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Abstract

Background

Pregnant women are particularly vulnerable to severe infection from influenza resulting in

poor neonatal outcomes. The majority of evidence relates to pandemic 2009 A/H1N1 influ-

enza. The objective of this study was to describe the characteristics and outcomes of preg-

nant women hospitalised with seasonal influenza.

Methods

This national, prospective, observational cohort study used the UK Obstetric Surveillance

System (UKOSS) to identify all pregnant women admitted to hospital between 01/11/2016

and 31/10/2018 with laboratory confirmed influenza at any gestation and up to two days

after giving birth. These were compared to women admitted to give birth that did not have

influenza. Baseline characteristics, immunization status, maternal and perinatal outcomes

were compared.

Results

There were 405 women admitted to hospital with laboratory confirmed influenza in preg-

nancy: 2.7 per 10,000 maternities. Compared to 694 comparison women, women with influ-

enza were less likely to be professionally employed (aOR 0.59, 95%CI 0.39–0.89) or

immunised in the relevant season (aOR 0�59, 0�39–0�89) and more likely to have asthma

(aOR 2.42, 1.30–4.49) or have had a previous pregnancy complication (aOR 2�47, 1�33–

4�61). They were more likely to be admitted to intensive care (aOR 21.3, 2.78–163.1) and to

have a cesarean birth (aOR 1�42, 1�02–1.98). Their babies were more likely to be admitted

to neonatal intensive care (aOR 1.86, 1�01–3�42).

Conclusions

Immunization reduces the risk of hospitalisation with influenza in pregnancy which is associ-

ated with increased risk of morbidity for both the mother and baby. There is a continued
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need to increase awareness of safety and effectiveness of immunization in pregnancy and

provision within antenatal care settings, especially for high-risk groups.

Introduction

In 2012, the World Health Organization recommended that countries initiating or expanding

seasonal influenza immunization programmes should prioritise pregnant women over other

high-risk groups [1]. In the UK, national guidance since 2010–11 has been that all pregnant

women, at any gestation, should receive immunization, with an ambition to reach at least 75%

of this population [2]. This policy is based on increased risk of complicated influenza in preg-

nant women, protection of both mother and infant and the safety and effectiveness of the vac-

cine [1], yet uptake varies globally [3].

Confirmed seasonal influenza is reported to affect between 483 to 1097 pregnant women

per 10,000 and between 3 to 91 infants per 10,000 [4, 5]. Evidence, predominantly from the

pandemic influenza period in 2009 (H1N1), has demonstrated that pregnant women were par-

ticularly vulnerable to severe infection [6–10], which results in increased risk of hospital

admission [11]. Recent systematic analyses, which take account of important confounders

such as prior vaccine exposure and age, have challenged the widespread belief that pregnant

women are at greater risk of mortality and severe morbidity from influenza [11, 12]. While

pregnant women are more likely to be hospitalised, the likelihood of maternal mortality or

intensive care admission are not increased compared to the general population of women of

reproductive age [11]. However, the quality of evidence to date is very low and preventable

deaths from influenza are still reported [13].

Factors associated with increased risk of hospital admission after pandemic influenza infec-

tion in pregnancy include maternal obesity, asthma, multiparity, multiple pregnancy, black or

other minority group ethnicity and smoking among women younger than 25 years [6, 8, 10,

14]. Pandemic influenza has also been widely reported to increase the risk of poor infant out-

come such as preterm birth and stillbirth [11], although more recent studies suggest this is

only observed in women with underlying medical comorbidity [15] and is not observed in

cases of mild influenza [16].

Recent evidence suggests that the increased risk of hospitalisation may also be observed in

pregnant women with seasonal influenza [17, 18], which again is more likely in women of

non-European ethnicity [17], and women with medical co-morbidities such as asthma [19].

However, the lack of high-quality studies reporting seasonal influenza makes it challenging to

assess the risk of associated morbidity, the characteristics of those at risk or to compare this

risk to pandemic influenza and inform associated policy. Recent systematic reviews have con-

cluded that further evidence regarding the impact of seasonal influenza on maternal and neo-

natal outcomes is required [11, 20].

Influenza immunization during pregnancy is widely reported to have no negative impact

on pregnancy outcomes. Benefits in terms of reduction in risk of certain adverse pregnancy

outcomes, including preterm birth [21, 22], low birth weight [22, 23] and stillbirth [24], have

been reported. Immunization is effective at preventing seasonal influenza in pregnant women

and their infants in both high and low-resource settings [25–28] and is cost-effective for both

seasonal and pandemic influenza [29–31]. Despite this, uptake in pregnant women is low, with

45% of all pregnant women in England receiving immunization in 2018–19, a reduction from

47% the year before [32]. Monitoring vaccine uptake in pregnant women is complicated by the

dynamic nature of the group, coding for pregnancy status and differing place of vaccine
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administration, with immunization available in primary care and some community pharma-

cies as well as antenatal clinics [32]. This may contribute to an underestimation of reach, but it

is likely this still falls considerably short of the overall national target of 75% coverage of risk

groups in the UK.

The most commonly cited reasons for not being immunised include perceptions of risk of

influenza and concern over effectiveness or safety of the immunization [33–35]. Characteris-

tics of women associated with an increased likelihood of receiving seasonal influenza immuni-

zation are White British ethnicity [35], professional employment and education [33, 36],

immunization in a previous pregnancy and receiving information around immunization from

a healthcare professional [36]. Similar characteristics were associated with uptake of pandemic

flu vaccine in 2009 [37, 38].

There is thus clear evidence that pregnant women are at greater risk of being hospitalised

with influenza and that pandemic influenza may negatively impact on pregnancy outcomes.

Seasonal influenza immunization during pregnancy protects against influenza in women and

their children and is safe and cost-effective. However, there is insufficient evidence to describe

the impact of seasonal influenza on pregnancy outcomes, the characteristics of those at greatest

risk and therefore the associated influence of prior immunization. These data will inform pol-

icy and investment at a national and international level.

The objectives of this study were to:

• Use a national maternity research platform to determine the incidence of hospitalisation

with seasonal influenza in pregnancy in the UK.

• Identify the characteristics associated with hospitalisation with seasonal influenza in

pregnancy.

• Determine the impact of severe seasonal influenza in pregnancy on outcomes for mother

and infant.

• Identify the characteristics associated with immunization for seasonal influenza in

pregnancy.

• Determine the impact of immunization on maternal and infant outcomes.

Materials and methods

A national, prospective, observational cohort study was undertaken using UK Obstetric Sur-

veillance System (UKOSS). UKOSS is a national research platform that includes all 194 NHS

consultant-led obstetric units in the UK and has been established since 2005 [39]. Therefore,

all women who are admitted to a hospital in the UK during pregnancy or in the immediate

postnatal period will be captured. Each unit in the UK has a nominated UKOSS clinician data

collector who are sent a monthly notification email containing a list of conditions under sur-

veillance and are asked to report the number of women with these conditions or to confirm

zero cases. In this study, the case definition included all women in the UK admitted to hospital

between 1st November 2016 and 30th October 2018 with influenza infection confirmed on

virological testing, at any stage of pregnancy or up to two days after delivery. On reporting a

woman with influenza, the clinician completed a data collection form with anonymised data

extracted from medical records. If forms with complete data were not returned, up to five

email reminders were sent. Women were excluded if a data collection form was not returned

(n = 79) or they did not meet the definition of laboratory confirmed influenza during admis-

sion to hospital whilst pregnant (n = 41) (Fig 1).
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For each woman data were collected about diagnosis and management, as well as maternal

demographics, immunization status, obstetric and medical history. Pregnancy outcomes

including admission to intensive care and the occurrence of major maternal morbidities (com-

posite including cardiac arrest, cerebrovascular accident, adult respiratory distress syndrome,

disseminated intravascular coagulopathy, HELLP, pulmonary oedema, secondary infection,

renal failure, thrombotic event, septicaemia, required ventilation) were collected. As were

delivery and perinatal outcomes including preterm delivery, stillbirth and admission to neona-

tal intensive care.

Information on women who died from influenza in pregnancy, or consequent stillbirths or

neonatal deaths, was cross-checked with data from the MBRRACE-UK: Mothers and Babies:

Reducing Risk through Audits and Confidential Enquiries across the UK collaboration, the

organisation responsible for maternal and perinatal death surveillance in the UK. If any addi-

tional women were identified through these sources which had not been identified through

UKOSS, the nominated UKOSS clinician in the relevant hospital was contacted and asked to

provide further information on management and outcomes.

Since all consultant led obstetric units report to UKOSS, this system captures all women

hospitalised with influenza from the entire pregnancy population. Therefore, the study sample

size was governed by the disease incidence in the population and no formal power calculation

was carried out. The incidence of hospitalisation with seasonal influenza was thus calculated

using denominators from national maternity data (2018) for the constituent countries of the

United Kingdom.

The comparison group consisted of the two women that delivered in the same hospital

immediately before each woman diagnosed with influenza between 1st November 2017 and

30th October 2018. Delivery suite records were used to identify this group by using the date

and time of delivery for the woman who was hospitalised with confirmed influenza and then

identifying the two women that gave birth immediately before this woman, whom did not

have influenza. Records were unavailable for 116 comparison women.

Fig 1. Identification of case women eligible for inclusion in the study.

https://doi.org/10.1371/journal.pone.0244986.g001
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Ethics committee approval

This study was approved by the North London REC1 (REC Ref. Number: 10/H0717/20). Par-

ticipant consent for collection of anonymised data from patient records was not required.

Statistical analysis

The incidence of seasonal influenza was calculated using denominators from national mater-

nity data from 2016, 2017 and 2018 for the United Kingdom. A maternity was defined as a

woman giving birth to one or more children including stillborn babies at 24 weeks’ gestation

or greater. Baseline characteristics were compared between women hospitalised with seasonal

influenza and comparison women without seasonal influenza using univariate logistic regres-

sion. Maternal and perinatal outcomes were compared between women with seasonal influ-

enza and those without seasonal influenza and adjusted for potential confounders as identified

through the univariate analysis (Asthma requiring regular steroid treatment, Immunization

status, Employment status, and relevant previous pregnancy problems), using multivariable

unconditional logistic regression. An exploratory analysis was undertaken to investigate

whether outcomes in women hospitalized with influenza differed according to immunisation

status. A sub-analysis was undertaken to look at the characteristics associated with immuniza-

tion within the comparison group who did not have seasonal influenza. Potential confounders

identified during the univariate analysis (smoking status and estimated date of delivery) were

adjusted of in multivariable unconditional logistic regression. Cases with confirmed seasonal

influenza were not included in the analysis of immunization status as by nature of having

influenza, they may not be representative of the general population.

Proportions, adjusted and unadjusted odds ratios are presented with 95% confidence inter-

vals. Where data were missing, proportions are presented out of cases known. Statistical analy-

ses were undertaken using STATA version 15.

Results

In total, there were 405 women admitted to hospital with laboratory confirmed influenza in

pregnancy (exposed cohort) during the study (Fig 1). Information was received for 694 unex-

posed comparison women (86% of those requested). There were 1,476,405 maternities during

this period, therefore the overall incidence of confirmed influenza requiring hospital admis-

sion in pregnancy was 2.7 per 10,000 maternities (95% CI 2.5–3.0).

Women hospitalised with seasonal influenza in pregnancy were less likely to be profes-

sionally employed (15% versus 21%; aOR 0.59, 0.39–0.89) and less likely to be immunised in

the relevant season than comparison women without seasonal influenza (26% versus 31%;

aOR 0�62, 0�45–0�86) (Table 1). Women hospitalised with influenza were more likely to have

asthma (10% versus 4%; aOR 2.42, 1.30–4.49), to have a raised body mass index (29% versus

22% OR 1�37, 1�04–1�82) and to have had a previous pregnancy complication than those in the

comparison group (11% versus 5%; aOR 2�47, 1�33–4�61). There was no difference in age, mar-

ital status, smoking, parity, multiple pregnancy or pre-existing medical conditions other than

asthma in women admitted to hospital with seasonal influenza compared to those without sea-

sonal influenza.

Three percent of women (n = 13) were admitted with flu in the first trimester, compared to

18% (n = 70) in the second and 79% (n = 309) third trimester. Of the 405 women with influ-

enza, 308 (76%) had no specific influenza type recorded. Of the 97 women with a recorded

strain, 17 (18%) had A/H1N1, 73 (75%) had influenza A/H3, 6 (6%) had other influenza A

strains and only 1 (1%) had a non-A flu strain. The majority of women admitted with influ-

enza received antiviral agents (n = 349, 86%) with oseltamivir (Tamiflu) being most commonly
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Table 1. Characteristics of case and comparison women.

Independent Variables Number (%) of cases

(n = 405)

Number (%) of comparison women

(n = 694)

OR (95% CI, P-value) aORa (95% CI, P-value)

Maternal age (years)

<20 14 (3) 18 (3) 1�30 (0�64–2�65,

p = 0.475)

-

20–35 286 (71) 477 (69) 1.00 (-) -

� 35 105 (26) 199 (29) 0�88 (0�67–1�16,

p = 0.368)

-

Socioeconomic status

Professional 61 (15) 143 (21) 0�72 (0�51–1�01,

p = 0.003)

0�59 (0�39–0�89,

p = 0.013)

Non-professional employed 233 (58) 394 (57) 1�00 (-) 1�00 (-)

Unemployed 64 (16) 76 (11) 1�42 (0�98–2�06,

p = 0.061)

1�23 (0�79–1�92,

p = 0.354)

Unknown 47 (12) 81 (12) -

Marital Status

Married/Cohabiting 327 (81) 588 (85) 1�00 (-) -

Single 76 (19) 96 (14) 1�42 (1�02–1�98,

p = 0.036)

-

Unknown 2 (0) 10 (1)

Smoking Status during pregnancy

Did not smoke 317 (78) 549 (79) 1�00 (-) -

Smoked 86 (21) 135 (19) 1�10 (0�81–1�49,

p = 0.526)

-

Unknown 2 (0) 10 (1)

Parity

Nulliparous 129 (32) 274 (39) 0�72 (0�55–0�93,

p = 0.011)

-

Multiparous 276 (68) 420(61) 1�00 (-) -

Body Mass Index

Normal or overweight (<30 kg/m2) 282 (70) 518 (75) 1�00 (-) -

Obese (�30 kg/m2) 116 (29) 155 (22) 1�37 (1�04–1�82,

p = 0.026)

-

Unknown 7 (2) 21 (3)

Multiple Pregnancy

Yes 12 (3) 13 (2) 1�60 (0�72–3�54,

p = 0.246)

-

No 393 (97) 681 (98) 1�00 (-) -

Pre-existing medical condition

Yes 56 (14) 77 (11) 1�29 (0�89–1�86,

p = 0.182)

-

No 348 (86) 615 (89) 1�00 (-) -

Unknown 1 (0) 2 (0)

Pre-existing Asthma

Yes 41 (10) 30 (4) 2�50 (1�53–4.07,

p = 0.041)

2�42 (1�30–4�49,

p = 0.005)

No 363 (90) 663 (96) 1�00 (-) 1�00 (-)

Unknown 1 (0) 1 (0)

Known previous pregnancy

complications

Yes 43 (11) 35 (5) 2�24 (1�41–3�56,

p = 0.001)

2�47 (1�33–4�61,

p = 0.004)

(Continued)
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used (n = 348, 99.7%). The median duration of hospital admission was 3 days (IQR 2-5days),

noting that for some women this included a postnatal stay potentially unrelated to their

influenza.

Maternal and perinatal outcomes are shown in Table 2. Twenty-one women with influenza

(5%) were admitted to intensive care (ITU) as opposed to one woman in the comparison group

of women without influenza (aOR 21�3, 2�78–163�1), with a median admission of 3 days (IQR

2–6) compared to 5 days for the comparison woman’s ITU admission. Only one woman admit-

ted with influenza received extra-corporeal membrane oxygenation (ECMO). Just over a quar-

ter of women with influenza gave birth during the same admission as their influenza admission

(n = 114, 28%). Women with influenza were more likely to have a cesarean birth (aOR 1�42,

1�02–1�98). There was a statistically non-significant increased risk of maternal morbidity in

women with influenza compared to comparison women without influenza (aOR 2�23, 0�78–

6�43). There were no increased odds of pregnancy loss or assisted vaginal birth in women

admitted to hospital with seasonal influenza compared to those without seasonal influenza.

The median gestation at delivery was 39 weeks both for women hospitalised with influenza

and for the comparison women. A higher proportion of women with influenza gave birth at

<37 weeks compared to women without influenza, but this was not statistically significant

after adjustment. There was no significant difference between exposed and unexposed women

in the proportion giving birth at<32 weeks. Babies of mothers with influenza were more likely

to be admitted to neonatal intensive care (aOR 1�86, 1�01–3�42). Overall, there were few still-

births, neonatal deaths and congenital abnormalities reported, with no difference observed

between babies born to mothers with or without seasonal influenza.

One hundred and six women admitted with influenza (34%) were known to have received

an influenza immunization in the relevant season. There was no difference in maternal and

perinatal outcomes according to the immunization status of the mother (Table 3).

Based on analysis of data from comparison group women, women that smoked during this

pregnancy were less likely to be immunised than non-smokers (aOR 0.42, 95% CI 0.25–0.71).

Women with an estimated date of delivery in July to September (n = 66, 9.5%), or October to

December (n = 46, 6�6%) were also less likely to be immunised than those expected to deliver

in January to March (aOR 0�43, 0�20–0�91; aOR 0�16, 0�04–0�74 respectively) (Table 4). No

Table 1. (Continued)

Independent Variables Number (%) of cases

(n = 405)

Number (%) of comparison women

(n = 694)

OR (95% CI, P-value) aORa (95% CI, P-value)

No 362 (89) 659 (95) 1�00 (-) 1�00 (-)

Immunization Status

Ever Immunised against influenza

Yes 137 (34) 267 (38) 0�69 (0�53–0�92,

p = 0.010)

-

No 190 (47) 257 (37) 1�00 (-) -

Unknown 78 (19) 170 (25)

Immunised in the relevant influenza

season

Yes 106 (26) 214 (31) 0�65 (0�48–0�87,

p = 0.004)

0�62 (0�45–0�86,

p = 0.004)

No 202 (50) 264 (38) 1�00 (-) 1�00 (-)

Unknown 97 (24) 216 (31)

aOR adjusted for Asthma requiring regular steroid treatment, Immunization status, Employment status, and relevant previous pregnancy problems.

https://doi.org/10.1371/journal.pone.0244986.t001
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association was found between maternal age, socioeconomic status, marital status, parity, body

mass index or pre-existing medical conditions and current immunization status.

Discussion

Main findings

We observed an incidence of hospital admission with seasonal influenza in pregnancy of 2.7/

10,000 maternities, which is in keeping with hospitalisation rates reported for pandemic influ-

enza in pregnancy. Our main findings showed that women with influenza were less likely to

have been immunised in the relevant season and less likely to be professionally employed than

women the comparison group of women without influenza. They had a 2�5-fold increased odds

of having had a previous severe pregnancy complication (e.g. hypertensive disorders of preg-

nancy) or asthma than comparison women. Women with influenza and their babies were more

likely to be admitted to intensive care, and to have a cesarean birth compared to the unexposed

group. Women that smoke in pregnancy and women that are due to give birth between July and

December were less likely to be immunised against influenza. Immunization prior to seasonal

influenza was not associated with any significant difference in maternal or perinatal outcomes.

Strengths and limitations

To our knowledge, this is the first national, prospective population-based study on hospital

admission with seasonal influenza in pregnancy. The main strengths of this study are the

Table 2. Maternal and perinatal outcomes.

Cases (n = 405) Comparison women (n = 694) OR (95% CI, P-value) aORa (95% CI, P-value)

Number (% of known) Number (% of known)

Maternal Outcomes
Admission to ITU 21 (5) 1 (0) 37�9 (5�08–283�2, p = <0.001) 21.3 (2.78–163.1, p = 0.003)

Delivered at time of influenza admission 114 (28)

Pregnancy loss 5 (1) 2 (0) 4�33 (0�84–22�4, p = 0.081) 3�86 (0�39–37.9, p = 0.247)

Maternal Morbidityb 13 (3) 11 (2) 2�08 (0�92–4�69, p = 0.077) 2�23 (0�78–6�43, p = 0.137)

Induction of Labour 167 (43) 240 (35) 1�42 (1�10–1�83, p = 0.007) 1�21 (0�87–1�66, p = 0.253)

Mode of deliveryc

Cesarean 151 (38) 200 (29) 1�56 (1�20–2�03, p = 0.001) 1�42 (1�02–1.98, p = 0.040)

Emergency caesarean 76 (19) 90 (13) 1�62 (1�16–2�27, p = 0.005) 1�42 (0�92–2�18, p = 0.110)

Assisted vaginal delivery 33 (8) 71 (10) 0�81 (0�52–1�25, p = 0.336) 0�95 (0�55–1�63, p = 0.853)

Perinatal Outcome
Preterm Delivery <37 weeks 52 (13) 55 (8) 1�77 (1�19–2�65, p = 0.005) 1�60 (0�94–2�73, p = 0.083)

Very Preterm Delivery <32 weeks 7 (2) 11 (2) 1�13 (0�43–2�93, p = 0.808) 0�65 (0�16–2�64, p = 0.550)

Live birth 385 (99) 689 (100) 0�22 (0�04–1�16, p = 0.074) 0�14 (0�01–1�34, p = 0.088)

Stillbirth/Perinatal death 5 (1) 3 (0) 2�98 (0�71–12�5, p = 0.137) 3�89 (0�64–23.4, p = 0.139)

Admission to neonatal unit 40 (10) 32 (5) 2�39 (1�47–3�87, p = <0.001) 1�86 (1�01–3�42, p = 0.048)

Congenital abnormality 5 (1) 10 (1) 0�89 (0�30–2�63, p = 0.838) 0�82 (0�21–3�26, p = 0.779)

Low birth weight (<10th centile) 27 (7) 56 (8) 0�85 (0�53–1�37, p = 0.507) 0.95 (0�53–1�70, p = 0.853)

Gestation at delivery (weeks), Median (IQR) 39 (38–40) 39 (38–40)

aOR adjusted for Asthma requiring regular steroid treatment, Immunization status, Employment status, and relevant previous pregnancy problems
bComposite of major medical complications including: cardiac arrest, cerebrovascular accident, adult respiratory distress syndrome, disseminated intravascular

coagulopathy, HELLP, pulmonary oedema, secondary infection, renal failure, thrombotic event, septicaemia, required ventilation.
cIn women over 24 weeks of gestation (excludes five cases and two comparison women).

https://doi.org/10.1371/journal.pone.0244986.t002
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robust method of nationwide prospective identification of exposed women. This allows report-

ing of population-based data on the causal agents and outcomes of this relatively uncommon

condition. Despite this, the number of severe outcomes in this study are small leading to wide

confidence intervals for these analyses. Inclusion of laboratory confirmed influenza requiring

hospital admission means that only true cases were included, but we are unable to evaluate the

outcomes of mild cases or those that did not present to hospital; therefore, the true population

incidence may be greater than reported. The comparison to a contemporaneous unexposed

group allowed conclusions to be drawn on the characteristics associated with hospitalisation

with influenza and immunization and the use of comparison women from the same centres as

women with influenza means there is low risk of selection or measurement bias.

A further limitation is that the time period in which this study was undertaken included a

period where the influenza vaccine was less effective than previous years [32]. This may have

influenced the incidence of influenza in immunised individuals as well as the risk of maternal

and perinatal morbidity in this group. In addition, we have shown that the likelihood of being

immunised differs according to your estimated date of delivery and thus the trimester of preg-

nancy you are in at the time that immunization programmes are widely available, however

access to immunization likely differs within these groups. Some data were incomplete, the most

frequent missing data was immunization status (missing for 24% of women with influenza and

31% of comparison women), as it is not routinely captured electronically in all hospitals.

Interpretation

Prior to this study there was an absence of high-quality studies reporting maternal and perina-

tal outcomes following seasonal influenza [11, 20]. This study provides robust evidence that

Table 3. Maternal and perinatal outcomes following seasonal influenza in pregnancy outcomes by immunization status.

Immunization status OR (95% CI, P-value)

Current (n = 106) Not current (n = 202) Unknown (n = 97)

Number (%) Number (%) Number (%)

Maternal Outcomes

Admission to ITU 6 (6) 13 (6) 2 (2) 0 �87 (0�32–2�36, p = 0.788)

Duration of ITU admission (days) Median (IQR) 2.5 (2–3) 3 (2–7) 4.5 (2–7)

Delivered at time of influenza admission 36 (34) 56 (28) 22 (23) 1�34 (0�81–2�22, p = 0.256)

Pregnancy loss 0 (0) 4 (2) 1 (1)

Maternal Morbidity 4 (4) 7 (4) 2 (2) 1�06 (0�30–3�72, p = 0.922)

Induction of labour 35 (34) 95 (49) 37 (40) 0�85 (0�64–1�14, p = 0.288)

Mode of delivery

Cesarean overall rate 42 (40) 71 (37) 38 (41) 1�16 (0�71–1�90, p = 0.543)

Emergency cesarean 18 (17) 40 (21) 18 (20) 0�80 (0�43–1�48, p = 0.479)

Assisted vaginal delivery 9 (9) 16 (8) 8 (9) 1�05 (0�45–2�46, p = 0.914)

Perinatal Outcome

Preterm Delivery <37 weeks 16 (15) 21 (11) 15 (16) 1�51 (0�75–3�03, p = 0.251)

Very Preterm Delivery <32 weeks 1 (1) 3 (2) 3 (3) 0�62 (0�06–6�05, p = 0.682)

Live birth 103 (99) 190 (98) 92 (99) 1�63 (0�17–15�8, p = 0.675)

Stillbirth/ Neonatal death 1 (1) 3 (2) 1 (1) 0�61 (0�06–5�99, p = 0.675)

Neonatal unit admission 11 (11) 19 (10) 10 (11) 1�08 (0�49–2�36, p = 0.855)

Congenital abnormality 2 (2) 1 (1) 2 (2) 3�74 (0�34–41�8, p = 0.284)

Low birth weight (<10th centile) 8 (8) 15 (8) 4 (4) 0�99 (0�41–2�43, p = 0.988)

Gestation at delivery (weeks), Median (IQR) 39 (38–40) 39 (38–40) 39 (38–40)

https://doi.org/10.1371/journal.pone.0244986.t003
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Table 4. Characteristics associated with immunization in comparison women.

Immunization status OR (95% CI, P-value) aOR (95% CI, P-value) a

Independent Variables Current Not current Unknown

N = 214 N = 264 N = 216

number (%) number (%) number (%)

Maternal age (years)

<20 6 (3) 7 (3) 5 (2) 1�10 (0�36–3�36, p = 0.861) -

20–35 142 (66) 183 (69) 152 (70) 1�00 (-) -

� 35 66 (31) 74 (28) 59 (27) 1�15 (0�77–1�71, p = 0.483) -

Socioeconomic status (woman or partner)

Professional 55 (26) 50 (19) 38 (18) 1�38 (0�88–2�18, p = 0.162) -

Non-professional employed 117 (55) 147 (56) 130 (60) 1�00 (-) -

Unemployed 20 (9) 35 (13) 21 (10) 0�72 (0�39–1�31, p = 0.280) -

Unknown 22 (10) 32 (12) 27 (13) -

Marital Status

Married/Cohabiting 185 (86) 220 (83) 183 (85) 1�00 (-) -

Single 27 (13) 41 (16) 28 (13) 0�78 (0�46–1�32, p = 0.360) -

Unknown 2 (1) 3 (1) 5 (2)

Smoking Status during pregnancy

Did not smoke 184 (86) 197 (75) 168 (78) 1�00 (-) 1�00 (-)

Smoked 28 (13) 64 (24) 43 (20) 0�47 (0�29–0.76, p = 0.002) 0�42 (0�25–0�71, p = 0.001)

Unknown 2 (1) 3 (1) 5 (2)

Parity

Nulliparous 92 (43) 96 (36) 86 (40) 1�32 (0�91–1�91, p = 0.141) -

Multiparous 122 (57) 168 (64) 130 (60) 1�00 (-) -

Body Mass Index

Normal or overweight (<30) 162 (76) 193 (73) 163 (75) 1�00 (-) -

Obese (�30) 48 (22) 59 (22) 48 (22) 0�97 (0�63–1�50, p = 0.888) -

Unknown 4 (2) 12 (5) 5 (2)

Multiple Pregnancy

Yes 8 (4) 3 (1) 2 (1) 1�00 (-) -

No 206 (96) 261 (99) 214 (99) 3�38 (0�89–12�90, p = 0.075) -

Relevant pre-existing medical condition

Yes 25 (12) 32 (12) 20 (9) 0�95 (0.55–1.67, p = 0.871) -

No 189 (88) 231 (88) 195 (90) 1�00 (-) -

Unknown 0 (0) 1 (0) 1 (0)

Asthma

Yes 10 (5) 14 (5) 6 (3) 0�87 (0�38–2.00, p = 0.747) -

No 204 (95) 249 (94) 210 (97) 1�00 (-) -

Unknown 0 (0) 1 (0) 0 (0)

Known previous pregnancy complicationsb

Yes 9 (4) 10 (4) 16 (7) 1�12 (0�44–2�80, 0.816) -

No 205 (96) 254 (96) 200 (93) 1�00 (-) -

Estimated date of delivery

Jan–Mar 129 (60) 138 (52) 102 (47) 1�00 (-) 1�00 (-)

Apr–Jun 69 (32) 70 (27) 74 (34) 1�05 (0�70–1�59, 0.800) 1�00 (0�64–1�56, p = 0.996)

Jul–Sep 13 (6) 33 (13) 20 (9) 0�42 (0�21–0�84, 0.013) 0�43 (0�20–0�91, p = 0.028)

(Continued)
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women hospitalised with influenza and their babies are more likely to be admitted to intensive

care, and to have a cesarean birth.

The high proportion of cesarean births observed in this study were also reflected during the

H1N1 pandemic, where 58% of pregnant women had a cesarean birth compared to a baseline

rate of 31% [9]. During the SARS-CoV2 pandemic we have also seen elevated cesarean section

rates reported globally [40]. This has substantial health and economic impacts, and further

research is required to explore the implications of this and how to prioritize services in future

pandemic situations.

We also showed that immunization is effective at preventing influenza in pregnancy, how-

ever the overall uptake of influenza immunization in this cohort was low (26% in women with

seasonal influenza and 31% of comparison group), even compared to the national average of

45% in 2018–19. Increasing uptake of immunization in pregnancy may therefore reduce this

avoidable morbidity. This is particularly important in the context of services pressurised by

SARS-CoV-2 infection.

The reasons for variable uptake of vaccinations in pregnancy are complex and interrelated

and dependent on the setting. For example, in the UK operational issues such as cold-chain

storage and procurement are likely less of a challenge than in low-and-middle resourced coun-

tries. The proportion of pregnant women that have been reported to refuse or decline immuni-

zation in the UK is small (5�7%) [32]. This suggests that many more women are not offered or

advised to receive immunization, and therefore have no opportunity to decline [33]. Indeed, it

is known that there is a strong link between provision of information on immunization by

maternity healthcare workers and vaccine uptake in women [41–43]. A survey of 3441 practice

nurses, midwives and health visitors working in England found that, whilst the majority stated

they routinely recommend influenza immunization in pregnancy (73%), fewer were immu-

nised themselves (58% of midwives, 61% of health visitors and 79% of practice nurses), most

commonly citing concern over side effects. Whilst midwives were identified as having the

main responsibility for advising on immunization, only 62% had received training, 60% were

confident in giving advice and 9% reported providing immunization to pregnant women, even

though the majority would be happy to do so [44]. There may be a role for steps to increase

healthcare professionals’ awareness about the effectiveness and safety of immunization in

pregnancy and increase provision within antenatal care settings to further prevent avoidable

morbidity.

The majority of studies to date around the characteristics associated with severe outcomes

from influenza in pregnancy were undertaken during the 2009 H1N1 pandemic [11, 45]. We

provide evidence from a national cohort on the characteristics and outcomes associated with

seasonal influenza in relation to immunization status. We have shown that women due to give

Table 4. (Continued)

Immunization status OR (95% CI, P-value) aOR (95% CI, P-value) a

Independent Variables Current Not current Unknown

N = 214 N = 264 N = 216

number (%) number (%) number (%)

Oct–Dec 3 (1) 23 (9) 20 (9) 0�14 (0�04–0�48, 0.002) 0�16 (0�04–0�74, p = 0.018)

a OR adjusted for smoking status and estimated date of delivery.
bPrevious pregnancy complications include mental health problems, diabetes, hypertensive disorders and pre-existing medical conditions exacerbated by pregnancy

together with mid-trimester loss, stillbirth, and pre-term labour or birth.

https://doi.org/10.1371/journal.pone.0244986.t004
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birth between October and December likely face a greater risk of developing influenza in preg-

nancy, yet they are less likely to be immunised. The main immunization programme in the

UK usually commences in November, when this group are in their third trimester. Even in

their third trimester, women should be encouraged to receive immunization at the earliest

opportunity. Women due to deliver between July and September were also less likely to be

immunised. This group would be in their first trimester during the influenza period; therefore,

this may represent the delay in recognising or booking pregnancy with a health care profes-

sional or an intentional delay through concern over the safety of immunization in the first tri-

mester. Women should be reassured that immunization against influenza is safe even in early

pregnancy [22] and immunization should be encouraged at any point during the seasonal

influenza period.

Although this study did not show increased risk of hospital admission with influenza in

women that smoke, this group were less likely to be immunised and therefore were at greater

risk of developing influenza. It is plausible that influenza may be associated with more severe

respiratory complications in this group, who as a result should be a specific focus of immuniza-

tion programmes. Hence this study highlights three high-risk groups for whom there should

be a greater focus on facilitating immunization. Whilst there is considerable evidence about

the barriers to immunization in pregnancy, there is little evidence to support interventions to

overcome them [46], and this warrants further research.

Previous studies have demonstrated a reduced risk of neonatal complications following

influenza in women that were immunised [21–24], whereas we did not show any significant

difference in maternal or perinatal outcomes. It is possible that our study is underpowered to

show a meaningful difference in this subgroup analysis. Further research is required to explore

this finding.

Conclusions

Hospitalisation with seasonal influenza in pregnancy is not uncommon and is associated with

increased risk of morbidity for both the mother and baby. We showed that influenza immuni-

zation reduces the risk of hospitalisation with influenza in pregnancy. However, although

immunization against influenza is known to be safe, uptake of influenza immunization in the

UK remains low. There is a need to increase awareness of safety and effectiveness of immuni-

zation in pregnancy and provision within antenatal care settings, especially for high-risk

groups.
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26. Tapia MD, Sow SO, Tamboura B, Tégueté I, Pasetti MF, Kodio M, et al. Maternal immunization with tri-

valent inactivated influenza vaccine for prevention of influenza in infants in Mali: a prospective, active-

controlled, observer-blind, randomised phase 4 trial. The Lancet Infectious Diseases. 2016; 16

(9):1026–35. https://doi.org/10.1016/S1473-3099(16)30054-8 PMID: 27261067

27. Steinhoff MC, Katz J, Englund JA, Khatry SK, Shrestha L, Kuypers J, et al. Year-round influenza immu-

nization during pregnancy in Nepal: a phase 4, randomised, placebo-controlled trial. The Lancet Infec-

tious Diseases. 2017; 17(9):981–9. https://doi.org/10.1016/S1473-3099(17)30252-9 PMID: 28522338

28. Thompson MG, Kwong JC, Regan AK, Katz MA, Drews SJ, Azziz-Baumgartner E, et al. Influenza Vac-

cine Effectiveness in Preventing Influenza-associated Hospitalizations During Pregnancy: A Multi-coun-

try Retrospective Test Negative Design Study, 2010–2016. Clinical infectious diseases: an official

publication of the Infectious Diseases Society of America. 2019; 68(9):1444–53. https://doi.org/10.

1093/cid/ciy737 PMID: 30307490

29. Beigi RH, Wiringa AE, Bailey RR, Assi T-M, Lee BY. Economic value of seasonal and pandemic influ-

enza vaccination during pregnancy. Clinical infectious diseases: an official publication of the Infectious

Diseases Society of America. 2009; 49(12):1784–92. https://doi.org/10.1086/649013 PMID: 19911967

PLOS ONE Seasonal influenza in pregnancy

PLOS ONE | https://doi.org/10.1371/journal.pone.0244986 January 15, 2021 14 / 15

https://doi.org/10.1159/000477221
http://www.ncbi.nlm.nih.gov/pubmed/28514782
https://doi.org/10.1097/EDE.0000000000000753
https://doi.org/10.1097/EDE.0000000000000753
http://www.ncbi.nlm.nih.gov/pubmed/28930786
https://doi.org/10.1186/s12879-018-3435-8
https://doi.org/10.1186/s12879-018-3435-8
http://www.ncbi.nlm.nih.gov/pubmed/30348103
https://doi.org/10.1093/infdis/jiz035
http://www.ncbi.nlm.nih.gov/pubmed/30690449
https://doi.org/10.1186/s12879-019-4017-0
https://doi.org/10.1186/s12879-019-4017-0
http://www.ncbi.nlm.nih.gov/pubmed/31088481
https://doi.org/10.1017/S0950268817001972
http://www.ncbi.nlm.nih.gov/pubmed/28891463
https://doi.org/10.1016/j.vaccine.2017.08.037
http://www.ncbi.nlm.nih.gov/pubmed/28867508
https://doi.org/10.1111/1471-0528.12977
https://doi.org/10.1111/1471-0528.12977
http://www.ncbi.nlm.nih.gov/pubmed/25040307
https://doi.org/10.1055/s-0036-1586101
http://www.ncbi.nlm.nih.gov/pubmed/27603545
https://doi.org/10.1080/21645515.2018.1540807
http://www.ncbi.nlm.nih.gov/pubmed/30380986
https://doi.org/10.1093/cid/ciu915
https://doi.org/10.1093/cid/ciu915
http://www.ncbi.nlm.nih.gov/pubmed/25409473
https://doi.org/10.1056/NEJMoa0708630
http://www.ncbi.nlm.nih.gov/pubmed/18799552
https://doi.org/10.1016/S1473-3099%2816%2930054-8
http://www.ncbi.nlm.nih.gov/pubmed/27261067
https://doi.org/10.1016/S1473-3099%2817%2930252-9
http://www.ncbi.nlm.nih.gov/pubmed/28522338
https://doi.org/10.1093/cid/ciy737
https://doi.org/10.1093/cid/ciy737
http://www.ncbi.nlm.nih.gov/pubmed/30307490
https://doi.org/10.1086/649013
http://www.ncbi.nlm.nih.gov/pubmed/19911967
https://doi.org/10.1371/journal.pone.0244986


30. Baguelin M, Hoek AJV, Jit M, Flasche S, White PJ, Edmunds WJ. Vaccination against pandemic influ-

enza A/H1N1v in England: A real-time economic evaluation. Vaccine. 2010; 28(12):2370–84. https://

doi.org/10.1016/j.vaccine.2010.01.002 PMID: 20096762

31. Xu J, Zhou F, Reed C, Chaves SS, Messonnier M, Kim IK. Cost-effectiveness of seasonal inactivated

influenza vaccination among pregnant women. Vaccine. 2016; 34(27):3149–55. https://doi.org/10.

1016/j.vaccine.2016.04.057 PMID: 27161997

32. Public Health England. Seasonal influenza vaccine uptake in GP patients: winter season 2018 to 2019.

Public Health England, Wellington House, London; 2019.

33. Yuen CYS, Tarrant M. Determinants of uptake of influenza vaccination among pregnant women–A sys-

tematic review. Vaccine. 2014; 32(36):4602–13. https://doi.org/10.1016/j.vaccine.2014.06.067 PMID:

24996123

34. Bodeker B, Walter D, Reiter S, Wichmann O. Cross-sectional study on factors associated with influenza

vaccine uptake and pertussis vaccination status among pregnant women in Germany. Vaccine. 2014;

32(33):4131–9. https://doi.org/10.1016/j.vaccine.2014.06.007 PMID: 24928791

35. Wilcox CR, Calvert A, Metz J, Kilich E, MacLeod R, Beadon K, et al. Determinants of Influenza and Per-

tussis Vaccination Uptake in Pregnancy: A Multicenter Questionnaire Study of Pregnant Women and

Healthcare Professionals. The Pediatric infectious disease journal. 2019; 38(6):625–30. https://doi.org/

10.1097/INF.0000000000002242 PMID: 30418358

36. Barrett T, McEntee E, Drew R, O’Reilly F, O’Carroll A, O’Shea A, et al. Influenza vaccination in preg-

nancy: vaccine uptake, maternal and healthcare providers’ knowledge and attitudes. A quantitative

study. BJGP open. 2018; 2(3):bjgpopen18X101599. https://doi.org/10.3399/bjgpopen18X101599

PMID: 30564732

37. Freund R, Le Ray C, Charlier C, Avenell C, Truster V, Tréluyer J-M, et al. Determinants of non-vaccina-

tion against pandemic 2009 H1N1 influenza in pregnant women: a prospective cohort study. PloS one.

2011; 6(6):e20900–e. https://doi.org/10.1371/journal.pone.0020900 PMID: 21695074

38. Sammon CJ, McGrogan A, Snowball J, de Vries CS. Pandemic influenza vaccination during pregnancy:

an investigation of vaccine uptake during the 2009/10 pandemic vaccination campaign in Great Britain.

Human vaccines & immunotherapeutics. 2013; 9(4):917–23. https://doi.org/10.4161/hv.23277 PMID:

23364304

39. Knight M, Kurinczuk JJ, Tuffnell D, Brocklehurst P. The UK Obstetric Surveillance System for raredisor-

ders of pregnancy. BJOG: An International Journal of Obstetrics & Gynaecology. 2005; 112(3):263–5.

https://doi.org/10.1111/j.1471-0528.2005.00609.x PMID: 15713136

40. Allotey J, Stallings E, Bonet M, Yap M, Chatterjee S, Kew T, et al. Clinical manifestations, risk factors,

and maternal and perinatal outcomes of coronavirus disease 2019 in pregnancy: living systematic

review and meta-analysis. BMJ (Clinical research ed). 2020; 370:m3320–m. https://doi.org/10.1136/

bmj.m3320 PMID: 32873575

41. Healy CM, Rench MA, Montesinos DP, Ng N, Swaim LS. Knowledge and attitiudes of pregnant women

and their providers towards recommendations for immunization during pregnancy. Vaccine. 2015; 33

(41):5445–51. https://doi.org/10.1016/j.vaccine.2015.08.028 PMID: 26307234

42. Ishola DA Jr, Permalloo N, Cordery RJ, Anderson SR. Midwives’ influenza vaccine uptake and their

views on vaccination of pregnant women. Journal of Public Health. 2013; 35(4):570–7. https://doi.org/

10.1093/pubmed/fds109 PMID: 23365262

43. Collins J, Alona I, Tooher R, Marshall H. Increased awareness and health care provider endorsement is

required to encourage pregnant women to be vaccinated. Human vaccines & immunotherapeutics.

2014; 10(10):2922–9. https://doi.org/10.4161/21645515.2014.971606 PMID: 25483464

44. Vishram B, Letley L, Jan Van Hoek A, Silverton L, Donovan H, Adams C, et al. Vaccination in preg-

nancy: Attitudes of nurses, midwives and health visitors in England. Human vaccines & immunothera-

peutics. 2018; 14(1):179–88. https://doi.org/10.1080/21645515.2017.1382789 PMID: 29048989

45. Mertz D, Kim TH, Johnstone J, Lam P-P, Science M, Kuster SP, et al. Populations at risk for severe or

complicated influenza illness: systematic review and meta-analysis. BMJ: British Medical Journal.

2013; 347:f5061. https://doi.org/10.1136/bmj.f5061 PMID: 23974637

46. National Institute for Health and Care Excellence. Flu vaccination: increasing uptake, Evidence reviews

for increasing uptake in clinical risk groups. National Institute for Health and Care Excellence,; 2018.

PLOS ONE Seasonal influenza in pregnancy

PLOS ONE | https://doi.org/10.1371/journal.pone.0244986 January 15, 2021 15 / 15

https://doi.org/10.1016/j.vaccine.2010.01.002
https://doi.org/10.1016/j.vaccine.2010.01.002
http://www.ncbi.nlm.nih.gov/pubmed/20096762
https://doi.org/10.1016/j.vaccine.2016.04.057
https://doi.org/10.1016/j.vaccine.2016.04.057
http://www.ncbi.nlm.nih.gov/pubmed/27161997
https://doi.org/10.1016/j.vaccine.2014.06.067
http://www.ncbi.nlm.nih.gov/pubmed/24996123
https://doi.org/10.1016/j.vaccine.2014.06.007
http://www.ncbi.nlm.nih.gov/pubmed/24928791
https://doi.org/10.1097/INF.0000000000002242
https://doi.org/10.1097/INF.0000000000002242
http://www.ncbi.nlm.nih.gov/pubmed/30418358
https://doi.org/10.3399/bjgpopen18X101599
http://www.ncbi.nlm.nih.gov/pubmed/30564732
https://doi.org/10.1371/journal.pone.0020900
http://www.ncbi.nlm.nih.gov/pubmed/21695074
https://doi.org/10.4161/hv.23277
http://www.ncbi.nlm.nih.gov/pubmed/23364304
https://doi.org/10.1111/j.1471-0528.2005.00609.x
http://www.ncbi.nlm.nih.gov/pubmed/15713136
https://doi.org/10.1136/bmj.m3320
https://doi.org/10.1136/bmj.m3320
http://www.ncbi.nlm.nih.gov/pubmed/32873575
https://doi.org/10.1016/j.vaccine.2015.08.028
http://www.ncbi.nlm.nih.gov/pubmed/26307234
https://doi.org/10.1093/pubmed/fds109
https://doi.org/10.1093/pubmed/fds109
http://www.ncbi.nlm.nih.gov/pubmed/23365262
https://doi.org/10.4161/21645515.2014.971606
http://www.ncbi.nlm.nih.gov/pubmed/25483464
https://doi.org/10.1080/21645515.2017.1382789
http://www.ncbi.nlm.nih.gov/pubmed/29048989
https://doi.org/10.1136/bmj.f5061
http://www.ncbi.nlm.nih.gov/pubmed/23974637
https://doi.org/10.1371/journal.pone.0244986

