaccin*™ OR immunisation* OR immunization* OR
vaccin® OR inocul®)

#2 TS=(pregnan* OR maternal OR fetal OR fetus OR foet* OR newborn*
OR neonat*)

#3 TS=(influenza* OR flu OR HIN1*) NOT Tl=Haemophilus influenzae
(#1 AND #2 AND #3) AND Language=(English) AND Document
Types=(Article OR Abstract of Published Item OR Book OR Book Chapter)
Refined by: [excluding] Research Areas=(AGRICULTURE OR
PARASITOLOGY OR VETERINARY SCIENCES OR ZOOLOGY )
Timespan=All Years. Databases=SCI-EXPANDED, CPCI-S.
Lemmatization=Off Result = 552

Scirus

((((Influenza OR (H1N1*)) (vaccin* OR immunisation OR immunization OR
innocul®)) (pregnan* OR maternal OR fetal OR fetus OR foet* OR newborn*
OR neonat®)) (experimental OR epidemiol* OR “controlled trial*” OR “clinical
trial” OR prospective OR retrospective OR cohort OR “case control” OR
‘cross sectional”’)) ANDNOT (mice OR pig* OR rat* OR Haemophilus*)
Result = 207

Mednar

Searched US department of Health and Human Services & World Health
Organization
Result = 197

ProQuest

influenza AND (pregnan* OR maternal) AND (immuni* OR vaccination)
AND mesh.Exact("Influenza" OR "Vaccination" OR "Pregnancy")

Age group

Adolescent (13-18 years), Adult (19-44 years), Fetus (conception to birth),
Infant (1-23 months), Newborn (birth to 1 month)

Source type, Reports, Scholarly Journals, Document type, Article, Case
Study, Conference, Conference Paper, Dissertation/Thesis, Statistics/Data
Report. Language, English Result = 242

Trove

influenza AND pregnan* Fromat Thesis Result = 7

94



Appendix Il Appraisal instruments

MAStARI Appraisal instrument

JBI Critical Appraisal Checklist for Randomised

Control / Pseudo-randomised Trial

Reviewer

Author

10.

Overall appraisal:

Comments (Including reason for exclusion)

Was the assignment to treatment
groups truly random?

Were participants blinded to
treatment allocation?

Was allocation to treatment groups
concealed from the allocator?

Were the outcomes of people who
withdrew described and included in
the analysis?

Were those assessing outcomes
blind to the treatment allocation?
Were the control and treatment
groups comparable at entry?
Were groups treated identically
other than for the named
interventions

Were outcomes measured in the
same way for all groups?

Were outcomes measured in a
reliable way?

Was appropriate statistical analysis
used?

Include [

Date _ _ _ _ _ _ __ _ o ____.

Year _ _____._ Record Number _ _ _ _ _ __

Yes No Unclear Not Applicable

[l O O O

O O O O

O O O O

O O O O

O O O O

O (] O O

O O O O

O O O O

O O O O

O O O O

O O O O
Exclude [ Seek further info. [J
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JBI Critical Appraisal Checklist for Comparable
Cohort/ Case Control

Reviewer _ _ _ _ _ _ _ _ .. Date _ _ _ _ _ -
ARhOr.. - - o e e Year _ ..o Record Number _ _ _ _ _ __
Yes No Unclear Not Applicable

1. Is sample representative of patients O O O O
in the population as a whole?

2. Are the patients at a similar point in O O O O
the course of their condition/iliness?

3. Has bias been minimised in relation O O O O
to selection of cases and of
controls?

4. Are confounding factors identified O O O O
and strategies to deal with them
stated?

5. Are outcomes assessed using O O O O
objective criteria?

6. Was follow up carried out over a O O O 0O
sufficient time period?

7. Were the outcomes of people who O O O O
withdrew described and included in
the analysis?

8. Were outcomes measured in a O O O O
reliable way?

9. Was appropriate statistical analysis O O O O
used?

Overall appraisal: Include [ Exclude [ Seek further info. [J

Comments (Including reason for exclusion)




JBI Critical Appraisal Checklist for Descriptive / Case Series

Not
Unclear Applicable

Yes No

1. Was study based on a random or pseudo- O O (] O
random sample?

2. Were the criteria for inclusion in the sample O O O O
clearly defined?

3. Were confounding factors identified and O O O O
strategies to deal with them stated?

4. Were outcomes assessed using objective O O (| O
criteria?

5. If comparisons are being made, was there O O O O
sufficient descriptions of the groups?

6. Was follow up carried out over a sufficient O O O O
time period?

7. Were the outcomes of people who withdrew O O O O
described and included in the analysis?

8. Were outcomes measured in a reliable way? O O O O

9. Was appropriate statistical analysis used? O O (] O

Overall appraisal: Include [J Exclude [] Seek further info [

Comments (Including reason for exclusion)




Appendix llIl: Data extraction instruments

MAStARI data extraction instrument

JBI Data Extraction Form for
Experimental / Observational Studies

Reviewer

Author

RCT O Quasi-RCT O
Retrospective O Observational [

Participants
Setting

Longitudinal O
Other O

Population

Sample size
Group A Group B

Interventions

Intervention A

Intervention B

Authors Conclusions:

Reviewers Conclusions:
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Study results

Dichotomous data
Intervention Intervention
Outcome number / total l('tum number / total (number
Continuous data
Outcome Intervention ( Intervention (

number / total num

number / total number
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Appendix IV: Excluded studies following retrieval of full text

Cheng AC, Kotsimbos T, Kelly HA, et al. Effectiveness of HIN1/09 monovalent and trivalent influenza
vaccines against hospitalisation with laboratory-confirmed H1N1/09 influenza in Australia: a test-
negative case control study. Vaccine 2011; 29(43): 7320-5.

Reason for exclusion: Pregnant women made up a small sub-population of this case control study.
The effectiveness in population of interest for this review could not be analysed separately to the overall
results.

Christian LM, lams JD, Porter K, Glaser R. Inflammatory responses to trivalent influenza virus vaccine
among pregnant women. Vaccine 2011; 29(48): 8982-7

Reason for exclusion: Inflammatory marker study, not outcome of interest

Dominguez A, Castilla J, Godoy P, et al. Effectiveness of pandemic and seasonal influenza vaccines in
preventing pandemic influenza-associated hospitalisation. Vaccine 2012; 30(38): 5644-5650.

Reason for exclusion: The author was contacted and there was only 1 case and 0 controls in the sub-
population of pregnant women in this study.

Fielding JE, Grant KA, Garcia K, Kelly HA. Effectiveness of seasonal influenza vaccine against
pandemic (H1N1) 2009 virus, Australia, 2010. Emerg Infect Dis 2011; 17(7): 1181-1187

Reason for exclusion: Not population of interest.

Fielding JE, Grant KA, Tran T, Kelly HA. Moderate influenza vaccine effectiveness in Victoria, Australia,
2011. Euro Surveill 2012; 17(11).

Reason for exclusion: Not population of interest.

Fisher BM, Scott J, Gibbs RS, Lynch A, Winn VD, Weinberg A. Antibody responses to pandemic and
seasonal influenza A (H1N1) strains during the 2009-2010 influenza season: Are the responses during
pregnancy similar? Am J Obstet Gynecol 2012; 206(1): S264

Reason for exclusion: Immunologic study, not outcome of interest

Fisher BM, Van Bockern J, Hart, J, Lynch AM, Winn VD, Gibbs RS, Weinberg A. Pandemic influenza A
(H1N1) 2009 infection versus vaccination: a cohort study comparing immune responses in pregnancy.
PL0oS One 2012; 7(3): €33048.

Reason for exclusion: Immunologic study, not outcome of interest

Folkenberg M, Callréus T, Svanstrom H, Valentiner-Branth P, Hviid A. Spontaneous reporting of
adverse events following immunisation against pandemic influenza in Denmark November 2009-March
2010. Vaccine 2011; 29(6): 1180-4

Reason for exclusion: Study using passive surveillance. Methodology not suitable for this review.

Forbes RL, Wark PB, Murphy VE, Gibson PG. Pregnant women have attenuated innate interferon
responses to 2009 pandemic influenza a virus subtype (H1N1). J Infec Dis 2012; 206(5): 646-653.

Reason for exclusion: Immunologic study, not outcome of interest

France EK, Smith-Ray R, McClure D, et al. Impact of maternal influenza vaccination during pregnancy
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on the incidence of acute respiratory illness visits among infants. Arch Pediatr Adolesc Med 2006;
160(12): 1277-83.

Reason for exclusion: Infants were followed up to at least 11 months after birth. No specific data is
available for children under 6 months of age as per the requirements of this protocol.

Gilman EA, Wilson LM, Kneale GW, Waterhouse JA. Childhood cancers and their association with
pregnancy drugs and ilinesses. Paediatr Perinat Epidemiol 1989; 3(1): 66-94.

Reason for exclusion: No outcome measures for influenza vaccination. Not outcome of interest

Griffin MR, Monto AS, Belongia EA, et al. Effectiveness of non-adjuvanted pandemic influenza a
vaccines for preventing pandemic influenza acute respiratory iliness visits in 4 U.S. communities. PLoS
One 2011; 6(8).

Reason for exclusion: Pregnant women are not identified as a sub-population in this study. Not
population of interest.

Hardelid P, Fleming DM, McMenamin J, et al. Effectiveness of pandemic and seasonal influenza
vaccine in preventing pandemic influenza A (H1N1) 2009 infection in England and Scotland 2009-2010.
2011 Euro Surveill 16(2).

Reason for exclusion: Pregnant women are not identified as a sub-population in this study. Not
population of interest.

Huang WT, Chen WC, Teng HJ, et al. Adverse events following pandemic A (H1N1) 2009 monovalent
vaccines in pregnant women - Taiwan, November 2009-August 2010. PloS One 2011; 6(8).

Reason for exclusion: Study using passive surveillance and case capture methodology. Methodology
not suitable for this review.

Jimenez-Jorge S, de Mateo S, Pozo F, et al. Early estimates of the effectiveness of the 2011/12
influenza vaccine in the population targeted for vaccination in Spain, 25 December 2011 to 19 February
2012. Euro Surveill 2012; 17(12).

Reason for exclusion: Pregnant women made up 5 cases of the study and 1 test negative control. Not
population of interest.

Jimenez-Jorge S, Savulescu C, Pozo F, et al. Effectiveness of the 2010-11 seasonal trivalent influenza
vaccine in Spain: CycEVA study. Vaccine 2012; 30(24): 3595-3602.

Reason for exclusion: Pregnant women made up 1 case of the study and 5 test negative control. Not
population of interest.

Kankawinpong O, Sangsajja C, Cholapand A, et al. Inmunogenicity and safety of an inactivate
pandemic (H1N1) vaccine provided by the Thai ministry of public health as a routine public health
service. Southeast Asian J Trop Med Public Health 2012; 43(3): 680.

Reason for exclusion: Pregnant women made 2% of the study population. No specific safety results
were available for pregnant women.

Kelly, H. Carville, K. Grant, K. Jacoby, P. Tran, T. Barr, |. Estimation of influenza vaccine effectiveness
from routine surveillance data. PLoS One 2009; 4(3).

Reason for exclusion: Not population of interest.
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Kelly HA, Grant KA, Fielding JE, et al. Pandemic influenza (H1N1) 2009 infection in Victoria, Australia:
No evidence for harm or benefit following receipt of seasonal influenza vaccine in 2009. Vaccine 2011;
29(37): 6419-6426.

Reason for exclusion: Not population of interest.

Kissling E, Valenciano M, Cohen JM, et al. -MOVE multi-centre case control study 2010-11: Overall
and stratified estimates of influenza vaccine effectiveness in Europe. PLoS One 2011; 6(11).

Reason for exclusion: Not population of interest.

Kissling E, Valenciano M. Early estimates of seasonal influenza vaccine effectiveness in Europe,
2010/11: I-MOVE, a multicenter case-control study. Euro Surveill 2011; 16(11).

Reason for exclusion: Not population of interest.

Kissling E, Valenciano M. Early estimates of seasonal influenza vaccine effectiveness in Europe among
target groups for vaccination: Results from the [-MOVE multicenter case-control study, 2011/12. Euro
Surveill 2012; 17(15).

Reason for exclusion: Not population of interest.

Mahmud SM, van Caeseele P, Hammond G, Kurbis C, Hilderman T, Elliott L. No association between
2008-09 influenza vaccine and influenza A (H1N1)pdm039 virus infection, Manitoba, Canada, 2009.
Emerg Infect Dis 2012; 18(5): 801-810.

Reason for exclusion: 127 pregnant women were included in the study population. No separate
effectiveness results were available for pregnant women.

Moro PL, Broder K, Zheteyeva Y, et al. Adverse events in pregnant women following administration of
trivalent inactivated influenza vaccine and live attenuated influenza vaccine in the Vaccine Adverse
Event Reporting System, 1990-2009. Am J Obstet Gynecol 2011; 204(2): 146.e1-146.e7.

Reason for exclusion: Report on passive surveillance, methodology not suitable for this review.

Moro PL, Broder K, Zheteyeva Y, et al. Adverse events following administration to pregnant women of
influenza A (H1N1) 2009 monovalent vaccine reported to the Vaccine Adverse Event Reporting System.
Am J Obstet Gynecol.2011; 205(5): 473.e1-473.€9.

Reason for exclusion: Passive surveillance, methodology not suitable for this review.

Orozova-Bekkevold |, Jensen H, Stensballe L, Olsen J. Maternal vaccination and preterm birth: using
data mining as a screening tool. Pharm World Sci 2007; 29(3): 205-212.

Reason for exclusion: No specific analysis or results on influenza vaccination available. Not outcome
of interest.

Ortquist A, Berggren |, Insulander M, De Jong B, Svenungsson B, Effectiveness of an adjuvanted
monovalent vaccine against the 2009 pandemic strain of influenza A (H1N1)v, in Stockholm county,
Sweden. Clin Infect Dis 2011; 52(10): 1203-1211.

Reason for exclusion: Pregnant women make up a sub population of this study. The results and data
are unable to be separated from the entire study population.
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Savulescu C, Jimenez-Jorge S, de Mateo S, et al. Using surveillance data to estimate pandemic
vaccine effectiveness against laboratory confirmed influenza A (H1N1) 2009 infection: two case-control
studies, Spain, season 2009-2010. BMC Public Health 2011; 11; 899.

Reason for exclusion: Pregnant women made up 5 cases of the study and 7 test negative controls. No
specific results were available for pregnant women.

Simpson CR, Ritchie LD, Robertson C, Sheikh A, McMenamin J. Effectiveness of HIN1 vaccine for the
prevention of pandemic influenza in Scotland, UK: a retrospective observational cohort study. Lancet
Infect Dis 2012; 12(9): 696-702.

Reason for exclusion: author contacted, unable to provide a sub group analysis on the pregnant
women vaccinated.

Sonmezer M, Tuncer Ertem G, Ucal Bakkal S, Bulut C, Kinikli S, Tulek N. The side effects of H1N1
pandemic vaccine in pregnant women and comparison to other healthcare workers. Clin Microbiol Infec
2011; 17: S830.

Reason for exclusion: abstract only available.

Sperling RS, Engel SM, Wallenstein S, et al. Inmunogenicity of trivalent inactivated influenza
vaccination received during pregnancy or postpartum. Obstet Gynecol 2012; 119(3): 631-9.

Reason for exclusion: Immunologic study, not outcome of interest.

Steens A, Wijnans E, Dieleman J, et al. Effectiveness of a MF-59(trademark)-adjuvanted pandemic
influenza vaccine to prevent 2009 A/H1N1 influenza-related hospitalisation; a matched case-control
study. BMC Infect Dis 2011; 11.

Reason for exclusion: Not population of interest

Steinhoff MC, Omer SB, Roy E, et al. Influenza Immunization in Pregnancy - Antibody Responses in
Mothers and Infants. N Eng J Med 2010; 362(17): 1644-1646.

Reason for exclusion: Immunologic study, no outcome of interest.

Tsai T, Kyaw MH, Novicki D, Nacci P, Rai S, Clemens R. Exposure to MF59-adjuvanted influenza
vaccines during pregnancy - A retrospective analysis. Vaccine 2010; 28(7): 1877-1880.

Reason for exclusion: Secondary analysis of data included in other studies in the review.

Yates L, Pierce M, Stephens S, et al. Influenza A/lH1N1v in pregnancy: an investigation of the
characteristics and management of affected women and the relationship to pregnancy outcomes for
mother and infant. Health Technol Assess 2010; 14(34): 109-82.

Reason for exclusion: No outcome of interest.

Excluded following critical appraisal.

Heinonen OP, Shapiro S, Monson RR, Hartz SC, Rosenberg L, Slone D. Immunization during
pregnancy against poliomyelitis and influenza in relation to childhood malignancy. Int J Epidemiol 1973;
2(3): 229-35.

Reason for exclusion: <5 criteria. The paper primarily looks at Killed Polio Vaccine. The methodology
and data behind the influenza arm of the study is unclear. The one case with a neurological disorder
also had the polio vaccine.
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Murray DL, Imagawa DT, Okada DM, St Geme JWJr. Antibody response to monovalent A/New
Jersey/8/76 influenza vaccine in pregnant women. J Clin Microbiol 1979; 10(2): 184-7.

Reason for exclusion: <5 criteria. Adverse events methodology not described.

Ohfuji S, Fukushima W, Deguchi M, et al. Immunogenicity of a monovalent 2009 influenza A (H1N1)
vaccine among pregnant women: Lowered antibody response by prior seasonal vaccination. J Infect Dis
2011; 203(9): 1301-1308.

Reason for exclusion: <5 criteria. Primarily an Immunogenicity study. No methodology of adverse
event deliberation or follow up. Unclear if birth outcomes were followed up. Attrition of 25 women at the
point of the second vaccination.

Yamada T, Morikawa M, Cho K, et al. Pandemic (H1N1) 2009 in pregnant Japanese women in
Hokkaido. J Obstet Gynaecol Res 2012; 38(1): 130-6.

Reason for exclusion: <5 criteria. Unclear how influenza was diagnosed. Potential for confounding
with antiviral treatments.

Zuccotti G, Pogliani L, Pariani E, Amendola A, Zanetti A. Transplacental antibody transfer following
maternal immunization with a pandemic 2009 influenza A(h1n1) mf59-adjuvanted vaccine. JAMA 2010;
304(21): 2360-2361.

Reason for exclusion: <5 criteria. Unclear methodology with adverse events
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Appendix V: Included studies

Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Benowitz et | Study design: Setting: Large | Primary Aim: Assess the | Hospitalisation | Adjusted 91.5% (95% | Interviews with
al. (2010)% | case control study metropolitan intervention effectiveness of | of infants up to | Cl: 61.7% to 98.1%) parents were
Statistical methods: hospital in trivalent influenza 6 months conducted as
, USA seasonal vaccine given to well as review
E;f:;a\ée\:/zzscgrggl(;ted Participants: | vaccination pregnant women of medical
2 1 minus the matched Infants aged during in decreasing records.
odds ratio of both <12 months pregnancy. the nym_ber_ of
cohorts X 100. Logistic {only children < | Group 1) hospitalisations
regression was 6 months Infants for laboratory-
performed for multiple included). hqspitali_sgd Fjocumented
notential confounders, | 11:6% of group | with positive influenza among
Their adjusted model 1and 19.3% of | influenza direct | their mfantls.
retained. vaccination of | 9rOUP 2 were quo_rescent Study period:
household contacts, and | 2O antibody test. | pytative season
prematurity. Risk set premature. (n=91) between
sampling was used to :136'3 d/0308f gg/o ur; Group 2) October and
match controls that were | ' 8¢ 90-070 00} o April 2000-09.
admitted with influenza- | 97°UP 2 had hospitalised Finished prior to
ke illness, but negative | CM"ONC with negative | (H1N1) 2009
for influenza. conditions. inf di pandemic.
Trimester influenza direct .
vaccinated; | Morescent | 0
ond or 31¢. 78% antibody test.
in the 3¢ (n=156)
trimester.
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Black et al. | Study design: Setting: Group 1) Aim: Evaluate Preterm Vaccinated (7.37%) Data obtained
(2004) Retrospective cohort Northern Seasonal the impact of delivery (<37 | compared with no using medical
study. California Influenza influenza weeks) vaccination (6.72%) diagnostic
Statistical methods: health service, | vaccination. vaccination (p=0.136). coding.
c ftonl ' USA Type not during | Adjusted HR 151 Unclear
oX proportional Participants: | reported. pregnancy on | Outpatient visit | ° "~ opulation
hazards regression was pants: . | for preanant (p=0.088). popu
d to investiaat Pregnant Pregnant women and their | for pregna , details and
used to Investigate women: women: risk of influenza | women with an | When presentations of | i iteq
effectiveness and Contained all | (n=3707) iiness, as well | influenza-like | asthma were excluded | jesessment of
adjusted for women's . as its effecton | symptom HR 1.001 (p=0.988) -
age and week of women with Infants: - potential
delivery. Effectiveness | live births (n=3652) the risk of Hospital Excluded not restricted | confounding
outcomes for infants Infants: influenza-like admission of | to <6 months. factors.
were adjusted for Contaiﬁed all Group 2) |Ilngss I?l mfflants infants with
gender, gestational age, | live births for | No influenza during the flu pneumonia .
week of birth and birth | the same vaccination season. Outpatient visit Excluded not restricted
facility. period d;glnr?anc Study period: for infants with to <6 months.
Characteristics greggnanty lsrg!ausir:\Zsafrom an influenza
of participants like iliness
ang matgrnal women: 1997 to 2002
risk factors not | (n=45878) ?ef;neddt;y tthe
described. Infants: vlirrsusair;oI:tZs
Trimester (n=44987) Unclear of '
vaccinated: neiearo
circulating
Not stated strains or match
of vaccine.
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Candela et | Study design: Setting: Local | Group 1) Aim: Evaluating | Adverse 41 pregnant women Pregnant
al. Prospective single arm | health district | |nfluenza A safety in real events reported 26 medically | women made
(2012)3 study in Italy (HIN1) 2009 | time and assess | pregnant confirmed adverse up a sub-
Statistical methods: Participants: | vaccine. MF59 | effectiveness women events and 33 self- population of a
Data were presented as | Characteristics adjuvanted and Iong-_term reported adverse Iarger cohort.

, subunit safety using events. Active
frequencies and of pregnant i record linkage surveillance
percentages. women and vaccine bet g Most frequently fLcted

maternal risk Mothers N \_/vee? reported were common \t/)va? clzonh ucte
factors not (n=370) Le%'ob”a cold (11.5%), cough y de f}p one
described. Infants born ata ases: (11.5%), diarrhoea and | 3" P ys![matnz
Trimester during the StUdy pe"Od: gastroenteritis (1 1 5%) \fl(\;?raed(\:/(;rr]saec €
vaccinated: | study period Between 7 serious adverse event
2nd or 3rd (n=70) October 2009 Seri events were reported. | confirmation
- and January erious
trimester. 2010 adverse events | None were suspected | and clinical
Exact numbers to be vaccine related. information.
not specified. Ad No adverse events of | Low power for
verse special interest assessing
events of occurred. uncommon
special interest 3 births adverse events
Premature '
birth
Conlin et Study design: Setting: U.S. | Group 1) Aim: Assess Pregnancy 6.4% (H1N1) ICD-9 coding
al. (2013)%" | Retrospective cohort military Influenza A adverse loss vaccinated group, from the
study Participants: | (H1IN1) 2009 | Pregnancy 6.5% seasonal group | Military Health
ot . i tcomes System Data
Statistical methods: Pregnant vaccine. ou . , 5.8% (H1N1) ,
. Adiuvants not among active- Preeclampsia . Repository
Data were presented as | Service o aJte d 6449 | dutyU.S. or eclampsia, vaccinated group was used to

frequencies and

women. 92.5%

5.2%seasonal
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
percentages for the of group 1 also had military women vaccinated group identify
outcomes in this review. | participants _seasonal who recgived Preterm labour | 6.5% (H1NA) pregnancy
were under 35 | influenza pandemic as % of vaccinated group related codes.
and 92.7%in | vaccine (H1_N1) vaccine | |- .oinated 6.2% seasonal ’ Only maternal
Trimester (n=10376) prégnancy as . . described were
vaccinated: . well as adverse | Congenital 2.1% (HIN1) age and
Al imesters Inf_ag;\;g.5 health outcomes malf_or_matlon vaccinated group, African
1122 (30,7001 (n=9435) among the (Definition from | 2.0% seasonal ancestry
) (39.7%) Group 2) newborns the National vaccinated group
during 1st .
tri Seasonal resulting from | Birth Defects
rimester for _ -
|nﬂuenza these Prevent|0n
(H1N1) 2009 , , -
A/Brisbane/59/ | pregnancies. | Network using
(36.3%) inthe | 2007 (HIN1), | Study period: - €oCing
A/Brisbane/10/ for congenital
seasonal October 1, 2009, abnormalities.)
group. 2_007_(H3N2)' and June 30, '
like virus, and 2010,
B/Florida/4/200
6, 2008/2009 October 1, 2008,
vaccine and June 30,
. 2009. Aligned
Mothers: with vaccination
(n=7560) timing.
Infants:
(n=6759)
Cristiani et | Study design: Setting: Group 1) Aim: Adverse 11 adverse events Pregnant
al. (2011)** | prospective cohort study Health district | |nfluenza A Determine the | events were reported in 7 women made
Statistical methods: in Italy (HIN1) 2009 | frequencies and | Pregnant pregnant women, 4 upa small sub-
Participants: | MF59 clinical features | Women headache, 4 injection | population of
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Descriptive outcomes Pregnant adjuvanted of adverse site reaction, 2 fatigue, | this case
only considered for this | women. subunit events and 1 respiratory tract | control study.
review. Median age 33 | vaccine (n=3) infection. An interview
years (range Group 2) 1 at 35 weeks was co_nducted
25-39 years). | gy seasonal Preterm birth | gestation at the time of
Comorbidities influenza vaccination,
were not A/Brisbane/59/ and then
reported. 2007(HIN1)- f[elephone
Trimester like strain, interviews
vaccinated: | (A/Brisbane/59 were
204 or 3 12007 IVR- conducted at
trimester. 148), ?a?/nz)hmoznth
Median A/Brisbane/10/ ’ ’
gestational age | 2007(H3N2)- month 4, and
at vaccination | like strain, month 6.
24 weeks (A/Uruguay/71 Other than age
(range 15-36 | 6/2007 NYMC no maternal
weeks) X-175C), risk factors.
B/Brisbane/60/ were described
2008-like strain
(B/Brisbane/60
/2008) and
inactivated
influenza
(H1N1) 2009.
(n=10)
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Deinard Study design: Setting: Group 1) Aim Systemic Arthralgia or myalgia Information
AS, Prospective cohort study Qbstetric clinic | Either splitor | Not stated reactions 2.7%, headache 1.6%, | was co_IIected
Ogburn Statistical methods: in USA whole virus Study period: fever 37.8- 38.6 1.2%, | at th(_a time of
(1981)78 aa Wers presenied as | pregnant influenza 01911, malaise 1.1%, chills and then active
frg?cl:air’:ge:sar(];ii souare | Women. Age | AlNew E)r:iltietaaetll'(r)\i 0.6%, and cough 0.2%. | surveillance
pereentages. q ranged from 14 | Jersey/8/76 : . , No maior or life- was
analysis was performed circulating Serious 0 major or e
- to45years, | virus vaccine i threatening reactions | conducted.
for congep]tal mean 21.97 HswiN1 strains and the | adverse events g Information
abnormalities. (SD+4 6.) o match of the Spontaneous | 2 In vaccinated group, | was also
L4.9). (n=176) vaccine is also . 6 in unvaccinated -
15.3%hada | excludes 13 | unclear abortion (<20 unvaccinate obtained on
chronic illness | pre conception ' weeks group Lhe :;E‘ant?
in the vaccinations gestation) theeaenéjg 0
\égﬁgrr;az%ég% Group 2) Stillbirth (>20 1 in each cohort weeks after
in the ’ No influenza Weef[k? birth.
unvaccinated. | vVaccination estation) 16 (9.1%) vaccinated | 13:4% Of
Trimester during Live premature 70 participants
: 55 (10.6%)
' . | pregnancy birth (<37 - were lost to
vaccinated: _ unvaccinated
All trimesters (n=517) weeks) 14 (8.0%) g follow up.
: , .0%) vaccinate ;
41 (23%) were Congemta_l 67 (13.0%) Maternal risk
vaccinated in malformation ) \ . factors
he fi (Medically unvaccinated, including | yescribed
the first - 13 pre-conception -
trimester. 33% diagnosed L included race,
in 2nd and 44% major and vaccinations (p <0.005) | oronic iliness,
in 3rd. minor and smoking.

malformations)
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Eicketal. | Study design: Setting: Group 1) Aim: Influenza-like | RR 0.61 (95% CI: 0.45 | Active
(2011)" | Prospective cohort study | Apache Indian | |nactivated Assess the liness to 0.84), surveillance
Statistical methods: reservationin | seasonal effect of requiring was conducted
o Arizona, USA | hospitalisation, until the child
Relative risks were influenza seasonal :
calculated. Potential Participants: | vaccine strains | influenza with at least reached 6
founde Navajo and B/HK, A/New | vaccination one of the months of age.
coniounders were : Cal (H1N1 i following: fever The stud
investigated; day-care | White al (H1N1), during 0 € study was
attendance ’household Mountain A/Panama pregnancy on >.38-0 C, doneona
smoking wood or coal | Apache Indian | (H3N2), laboratory- diarrhoea, or vulnerable
burning étov e in the mother-infant | A/Wyoming confirmed respiratory population and
home. and pairs. Infants | (H3N2), influenza in symptoms may not be
breasifeeding No were male B/Shanghai. infants to 6 infants < 6 generalisable
statistically si gjnifi cant 51% and Thiomersal- months of age. | months. to other
associations were found | female 49%. | reduced Study period: | Influenza RR 0.59 (95% Cl: 0.37 populations.
and no adjustments Otherinfant | Vaccine. 3influenza confirmed by | 4 5 ga) » Y=t | Outcomes for
were made. characteristics | Infants and seasons from | virus culture, ' the people who
not described. | mothers November 2002 | serology, or withdrew are
Trimester (n=573) to September | rapid influenza unclear.
vaccinated: | Group 2) 2005. Not clear | diagnostic test Statistical
P how these infants < 6 difference in
2nd or 3rd No influenza . th breastfed
trimester it periods were months reastie
: vaccination hosen _ infants with
Exact numbers | quring c - Influenza-like | RR 0.92 (95% CI: 0.73 74% in
not described | pregnancy illness medical | to 1.16) unvaccinated
other than visit with at
. Infants and cohort and
those with cord least one of .
mothers . 81% in
blood sample. _ the following: nated
(n=587) fever > 38.0°C, vaccinate
cohort

diarrhoea, or
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
respiratory (p=0.007)
symptoms.
Englund et | Study design: Setting: Group 1) Aims: Adverse No significant adverse | The method of
al. (1993)* | pseudo randomised Family practice | Trivalent Not stated. events reaction including data collection
controlled trial in USA A/Sichuan/ Primarily an fever, moderate or for adverse
Statistical methods: Participants: | H3N2, immunologic s.e\_/tere Fr)]a'r!’ orneed to evelnts was
i visit a physician were | unclear.
Descriptive outcomes Healthy i A '(I;aév}/\?p/tHl_l\l || study report:d.y small |
only considered for this pregnan an clonia mall sample
revi women. No influenza size.
eview. i
other vaccination. Unclear
description of | (n=13) randomisation
ch.aracter|st|cs. Group 2) and
Trlmgst(tard. Tetanus toxoid concealment.
vaccinated: vaccination.

31 trimester

(n=13)
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest

Fell et al. Study design: Setting: Group 1) Aims: Premature Adjusted RR 0.95 Data was

(2012)85 Retrospective cohort Ontario Influenza A Evaluate the birth (<37 (95% CI: 0.88 t0 1.02) | obtained from
Statistical methods: residents in (H1N1) 2009 | relationship weeks) Ontario’s
Logistic regression was Canada vaccine alone. | petween Very _ electronic birth
Used to compare I’iSkS PartiCipants: tAdJUV?nt or . ma’[e.ma! H1N1 premature b"'th (Aédg:’J/Stg? EI?)SO’[Z% 91) rSeCO.rd. )
for each outcome Al Singleton ypte ;) tvzccme vaccination and (<32 WeekS) o Ll U. . d0C|Oecon0m|C
between the exposure hospital births not stated. foetal and Premature birth ﬁta'wadsf
groups. Mulivariable | (20weeks | (n=21363), | neonatal measures also the 2006

. ; ; the 2006

regression was gestationor | Some also had | outcomes during adjusted for chronic Caradian
performed to calculate | More and birth | the seasonal the 2009-2010 hypertension, anadia
adjusted risk ratios. We|ght equal to | vaccine: (H1 N1) ) pregnancy.-lnduced CelnSUS.
Confounders considered | OF greater than | (n=1977) pandemic. hypertension, Trimester of
included maternal age, | 900 9). Total Study period: preeclampsia, history | vaccination not
parity, history of Mothers (n=23340) The study period of preterm blrth, and able r’rto ge
premature birth, smoking | maternal age was November maternal smoking. reported.
during pregnancy, lessthan 35 | Group2) 2009 to April SGA birth Adjusted RR 0.90 Maternal risk
chronic hypertension, (78%), medical | Not vaccinated | 2010, the (below the (95% Cl: 0.85 10 0.96) | factors
medical comorbidity, comorbidity with either authors reported | 10th described as
pregnancy-induced 7.4%. influenza A the match percentile) per varigbles in
hypertension, Trimester (H1N1) 2009 between the Severe SGA Adjusted RR 0.81 regression
preecllampsia, obstetrical | vaccinated: ?f Sfllasfna| vaccine and (below the 3rd | (95% Cl: 0.72100.92) | model.
complications, rivaien circulating was i :
ntrapartum | Unknown vaccination. “very srong". No percentile) ﬁgghilssrﬁggudsted for
complications during (n=32230) information was immigrant
labour or birth, and reported concentration. chronic
socioeconomic status. regarding the hypertension ’ and
All adjusted models selection of the maternal smc;king
included maternal age, study period. '
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants | and cohorts | period interest
family income, and
gqrt‘hcat'oln- Among live Foetal death | Adjusted RR 0.66
NS only. (intrauterine | (95% ClI: 0.47 to 0.91)
?heaar:h28r\?vzt§£s Foetal death also
. adjusted for maternal
gestation) smoking
Harmark et | Study design: Setting: GP Group 1) Aim: Risk of OR 2.61 (95% CI: 1.55 | Participants
al. (2011)% | Single arm prospective | Practices in the | Vaccination |dentify and adverse event | to 4.40, p=0.001) received a
study. Netherlands with influenza quantify adverse following questionnaire
Statistical methods: Participants: | A (H1N1)2009 | events influenza via e-mail at 1
Multivariate logistic Group 1) MF-59 associated with | vaccination, week,lthenn ;
regression was Pregnant adjuvqnted a specific during foIIov_vmg_ 2
performed. The model Women. subu_mt pand_emic pregnancy vaccination
compared gender, age | Characteristics vaccine, two vaccine. and tEen at3
(0-52.5 years), (52.5- | not described. goseskat Ieasri Secondly morl1t. S.
61.9 years), (61.9-67.2 | Group 2) all weeks apart. | investigate risk A’[trl.’[I(.)n of 615
years), (67.2-90.0 participants (n=72) factors for the participants. It
years), cardiovascular | with a medical | Group 2) occurrence of is unclear how
disease, pulmonary indication that | Comparison | adverse events. many were
disease, warranted the | with other risk | Study period: from the
immunodeficiency, and | geasonal flu groups November 2009 pregnancy
pregnancy. Chi-square | yaccination. enrolled in the | to March 2010. sub-group.
test was also performed. Trimester study with the Small sample
vaccinated: same SIZ€.
ond o 3¢ intervention.
trimester. (n=3703)

84% of the
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
total
participants
also received
the seasonal
flu vaccination
a few weeks
earlier.
Heikkinen | Study design: Setting: Group 1) Aim: Premature Adjusted OR 0.75 Information
etal. Mixed prospective and MldW|fe, Monovalent Evaluate birth (95% Cl: 0.55t0 101), was gathered
(2012)8 retrospective cohort hospital, and | Influenza A outcomes in adjusted HR 0.69 (95% | prospectively
study GP settingsin | (H1N1) 2009, pregnant women Cl: 0.51100.92) during
Statistical methods: Argentina, MF59 who received Foetal death Adjusted OR 1.44 antenatal
» ) ltaly, and adjuvanted he MF after 22 weeks o (. visits. Another
Logist q the MF59 : (95% Cl: 0.23 to 8.90)
OQISUC regression and | Netherlands. | subunit i gestation. o, ¢l | 9roup was
proportional hazard : o | 2duvanted A and HR 1.38 (95% CI:
el dwit | Participants: | vacaine. 75% | (H1N1) influenza 0.22to 8.47) enrolled at
MOGe!S Wer_e usead wi Health received 2 vaccine during dehvery and
the latter using eatthy doses h Spontaneous | No case was reported | information
gestational age as the pregnant : the recent abortion prior | in th inated
e £ i women (n=2295). pandemic. In the vaccinate was collected
ime factor for a . e 5 Stud iod: to 22 weeks cohort versus 9 cases | from medical
outcomgs except Over;ll Ersnean roup 2) tudy period: gestation. (0.4%) in the records.
congenital age o1.0 years Women not November and unvaccinated cohort. | attrition of 153
malformations. Models | Trimester vaccinated December 2009 The denominator of ith 16
adjusted for parity, vaccinated: with influenza | in the women that received women wi
: omen that receive dropping out of
smoking, and maternal | Any trimester, | vaccine. Netherlands, the vaccine prior 022 | the studv and
age. 94 (4%)inthe | (n=2213). | Octoberand weeks isunclear. | 137 1ve biths
1st trimester. Infants !December 2009 There were 94 women | |t 1o follow
1319 (56.9%) | followed upat | " I(EaLy’ Fekt)ruary vaccinated in their first up
i nd and Augus i '
inthe 2and | 3 months of 2010 ing trimester. Low numbers

889 (38.7%) in
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
the 3rd. 8 were | age (n=4385) | Argentina. All congenital | Adjusted OR 1.33 of women were
missing. Unclear on malformations | (95% CI: 0.88-2.00). vaccinated in
rationale of defined as Rates per trimester their first
study period such in vaccinated; first trimester.
timing or overlap | EUROCAT trimester (2 of 94, Maternal risk
with peak guidelines. 2.1%), second (35 of | factors
influenza period. 1319, 2.7%), third (19 | described
of 889, 2.1%). included age,
.| Adjusted OR 1.12 race, smoking,
Preeclampsia | a5, ClI: 0.81 to 1.55). | alcohol
HR 1.10 (95% Cl: 0.80 | consumption,
to 1.53) and drug use.
Low birth Adjusted 0.88 (95% Cl:
weight 0.61 to 1.26).
Maternal death | No maternal deaths or
abortions occurred
among the vaccinated
women.
Horiya et Study design: Setting: Group 1) Aim: Adverse Redness at the The
al. (2011 | prospective cohort study | Unclear, Japan | 2 doses of Evaluate the events. vaccination site was | methodology is
Statistical methods: Participants: | split-virion efficacy of the TOST crc])mmop ; E”Cleadr asto
Healthy influenza A double reaction, then pain an ow adverse
f?:;ig]e(;zf ;ens(;e nted as pregnant (HIN1) 2009 | vaccination with induration. Less events were
percentages women, mean | vaccine the 2009 common were followed up
' age 34.8 containing pandemic systemic symptoms; and assessed.
(SD+4.1) neither an influenza A headache, malaise,
yearsingroup | adjuvantnor | (HIN1) vaccine fever, and nausea.
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes

Participants and cohorts period interest
1and 35.7 preservative during Overall incidence of
(SD+3.6) (n=128) pregnancy. adverse reactions was
years group 2. Group 2) Study period: less than 10%.
Trimester 1 dose of October 2009 | g No serious adverse
vaccinated: i erious events requiring

Same vaccine adverse events o ,
Any trimester, | as group 1. medical intervention
15in the 1st (n=82) were reported.
e Premature | 7% in participants
e & an birth vaccinated in the first
in the 319, 3

trimesters of
vaccination not
reported.

Foetal death
(No definition
described. It is
unclear what
gestational
ages were
included.)

Congenital
abnormalities
(No definition)

or third trimester and
2% in those vaccinated

in the second trimester.

One aborted 5-month
twin gestation 40 days
after immunisation.

5 (4.2%) born to
women vaccinated in
their 2nd and 3rd
trimester. No women
vaccinated during 1st
trimester gave birth to
a child with a
congenital abnormality.
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Hulka Study design: Setting: Group 1) Aim Local adverse | 40% of patients It is unclear
(1964)89 Mixed prospective and | Obstetric Polyvalent Not directly events receiving saline how each
retrospective cohort departmentin | inactivated stated. complained ef pain and | cohort were
study USA whole-viion | Investigate the 83% of vaccinated allocated.
Statistical method Participants: | influenza beneficial effect rerortt‘?dl Ipal?t.'f)?’:/obl Not blinded,
Pregnant vaccine. of vaccination in potentially attributable | allocation of
f[r):;igne(;if ;ens(;e nted as Worgen oflow |Unclearasto | pregnant to the vaccine. freatment was
percentages. The socioeconomic | antigenic women. . 15-20% vaccinated not concealed;
authors reported background, makeup. Study period: | Systemic and 1.9% unvaccinated | outcomes for
statistical significance, | largely African | (n=363) October 1962 to | 2dVerse events | pregnant women people that
but there was no method Americen Group 2) January 1963. experienced malaise. W'th_dreW were
reported. population. Pregnant Circulating strain This was reported as not included.
Other | omen was identified: it being statistically Large attrition
characteristics | ot is unclear if this significant. rate (n=149).
no.t described. with placebo matehed the Influenza-like | 24 (11%) vaccinated Some women
Trimester (n=181) vaccine. iliness of and 36 (20%) were added
vaccinated: Putative period pregnant unvaccinated retrospectively
Any trimester, used. women (self- | experienced a fever to the control
19(5.2%) in reported and upper respiratory | 9rOUP if they
the 1t respiratory disease. were not ’
trimester. ailment with \éac_cma’;]e
Numbers not fever) urlqgt e
reported for 2nd ol No congenital previous
and 3 Congenital anomalies in the 13 winter.
trimester. malformation women who were

(no definition)

vaccinated in their first
trimester and followed

up.
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest

Hwang et | Study design: Setting: Group 1) Aim: Local reaction. | 38.1% experienceda | Active
survey. healthcare (H1_ N1.).2009 incidence of and | reaction in Adjusted OR 1.82 methods were
Statistical methods: Korea sp!|t-V|r|on non- | the risk factors oregnant (95% Cl: 0.72 to 4.56) used, as well
Local and systemic Participants: | adjuvant for adverse women as passive
adverse event Sub population | Vac¢N¢: events to compared to ?urvelllfz-lll?ce
compared accordingto | Women. women. (HINT) _ groups. o
other potential risk Characteristics | (n=21) Study period: | g i . _ Low statistical
factors; sex, age, BMI, | of pregnant Group 2) October to reaction. Sjé:e/ ;?;f:;ﬁ%%ed a g(;;/vezr 1W'th
smoking, regular alcohol | Women not Other risk December v
consumption, and described. groups 2009. Odds of a Adjusted OR 0.95 vaccmatf>d
comorbidity, by using the | Trimester enrolled in the systemic (95% Cl: 0.37 to 2.45). | Pregnan
chi-squared test or vaccinated: | stydy with the reaction in Womlfn y
Fisher's exact test. Unclear. same pregnant enrofied.
Logistic regression intervention as women
model used local or group 1. compa.red to
systemic adverse event _ other risk

(n=875) groups.

as the dependent
variable and age < 20,
20-29, 30-39, 40-49>50
years, BMI, smoking,
regular alcohol
consumption,
comorbidity, and
pregnancy as the
independent variables.
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Haberg et | Study design: Setting: Group 1) Aim: Risk of foetal | Adjusted HR 0.88 Data obtained
study pregnant (HIN1) 2009 | effectiveness of | weeks of population
Statistical methods: population split-virion with | the pandemic pregnancy) immunisation
Cox proportional hazard NorV\-/a.y ASO3 vaccine in The risk of sunvellance
model was used with Participants: | adjuvant. pregnant women | nremature birth | Adjusted HR 1.00 EMTEQ’ and
gestational day as the | Pregnant (n=25976) and the effect of | following (95% CI: 0.93 to 1.09) r;fntursem ent
underlying time metric, WOfT:en with | 266 women ﬁﬁf;ﬂigognor z/agginatic:(n,) databases
. singleton i <37 weeks '
One model used clinical pre%nancies received 2 foetal survival , Foetal death
diagnosis of influenza ., - | doses. . | Therisk of _ was defined
during pregnancy with Soé:j\?g: than Group 2) Study period: term low birth AdJLJSted_ HR 0.90 earlier than the
the following categories: 3?) and 11% Not vaccinated Océoger !, 2b009’ weight (>37 (95% C1: 0.76 10 1.08). majority of
no exposure to the had a chronic | With influenza and Jecember 1 weeks <25009) | All of the above HR other studies
demic (reference), | . ' 31, 2009. Period djusted f
pan I vaccine. N were adjusted for at greater than
ithout liNess. identified by the ;
exposure without a ) (n=87335) influenza exposure and | 12 weeks.
clinical diagnosis, and Trlmgster . start e_md end of vaccination status, Maternal risk
exposure with a clinical vaccinated: pea_k influenza age, parity, marital faclors
diagnosis. All trimesters, period. status, use of :
N ’ described as
Another model was 2431 (9.4%) in nutritional supplements per adjusted
pregnancy days during | the 1¢ during pregnancy, variables.

the main pandemic wave
and the end point was
physician consultation
for influenza.

trimester,
10827 (41.7%)
in the 2n and
12718 (49.0%)
in the 3
trimester.

The risk of an
influenza

smoking during
pregnancy, history of
earlier foetal death,
and eight chronic
medical conditions.

Adjusted HR 0.30
(95% CI: 0.25 to 0.34).
Unclear what
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
diagnosis covariates were
following included in the
vaccination adjusted model.
(R80
International
Classification
of Primary
Care code)
Irving et al. | Study design: Setting: USA | Primary Aim Association Vaccinated 1-28 days | Missing some
(2013)7 Case control study health care intervention of | Estimate the between prior to spontaneous potentially
ot . sites linked by | interest was association spontaneous | abortion, adjusted OR | important
itaTSt_lc_al mlethdodz. a data network | trivalent between abortion and 1.23(95% Cl: 0.53to | confounding
IeDZIys;iég\éﬁg:I v:riable Participants: | influenza spontaneous influenza | 2.89, p=0.63) factors such as
for infllenza vaceine Pregnant vaccination. _abortion and yac;:mg receipt | \/accinated more than aIcohoI.,
exposure to the vaccine | Women who Group 1) influenza inthe 28-day | g days prior to (rjecreatlonal
relative to the date of had Pregnancy vaccine e>.(pgsure spontaneous abortion, | 21u9 Use,
spontaneous abortion. experienced loss through Study period: | Vn9OW: adjusted OR 1.24 (95% g:ﬁscl:'spélorgce
The primary analysis pregnancy loss | the first 16 October 25, Cl: 0.54 t0 2.86, andgmatérnal ’
included; 1) exposure 1- during the weeks 2005 to p=0.61) weight.
28 days before the studyperiod, | gestallon. | Februaryd, |\ on | Vaccinated while Maternal risk
reference date, 2) same | Mean age 31.7 | (n=243) 2006, and from betwoen pregnant, adjusted OR | ¢4
season exposure more (SD16.0) in Group 2) October 22, { 0.80 (95% CI:0.3610 | yescribed
than 28 days before the | 9ouPland - ) o 2006 to SpORIANeous 1 4 7g 1=0.58) -
y abortion and ’ included age,
reference date, and 3) | 293 (SD£54) 2 February 3, . . o
unexposed as of the years in group ith no | 2007. Periods influenza Vaccinated pre febrile iliness
reference date 2.16.5% of women Wil no - - senwhen | vaccine conception, adjusted | during 1<
' women hada | Pregnancy loss : receipt. OR 2.34 (95% CI: 0.86 | trimester,
The secondary analysis; : through the the vaccine was i = i
» | chronic g available. (preconception | to 6.33, p=0.10) smoking,
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
1) exposure after condition first 16 weeks and post diabetes,
conception and before reported. gestation. conception) asthma, and
spontaneous abortion. 2) | Trimester (n=243) Post hypertension.
Same season exposure | yaccinated: conception Diabetes and
before conception and 3) Either before defined as last age were
Unexposed. . menstrual statistically
conception or . ) .
In both analyses the during the 1 period plus 14 d|ffergnt, both
unexposed category trimester. days. were included
served as the referent in the adjusted
group for both categories analysis.
1 and 2. Conditional
logistic regression
models adjusted for
maternal age, parity,
maternal diabetes and
health care utilisation.
Paired t-tests and
McNemar tests were
used.
Jackson et | Study design: Setting: USA | Group 1) Aim: Local reactions | Mild to moderate pain
al. (2011)® | Randomised controlled | Participants: | Two doses of | Not stated, atfirst at injection site 25ug,
trial Pregnant 25ug HA primarily vaccination 25%. 49ug, 35%
Statistical methods: | women in good | influenza A immunologic Erythema < 50mm,
Data were presented as health (Iong list (H1N1)2009 StUdy 25“9, 8%. 49“9, 13%
frequencies and of exclusions). spht—wnpn, Study period: Swellina/induration
Mean agein | hon- adjuvant 9 )
percentages. 9 ne. 1 September 2009 2519, 7%. 49ug, 2%
both cohorts | Vaccine, to October 2009 | Systemic _
31.7 range (20 | days apart Fever (not defined),

reactions at
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes

Participants and cohorts period interest

to 39) and 31.2 | (n=60) first 259, 8%. 49 ng, 7%

g%r;?e (18to Group 2) vaccination Malaise, 25 g, 31%.

Two doses of 49ug, 40%
Trimester 49ug HA
vaccinated: influenza A Oral temperature
od e 2rd ) >37.8, 25ug, 0%.

2nd or 3rd, (H1IN1) split- 49ua. 2Y%

Gestational virion, Mg, £7o

age at unadjuvanted Headache 25ug, 28%.

vaccination vaccine, 21 499, 30%

group 1,24.4 | days apart Serious 18 serious adverse

(SD16.2), (n=60) adverse events | events were reported

group 2, 22.6 pregnant for 15 pregnant

(SD16.0) women women; all were
considered to be
unrelated to the
vaccine.

Serious

adverse events
infants

24 serious events were
reported for 20 infants;
all were considered
unrelated to the
vaccine.
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Kallen B, Study design: Setting: Group 1) Aim: Stillbirth Vaccinated versus Medical Birth
Olausson | Retrospective cohort Population Influenza A Describe a large | (unclear of non-vaccinated 0.77 Register
P.(2012)*" | study cohort from (H1N1) 2009, | study on definition used) | (95% CI: 0.57 to 1.03), | database was
Statistical methods: | SVeden splitvirus | pregnancy vacanated vs, prer | used [0 access
Participants: | vaccine AS03- | outcome after vaccination group U.o1 | medica
Mantel-Haenszel odds 5 adiuvantand | vaccination OR (95% CI:0.59to | records of
regnant |
ratio and approximate hi | inst (H1N1 1.12) antenatal care,
95% confidence intervals | women who thiomersa aga_lnst ( ) deli d
were estimated with delivered after | Preservative. | during the Preterm birth | V/accinated versus ngéﬁzrt);] o
Miettinen’s methOd, 1st of October Pregnant 2009/10 (< 37 Weeks, non-vaccinated OR condition of the
adjusted for year of birth, | 2009 and women: pandemic. singleton births | 0-86 (95% CI:0.7710 | =\
maternal age, parity, | anothergroup | (n=1g612) | Study period: | o) ) Ao ion | I
smoking, BMI, preterm Who delivered Infants: October 2009 to versus pre-vaccination .
birth, low birth weight, prior to that - December 2010. group OR 0.91 (95% Maternal risk
and SGA<2 SD. date. 80.2% of | ("18844) ) g4 g Cl: 0.83 10 1.00) faCt.?rS; s
i arity, smokin
vaccinated Group 2) started at the Low birth Vaccinated versus P q éMI :
cohort were < | Non- start of the mass _ : R an were
- ort weight (< non-vaccinated O the onl
35 years of vaccination vaccination 0.86 (95% CI: 0.77 J
age, 77.5% of | group od. Not clear | 22009 86 (95% CI: 0.77= | gescribed.
Unvaccinated period. Not Clear | qinqjeton births | 0.96), vaccinated
hort g Pregnant n rggards to only) Versus pre-vaccination
gg 0 wer]? women: timing of peak group OR 0.91 (0.81 to
years o (n=136 914) influenza period. 1.03)
age. :
Infants: SGA (<2 SD Vacci
Trimester accinated versus
vaccinated: | (=138 931) {/:/o:nri)(:teded non-vaccinated OR
. Group 3) eignt 1.04 (95% Cl: 0.92 to
All trimesters, gestational 117 i
o Pre- : A7), vaccinated
3165 (17.0%) L age, singleton | \erqys pre-vaccination
in the 1 vacaination births only) | group OR 1.08 (95%
trimester. group who '
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Numbers in 2nd | gave birth in Cl: 0.95t01.23)
and 3 not thef year 2009 Congenital Vaccinated versus
flgp(_)rted.f before October malformations | non-vaccinated OR
ming o Pregnant first trimester | 1.01 (95% CI: 0.83 to
vaccination women. only (any 1.23), vaccinated
data was : o
ssina in 18% (n=83 298) congenltal_ versus pre-vaccination
MISSINGIN 187 1 et malformation | group OR 1.04 (95%
of participants. (=64 484) in the Medical | CI: 0.85 to 1.28)
Birth Register.
Common and
less significant
malformations
were excluded)
_ Stillbirth OR 0.95 (95%
Womenwith | ¢} 0.69 to 1.22),
known
vaccination Preterm birth among
week singletons OR 0.96
compared with | (95% CI: 0.88 to 1.05),
non-vaccinated | Low birth weight in
womenwho | singletons OR 0.96
were still (95% Cl: 0.87 to 1.07)
pregnam ™ | SGA OR 1.05 (95% CI:
0.94 to0 1.18).
LimSHet | Study design: Setting: Group 1) Aim: Local adverse | Soreness (41.6%) and | Participants
al. (2010 | single arm prospective | Obstetric Influenza A Not stated events redness (8.4%) atthe | were asked to
survey clinics in Korea | (H1N1) 2009 Study period: injection site. complete a
Participants: | split-virion, daily log
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Statistical methods: Healthy non-adjuvant | December 2009 | Systemic Fatigue (36.6%), following
Data were presented as | Pregnant vaccine. to January 2010. | adverse events myallgia (23.7%), vaccination.
frequencies and women. Mean | (n=190) dizziness (23.2%), Attrition of 28
percentages. agewas 31.3 | £oiowed until headache (20%), fever | women in total.
(SD+3.8) birth (n=162) (13.7%), chills (10%), Other than age
years respiratory symptoms no maternal
Trimester including rhinorrhoea risk factors
vaccinated: (142%), sore throat .
were described
All trimesters (11.1%), cough (8.4%),
2 (1.1%) in th,e gastrointestinal
1t trimester symptoms including
75 (40.1%) i,n diarrhoea (5.8%), and
the an' and abdominal pain (5.3%).
110 (58.8%) in
the third
trimester. 3 not
reported.
Lin et al. Study design: Setting: Group 1) Aim Adverse 2.0% had adverse drug | Maternal risk
(2012)% Retrospective cohort Medical Influenza A Observe the events within 1 | reactions including factors
Statistical methods: ger)tres in (H1N1) 2009, | safety profile of | Week fever, couglh, runny Qe?c(rjibgd
Data were presented as Participants: split-virjus ianSenza A congestion, and skin | smoking,
frequencies and ' . : Ad . :

- Pregnan vaccine. H1N1) vaccin verse itching. history of
percentages. Univariate egnant ( ) vaccine events reterm birth
square test for cohorts was (n=198) Study period: unvaccinated group s:)(‘foec_l(_)lzlomm
proportions. 324 (SD+4.0) Infants From October had at least one \?v:suri) i

and 32.8 2009 to adverse event during
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
(SD£3.9) (n=202) February 2010 their pregnancy. statistical
years. Chronic | Group 2) Conditions such as difference in
disease history Not vaccinated optic neuritis, cranial either cohort.
not reported. with influenza neuropathy, or Guillain-
Trimester vaccine. Barre synd(rjome were
; . not reported.
vacclr_1ated. Pregnant Adverse P _
Any trimester, women events in 72 (35.6%) vaccinated,
10 (4.9%) in - 101 (49%
t (n=198) infants (49%)
the 1<, 82 unvaccinated within 8
(41.4%) in the Infants weeks after they were
223 zrbrgester, (n=206) Premature born. (p< 0.05)
o i birth < 37 12 (5.9%) vaccinated,
(63.3%) in the weeks 0
3rd trimester. 18 (8'7.@
Premature unvaccinated.
birth < 35 2 (0.9%) vaccinated,
weeks 7 (3.4%) unvaccinated
Stillbirth (p=0.09)
(unclear of Nil in the vaccinated,
definition) cohort and 1 in the
URTI in the unvaccinated cohort.
first 8 weeks | 6 (3,0%) vaccinated,
following birth | 8 (3.9%) unvaccinated
Low birth 16 (7.9%) vaccinated,
weight < 25009 | g (13.6%)
unvaccinated
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Mackenzie | Study design: Setting: Group 1) Aim: Serious No serious adverse Pregnant
etal. Prospective cohort study Scotland and | |nfluenza A Establish the adverse events | events were reported. | women
(2012)* | Statistical method gg generd (H1N_1)2$09 fea_s(;?nity of 53; pregnant g;fgﬁgz%d a
- vaccine. Type | rapidly - _ .
Descriptive outcomes Participants: | not stated. monitoring the | Serious There were six population of a
only considered for this : potential congenital broader study
review Sub population | (n=104) new swine flu adverse events | . " '
: ines in larae : abnormalities cases Active
of pregnant Group 2) vaccines In large | for infant at reported involvin _
women ! patient numbers. | pirth P WOVING 1 surveillance
L Not vaccinated . ' hypospadias, Down’s dat
Characteristics | . To describe occurred a
{ ed influenza syndrome, monthly
no. reported. vaccine. pre;gnancy_ hydrocephalus, intervals.
Trimester (n=13) outcomes In umbilical hernia, cleft .
vaccinated: vaccmateq and palate, and skin tag on Pregnancies
the 1!, 53 women. ) reported in the 13 gptto deillvtehry
(45%) in the Study period: unvaccinated women. eﬁ de(;r othe
2nd and 30 2 November Spontaneous Th f4
(24%) in the 3 2009 and closed | abortion (not Sp§;faﬁ“§gi;e§§0”r§;’ns pregnancy.
trimester. 2 to new defined) inin 3 women Outcomes of
were not recruitment on ' 29 births were
reported. 30 April 2010. lost to follow
The study period up
coincided with Maternal risk
the vaccination factors not

program timing.

described
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Participants and cohorts period interest

Munoz et | Study design: Setting: Clinic | Group 1) Aim: Serious 9 women were Electronic

al. (2005)* | Retrospective cohort in USA Seasonal Evaluate the adverse events | hospitalised within 14 | database
study Participants: | influenza safety of (hosp!tahsatpn days of vaccination. 11 searph

ntigenic vaccine that is
Data were presented as \?vrc?r?wgin\;/h o | make up of administered in | after reasons that related to | common
frequencies and had vaccines not | the secondor | vaccination) | delivery. 2 were not | diagnosis and
percentages. Continuous | Na% ird tri related to delivery and | complications
: . estation 1 had influenza-like that may occur

with t-test for singleton Infants and Y : o~ .

, hers: Studv period: iliness within 5 days of | prior to
comparison of the bregnancy. mothers yP receipt of vaccine. delivery.
means. Nominal values | Mean age 30.7 | (n=225) 5 influenza _ Health
were compared among | Years. Group 2) seasons from | Premature 565% vaccinated carthy t
the groups with chi- A comparison Not vaccinated July 1,1998,to | birth 8% unvaccinated OR | Prégnan g
squared test or Fisher | group was with infloenza | 2une 30, 2003. 0.67 (95% Cl: 0.32 o wo[[nﬁn;n
exact test. selected by vaccine The allocation of 1.32, p=0.28) matche

- : : : _ cohort, no
matching of the study period | Medically 51 (22.6%) vaccinated tornal risk
matemal age | Infants and appearstobe | attended acute | 156 (18,9%) ][naterna fis
at delivery, mothers: the putative respiratory unvaccinated (p=0.24). dac or_st,) y
month of (n=826) influenza tract illness in escribed.
delivery, and season. pregnant
type of Prevalent strains | women (from
insurance. listed in paper time of
Mean age 30.8 and peak vaccination to
years. influenza delivery)

Trimester periods. The Acute 26.8% vaccinated
vaccinated: match of the respiratory 30.2% unvaccinated
2nd or 3rd, vaci:lnes S iliness during

Numbers not unciear. the peak
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
specified; the influenza
mean season for
gestational age infants < 6
at vaccination months.
was 26.1 Pneumonia for 1.6% vaccinated,
weeks. infants < 6 2% unvaccinated
months.
(Excluding
month 1)
malformation | 19 (1.8%)
unvaccinated.
Nordin et Study design: Setting: 10 Group 1) Aim: 0-3 day Adverse event in the Comparison of
al. (2013)%2 | Retrospective cohort health care Trivalent Estimate the adverse events | first 3 days after rates of
study systems seasonal risks for vaccination, adjusted | medically
Statistical methods: across the influenza medically incident rate ratio (IRR) | attended
Whitney U tests to Participants: | Antigenic occurring within 1.55). in pregnant
compare baseline Pregnant make up of 42 dayS of First 42 dayS Adverse event in days Wom_en from
- women with vaccines not receiving 1 to 42 post infl Vaccine Safety
characteristics. . , after 04z postiniiuenza | ok An
Generalised estimating Smgletonl stated. T[rlval.ent vaccination Vaccination’ adjusted | ith '
equation method to pregnancies. - (n=75906) inactivated adverse events | IRR 0.90 (35% CI: %gﬂﬂﬁerg
account for the matching Mean age 30.8 Group 2) influenza 0.68-1.19) reanant
ffect with a Poisson (SD+5.6) vaccine and to _ _ preg
erecl, Wi ears. The Pregnant evaluate specific New diagnosis of episodes and
distribution and log link | Y2 women not - 5P thrombocytopenia hed
culated maternal vaccinated \ risks of first- ( ylopenia, matche
Caiculated materna cohort were vaccinated trimester adjusted IRR 0.90 vaccinated and
incident rate ratios. more likelyto | With influenza | \aceination. (95% CI: 0.68 to 1.19). | unvaccinated
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Adjusted for pre-existing | have a pre- vaccine Study period: Acute neurologic women who
high-risk conditions, existing matched by June 2002 to event, adjusted IRR would be likely
receipt of care in the first | condition age, site, and | July 31, 2009 0.92(95% Cl:0.54t0 | tobe
trimester, and (14.5% estimated 1.56). Among vaccinated in
hospitalisation before the | compared with | pregnancy vaccinated women the same risk
vaccination or index 11.7%) start date. there were no cases of | window.
date. Trimester (n=126246) Guillian-Barré
vaccinated: 1 syndrome, optic
21553 (28.4%) neuritis, Bell's palsy, or
1st trimester, transverse myelitis.
33553 (44.2%)
2nd trimester,
and 20800
(27.4%) 3rd
trimester.
Omer et al. | Study design: Setting: Group 1) Aim: SGA (< 10th Putative influenza Birth related
(2011)% Retrospective cohort multistate The receipt of | Evaluate percentile for | season OR 0.74 (95% | data were
study surveillance inactivated whether there is | gestational Cl: 0.47 to 1.15) extracted from
Statistical method USA seasonal an association | 29€) Period of widespread Pregnancy
The primary adjusted Participants: | influenza between receipt influenza activity OR Risk
models identified Pregnant vaccine. Type | of inactivated 0.31(95% Cl: 0.13 10 | Assessment
covariates that produce | women, 82.3% | notreported. | influenza 0.75) g/lonltonng
adjusteq ORs of 1 du_ring of vaccinated | (n=578) vaccine dU””% Putative influenza de)lltse;[ﬁgnse.
the pre-influenza period. | cohort was Group 2) pregnancy an Premature (< . .
Covari d der 35 P birth outcomes. (< | season adjusted OR | Tyimegter of
( ovarlatgs assesse under No seasonal T2 37 weeks) 0.60 (95% CI: 0.38 to este
included; gestational age | compared to inf Study period: 0.94 p=0.02 vaccination not
for first antenatal visit 85.4% of nruenza A 94, p=0.02) established.
’ vaccine pre and peak . :
maternal diabetes unvaccinated Period of widespread | Maternal risk

influenza period
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
(gestational and/or non- | cohort. (n=3590) was identified influenza activity OR factors
gestational), multivitamin | Trimester using laboratory 0.28 (95% Cl: 0.11to | investigated
use in pregnancy, history | vaccinated: and case reports 0.74, p=0.01) included those
of alcohol use during during the 2004 listed as
pregnancy, education sr? ;éfep?oﬂgg, - 2005 and 2005 covariates plus
less than 12th grade, btained from - 2006 influenza smoking, race
and mother married. gatabase season. and
Logistic regression was ' Circulating hypertension
used to evaluate the strains or match were also used
association of maternal of vaccine not in a secondary
influenza vaccine with reported. adjusted
prematurity and SGA model.
infants.
Omon et al. | Study design: Setting: Group 1) Aim: Adverse Fever occurred in 11 Three
(2011)*" | Prospective single arm | France Influenza A Describe events (1.9%) women. Also | successive
study national (HIN1) 2009 | pregnancy reported were standardised
Statistical methods: monitoring vaccine. Non- | outcomes ast(?eni_a, Pﬁﬂdac_:\es,f questionndaires
Survey adjuvanted’ among women an paln a e Site O were .Use .
f?::}i;ecriz Sp ;ens(;e nted as Participants: | split-virion vaccinated with injection. Influenza-like | The first of
Pregnant vaccine. non-adjuvanted symptoms occurred in | these was
percentages. g : 11 (1.9%) women. filed in when
women, mean | (n=651) influenza ° .
age 31 (SD4) | Birthing vaccines in Adverse | 141 (25%) women. | e vaccine
years. outcomes South Western | events during was
I _ France pregnancy administered.
rimester (n—580) . The 2nd and 3rd
vaccinated: Study period: | Hospitalised _ conducted via
Al trimesters, October 2009 to | during 56 (9.6%) mainly . a phone
29 (4%) < 15 February 2010 | pregnancy related to hypertension | ° tp :
weeks. 308 or preterm labour. Interview.
’ Comparisons
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
47% < 28 of incidence
weeks, and were made
’ Premature 42 (7.2%) of women .
g;iv(:e?lzé) g birth < 37 vaccinated gave birth \;vl:trl\wlsx;ernal
' weeks. prematurely. ys.
Attrition of 82
Foetal death One foetal death was | \,omen.
(Definition reported and no Maternal risk
unclear) stillbirths. aternal s
factors
Major 19 (3.1%) reported described for
congenital maternal age,
abnormalities premature
(EUROCAT birth, diabetes,
definitions) hypertension,
folic acid
supplementatio
n, alcohol, and
tobacco
consumption.
Opperman | Study design: Setting: Group 1) Aim; Spontaneous | Adjusted HR 0.89 Data were
netal. Prospective cohort study | Germany Non- Estimate the risk | abortion (95% Cl: 0.36 t0 2.19) | collected via
(2012)7 | statistical methods: | Participants: | adjuvanted for spontaneous | (definition adjusted for study entry | three
Cox proportional Pregnant _split-virion abqrtions and unclear) and vaccination time struct_ured .
hazards model were women, influenza A major birth Stillbirth Nil qu?stlonnalres
used with vaccinationa | median age 33 | (HIN1)2009 | defects. | (definition 2 st contack
time dependent in vaccinated | vaccine PreecllampS|a, unclear) _ S'.X:t/ee si,(an
covariate for cohortand 32 | (n=216). gestational age Preeclampsia | Adusted OR 1.15 e|fg vr\:ee S
spontaneous abortion. | in control ASQ3- at birth, and birth P (95% Cl: 0.54 to 2.46). | &tert ed q
group. adjuvanted Welght were All Adjusted OR 0.92 estimated date
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Logistic regression was | Random vaccine evaluated as malformations | (95% CI: 0.58 to 1.46) | of birth for
performed for major samples of all | influenza A secondary (EUROCAT vaccinated
malformations and pre- | available (H1N1) 2009 | endpoints definitions) cohort and
eclampsia. pregnant vaccine Study period: | pai Adjusted OR 1.11 control group.
A i women = , aor (95% CI: 0.51 to 1.46).
propensity score was , (n=90). April 2009 to malformations The term

calculated and the logit | controls with 1y \crg June 2010 Crude OR 0.99 (95% | ‘spontaneous
of the propensity score | an estimated o ey Al _ Cl: 0.43 to 2.00), abortion’ and
was included as a date of birth in | it malformations ‘stillbirth’ are
covariate in the logistic | therangeof |, g o2 A following 1st not described
regression. the study (HIN1) trimester and in the paper.
Included as covariates in (S:glr;c:;rtte\g/ere vaccine (n=2). ;ﬁg‘;'?oat'on This study
the propensity score ' : _ combines pre-
werg BR/II, agi), alcohol | Trimester tFr:)erJ:C\(/;vi(r)lrgen conception. 29 (9.09%)0vaccmated concep’tionp
consumption, smoking | vaceinated: |y 0o Premature 122 (10.25%) vaccination (4
habits, drug All trimesters, | . birth < 37 unvaccinated weeks prior to
consumption, number of | 20 (6.2%) ior | ascertained. weeks conception). It
previous pregnancies, preconception, _ is unable to be
number of previous 55 (17%) in the | T0tal (1=323) separated from
foetal losses, number of | 1%, 144 Group 2) the overall
previous children with | (44.6%) inthe | Pregnant data.
malformation, other 219, 104 women who 312 women
diseases, and family (32.2%) in the | were not lost to follow
medical history. 3¢trimester. | vaccinated up

with influenza '

A (HIN1) 2009 Maternal risk

vaccine factors

(n=1329) investigatgd as

per covariate
list.
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Participants and cohorts period interest
Pasternak | Study design: Setting: Group 1) Aim; Foetal death Adjusted HR 0.79 Information
et al. Retrospective Cohort Nat.ionWIide |nﬂuenza A To investigate (Sporitaneous (95% CI 053 to 116) was Obtained
(2012)%8 study registry in (HIN1) 2009 | whether an abortion and from the
Statistical methods: Denmark inactivated adjuvanted St'”bll)r_th ) me@ii:altti)inth
- Participants: | AS03- pandemic A combine register tha
Kaplan-Meier method to . . ;
ger?erate survival curves | Al singleton adjuvanted (H1IN1) 2009 Foetal death in | Adjusted HR 0.48 contains
according fo vaccination pregnancies | split-virion influenza pregnant (95% Cl: 0.22 to 1.10) | detailed
status. Cox proportional | (Ve births, vaccine. vaccine in women in the 2 records of all
hazards regression with | SIOIths and | Foetal death | Pregnancy was | yeeks k[>)|rths '”k
gestational age in days pregnancies analysis. ass_omated with | following I:’enmar .
as the underlying time with an (n=7062) an increased vaccination regnancies
le. Logist abortive Stillbirth risk of foetal with abortive
scale. Logistic i tillbirt Spontaneous | Adjusted HR 1.11 outcomes were
regression was used to outcome) in analysis death. i :
v - | Denmark. ays's. .. | abortion (week | (95% CI: 0.71t0 1.73) | identified using
estimate each woman'’s (n=7014) Study period: | o, "\ ook 99 .
- Pregnant 0 week 22) ICD-10 coding.
probability to be Spontaneous | November 2009 Maternal risk
vaccinated conditional womgg mean | bortion to 30 September | SPontaneous Adjusted HR 047 f aterna s
on covariates. Women | /SF = | analysis. 2010. Coincided | abortoninthe 1 oo "oy 4910143, | e
were excluded with a ’Eh £5.2) mt 4 | (n=2736) with the start of | 2 Weeks nvestigate t as
non-overlapping © vaceinate Groun 2 the vaccination | following per covariate
o . cohort and roup 2) - vaccination list.
probability of being _ campaign.
vaccinated at the ;30'9 (SD£4.7) | Not vaccinated Stillbirth .
extreme end of score in the with influenza (delivery of a Adjusted HR 0.44
, Ity
distribution. gr\l/\gargi:lmated. C\ (Hi1nN1) dead foetus (95% CI: 0.20 t0 0.94
Propensity models percentage of acane. after 22
included the following women with a Foetal death weeks)
variables: Maternal age, | shronic an_aly3|s.
county of residence, disease unable (n=47524)
degree of urbanisation, Stillbirth

to be
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
country of birth, parity, calculated. analysis.
history of foetal death in | Trimester (n=43663)
siblings, selected vaccinated: | Spontaneous
hospital admissions and | 2736 (7.7%) in | analysis.
outpatient hospital the 1st (n=32627)

contacts within three
years preceding
pregnancy, selected
drugs and number of
drugs used within six
months before
pregnancy.

trimester. 2nd
and 3
trimester
numbers not
reported for
individual
trimesters.
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Participants and cohorts period interest

Pasternak | Study design: Setting: Group 1) Aim; Major birth POR, 1.21 (95% CI: Information

et al. Retrospective cohort Na’[.ionWIide Influenza A To investigate defeC’[IS 0.60 to 245) was obtained

(2012)% study registry in (HIN1) 2009 | whether following from the
Statistical methods: Denmark inactivated exposure to \iat(ic'lnatl?n in meQIi:aI ttr)irti]

: Participants: | AS03- unadjuvanted = imester register tha
Analysis was separated | o, na‘;t adjuvanted influejnza A (defined using contains
into vaccination in the 1st gnant juvar i
trimester and vaccination | Women with split-virion (H1IN1) 2009 EuoroCAT detailed
in the 2d or 3 Those | Ve born vaccine. vaccine during | criteria) records of all
vaccinated in the 1 singleton {sttrimester | Pregnancy was | preterm birth < | POR, 1.32 (95% CI: g”'ths mk
trimester were excluded | Infants. (n=345), associated with | 37 weeks 0.76 to 2.31) enmark.
from the analySiS of 2nd Excluded propensity increased risk of vaccinated Vaccination
and 3% trimester known causes | score matched | adverse foetal | during their 1t Sttitu.s V\éafS
vaccinations. A a.nd (.30ng€‘.nlta| anaiysis outcomes. trimester) 0 a.lt':]e |r0m
propensity score for viral !nfectlons (n=330) Study period: Preterm birth < | POR, 1.00 (9% CI ?Hrﬁ\ll%na
each participant was possw_)lii y 2nd and 3 November 2, 37 weeks 0.84 t0 1.17). vaccination
estimated using logistic agtshogifthe trimester 2009 to vaccinated database.
regression as the \év' : tl d (n=6644), September 30, | during their 21 Th it
predicted possibility of etec s_?n q propensity 2010. Coincided | gnd 3 i gtfioriu atiion
vaccination conditional | Unspectiied. score matched | with the start trimester) eligible for fhe
on potential gpngemtal viral analysis and end of the POR 0.97 (95% Cl: i/i?c?me: during
confounders. Following ISease. (n=6642) vaccination Very preterm o 5(3 o Cl: t e |rsi
estimation of propensity | Pregnant Group 2) campaign. birth (<32 6310 1.53) fimester was
scores both cohorts women mean : weeks, 2 and women with
were matched 1:1 and age 30.7 NOt Yaccmated 3rd trime§ter comorbidities.
participants with no (SDi52) in Wlth !nﬂuenza Vaccmatlon) Maternal I’iSk
match were excluded. | the vaccinated | accin® Low birth POR 0.83 (95% Cl: factors
Logistic regression was | cohort and 15! trimester weight 0.41t0 1.67). described as
used to estimate 30.1(SD25.0) | (n=22917), (<2500, 1st per covariate
in the propensity ’
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
prevalence odds ratios. | unvaccinated. | score matched trimester list.
Potential confounders in | Trimester analysis vaccination)
propensity matched vaccinated: (n=330) Low birth
scores included maternal | A|l trimesters, | 2n and 3t weight POR 1.14 (95% Cl:
age, place of birth, 345in the first | trimester (<2500g, 2¢ | 0410 1:38)
degree of urbanisation, | frimester. 21 | (n=46443), and 3 ’
parity, smoking, pre- and 3 propensity trimester
pregnancy BMI, history | trimester score matched vaccination)
of birth defects, preterm | nymbers not | analysis _ POR 1.11 (95% Cl:
birth, spontaneous reported for | (n=6642) verylowbirth | 067 t9 1.83)
abortion, SGA, maternal | individual Small weight
comorbidities, use of trimesters. variations in (<1500g,
drugs, health care oreterm birth vaccinated in
utilisation, number of cohort sizes 2ﬁd or 3rd
hospital admissions and ' trimester)
hospital outpatient visits SGA (<10th POR 0.79 (95% ClI:
in the last 3 years, and percentile for 0.46 to 1.37)
number of drugs used in gestational
the last 6 months. age, 1
trimester
vaccination)
SGA (<10th POR 0.97 (95% CI:
percentile for | 0.87 to 1.09)
gestational
age, 2" and
3rd trimester
vaccination)
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Poehling et | Study design: Setting: 3 Primary Aim: Hospital 12% of mothers of Infants were
al. (2011)** | Case control study county intervention of | To determine presentations | influenza-positive identified
Statistical methods: hospitals in the | interest was whether for children infants and 20% of through
o o USA vaccination maternal under 6 mothers of influenza- hospital
3 MUIt'V.a”ate logistic Participants: | Status during vaccination months negative infants were | surveillance
LesgergS_ls_lr?g rrr?gg[els were Inpatients <6 pregnancy. during (PCR/viral vaccinated. with fever
comprehensive model | months of age | Group 1) pregnancy was culture) Adusted OR of 0.52 | andlor f cute
included age, sex, with respiratory | Hospitalised | @ssociated with (95% C1:0.30t00.91) | SBEAY
race/ethnicity, site, study illness and/or | influenza a reduced risk of adjusted as described Symptoms.
year, tertile of the fever. 44.0% | positive laboratory- in the statistical
influenza season, smoke | female, 56% | infants. confirmed method.
exposure at home, male. 11.8% | (n=151) Eﬂue?zl_a y
number of siblings, day | Were Group 2) inoisna;tlsi lgns
care attendance, premature -
insurance status, and infants and Hospitalised | months old.
whether the infantwas | 7-9%had a infants tW|th Study period:
ever breast-fed. high-risk _rlclaspwa ory 2002 to 2009
condition. illness without N ber t
laboratory- ovember 1o
Trimester confirmed April, prior to
vaccinated: . influenza A
influenza
Unclear ~1359 (H1N1) 2009.
(n= ) Unclear on the

match of the
vaccines with
circulating strain.
The periods
commenced
from the first to
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Participants and cohorts period interest
last influenza-
positive
nasal/throat
swab among
study infants.
Richards et | Study design: Setting: Group 1) Aim: Vaccine 61.5% (95% CI: 15.5% | All births in the
al. (2013)% | Retrospective cohort HeSIStg\region Monovalent | Not stated ?Cf:fectiv(;er}essd to 82.5%). participating
study in influenza A Studv period: ase define health sites
Statistical methods: Participants: | (H1N1) 2009 2% A:ri?ZOOQ to as having a were identiﬂed
Logistic regression to Pregnant vaccine 17 April 2010 overse e e]ectromc
gl r? | womenwith | (n=1125) pritUTL. | transcription medical
gv? uate t e association iive births. e of h'. Seefl_son defmed polymerase records and
oit\clzvcfgg primary Mean age 31.2 ofthis yfirst positive | ¢ ain reaction then restricted
S was (SD5.6), 4% cohort also laboratory test | et positive for to mothers
performed. I?nmary with asthma received the up to the first influenza, or who had the
analyses adjusted for: 15.7% ’ seasonal week when the having a opportunity for
maternal age, asthma, o0 trivalent percentage of ol i d tri
: _ diabetes. and | .. .. _ medical visit 3rd trimester
ges(;ghonal (lilat;e?tes, 6% ’ mact_lvated influenza A during exposure to
cardiovascular disease, . vaccine. H1N1) was reanancy with ;
hypertension during g%rg;%\éascular Vaccine type (<5%, (?ncluding ﬁ]ﬁl?er?zac- ywit io(?_% K]];Il;enza
pregnancy, multiple Trim t not reported. births before and | related ICD-9 virus.
birth, any . vaccie:aft:d' Group 2) after the start of | diagnosis code Potential for
pregnancy/birth " | Not vaccinated | availability of during the selection bias
complication, any Unknown with influenza | 2009 (HIN1) | period of 2009 with
antiviral use durmg trlme_ster of vaccine inﬂue.nza A influenza A participants
e e Gra e N s
regression and matching | collected. cireulation.) fo the vaccine

methods were used in

becoming
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
sensitivity analysis. Preterm birth < | Adjusted OR, 0.63 available.
Vaccine effectiveness 37 weeks. (95% Cl:0.4710 0.84) | Maternal risk
was calcglated as 1 SGA < 10th Adjusted OR 1.26 factors
mltrjus adjusted odds percentile (95% Cl: 0.94 to 1.69) | described ats
ratio. er covariate
Low birth Adjusted OR 0.79 o Missing
weight (95% CI: 0.56 t0 1.10). | 4ata for race
(<25009) smoking, and
alcohol use
and a smaller
sensitivity
analysis was
performed on
these potential
confounders.
Rubinstein | Study design: Setting: 49 Group 1) Aim: Preterm Adjusted OR 0.79 A consecutive
etal. Cross sectional study | public Monovalent | Toassessthe | delivery (<37 | (95% CI: 0.69t00.90) | sample of all
, . rgentina (HIN1) 2009 | perinatal events | ow birth _ elivered in the
?(/lul’uplel Iog|st|c| , Participants: | vaccine MF- | of vaccination of | weight Adjusted OR 0.74 participating
gression analysis Was | preanant 59-adjuvanted | pregnant women (95% CI:0.65100.83). | hospitals were
performed. Retained gnant ) preg (<25009) bl
variables included women witha | subunit with an MF59 Perinatal © l?tl' € t(t)
e i ' i articipate.
antenatal visits, level of Il\{e bornlor vaccine. adjuyanted mortaliy (early | Adjusted OR 0.68 Ipnf rmp o
: stillborn infant | (n=7293) vaccine. o . ormatio
education, maternal age, of at least 22 _ neonatal (95% CI: 0.421t0 1.06). | was extracted
income, parity, smoking, | % Group 2) Study period: | oty plus tom the
_and history of pregnancy qestation or Not vaccinated | September 2010 | foetg medical
induced hypertension. weighing 500g influenza ::1)(3'\4?())/:2:1’ no | mortality) records and

A Propensity score
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
analysis was used for an | or more at vaccine circulating strain survey.
outcome not extracted | birth. 88.5% of | (n=23195) or match of Foetal death | 25 (0.3%) vaccinated, | Possibilty of
for this review. vaccinated vaccine ver 22 111 (0.5% selection bias
hort < 35 love (0.5%) d |
co | weeks) unvaccinated (p=0.08) | due to severely
years, 86.9% _ unwell women
in the Neonatal death | 29 (0.4%) vaccinated, | ot being
unvaccinated (7 days post- | 146 (0.6%) enrolled as
cohort. partum) unvaccinated they would
Vaccinated (p=<0.01) have been
cohort had : 35 (0.5%) vaccinated, | unable to
more antenatal Congemta_l 137( (0.6“)’2) ’ provide
clinic visits and malformation unvaccinated consent.
earlier first visit i
i vas Neonata 433 (5.9%) vaccinated Zi:ggal risk
statistically intensive care 1523 (6.'6 ) i
sianificant o unvaccinated described as
d'?f admission ) _ per covariate
| .erence. Very low birth 44 (0.6 A:)) vaccinated, | ist plus
Trimester weight (1500g) | 306 (1:3%) maternal
vaccinated: unvaccinated weight.
Any, 2874 (p=<0.01)
(39.4}%) in the Non-immune | 273 (3.7%) vaccinated,
1st trimester, jaundice 706 (3.0%)
3545 (48.6%) unvaccinated
in the 2, 736 (p=0.012)

(10.1%) in the
3rd, 138 (1.9%)
not known.

Pre-eclampsia

124 (1.7%) vaccinated,
384 (1.7%)
unvaccinated
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Sammon et | Study design: Setting: UK Group 1) Aim: Foetal death Foetal death in weeks | Data was

al. Retrospective cohort Genelral Influenza A Investigate (definedasa | 9-12, immunity model | obtained from

(2012)10 | spydy Practices (HIN1) 2009 | whether the loss at any HR 0.74 (95% CI: 0.62 | the UK
Statistical methods: | Participants: | vaccine. hazard of foetal | time between | to 0.88), toxicity model | General
Discrete survival Pregnant (n=9445) death is altered the 9th Week 0.56 (95% Cl:043to Practice
ana|ysi3 Weekly women with at Group 2) in pregnancies |abour/de||Very 073) Research
ntervals d least 6 months ! vaccinated ) Foetal death in weeks | Database that
intervals were used to Not vaccinated I . . contains

- of data ) against influenza 13-24 del
define exposure and . influenza , Immunity mode fimary care
event occurrence and available | vaccine A (H1N1) 2009 0.59 (95% Cl: 0.45 to P dryf
were estimated for last menstrual (n=26993) Pregnancies 0.45 (95% CI: 0.28 to pbpljl:tione
weeks 9-12, weeks 13- Kﬂe(:gondadgaéezlg 5 ending after the 0.73). i aIgorith.m
%toa;%gggﬁeig—uﬁd_ for those who \S/;acréi(r)\;?oen o dgath iq weeks | was usedto
oo | delivered an - 25-43, immunity model | jyenfify

1) Assess if vaccination | . campaign on 21 0.70 (95% CI: 0.47 to ,
has an adverse infant. 5.9% October 2009 1'03 toxicit m del pregnancies
association with foetal | Weren and conception 1'56)’9830(%.?0736,[ and estimate
death (‘Toxicity model) another clinical orior to st 3'34)( o LLULS10 | start and end
2) Assess if vaccination risk group for January 2010. o aates.

has a protective effect
against foetal death
(‘Immunity model’).

Potential confounders
investigated in the
analysis include:
maternal age, history of
spontaneous loss,
diabetes, pre-pregnancy

influenza and
24.6%
smoked.

Trimester
vaccinated:
All trimesters.
Trimester
vaccination
reported as
vaccinated

The protective
association with
influenza A (H1N1)
2009 vaccine was
similar during periods
of high influenza
circulation and little or
no influenza
circulation. No
variables were

Maternal risk
factors
described as
per covariate
list.
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
smoking status, pre- weeks observed to confound
pregnancy alcohol use, | included in the the association
pre-pregnancy body models. between vaccination
mass index, the number | Vaccinated and foetal death and
of consultations inthe 6 | weeks were the authors thought
months before the last 2.9% 1st that residual
menstrual period, and trimester, confounding was
being in an influenza risk | 24.4% in the present.
group. 20 and 72.7%
in the 3rd.
Sheffield et | Study design: Setting: Group 1) Aim Premature 460 (5%) vaccinated, | Data was
al. Retrospective cohort Hospital Seasonal Estimate the birth (<37 4612 (6%) obtained
(2012)'9" | study systeminthe | trvalent effect of first- weeks), unvaccinated, through a
Statistical method USA influenza trimester (p=0.004) hostp|tal
) . Participants: | vaccine influenza 65 (0.7% inated. | SYStem
Student's ttest, chi- vacenationon | Very ( %) vaccinated, | = Suterised
square test, and logistic | Pregnant Mothers remature birth | 962 (1.3%)
regression_,ln a small women. The (n=8690) foetal and p<§2 atu i UnvaCCinated, d.atabase and
number of outcomes the | vaccinated Infants neonatal (<32 Weeks) (p<0.001) (rj;i(;f:g;ge
authors adjusted for race | cohort had (n=8864) outcomes.. 944 (11%) vaccinated, | p 'bI.
and diabetes. 89% of women Study period: | ggA (< 10t 0 ossible
who were Group 2) Five influenza ( | 8,183 (11%) selection bias
under 35, the N.Ot yaccinated seasons percentie) unvacciated, (P=09) - vith a higher
unvaccinated | With influenza o be 305 (3%) vaccinated, | percentage of
cohortwas | YCEI October 2003 | Hyperbilirubine | 2694 (4%) women in the
91%. The Mother and March 2008. | mia unvaccinated, (p=0.7) | vaccinated
vaﬁcinar;reg (n=76153) Unclearonthe | gpiein 30 (0.3%) vaccinated Egr][ﬁ':oﬂswed
ﬁ?stgrt 0? a l?]f_a;é; 19 severity of the | (pogtal death | 436 (0.6%) clinics.
ry (n=76919) circulating with weight > | unvaccinated,
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
obstetric strains or the 500qg) (p=0.006) Limited
T g |0 @anaes | st
0 . . 0 =
{0 48%. and malformations | 1163 (2%), (p=0.9) confounding
diabetes 12% 1st trimester unadjusted | variables.
to 6%. Both OR 0.67 (95% CI: 0.36 | gome
were t01.26). statistically
statistically 2nd and 31 trimester, significant
significantly unadjusted OR 1.01 differences
different. (95% Cl: 0.85t0 1.21). | petween
Trimester cohorts.
vaccinated: Maternal risk
All trimesters, factors
439 (5%) in the described for
1st trimester, race,
8,251 in the 2nd hypertension,
and 3rd diabetes, and
trimesters. BMI.
Steinhoff et | Study design: Refer to Refer to Study period: SGA < 10t Overall study period, Secondary
al. Secondary analysis of | £aman etal. Zamanetal. | August 2004 percentile unadjusted OR 0.63, analysis qf the
(2012)102 randomised controlled (2008).59 (2008).59 through to (95% CI: 0.4 t0 1.0). data obtained
trial December 2005. During peak influenza in the study by
Statistical methods: Two periods circulation adjusted Zzaorggn5§t al.
Calculated ORS for were defined, 0.44 (95% CI: 0190 | (2008)
outcomes adjusted for with one when 0.99, p=0.05)
circulating and weight <2500g unadjusted OR 0.53

and linear regression.

(95% Cl: 0.2-1.4,
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
Adjusted for gestational one when local p=0.2)
_ag[e at |wpmunlsatlon and Sﬂrvelllance_ ; During peak influenza
interval from . SNOWS a perio period adjusted OR
immunisation to delivery. of increased o O
) o , 0.17 (95% CI: 0.02 to
Proportions assessed virus circulation. _
) : 1.63, p=0.1)
using chi-square test
and Fisher exact tests. Plremature Overall study period
birth <37 unadjusted OR 0.72
weeks (95% Cl: 0.3t0 1.7,
p=0.4)
During peak influenza
period adjusted OR
0.32 (95% CI: 0.05 to
2.29).
Stillbirth 3 stillbirths in influenza
(unclear vaccinated cohort and
definition) no stillbirths in the
pneumococcal
vaccinated cohort.
Sumaya Study design: Setting: Group 1) Aim SGA (<2 SD 9 (16%) Surveillance
g\S/ Gibbs | Prospective cohort study BCS)SApital inthe | Monovalent | Not stated. fromr’:h)e mean \r/]VaS perfoLmed
) istical methods: inactivated Primarily to weight owever the
(1979)> statistical methods Participants: | whole assess the Congenital 3 had detectable method is not
Descriptive outcomes . ongenita conaenital defects: lained
only Pregnant influenza safety and malformation | CON9 16CIS, explained.

' females, 3 AINJIT6 immunogenicity inguinal hernia, Group
women were | (HIN1) of inactivated phalangeal tag, and | allocation is
over 35 years | vaccine. influenza virus Clubfeet. also not

vaccines described.

of age. Other
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
characteristics | Single dose administered Maternal risk
not described. | (n=56) during factors other
Women were | g 9 pregnancy. than age were
matched for roup 2) Study period: not described.
Unvaccinated y '
age, race, and aqainst 1976-1977
v with gains ,
parlty Wlt. influenza unclear of peak
unimmunised (n=56) influenza
mothers. circulation
Trimester timing.
vaccinated:
11 vaccinated
in 2nd and 45
during the 3rd
trimester
Tavares F, | Study design: Setting: GP Group 1) Aim: Preterm 14 (5.4%) Active and
etal. Single arm prospective | Practices in Influenza A Not stated delivery (<37 passive
(2011)1% | observational study England (HIN1) 2009 | Study period: | WeekS) surveillance
Statistical method: Participants: | split-virion, The start of Very pre-term was
Data were presented as | Pregnant ASO3 adjwvant | oo delivery (<32 | 3(1.1%) performtled.
frequencies and women. Mean \éaccme. Single | vaccination 31 | weeks) Compan(sjonts
ercentages. age was 30.9 | G0S€. October 2009 to i were mage to
Persemad and 17.6% had | (n=267) 12 Docember | LoV Dith 21(8.1%) the published
g ecembe Welght back d
a pre-existing 2009 <9500 ackgroun
medical (<25009) rates for the
condition. Very low birth | 4 (1.5%) general
Trimester weight population.
vaccinated: (<1500g) Attrition of 2
women.
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes

Participants and cohorts period interest
Any, 15.7% Maternal risk
were ; : factors
vaccinated gﬁ;%z:;tal Nil described
uring the 1 vaccination included age
trimester. during first and pre-

trimester existing

_ medical

Congenital 5 (1.9%) conditions.

anomaly

vaccination

during any

trimester

Spontaneous

abortion (foetal 4(3.3%)

death < 24

weeks)

Stillbirth (foetal Nil

death = 24

weeks)

Medically 59 (22.1%). Most

attended common were

adverse event | respiratory tract

within the 31 infections (3.8%) and

day post- urinary tract infections

vaccination (3%).

Serious 34 (12.7%). These

adverse event

were mostly associated
with an adverse

148



Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
during the 6- pregnancy outcome.
month _foIIow- No adverse events of
up period special interest
reported.
Tsatsaris et | Study design: Setting: Group 1) Aim Serious Serious adverse Phase 2
al. (2011)*® | Single arm prospective | Perinatal Influenza A Evaluate the adverse events | events were reported | clinical trial.
study centres in (H1N1) 2009 immunogenicity for 13 women. An Primarily an
Statistical methods: France split-virjon, and independent committee | immunological
frequencies and Healthy antibody transfer .| Local and
Mothers: of 2009 No adverse events of eneral
percentages. women aged _ ] genel
18 0 45 years | (n=107) pandemic special interest were reactions were
were eligible if | |nfants: influenza A | Adverse reported. collected
they were (n=116) (HIN1) vaccine | events in Local adverse events | during the 30
pregnant and administered pregnant were pain 20 (19%), minutes
between 22nd during women induration 3 (3%), and | following
to 32nd weeks pregnancy. erythema 2 (2%). vaccination.
of gestation. Study period: Systemic reactions; Pregnant
Median age 3 November to 4 asthenia 24 (22%), women then
32.0 (30.1to December 2009 headache 10 (9%), kept a diary of
36.4) myalgia 3 (3%), any adverse
Trimester arthralgia 2 (2%), events.
vaccinated: hyperhidrosis 2 (2%), Pregnant
2nd and 3 pyrexia 1 (1%), and women filled
trimester only chills 2 (2%). out

questionnaires
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
at1and6
Influenza-like | 28 infants had fever ?ﬁﬂthz af’f[er
episodes in associated with ol ¢ ta ou
infants another respiratory infant.
symptom during the
study period.
Yeageret | Study design: Setting: Group 1) Aim Adverse 17 (5.3%) reported
al. Prospective single arm | Community Seasonal Determine the events for adverse reactions. All
(1999)1%% | sydy and obstetric | trivalent acceptance rate | Pregnant reactions were
Statistical method ngzs in the influenza and incidence of | women descrlt:eg as rrt1||Id ?nd
: inati consisted mostly o
Data were presented as - vac_:mn_altlon, adve_rse infl ik Y
. Participants: | split-virion. reactions to the Infiuénza-lixe
frequencies, and o : i 4.4%) and
Pregnant Antigenic influenza symptoms (4.4%) an
percentages were only : tth
. . women. Mean | make-up not vaccine. Soreness at thé
considered for this injection site (0.9%)
review. age 25.8 reported. Study period: ] 9%).
(SD£5.8). No | (n=319) November 1997 No other adverse
chronic o March 1998 events were noted,
conditions 0 arc including premature
described. birth.
Trimester
vaccinated:

Unclear, mean
gestational age
at vaccination

26.0 (SD8.9).
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants | and cohorts period interest
Zamanet | Study design: Setting: Group 1) Aim: Effectiveness Double blind
trial, Participants: | Seasonal was to assess | vaccinated randomised
Statistical method: Healthy m\llJenza the mothert§ at using t
Proportions were pregnant | 1 tonia/20/9 of genicly ” sequencing.
assessed using the chi- | women in their | & (HINY) Positive 62.8% (95% Cl:5t0 | Mothers and
oxact test. Intention-to Mean age of A/Fujian/411/2 | vaccine in o : families were
oxact tos. | the control 002 (H3N2), | mothers and Clinic visit. 42.0% (95% Cl: 18.2 to | unaware of
reff anags;s V.V;S group was and B/Hong | infants, influenza 58.8) study group.
performed. neidence Kong/330/2001 | vaccine was Mothers were
rate ratios (IRRs) were | 29.1years, | o & " e Respiratory | 28.9% (95% Cl: 6.9 to
calculated using Poisson | With a range of | > chosenasthe | ;oo with any | 45.7) asked to
. (18.0t0 36.0) | Mothers comparator. record axillary
regression models. \1G. - 179 ) fever. ! t
Estimates of clinical in the (n=172) Study period: . emperatures
offectiveness were vaccinated Infants (=169) | August 2004 !ﬁesp'ratfigy 28.1% (95% Cl: -4 6to | Of their infants.
calculated with the group and 24.9 | Group 2) through !rerr]r?;:r\;vtlure , | %08 z:g'giz \E)vsrr]e
.( 01036.0) 1\ 5ecine Unclear how . were ill to the
in the control o Effectiveness .
Moth original study
fou others ) : study clinic for
group - period was in mothers at :
) (n=168) . evaluation,
Trimester chosen. preventing: _
vaccinated: Infants (n=167) . influenza-
Respiratory antigen testing

31d trimester
only.

iliness with any
fever.

Respiratory
illness with
temperature >

35.8% (95% Cl: 3.7 to
57.2)

43.1% (95% CI: -9.0 to
70.3)

and treatment.
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Study Methods Setting and Interventions | Aim/study Outcomes of | Results Notes
Participants and cohorts period interest
38 C.
Clinic visit. 24.9(95% Cl: -43.9to

Minor local and
systemic
reactions.

Local pain

Fever within 72
hours

60.8)

13 (7.6%) influenza, 20
(12.0%) pneumococcal
(p=0.17)

7 (4.1%) influenza,
19 (11.4%)
pneumococcal
(p=0.01)

23 (13.4%) influenza,
21 (12.6%)
pneumococcal
(p=0.81)
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Appendix VI. Critical appraisal

Randomised Control Trial / Pseudo-randomised Trial

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10
Englund et al. (1993)% Y U U Y U U Y Y Y Y
Jackson et al. (2011)%6 Y Y Y N N Y U Y Y Y
Zaman et al. (2008)5° U Y Y Y Y Y Y Y Y Y
Steinhoff et al. (2012)102 N/A N/A N/A N/A N/A N/A N/A N/A N/A Y
% 66.67 66.67 66.67 66.67 33.33 66.67 66.67 100.00 100.00 100.00
Comparable Cohort / Case Control Studies

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9
Benowitz et al. (2010)84 Y Y Y Y Y Y N/A Y Y
Cristiani et al. (2011)% Y Y U N Y Y U Y Y
Deinard AS, Ogburn P. (1981)78 Y Y U U Y Y N Y Y
Fell et al. (2012) Y Y Y Y Y Y N/A Y Y
Hulka JF (1964)8° Y Y N N Y Y N U Y
Lin etal. (2012)% Y Y Y Y Y Y N/A Y Y
Heikkinen et al. (2012)87 Y Y Y Y Y Y N Y Y
Sammon et al. (2012)100 Y Y Y Y Y Y N/A Y Y
Horiya et al. (2011)88 Y Y Y N U U U Y Y
Kallen B, Olausson P. (2012)°' Y Y Y Y Y Y N/A Y Y
Mackenzie et al. (2012)% Y Y N N Y Y N Y Y
Omer et al. (2011)% Y Y Y Y Y Y N/A Y Y
Oppermann et al. (2012)77 Y Y Y Y Y Y N Y Y
Pasternak et al. (2012)% Y Y Y Y Y Y N/A Y Y
Pasternak et al. (2012)% Y Y Y Y Y Y N/A Y Y
Sheffield et al. (2012)101 Y Y Y N Y Y N/A Y Y
Sumaya C, Gibbs R. (1979)%7 Y Y Y N U Y U Y Y
Irving et al. (2013)7® Y Y Y Y Y Y N/A Y Y
Haberg et al. (2013)'8 Y Y Y Y Y Y N/A Y Y
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Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9
Eick et al. (2011)%7 U Y Y Y Y Y U Y Y
Munoz et al. (2005)% U Y Y U Y Y N/A Y Y
Black et al. (2004)" U Y Y N Y U N/A Y Y
Poehling et al. (2011)%° Y Y Y Y Y Y N/A Y Y
Rubinstein et al. (2013)83 Y Y Y Y Y Y N/A Y Y
Conlin et al. (2013)8 U Y Y U Y Y N/A Y Y
Nordin et al. (2013)82 Y Y Y U Y Y N/A Y Y
Richards et al. (2013)80 Y Y Y Y Y Y N/A Y U
% 85.1 100.00 5.19 9.26 92.50 2.50 00.00 6.30 96.30
Descriptive studies
Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9
Candela et al. (2012)%3 N Y N Y N/A Y N Y Y
Lim et al. (2010)%2 N Y U Y N/A Y N Y Y
Omon et al. (2011)¥7 N Y Y Y N/A Y N Y Y
Tavares et al. (2011)103 N Y Y Y N/A Y U Y Y
Tsatsaris et al. (2011)%8 N Y Y Y N/A Y U Y Y
Yeager et al. (1999)104 N Y N Y N/A Y U Y Y
Harmark et al. (2011)86 N Y U Y Y Y N Y Y
Hwang et al. (2011)% N Y U Y Y Y U Y Y
% 0.00 100.00 100.00 100.00 100.00 0.00 100.00 100.00
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