Mertz et al. BMC Infectious Diseases
(2019) 19:683
https://doi.org/10.1186/s12879-019-4318-3

RESEARCH ARTICLE

Open Access

Pregnancy as a risk factor for severe
influenza infection: an individual participant
data meta-analysis
Dominik Mertz1,2,3,4, Calvin Ka-Fung Lo3, Lyubov Lytvyn2, Justin R. Ortiz5, Mark Loeb2,3,4*
INVESTIGATORS

and for the FLURISK-

Abstract
Background: WHO identifies pregnant women to be at increased risk for severe outcomes from influenza virus
infections and recommends that they be prioritized for influenza vaccination. The evidence supporting this,
however, is inconsistent. Ecologic studies in particular suggest more severe outcomes from influenza infection
during pregnancy than studies based on individual patient data. Individual studies however may be underpowered
and, as reported in a previous systematic review, confounding factors could not be adjusted for. We therefore
conducted an individual participant data meta-analysis to assess the risk for severe outcomes of influenza infection
in pregnant women while adjusting for other prognostic factors.
Methods: We contacted authors of studies included in a recently published systematic review. We pooled the
individual participant data of women of reproductive age and laboratory confirmation of influenza virus infection.
We used a generalized linear mixed model and reported odds ratios (OR) and 95% confidence intervals (CI).
Results: A total of 33 datasets with data on 186,656 individuals were available, including 36,498 eligible women of
reproductive age and known pregnancy status. In the multivariable model, pregnancy was associated with a 7
times higher risk of hospital admission (OR 6.80, 95%CI 6.02–7.68), among patients receiving medical care as in- or
outpatients, pregnancy was associated with a lower risk of admission to intensive care units (ICU; OR 0.57, 95%CI
0.48–0.69), and was not significantly associated with death (OR 1.00, 95%CI 0.75–1.34).
Conclusions: Our study found a higher risk of influenza associated hospitalization among pregnant women as
compared to non-pregnant women. We did not find a higher mortality rate or higher likelihood of ICU admission
among pregnant women who sought medical care. However, this study did not address whether a true
community based cohort of pregnant women is at higher risk of influenza associated complications.
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Background
Pregnancy is considered to be an important risk factor
for severe influenza-associated illness [1–3]. During the
2009 H1N1 influenza pandemic, pregnant women in the
United States had high rates of hospitalization; despite
representing only 1.0% of the population, pregnant
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women accounted for 5.8% of the deaths associated with
the 2009 H1N1 influenza virus [1, 2]. Citing such disease
burden data, favorable influenza vaccine performance,
and availability of vaccine delivery platforms globally,
the World Health Organization (WHO) has prioritized
pregnant women for vaccine receipt [3].
Two systematic reviews conducted by three of the coauthors (DM, JRO, ML), however, questioned whether
pregnancy confers an increased risk for severe influenza
illness: beyond increasing the need for hospitalization,
pregnancy was not associated with more severe influenza associated outcomes in studies where exposure to
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influenza and outcomes are measured in individuals, including admission to an intensive care unit (ICU), and
death [4, 5]. These findings differ from those of ecological studies, where infection by influenza was assumed but not directly measured, most of which
suggested more severe outcomes from influenza infection [5]. A critical concern is that prior vaccine exposure, age, underlying health conditions, or antiviral
treatments may be different between pregnant women
and non-pregnant women of reproductive age hospitalized with influenza, particularly during the 2009 pandemic, which may have confounded the systematic
reviews that only analyzed aggregate, study-level data.
To explore the potential influence of confounding, we
obtained individual participant-level data (IPD) from
studies of reproductive age women with confirmed pregnancy status who had laboratory confirmed influenza
virus infection, and conducted a multivariable, IPD
meta-analysis to assess the odds of severe influenza outcomes (defined as influenza-associated mortality, ICU
and hospital admission) among pregnant women compared to non-pregnant women, adjusting for demographic, comorbid, and clinical covariates.

Methods
Search strategy and selection criteria

The eligibility criteria, co-variates of interest and analyses plan were defined a priori.
We requested de-identified IPD from corresponding authors of studies included in our prior systematic reviews,
at varying levels of observation, including community,
hospital, and ICU [4, 5]. Studies were considered conducted in a ‘community’ setting if participants were seeking health care but have not yet been admitted to a
hospital. The search strategy and study selection were reported previously. In short, we searched MEDLINE,
CINAHL, Global Health, and the Cochrane Central Register of Controlled Trials from inception up to April 2014
[4, 5]. Ethics approval was obtained where needed by the
investigators providing IPD.
Eligible study designs included cohort as well as case
control studies published in English, French, Spanish, and
German, and must have reported IPD on pregnancy as a
risk factor for influenza-associated mortality (primary outcome) and/or influenza associated hospitalization and/or
ICU admission (secondary outcomes). Previous systematic
reviews included pneumonia as an outcome, however,
given its inconsistent definition and rare reporting, we decided a priori to exclude pneumonia as an outcome of
interest [4, 5]. Women with influenza virus infection and
of reproductive age (defined as 15–45 years) with known
pregnancy status were included in this analysis. Influenza
virus infection was confirmed through laboratory tests
(pre−/post-season or acute−/convalescent serology, viral
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culture, nucleic acid amplification testing, or influenza
antigen detection).
Data extraction and quality assessment

All datasets were compared with the published results
and checked for missing or potentially invalid data. Discrepancies were discussed with the study authors. Study
quality was assessed independently and in duplicate
using the Newcastle-Ottawa Scale [6] as previously reported [4, 5]. We did not exclude studies based on study
quality.
Data synthesis and analysis

For the primary analyses, we only considered covariates
with less than 20% missing data across all studies (‘core
variables’). We chose the 20% threshold to balance between excluding potentially relevant risk factors from
the multivariable model with excessive missing data, but
simultaneously preserving sample size at both the participant and study level. These ‘core variables’ were: age,
antiviral usage, diabetes mellitus, cardio-respiratory diseases, immunocompromised status, and influenza vaccination status as defined in the original studies.
Vaccination status was only included for ICU admission
in a sensitivity analysis due to more than 20% missing
data. We conducted a one-stage IPD meta-analysis. First,
we run univariate analyses using a generalized linear
mixed model (GLMM) with the participant level as a
fixed effect and the study level as a random effect. We
calculated odds ratios (OR) and associated 95% confidence intervals (CI). For the multivariable analyses, all
core variables were included. Furthermore, we conducted post-hoc subgroup analyses separating study
populations enrolled in the community and in hospitalized patients, respectively. In a secondary analysis, we
added the following covariates with > 20% missing data
that had been excluded from the primary analysis but
were of potential relevance one by one to the primary
model: obesity, smoking status, chronic respiratory diseases alone instead of the composite of cardiac-respiratory co-morbidities, as well as vaccination status for ICU
admission. We also considered this as a sensitivity analysis for pregnancy as a risk factor by testing the robustness of our findings when adding additional potential
confounders. We did not plan to conduct a subgroup
analysis based on influenza season as we anticipated,
based on the original systematic review, that there would
be sparse data for seasons other than the 2009 H1N1
pandemic. We used PASW Statistics 18 and SAS/STAT
9.4 for analysis. Given the low event rate, we are using
the term ‘risk’ throughout the text when discussing ORs
to improve readability. Age was treated as a continuous variable and odds were reported per 5-year
increase in age.
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Patient and public involvement

There was no patient/public involvement.

Results
A total of 33 [7–42] data sets of 142 (23.2%) studies
found to be eligible in the previously published systematic reviews were obtained (Fig. 1) [4, 5]. The most common reasons for not being able to obtain IPD were: no
response from the authors, or the authors not being able
to share the data. We received additional data that were
either unpublished, or of which only a subset of the data
had been published († in Table 1). Overall, data on 186,
656 individuals were available; 31.0% of a total of 31.0%
of 610,782 individuals included in the previous systematic review [5]. The average number of eligible participants per study was smaller in our dataset (n = 1106)
than in studies that had not been shared (n = 1685).
Otherwise, the study characteristics were similar between included and excluded studies: The median Newcastle-Ottawa score was 6 (interquartile range 6–7) in
each group. Similarly, 11/33 (33.3%) of included studies
were from low- and middle-income countries as compared to 33/110 (30.0%) in excluded studies, and a cohort study design was the most common design (31 of
33 (93.9%) in included studies compared to 103/110
(93.6%) in excluded studies). Nucleic acid amplification
testing was used for the case definition in all studies
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with data provided for this analysis, with the exception
of two studies which used any positive influenza test for
case confirmation (e.g. rapid testing, culture) [10, 36].
Studies were conducted in North America, Southern
America, Europe, Asia as well as Australia. No studies
were available from Africa. Finally, only three datasets
included not only patients infected during the 2009
H1N1 pandemic (proportion of US [7–9] and Canadian
Public Health data [10] and unpublished data from
Nishioka et al. from Brazil).
We had IPD of 43,837 (23.5%) women of reproductive
age (15–45 years of age). Pregnancy status was unavailable for 7339 (16.7%), leaving us with a total of 36,498
eligible participants. Nine studies with a total of 27,993
(76.7%) patients were conducted in a community setting,
20 studies with a total of 8013 (22.0%) enrolled patients
that were admitted to the hospital, and 4 studies with
492 (1.3%) patients included patients in an ICU setting,
only. Influenza vaccination status was missing in 11.9
and 6.6% of participants with influenza-associated mortality and hospital admission outcomes, respectively, and
it was missing in 48.3% of participants with ICU admission as an outcome. Missing data in the other core variables ranged from 7.1 to 19.1% of participants
depending on outcome of interest. Among variables for
secondary outcomes, obesity status was missing in 36.3
to 54.5%, smoking status in 16.6 to 86.9%, and chronic
respiratory comorbidity in 7.4 to 21.1%.
The 4379 pregnant women (12.0%) were significantly
younger (mean 26.7 years) compared to non-pregnant
women (mean 29.2 years; mean difference 2.43, 95% CI
2.23–2.64) (Table 2). Antiviral treatment (55.4% in pregnant versus 28.7% in non-pregnant women; OR 3.09,
95% CI 2.88–3.31) and receipt of the influenza vaccine
(12.1% versus 7.8%; OR 1.62, 95% CI 1.44–1.82) were
more common in pregnant women. The prevalence of
co-morbidities was similar in both groups with the exception of immunosuppression, which was significantly
less common in pregnant women (1.96% versus 2.84%,
OR 0.69, 95% CI 0.54–0.87).
Influenza-associated mortality

Fig. 1 Flow chartLegend: IPD Individual patient data

All 33 included studies reported on influenza-associated
mortality with outcome data available for 36,489 participants. Data from Kusznierz et al. [21] was a subset of a
larger dataset by Orellano et al. [30], thus, Kusznierz et
al. was excluded. Pregnancy was associated with decreased risk of influenza-associated mortality in univariate analysis (OR 0.66, 95% CI 0.54–0.81; Table 3).
Antiviral use and influenza vaccination were also associated with a reduced risk of death (OR 0.77, 95% CI
0.63–0.96 and OR 0.50, 95% CI 0.32–0.78, respectively).
Older participants were at a significantly higher risk of
influenza-associated mortality (OR 1.24 per 5-year
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Table 1 Characteristics of 36,498 eligible females 15–45 years of age with known pregnancy status
Eligible females (n) Pregnant (%) Mortality (%) Hospital admission(%) ICU admission(%) Country of origin Study Levelc

Author
b

CDC/FluSurv-NET [7–9] 2531

27.1

2.1

N/A

17.5

USA

Hospital

CNISPb [10]

529

24.4

3.0

N/A

20.6

Canada

Hospital

D’Ortenziob [11]

17

35.3

47.1

N/A

N/A

Réunion Island

ICU

6.0

1.1

9.9

11.8a

Mexico

Community

Echevarria-Zuno [12, 13] 25,206
b

a

a

Fuhrmann [14]

528

38.4

9.8

N/A

24.2

France

Hospital/ICU

Harrisb [15]

51

54.9

2.0a

39.2

15.6a

Australia

Community

Helferty [16]

889

29.9

7.5a

N/A

19.2

Canada

Hospital

Huang [17]

141

7.1

5.7

N/A

24.1

Taiwan

Hospital

Jain [18]

67

26.9

6

N/A

24.2

USA

Hospital

Joves Sevic [19]

14

21.4

21.4

N/A

N/A

Serbia

ICU

Kelly [20]

317

23.3

4.7

N/A

29.3

Australia

Hospital

Kusznierz [21]

48

29.2

39.6

N/A

52.1

Argentina

Hospital

b

Lehners [22]

56

51.8

0.0

55.4

10.7

Germany

Community

Lenzid [23]

488

29.5

15

52.7

N/A

Brazil

Community

Limb [24]

197

41.1

1.5

N/A

5.6

Singapore

Hospital

Malonda [25]

274

46.4

4.2a

86.9

11.1

Spain

Community

Martin-Loeches [26]

452

20.6

13.9

N/A

N/A

Spain

ICU

Mehta [27]

36

16.7

13.9

N/A

N/A

India

Hospital

b

Mulrennan [28]

22

22.7

0.0

N/A

22.7

Australia

Hospital

Nishiokab

1557

25.8

11.1

N/A

24.6

Brazil

Hospital

Oh [29]

176

11.9

0.6

N/A

4

South Korea

Hospital

Orellano [30]

1689

7.1

2.7

60.5

N/A

Argentina

Community

Poeppl [31]

42

35.7

9.5

69

9.5

Austria

Community

Riquelmeb [32]

73

52.1

8.3

72.6

16.4

Spain, Chile

Community

Riquelmeb [33]

99

16.2

15.2

N/A

34.7

Global

Hospital

Sertogullarindan [34]

9

22.2

22.2

N/A

N/A

Turkey

ICU

Skarbinski [35]

68

42.6

7.7

N/A

25

USA

Hospital

Thompson [36]

141

35.5

4.3

N/A

21.3

USA

Hospital

Van’t Klooster [38]

339

19.5

0.9

N/A

9.7

Netherlands

Hospital

Viasus [39]

210

46.7

2.4

N/A

10.5

Spain

Hospital

Xu [40]

103

54.4

20.4

N/A

38.6

China

Hospital

Yangb [41]

114

14.9

11.4

93

21.2

China

Community

Zolotusca [42]

15

20.0

13.3

N/A

53.3

Romania

Hospital

a

Note percentages in Table 1 were based on valid data only; missing data were not included in the calculation
b
Additional data that was not included in the original publication was provided, unpublished data (Nishioka), and/or several publications based on the dataset
provided (CDC, CNISP). FluSurv-NET = Influenza Hospitalization Surveillance Network
c
Studies were considered conducted in a ‘community’ setting if participants were seeking health care but have not yet been admitted to a hospital
d
Only a partial dataset available
N/A either no data available or not applicable, e.g. hospital admission as an outcome in a population that was hospitalized as an inclusion criterion for the study.
ICU: intensive care unit

increase in age, 95% CI 1.19–1.29). Participants with diabetes (OR 2.06, 95% CI 1.54–2.75), any cardio-respiratory diseases (OR 1.41, 95% CI 1.11–1.81), and
immunocompromised status (OR 2.37, 95% CI 1.77–
3.18) were also found to be at higher risk.
In the primary multivariable model, pregnancy was no
longer significantly associated with a lower risk of

influenza-associated mortality (adjusted OR (aOR) 1.00,
95% CI 0.75–1.34) (Table 3). Antiviral usage (aOR 0.67,
95% CI 0.49–0.90) and vaccination (aOR 0.41, 95% CI
0.25–0.68) remained independently associated. Participants with diabetes (aOR 1.67, 95% CI 1.10–2.51) and
those with an immunocompromised status (aOR 2.35,
95% CI 1.56–3.55) remained at a higher risk. Also, each
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Table 2 Comparison of pregnant versus non-pregnant participants
Participant characteristics
Core model

Mean age (years), SD

Pregnant
(n = 4379, 12.0%)

Non-pregnant
(n = 32,119, 88.0%)

Risk estimate (95% CI)

26.7 ± 6.1

29.2 ± 8.7

MD 2.43 (2.23–2.64)

Antiviral treatment

2073 (55.4%)

8452 (28.7%)

OR 3.09 (2.88–3.31)

Vaccinateda

367 (12.1%)

2221 (7.8%)

OR 1.62 (1.44–1.82)

Diabetes mellitus

150 (3.9%)

1094 (3.8%)

OR 1.03 (0.86–1.22)

Cardio-respiratory

287 (7.7%)

2186 (7.5%)

OR 1.03 (0.91–1.18)

74 (2.0%)

814 (2.8%)

OR 0.69 (0.54–0.87)

c

Immunosuppression
Secondary model
Obesity

107 (4.3%)

963 (4.7%)

OR 0.92 (0.75–1.13)

Smoking

77 (4.6%)

762 (3.3%)

OR 1.43 (1.12–1.81)

Chronic respiratoryb

251 (6.9%)

1907 (6.6%)

OR 1.05 (0.91–1.20)

Abbreviations: SD Standard deviation, MD Mean difference, OR Odds ratio
a
Vaccination status not included in the core model for the outcome ICU admission given > 20% missing data
b
‘Chronic respiratory’ replaced ‘cardio-respiratory’ from the core model in the secondary analysis
c
‘Immunosuppression’ includes participants with HIV positivity
All variables and figures in bold are indeed statistically significant

Table 3 Risk factors for death, hospitalization, and ICU admission in influenza infected women 15–45 years old (core model)
Variable

Multivariable analysisd

Univariate analysis
Odds ratio (95% CI)

p-value

Cases (studies) included

Adjusted odds ratio (95% CI)

p-value

Age (per 5-year increase)

1.24 (1.19–1.29)

< 0.001

35,591 (32)

1.19 (1.12–1.26)

< 0.001

Pregnancy

0.66 (0.54–0.81)

< 0.001

35,591 (32)

1.00 (0.75–1.34)

0.99

Antiviral (yes)

0.77 (0.63–0.96)

0.017

32,652 (31)

0.67 (0.49–0.90)

0.009

Vaccination

0.50 (0.32–0.78)

0.002

31,342 (26)

0.41 (0.25–0.68)

< 0.001

Cardio-respiratory

1.41 (1.11–1.81)

0.006

32,167 (31)

1.30 (0.93–1.81)

0.12

Deatha

Diabetes mellitus

2.06 (1.54–2.75)

< 0.001

32,442 (31)

1.67 (1.10–2.51)

0.015

Immunosuppressione

2.37 (1.77–3.18)

< 0.001

31,995 (29)

2.35 (1.56–3.55)

< 0.001

Age (per 5-year increase)

1.08 (1.06–1.10)

< 0.001

27,972 (9)

1.12 (1.09–1.15)

< 0.001

Pregnancy

5.33 (4.79–5.94)

< 0.001

27,972 (9)

6.80 (6.02–7.68)

< 0.001

Antiviral (yes)

0.96 (0.86–1.07)

0.45

25,814 (9)

1.01 (0.89–1.14)

0.89

Vaccination

0.88 (0.75–1.03)

0.11

27,225 (8)

0.91 (0.76–1.09)

0.31

Cardio-respiratory

2.24 (1.91–2.62)

< 0.001

26,227 (9)

2.28 (1.91–2.73)

< 0.001

Hospitalizationb

Diabetes

1.00 (0.78–1.29)

0.99

25,185 (8)

0.92 (0.69–1.23)

0.59

Immunosuppressione

1.16 (0.82–1.65)

0.41

25,214 (9)

1.05 (0.69–1.60)

0.83

Age (per 5-year increase)

1.16 (1.13–1.20)

< 0.001

8836 (26)

1.07 (1.03–1.11)

0.003

Pregnancy

0.65 (0.57–0.74)

< 0.001

8836 (26)

0.57 (0.48–0.69)

< 0.001

Antiviral (yes)

1.73 (1.48–2.01)

< 0.001

7769 (26)

1.96 (1.63–2.35)

< 0.001

Cardio-respiratory

1.39 (1.19–1.63)

< 0.001

7152 (26)

1.22 (1.01–1.48)

0.043

Diabetes

1.81 (1.48–2.21)

< 0.001

8019 (26)

1.58 (1.26–1.99)

< 0.001

1.45 (1.18–1.78)

< 0.001

7516 (24)

1.09 (0.86–1.39)

0.48

ICUc Admissionc

e

Immunosuppression
a

Multivariable participants count: 26964, 24 studies, bMultivariable participants count: 23450, 7 studies, cMultivariable participants count: 5766, 24 studies
d
All variables listed were included in each of the three (death, hospitalization, or ICU admission) multivariable models
e
‘Immunosuppression’ includes participants with HIV positivity
All variables and figures in bold are indeed statistically significant
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additional 5-year increase in age increased the risk of influenza-associated mortality (aOR 1.19, 95% CI 1.12–
1.26).
Similarly, pregnancy was not significantly associated with
death in the multivariate post hoc subgroup analyses,
whether in community-based (aOR 1.01, 95% CI 0.68–1.51),
nor in hospital-based studies (aOR 0.85, 95% CI 0.45–1.59).
Of the additional variables considered in the secondary
analysis, obesity was independently associated with an
increased risk of influenza-associated mortality (aOR
1.72, 95% CI 1.17–2.52) along with smoking (aOR 1.84,
95% CI 1.04–3.25). The lack of association between
pregnancy and influenza-associated mortality persisted
when additional covariates were added in the sensitivity
analysis, with the exception when smoking status was
added to the model resulting in a higher risk for death
in pregnant women (aOR 1.62, 95% CI 1.03–2.56)
(Table 4).
Influenza-associated hospitalization

Nine of 33 studies (27%) reported on influenza-associated
hospital admission with outcome data available for 27,699
participants. Four of the studies were conducted in Europe, two in Australia, and one each in Brazil, China, and
Mexico. Pregnant women were at a significantly increased
risk for hospitalization compared to non-pregnant women
in the univariate analysis (OR 5.33, 95% CI 4.79–5.94)
(Table 3). Participants with cardio-respiratory diseases
were also more likely to be admitted to the hospital (OR
2.24, 95% CI 1.91–2.62) along with older age (OR 1.08,
95% CI 1.06–1.10 per 5-year increase). No significant associations were found for the other potential risk factors,
and antiviral usage and vaccination status were not found

to be protective. In the multivariable analysis, pregnancy
remained associated with a seven times increase in risk for
influenza-associated hospital admission (aOR 6.80, 95% CI
6.02–7.68). The risk increased by 12% (95% CI 1.09–1.15)
per 5-year increase in age and any cardio-respiratory diseases were also associated with an increased risk (aOR
2.28, 95% CI 1.91–2.73).
Of the additional variables considered in the secondary
analysis, only obesity and chronic respiratory diseases
were significantly associated with hospital admission.
Pregnancy remained a significant risk factor for hospital
admission when these variables were added to the model
(Table 4).
Influenza-associated ICU admission

Data for influenza-associated ICU admission was reported in 26 out of 33 (79%) studies with outcome data
available for 9166 participants. The majority of studies
were conducted in Europe (n = 8, 30.8%), followed by
studies from North America (n = 7, 26.9%), and Asia
(n = 5, 19.2%). Pregnancy was associated with a reduced
risk for ICU admission in the univariate analysis (OR
0.65, 95% CI 0.57–0.74). Older age by 5-year increase
(OR 1.16, 95% CI 1.13–1.20), cardio-respiratory co-morbidities (OR 1.39, 95% CI 1.19–1.63), diabetes (OR 1.81,
95% CI 1.48–2.21), immunosuppression (OR 1.45, 95%
CI 1.18–1.78) and antiviral usage (OR 1.73, 95% CI
1.48–2.01) were associated with an increased risk of ICU
admission (Table 3).
In the multivariable model, pregnancy remained
significantly associated with a decreased risk of ICU
admission (OR 0.57, 95% CI 0.48–0.69). The point
estimates for the other variables were similar; however,

Table 4 Risk factors for death, hospitalization, and intensive-care unit (ICU) admission in influenza infected women 15–45 years old
in the secondary and sensitivity analyses
Death

Hospital admission

ICU admission

Variable

Adjusted odds ratio (95% CI) p-value Adjusted odds ratio p-value
(95% CI)

Adjusted odds ratio p-value
(95% CI)

Obesity

1.72 (1.17–2. 52)

0.005

1.49 (1.15–1.93)

0.002

2.93 (1.99–4.31)

< 0.001

Smoking

1.84 (1.04–3.25)

0.036

0.93 (0.71–1.22)

0.60

1.56 (0.81–3.00)

0.18

Chronic respiratory

0.92 (0.61–1.37)

0.67

2.30 (1.92–2.75)

< 0.001 1.20 (0.96–1.49)

0.10

Pregnancy (core modelj)

1.00 (0.75–1.34)

1.00

6.80 (6.02–7.68)

< 0.001 0.57 (0.48–0.69)

< 0.001

Pregnancy (core model including obesity)

0.99 (0.71–1.38)a

0.93

6.83 (6.05–7.71)d

< 0.001 0.91 (0.66–1.25)g

0.56

Sensitivity Analysis

b

Pregnancy (core model including Smoking) 1.62 (1.03–2.56)
Pregnancy (core model including
chronic respiratory)
a

0.99 (0.74–1.32)c

0.038

e

h

7.86 (6.94–8.90)

< 0.001 0.59 (0.35–0.99)

0.047

0.93

6.40 (5.58–7.33)f

< 0.001 0.57 (0.47–0.68)i

< 0.001

18542, 21 studies, b23064, 7 studies, c26948, 23 studies
17505, 7 studies, e22846, 4 studies, f23438, 6 studies
g
2087, 20 studies, h1069, 11 studies, i5683, 23 studies
j
Variables included in the core model were age, antiviral use, vaccination (with the exception of ICU admission), cardio-respiratory illness, diabetes,
and immunosuppression
All variables and figures in bold are indeed statistically significant
d
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immunosuppression was no longer significantly associated (OR 1.09, 95% CI 0.86–1.39) with ICU admission.
In the primary analysis, the comparison group for ICU
admission was –depending on data availability- participants who at baseline were admitted to a hospital but
not to the ICU (n = 309, 4,2% of participants), participants known at baseline to be not admitted to a hospital
(n = 826, 11.1%) or participants with no information on
hospital admission status but information on ICU admission status (n = 6298, 84.7%). In our post-hoc subgroup analyses, the association seemed to be driven by
studies conducted in hospitalized patients (aOR 0.57,
95% CI 0.46–0.70), while there was no significant association with ICU admission in community-based studies
(aOR 0.72, 95% CI 0.42–1.23).
In our secondary analyses, only obesity was associated
with significantly increased risk of ICU admission (aOR
2.93, 95% CI 1.99–4.31). When obesity was included in
the model, pregnancy was no longer significantly associated (aOR 0.91, 95% CI 0.66–1.25) (Table 4). Vaccination
status was not associated with the risk for ICU admission (aOR 0.78, 95% CI 0.59–1.03).

Discussion
In our IPD meta-analysis, pregnancy was associated with
a seven times higher risk of hospitalization but, among
patients seeking medical care as in-or outpatients, was
not found to be independently associated with influenza-associated mortality, after adjusting for other potential risk factors in multivariable analysis. These
findings are consistent with previous systematic reviews/
meta-analyses [4, 5]. However, this study could not address whether a true community based cohort of pregnant women is at higher risk of influenza associated
complications.
One explanation for our findings is that pregnant
women may be more likely to seek care and be preferentially admitted to a hospital because of concerns that
they are at higher risk for complications, particularly in
the high resource settings where most of the included
studies were conducted. The fact that pregnant women
were not found to be at increased risk for death or ICU
admission despite a higher hospital admission rate would
support such an explanation. Similarly, pregnant women
being considered to be at higher risk may explain the
observation that pregnant women were more likely to be
treated with antivirals and were more likely vaccinated.
While our multivariable analysis accounted for comorbidities, vaccination status, and antiviral treatment,
potential selection bias could not be controlled for. Most
of our data were from hospitalized cohorts, a group in
which non-severely ill pregnant women may have been
overrepresented -if there was a lower threshold to test
for influenza and admit women with influenza if
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pregnant. While precautionary influenza hospitalizations
may be preventable with influenza vaccination, this is
currently not supported by the available evidence. Furthermore, our data did not provide consistent support
for pregnancy being an independent risk factor for severe influenza disease across outcomes. The direction of
the association was not consistent among the three outcomes: in the primary analysis, there was a significantly
increased risk for hospitalization, a significantly decreased risk for ICU admission, and no significant risk
for mortality. These findings are in keeping with previously published systematic reviews [4, 5] and strengthen
these findings given the adjustment for individual-level
characteristics in this study. It is important to note however, that severe outcomes may not have appeared to be
greater in hospitalized pregnant women simply because
they were compared to a relatively ill comparison group.
However, if pregnant women were admitted to hospital
because they were more seriously ill, and not because of
a precautionary measure, it is possible that the similar
incidence of adverse outcomes would present an increased risk compared to the source population, pregnant women living in the community. Most of our
sensitivity analyses were corroborating the findings from
the primary analysis, with one notable exception being
the multi-variable analysis that included smoking status
which suggested a higher mortality rate in pregnant
women. This must be interpreted in the light of all other
sensitivity analyses corroborating the primary analysis,
and the fact that 37% of participants and 79% of studies
were excluded from this analysis due to missing data. Of
note, there was an association between use of antivirals
and a higher likelihood of ICU admission which is most
likely due to confounding by indication.
As already outlined in a previous systematic review,
the majority of ecological studies suggest more severe
outcomes in pregnant women, while a meta-analysis of
individual-patient studies did not [5]. The findings in
this IPD-meta analysis corroborate the findings of the
meta-analysis and contradict most of the ecological
studies. As discussed elsewhere, this is most likely related to biases in ecological studies such as use of a
population-wide comparator, estimation of pregnancy
rates, and lack of tracking of live and still births [5].
Strengths of this review were the extensive quantity of
data included along with the breadth of studies and risk
factors examined. The IPD allowed us to evaluate
pregnancy as an independent risk factor while adjusting
for several patient characteristics including comorbidities. The main limitation of our meta-analysis was the
potential for selection bias in source studies, where pregnant women enrolled in the studies might have been less
ill than non-pregnant women and no studies where
women living in the community were followed until
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hospitalization and afterwards to assess for severe outcomes. Missing data among participants for some covariates was yet another limitation. Furthermore, risk
factors may have been defined differently across studies,
e.g. the diagnosis of obesity would optimally be based on
the body mass index prior to being pregnant. In
addition, differences in patient populations resulted in
clinical heterogeneity which resulted in statistical heterogeneity as shown in our aggregate data systematic review
[5]. Furthermore, it is possible that pregnant women
were in general healthier than non-pregnant women, because a minimum level of health is needed to become
pregnant. However, the multivariate analysis adjusted for
this to the extent possible given the binary data. Data on
timing of the antivirals in respect to the outcomes were
not available, thus, we are unable to presume causality
for any of the associations between antivirals and the
clinical outcomes. The risk for severe outcomes may
vary by trimester which could not be analyzed given the
lack of data available. We were able to obtain 31% of the
IPD, only, which could have resulted in a selection bias.
However, the study characteristic of in- and excluded
studies were similar as were the key findings when compared to the previously published systematic review [5].
An updated search may have identified more studies of
potential relevance, but given the time consuming
process of obtaining IPD, no update of the literature
search while working on this IPD meta-analysis was conducted. Finally, most of the available data were from
studies conducted during the 2009 H1N1 pandemic and
from high-income countries, thus, the generalizability of
our findings to seasonal influenza and low-and middle
income countries is unclear.

Conclusions
Our study found a higher risk of influenza associated
hospitalization among pregnant women as compared to
non-pregnant women. We did not find a higher mortality rate or higher likelihood of ICU admission among
pregnant women who sought medical care as in- or outpatients. However, this study did not address whether a
true community based cohort of pregnant women is at
higher risk of influenza associated complications. To address this question, a cohort study of pregnant and nonpregnant women with a study population representative
of the community who are infected with influenza would
need to be conducted.
Abbreviations
aOR: Adjusted odds ratio; CI: Confidence interval; GLMM: Generalized linear
mixed model; ICU: Intensive care unit; IPD: Individual participant-level data;
OR: Odds ratio; US: United States; WHO: World Health Organization
Acknowledgements
The authors from Ministry of Health, Singapore, would like to thank Prof
Kenneth Kwek and A/Prof Bernard Chern from KK Women’s and Children’s

Page 8 of 10

Hospital, Singapore, Prof Eu Leong Yong and Prof Arijit Biswas from National
University Hospital, Singapore, A/Prof Tan Hak Koon and Dr. Devendra
Kanagalingam from Singapore General Hospital for agreeing to the use of
individual participants data for this study. We would also like to thank Dr.
Gonzales Framor for providing data from Valencia, Spain, but is not listed as
a co-author. The Centers for Disease Control and Prevention would like to
thank members of the Influenza Hospitalization Surveillance Network (FluSurv-NET) for providing data for this analysis.
FLURISK-INVESTIGATORS (alphabetical order)

 Li Wei Ang, Ministry of Health, Singapore
 Mehta Asmita Anlikumar, Department of Pulmonary Medicine, Amrita






























Institute of Medical Sciences, Amrita VishwaVidyapeetham, Kerala,
India
Isabelle Bonmarin, Santé publique France, on behalf all the InVS
influenza team
Victor Hugo Borja-Aburto, Primary Health Care Unit, Instituto Mexicano
del Seguro Social, México City, México
Heinz Burgmann, Department of Internal Medicine I, Division of
Infectious Diseases and Tropical Medicine, Medical University Vienna,
Vienna, Austria
Jordi Carratalà, Hospital Universitari de Bellvitge – IDIBELL; Spanish
Network for Research in Infectious Diseases (REIPI), and University of
Barcelona, Spain
Gerardo Chowell, School of Public Health, Georgia State University,
Atlanta, Georgia, USA; Division of International Epidemiology and
Population Studies, Fogarty International Center, National Institutes of
Health, Bethesda, MD, USA
Catia Cilloniz, Department of Pneumology, Institut del Tórax, Hospital
Clinic, IDIBAPS, University of Barcelona, Spain
Jessica Cohen, Atlanta Research and Education Foundation, Centers
for Disease Control and Prevention, Influenza Division, Atlanta, USA
Jeffery Cutter, Ministry of Health, Singapore
Laurent Filleul, Santé publique France, French national public health
agency, Regional unit (Cire ocean Indien), Saint-Denis, Réunion, France
Shikha Garg, Centers for Disease Control and Prevention, Influenza
Division, Atlanta, USA
Steffen Geis, Department of Infectious Disease Epidemiology, London
School of Hygiene and Tropical Medicine, London, UK, and Malawi
Epidemiology and Intervention Research Unit (MEIRU), Lilongwe, Malawi
Melissa Helferty, Public Health Agency of Canada, Ontario, Canada
Wan-Ting Huang, Office of Preventive Medicine, Taiwan Centers for
Disease Control, Taipei, Taiwan
Seema Jain, Centers for Disease Control and Prevention, Influenza
Division, Atlanta, USA
Biljana Joves Sevic, Institute for Pulmonary Diseases of Vojvodina,
Sremska Kamenica, Serbia
Paul Kelly, Australian Capital Territory Health Directorate & Australian
National University Medical School, Canberra, Australia
Gabriela Kusznierz, Instituto Nacional de Enfermedades Respiratorias
“Dr. Emilio Coni”, ANLIS (Dr. C. Malbrán), Argentina
Nicola Lehners, Department of Medicine V, University Hospital
Heidelberg, Heidelberg, Germany
Luana Lenzi, Federal University of Paraná, Brazil
Ivan T. Ling, Department of Respiratory Medicine, Sir Charles Gairdner
Hospital, Perth, Australia
Robyn Mitchell, Public Health Agency of Canada, Ottawa, Ontario,
Canada
Siobhain A. Mulrennan, Department of Respiratory Medicine, Sir
Charles Gairdner Hospital, and School of Medicine and Pharmacology,
University of Western Australia, Perth, Australia
Sergio A. Nishioka, Ministry of Health, Brazil
Robert Norton, Director of Microbiology and Pathology. Townsville
Hospital. Queensland, Australia
Won Sup Oh, Department of Internal Medicine, Kangwon National
University School of Medicine, Chuncheon, Korea
Pablo Orellano, Consejo Nacional de Investigaciones Cientificas y
Tecnicas (CONICET), Buenos Aires, Argentina
Wolfgang Poeppl, Department of Dermatology and Tropical Medicine,
Military Hospital Vienna, Vienna, Austria
Roberto Pontarolo, Federal University of Paraná, Brazil

Mertz et al. BMC Infectious Diseases

(2019) 19:683

 Odette Popovici, National Institute of Public Health - National Centre














for Surveillance and Control of Communicable Diseases, Romania
Alejandro Rodriquez, Hospital Universitario Joan XXIII/URV/IISPV/
CIBERES, on behalf of SEMICYUC (Spanish Society of Intensive Care
Medicine) Tarragona (Spain)
Bettina Schlehe, Department of Obstetrics and Gynecology, University
of Heidelberg, Heidelberg, Germany
Paul Schnitzler, Center for Infectious Diseases, University Hospital
Heidelberg, Heidelberg
Bunyamin Sertogullarindan, Izmir Katip Celebi University, Medical
Faculty, Izmir, Turkey
Yuelong Shu, National Institute for Viral Disease Control and
Prevention, Chinese Center for Disease Control and Prevention, Key
Laboratory for Medical Virology, National Health and Family Planning
Commission, Beijing, China
Geoffrey Taylor, University of Alberta, Edmonton, Alberta, Canada
Deborah L. Thompson, New Mexico Department of Health, Santa Fe,
New Mexico, USA; Presbyterian Healthcare Services, Albuquerque, New
Mexico, USA
Antoni Torres, Department of Pneumology, Institut del Tórax, Hospital
Clinic, IDIBAPS, University of Barcelona, Spain
Arianne B. van Gageldonk-Lafeber, National Institute for Public Health
and the Environment (RIVM), Bilthoven, the Netherlands
Diego Viasus, Hospital Universidad del Norte and Universidad del
Norte, Colombia
Quanyi Wang, Institute for Infectious Disease and Endemic Disease
Control, Beijing, China
Cuiling Xu, National Institute for Viral Disease Control and Prevention,
Chinese Center for Disease Control and Prevention, Key Laboratory for
Medical Virology, National Health and Family Planning Commission,
Beijing, China

Authors’ contributions
DM, JRO, and ML drafted the protocol. All co-authors other than DM, CKL, LL, JRO,
and ML provided data from their own studies that had been incorporated in the
analysis. DM, CKL, and LL cleaned the data and conducted the data analysis. DM,
CKL, and ML drafted the manuscript. All co-authors critically reviewed the
manuscript, provided comments, and approved the final manuscript. DM and ML
are guarantors.
Authors’ information
Justin R. Ortiz is an employee of the World Health Organization. The authors
alone are responsible for the views expressed in this publication and they do
not necessarily represent the decisions, policy, or views of the World Health
Organization. The findings and conclusions in this article are those of the
authors and do not necessarily represent the official position of the Centers
for Disease Control and Prevention.
Funding
This study was not funded.
Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available due the various sources of the original data, with some
data requiring approval by government agencies. Data can be made
available by the corresponding author on reasonable request if approved by
co-authors and government bodies where applicable.
Ethics approval and consent to participate
Not needed for this meta-analysis of already published data. Ethics approval
was obtained where needed by the investigators providing IPD for the
original study.
Consent for publication
Not applicable.
Competing interests
ML has received funding and in-kind research support from influenza vaccine
manufacturers (Sanofi and Seqirus). DM is a member of the editorial board of
BMC Infectious Diseases.

Page 9 of 10

Author details
1
Department of Medicine, McMaster University, Hamilton, ON, Canada.
2
Department of Health Research Methods, Evidence and Impact, McMaster
University, Hamilton, ON, Canada. 3Departments of Pathology and Molecular
Medicine & Clinical Epidemiology and Biostatistics, McMaster University,
MDCL 3203, 1200 Main St W, Hamilton, ON L8N 3Z5, Canada. 4Michael G.
DeGroote Institute for Infectious Diseases Research, McMaster University,
Hamilton, ON, Canada. 5Initiative for Vaccine Research, World Health
Organization, Geneva, Switzerland.
Received: 1 April 2019 Accepted: 25 July 2019

References
1. Siston AM, Rasmussen SA, Honein MA, Fry AM, Seib K, Callaghan WM, et al.
Pandemic 2009 influenza a(H1N1) virus illness among pregnant women in
the United States. JAMA. 2010;303(15):1517–25.
2. Creanga AA, Johnson TF, Graitcer SB, Hartman LK, Al-Samarrai T, Schwarz
AG, et al. Severity of 2009 pandemic influenza a (H1N1) virus infection in
pregnant women. Obstet Gynecol. 2010;115(4):717–26.
3. Vaccines against influenza WHO position paper - November 2012. Releve
epidemiologique hebdomadaire 2012;87(47):461–476.
4. Mertz D, Kim TH, Johnstone J, Lam PP, Science M, Kuster SP, et al.
Populations at risk for severe or complicated influenza illness: systematic
review and meta-analysis. BMJ. 2013;347:f5061.
5. Mertz D, Geraci J, Winkup J, Gessner BD, Ortiz JR, Loeb M. Pregnancy as a
risk factor for severe outcomes from influenza virus infection: a systematic
review and meta-analysis of observational studies. Vaccine. 2017;35(4):521–8.
6. Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. http://www.ohrica/programs/clinical_
epidemiology/oxfordasp. Accessed 19 July 2017.
7. Chaves SS, Lynfield R, Lindegren ML, Bresee J, Finelli L. The US influenza
hospitalization surveillance network. Emerg Infect Dis. 2015;21(9):1543–50.
8. Dao CN, Kamimoto L, Nowell M, Reingold A, Gershman K, Meek J, et al.
Adult hospitalizations for laboratory-positive influenza during the 2005-2006
through 2007-2008 seasons in the United States. J Infect Dis. 2010;202(6):
881–8.
9. Oboho IK, Reed C, Gargiullo P, Leon M, Aragon D, Meek J, et al. Benefit of
early initiation of influenza antiviral treatment to pregnant women
hospitalized with laboratory-confirmed influenza. J Infect Dis. 2016;214(4):
507–15.
10. Taylor G, Mitchell R, McGeer A, Frenette C, Suh KN, Wong A, et al.
Healthcare-associated influenza in Canadian hospitals from 2006 to 2012.
Infect Control Hosp Epidemiol. 2014;35(2):169–75.
11. D'Ortenzio E, Renault P, Jaffar-Bandjee MC, Gauzere BA, Lagrange-Xelot M,
Fouillet A, et al. A review of the dynamics and severity of the pandemic
a(H1N1) influenza virus on Reunion Island, 2009. (lessons from the H1N1
influenza pandemic in French overseas territories and interim reports from
metropolitan France.). Clin Microbiol Infect. 2010;16(4):309–16.
12. Echevarria-Zuno S, Mejia-Arangure JM, Mar-Obeso AJ, Grajales-Muniz C,
Robles-Perez E, Gonzalez-Leon M, et al. Infection and death from influenza a
H1N1 virus in Mexico: a retrospective analysis. Lancet. 2009;374(9707):2072–
9.
13. Chowell G, Echevarria-Zuno S, Viboud C, Simonsen L, Miller MA, FernandezGarate I, et al. Epidemiological characteristics and underlying risk factors for
mortality during the autumn 2009 pandemic wave in Mexico. PLoS ONE
[Electronic Resource]. 2012;7(7):e41069.
14. Fuhrman C, Bonmarin I, Paty AC, Duport N, Chiron E, Lucas E, et al. Severe
hospitalised 2009 pandemic influenza a(H1N1) cases in France, 1 July-15
November 2009. Euro Surveill. 2010;15(2):14.
15. Harris PNA, Dixit R, Francis F, Buettner PG, Leahy C, Burgher B, et al.
Pandemic influenza H1N1 2009 in North Queensland--risk factors for
admission in a region with a large indigenous population. Commun Dis
Intell. 2010;34(2):102–9.
16. Helferty M, Vachon J, Tarasuk J, Rodin R, Spika J, Pelletier L. Incidence of
hospital admissions and severe outcomes during the first and second
waves of pandemic (H1N1) 2009. Cmaj. 2010;182(18):1981–7.
17. Huang WT, Hsu YF, Kuo TW, Wu WJ, Chuang JH. Complicated pandemic
(H1N1) 2009 during pregnancy, Taiwan. Emerg Infect Dis.
2011;17(10):1958–60.

Mertz et al. BMC Infectious Diseases

(2019) 19:683

18. Jain S, Kamimoto L, Bramley AM, Schmitz AM, Benoit SR, Louie J, et al.
Hospitalized patients with 2009 H1N1 influenza in the United States, April–
June 2009. New England Journal of Medicine. 2009;361(20):1935–44.
19. Sevic BJ, Obradovic D, Batranovic U, Stojanovic M, Gmizic SS. Boskovic T.
influenza a (H1N1)--past season's wonder flu in Vojvodina. Vojnosanit Pregl.
2012;69(11):951–5.
20. Kelly PM, Kotsimbos T, Reynolds A, Wood-Baker R, Hancox B, Brown SGA, et
al. FluCAN 2009: initial results from sentinel surveillance for adult influenza
and pneumonia in eight Australian hospitals. Med J Aust. 2011;194(4):169–
74.
21. Kusznierz G, Uboldi A, Sosa G, Torales S, Colombo J, Moyano C, et al. Clinical
features of the hospitalized patients with 2009 pandemic influenza a (H1N1)
in Santa Fe Argentina. Influenza Other Respir Viruses. 2013;7(3):410–7.
22. Lehners N, Geis S, Eisenbach C, Neben K, Schnitzler P. Changes in severity of
influenza a(H1N1)pdm09 infection from pandemic to first postpandemic
season, Germany. Emerg Infect Dis. 2013;19(5):748–55.
23. Lenzi L, Pontarolo R. Evaluation of pregnancy as a risk factor in the
outcomes of influenza a (H1N1)/2009 in women of childbearing age. Cad
Saude Publica. 2012;28(2):395–9.
24. Lim C, Ang LW, Tey SH, James L, Kanagalingam D, Su LL, et al. Influenza
A(H1N1)pdm09 infection in pregnant and non-pregnant women
hospitalized in Singapore, May–December 2009. Public Health. 2015;129(6):
769–76.
25. Carbo Malonda R, Gonzales Morant F, Vanaclocha Luna H, Balibrea MMS,
Rodrigo SG, Perez EP, et al. Pandemic influenza surveillance in the valencian
community and seasonal influenza vaccines. [Spanish] Vigilancia de la gripe
pandemica en la comunidad valenciana y vacuna antigripal estacional.
Revista Espanola de Salud Publica. 2010;84(5):623–33.
26. Martin-Loeches I, Diaz E, Vidaur L, Torres A, Laborda C, Granada R, et al.
Pandemic and post-pandemic influenza a (H1N1) infection in critically ill
patients. Crit Care. 2011;15(6):R286.
27. Mehta AA, Kumar VA, Nair SG, F KJ, Kumar G, Singh SK. Clinical profile of
patients admitted with swine-origin influenza a (H1N1) virus infection: an
experience from a tertiary care hospital. J Clin Diagn Res. 2013;7(10):2227–
30.
28. Mulrennan S, Tempone SS, Ling ITW, Williams SH, Gan G-C, Murray RJ, et al.
Pandemic influenza (H1N1) 2009 pneumonia: CURB-65 score for predicting
severity and nasopharyngeal sampling for diagnosis are unreliable. PLoS
ONE [Electronic Resource]. 2010;5(9):e12849.
29. Oh WS, Lee SJ, Lee CS, Hur JA, Hur AC, Park YS, et al. A prediction rule to
identify severe cases among adult patients hospitalized with pandemic
influenza a (H1N1) 2009. J Korean Med Sci. 2011;26(4):499–506.
30. Orellano PW, Reynoso JI, Carlino O, Uez O. Protection of trivalent inactivated
influenza vaccine against hospitalizations among pandemic influenza a
(H1N1) cases in Argentina. Vaccine. 2010;28(32):5288–91.
31. Poeppl W, Hell M, Herkner H, Stoiser B, Fritsche G, Schurz-Bamieh N, et al.
Clinical aspects of 2009 pandemic influenza a (H1N1) virus infection in
Austria. Infection. 2011;39(4):341–52.
32. Riquelme R, Torres A, Rioseco ML, Ewig S, Cilloniz C, Riquelme M, et al.
Influenza pneumonia: a comparison between seasonal influenza virus and
the H1N1 pandemic. Eur Respir J. 2011;38(1):106–11.
33. Riquelme R, Jimenez P, Videla AJ, Lopez H, Chalmers J, Singanayagam A, et
al. Predicting mortality in hospitalized patients with 2009 H1N1 influenza
pneumonia. Int J Tuberc Lung Dis. 2011;15(4):542–6.
34. Sertogullarindan B, Ozbay B, Gunini H, Sunnetcioglu A, Arisoy A, Bilgin HM,
et al. Clinical and prognostic features of patients with pandemic 2009
influenza a (H1N1) virus in the intensive care unit. Afr Health Sci. 2011;11(2):
163–70.
35. Skarbinski J, Jain S, Bramley A, Lee EJ, Huang J, Kirschke D, et al. Hospitalized
patients with 2009 pandemic influenza a (H1N1) virus infection in the
United States--September-October 2009. Clin Infect Dis. 2011;52(Suppl 1):
S50–9.
36. Thompson DL, Jungk J, Hancock E, Smelser C, Landen M, Nichols M, et al.
Risk factors for 2009 pandemic influenza a (H1N1)-related hospitalization
and death among racial/ethnic groups in New Mexico. Am J Public Health.
2011;101(9):1776–84.
37. Wu JT, Ma ESK, Lee CK, Chu DKW, Ho P-L, Shen AL, et al. The infection
attack rate and severity of 2009 pandemic H1N1 influenza in Hong Kong.
Clin Infect Dis. 2010;51(10):1184–91.
38. van ‘t Klooster TM, Wielders CC, Donker T, Isken L, Meijer A, van den
Wijngaard CC, et al. Surveillance of hospitalisations for 2009 pandemic

Page 10 of 10

39.

40.

41.
42.

influenza A(H1N1) in the Netherlands, 5 June - 31 December 2009. Euro
Surveill. 2010;15(2):14.
Viasus D, Pano-Pardo JR, Pachon J, Campins A, Lopez-Medrano F, Villoslada
A, et al. Factors associated with severe disease in hospitalized adults with
pandemic (H1N1) 2009 in Spain. Clin Microbiol Infect. 2011;17(5):738–46.
Xu C, Iuliano AD, Chen M, Cheng PY, Chen T, Shi J, et al. Characteristics of
hospitalized cases with influenza a (H1N1)pdm09 infection during first
winter season of post-pandemic in China. PLoS ONE [Electronic Resource].
2013;8(2):e55016.
Yang P, Deng Y, Pang X, Shi W, Li X, Tian L, et al. Severe, critical and fatal
cases of 2009 H1N1 influenza in China. J Inf Secur. 2010;61(4):277–83.
Zolotusca L, Jorgensen P, Popovici O, Pistol A, Popovici F, Widdowson MA,
et al. Risk factors associated with fatal influenza, Romania, October 2009may 2011. Influenza Other Respir Viruses. 2014;8(1):8–12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

