Zhang et al. BMC Infectious Diseases 2012, 12:29
http://www.biomedcentral.com/1471-2334/12/29

RESEARCH ARTICLE

Open Access

Clinical features and risk factors for severe and
critical pregnant women with 2009 pandemic
H1N1 influenza infection in China
Peng-jun Zhang1, Xiao-li Li1†, Bin Cao1†, Shi-gui Yang2†, Li-rong Liang1, Li Gu1, Zhen Xu3, Ke Hu4,
Hong-yuan Zhang5, Xi-xin Yan6, Wen-bao Huang7, Wei Chen8, Jing-xiao Zhang9, Lan-juan Li2* and Chen Wang10*,
for for the National Influenza A Pandemic (H1N1) 2009 Clinical Investigation Group of China

Abstract
Background: 2009 pandemic H1N1 (pH1N1) influenza posed an increased risk of severe illness among pregnant
women. Data on risk factors associated with death of pregnant women and neonates with pH1N1 infections are
limited outside of developed countries.
Methods: Retrospective observational study in 394 severe or critical pregnant women admitted to a hospital with
pH1N1 influenza from Sep. 1, 2009 to Dec. 31, 2009. rRT-PCR testing was used to confirm infection. In-hospital
mortality was the primary endpoint of this study. Univariable logistic analysis and multivariate logistic regression
analysis were used to investigate the potential factors on admission that might be associated with the maternal
and neonatal mortality.
Results: 394 pregnant women were included, 286 were infected with pH1N1 in the third trimester. 351 had
pneumonia, and 77 died. A PaO2/FiO2 ≤ 200 (odds ratio (OR), 27.16; 95% confidence interval (CI), 2.64-279.70) and
higher BMI (i.e. ≥ 30) on admission (OR, 1.26; 95% CI, 1.09 to 1.47) were independent risk factors for maternal
death. Of 211 deliveries, 146 neonates survived. Premature delivery (OR, 4.17; 95% CI, 1.19-14.56) was associated
neonatal mortality. Among 186 patients who received mechanical ventilation, 83 patients were treated with noninvasive ventilation (NIV) and 38 were successful with NIV. The death rate was lower among patients who initially
received NIV than those who were initially intubated (24/83, 28.9% vs 43/87, 49.4%; p = 0.006). Septic shock was an
independent risk factor for failure of NIV.
Conclusions: Severe hypoxemia and higher BMI on admission were associated with adverse outcomes for
pregnant women. Preterm delivery was a risk factor for neonatal death among pregnant women with pH1N1
influenza infection. NIV may be useful in selected pregnant women without septic shock.
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Background
Pregnant women are at an increased risk for contracting
influenza and its complications associated with influenza
[1]. Like previous epidemic and pandemic diseases, 2009
pandemic H1N1 (pH1N1) influenza posed an increased
risk of severe illness among pregnant women [2-9]. A
report from the first month of the pH1N1 outbreak noted
that the rate of hospitalization among pregnant women
was approximately four times the rate in the general population in the USA [3]. As reported by the California
Department of Public Health (CDPH), a total of 10% of
the 1088 patients who were hospitalized or died from the
2009 pH1N1 influenza were pregnant [10]. According to
the Ministry of Health (MOH) of the People’s Republic of
China, pregnant women accounted for 13.7% of deaths
associated with 2009 pH1N1 influenza [11]. Pregnant
women with influenza appear to have an increased risk of
miscarriage, premature birth and stillbirth [2,12,13].
Reports from Victoria in Australia [14,15], New York [16],
and California [17], demonstrate that 2009 pH1N1 infection was associated with substantial maternal and fetal
morbidity and mortality. However, information is limited
concerning the risk factors for maternal and neonatal
death when pregnancy is complicated by severe or critical
illness related to 2009 pH1N1 influenza.
In this report, we described the characteristics of
pH1N1 influenza in pregnant women and the risk factors for maternal and neonatal death.

index (BMI) was calculated using height and weight
recorded in the case report form, patients with BMI ≥ 30
were categorized as obesity. Indications for applying noninvasive ventilation (NIV): pregnant women who complained shortness of breath or blood gas analysis confirmed hypoxemia PaO 2 to FiO 2 < 300. One nonpulmonary major organ dysfunction or unconsciousness
was contraindications for NIV. Indications to change
from NIV to invasive ventilation: A cautious trial of NIV
was attempted and response to NIV was monitored after
the first hour or two. If there was a deterioration of oxygenation, invasive ventilation was considered. Definition
of successful NIV: PaO2 to FiO2 improved and respiratory rate decreased during one or two hour NIV therapy.
The patients successfully weaned off NIV and survived.
Definition of failed NIV: During the one or two NIV trial,
a deterioration of oxygenation was observed and invasive
ventilation was needed. Data collection and analysis were
coordinated by the MOH. A standard data collection
form was used for each study site. Site investigators were
primarily infectious disease physicians closely involved in
taking care of such patients at their centers. The data
were entered in duplicate into a computerized database.
Patient confidentiality was maintained by recording only
patient date of birth and gender on the data collection
form. The research ethics board at Beijing Chao-Yang
Hospital and The First Affiliated Hospital, School of
Medicine, Zhejiang University approved the study.

Methods

Analysis

Study patients

We analyzed the reported demographic characteristics,
underlying conditions, symptoms, treatments, complications, clinical course and maternal and neonatal outcomes. Means (standard deviations, SD) or medians
(interquartiles, IQR) were calculated as summaries of
continuous variables. For categorical variables, percentages of patients in each category were calculated. We
compared clinical characteristics and clinical outcomes
by using an ANOVA test, chi-square test, or Fisher’s
exact test or Wilcoxon rank-sum test as necessary. The
primary outcome was in-hospital mortality. We performed univariable logistic analysis to investigate the
potential factors on admission that might be associated
with the maternal mortality. Factors with statistical significance (p < 0.05) in the univariate analyses were
included in the multivariate logistic regression analysis.
A p value of less than 0.05 was considered to indicate
statistical significance. All analysis was carried out using
SPSS for Windows (release 13.0).

All patients who were admitted to hospitals with confirmed 2009 pH1N1 influenza from Sep. 1 to Dec. 31,
2009 from 27 Chinese provinces were screened if they fulfilled the diagnostic criteria for severe or critical cases. A
confirmed case was a person whose pH1N1 virus infection
was verified by real-time reverse-transcriptase polymerase
chain reaction (rRT-PCR) with or without the presentation
of other clinical symptoms. Patients were excluded if they
had been treated as outpatients or in emergency rooms or
duration of hospitalization < 24 h, or if they had incomplete records of clinical outcomes. Severe and critical
cases were defined according to the H1N1 2009 Clinical
guidelines (Third Edition, 2009) released by the MOH
(Additional file 1: Table S1). Our research retrospectively
collected the patient’s clinical information and did not
involve the patient’s personal information and samples, so
there was no informed consent.
Study design and data collection

The case report form included demographic information,
underlying conditions, gestational age, vaccination status,
treatment, intensive care unit (ICU) admission, complications, and maternal and neonatal outcomes. Body mass

Results
Clinical description of cohort

3570 severe or critical cases were screened and 394 cases
involved pregnant women (Figure 1). Demographic
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Patients screened (n=3570)
With incomplete outcomes (n = 20)
Admitted in year 2010 (n = 32)
Not fulfilling the diagnosis of severe
cases (n = 32)
Hospitalized severe and critical cases
(n = 3486)

Non pregnant women (n = 3092)

Pregnant women (n = 394)

Pregnant women who
delivered
(n = 211)*

Pregnant women survived
(n = 164)
Pregnant women died
(n = 47)

Discharged
with
ongoing
pregnancy (n = 144)
Pregnant women lacking
delivery data (n = 39)

Neonates survived
(n = 145)
Neonates died
(n = 63)

Figure 1 Flow chart of patients enrolled and included in the analysis * Missing data for neonatal outcomes (n = 3).

characteristics, underlying conditions, symptoms, and lab
findings of the 394 pregnant women are illustrated in
Table 1. The median age was 25.0 years old (IQR 23.0 to
28.0) and 21 patients (5.6%) were more than 35 years old.
Of all available data, 35 patients (14.4%) had a BMI of

more than 30 and 10 patients (4.1%) had a BMI of more
than 35. The median gestational age was 32 weeks (IQR,
26 to 37), with 72.6% of patients in the third trimester. Eleven patients (2.8%) had respiratory diseases and thirteen
(3.3%) had cardiovascular diseases. Other coexisting
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Table 1 Demographic characteristics, underlying
conditions, symptoms and lab findings of 394 pregnant
patients*
Variables

Value

Age, years
median years (IQR)

25 (23-28)

≤ 20 y (%)

23/375 (6.1)

20-35 y (%)

331/375 (88.3)

> 35 y (%)

21/375 (5.6)

Han Chinese (%)

371/393 (94.4)

Job
Farmer (%)

200/389 (51.4)

Unemployed (%)

84/389 (21.6)

Others (%)†

105/389 (27.0)

BMI, median (IQR)

26.0 (23.4-29.3)

≤ 25.0 (%)

99/243 (40.7)

25-30 (%)

99/243 (40.7)

30-35 (%)

35/243 (14.4)

> 35 (%)

10/243 (4.1)

Gestational age§
1st trimester (0-14 week) (%)
nd

2

trimester (15-27 week) (%)

rd

3 trimester (≥ 28 week) (%)

88/394 (22.3)
286/394 (72.6)
11/388 (2.8)

Cardiovascular diseases*** (%)

13/393 (3.3)

Diabetes mellitus (%)

4/394 (1.0)

Cancer or hematological diseases (%)

3/394 (0.8)

Immune suppressed (%)

1/390 (0.3)

Pneumonia (%)

351/390 (90.0)

Symptoms and Lab findings
T ≥ 38°C (%)

340/374 (90.9)

Cough (%)

372/393 (94.7)

Dyspnoea (%)

199/393 (50.6)

Hemoptysis (%)

55/392 (14.0)

Pleural effusion (%)

44/226 (19.5)

CNS symptom ※ (%)

48/392 (12.2)

9

† Other job included student (in two patients), teacher (in twelve), babysitter
(in one), catering (in one), business service (in eleven), worker (in nine),
migrant laborer (in ten), herdsman (in one), professional staff member (in
seventeen), retired (in one), health care worker (in three), other detailed (in
thirty-seven)
§ The median gestational age was 32 weeks (IQR, 26-37 weeks)
** included asthma, COPD, active tuberculosis and other bronchial disease
***included coronary heart disease, chronic congestive heart failure, valvular
disease
※ CNS system symptoms: refers to one or more of the following symptoms:
insomnia, restlessness, hallucination, headache, dizziness and abnormal
behaviour

diseases were rare in this analysis. None of the patients
had been immunized against seasonal influenza or 2009
pH1N1. The median APACHE II score was 7.0 (IQR, 411). At the time of admission, 351 patients (90.0%) had
pneumonia with an abnormal chest radiography or chest
computed tomography. The most common symptoms
were cough (372; 94.7%) and dyspnoea (199; 50.6%). The
median PaO2/FiO2 on admission was 154.7 (IQR, 89.5320.5) (Table 1). Of the 394 hospitalized patients, 246
(63.7%) were admitted to an ICU at a median of 8 days
from onset of illness (IQR 5 to 14; Table 2).

20/394 (5.1)

Chronic pre-existing disease
Respiratory diseases** (%)
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WBC (×10 /L)

7.4 ± 3.7

Platelet (×109/L)

169.0 ± 65.7

CK > 200 u/L (%)

77/306 (19.5)

CRP (mg/L)

42 (16-101)

ESR (mm/h)

35 (23-50)

PaO2/FiO2, median (IQR)

154.7 (89.5-320.5)

APACHE II scores, median (IQR)

7 (4-11)

IQR, interquartile range; BMI, body mass index; APACHE II, acute physiology
and chronic health evaluation II
* Data are presented as no./total no., if otherwise stated. Percentages are
based on women with complete information in the respective categories
Nineteen patients missed the detailed information. Percentages may not total
100 because of rounding

Medication

378 (95.9%) patients received oseltamivir. The median
time from onset of illness to oseltamivir therapy was 5
days (IQR 3 to 7), among them only 52 patients (14.0%)
received oseltamivir within 48 h of onset of illness. 387
out of 394 patients received antibiotics. 244 received traditional Chinese medicine. Corticosteroid therapy was
administered to 242 patients (Table 2).
Maternal and neonatal outcomes

The most commonly reported complication in this study
was acute respiratory disease syndrome (ARDS) (151;
53.4%) (Table 2). 211 (59.4%) women delivered at a
median of 6 days (IQR 3 to 12) after pH1N1 symptom
onset. 122 out of 211 women delivered prematurely
(Additional file 2: Table S2). The most common delivery
method was cesarean delivery (172 patients, 82.7%)
(Table 2). Among 143 live-birth deliveries for which the
gestational age was known, 68 were premature (Additional file 2: Table S2). Among the 394 pregnant women
in the study, 77 died (Table 2), 56 out of the 77 patients
who died were in their third trimester. The main cause
of death was refractory hypoxemia (66 patients, 85.7%).
Of 5 patients with secondary infection, three patients
had Acinetobacter baumannii, one patient had Aspergillus spp, and one patient had both Acinetobacter baumannii and Aspergillus spp.
Mechanical ventilation

62.4% of women included in the study required intensive care and 47.2% required mechanical ventilation. 83
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Table 2 Treatment, complications, outcomes among
pregnant women with confirmed 2009 pH1N1 influenza
and neonatal outcomes*
Variables

Value

Treatment
Antibiotics (%)

387/394 (98.2)

Corticosteroids (%)

242/394 (61.4)

Mechanical ventilation** (%)

186/394 (47.2)

Non-invasive ventilation, successful(%)

38/170 (22.4)

Non-invasive ventilation, failed (%)

45/170 (26.5)

Initially intubated (%)

87/170 (51.1)

Oseltamivir (%)

378/394 (95.9)

Interval from onset to oseltamivir ≤ 48 h (%)

52/371 (14.0)

Interval from onset to oseltamivir > 48 h (%)

319/371 (86.0)

Traditional Chinese Medicine (%)

244/392 (62.2)

Risk factor for maternal and neonatal death

Complications
ARDS (%)

151/283 (53.4)

Septic shock (%)

51/254 (20.1)

Acute renal failure (%)

11/237 (4.6)

Acute liver damage‡ (%)

73/260 (28.1)

DIC (%)

8/234 (3.4)

Clinical course and Maternal Outcomes
ICU admission (%)

246/386 (63.7)

Length of ICU stay, median (IQR)

8 (5-14)

Time from onset to fever clearance, median (IQR)

7 (5-10)

Hospital stay for survivors, median (IQR)

11 (7-17)

In-hospital mortality (%)

77/394 (19.5)

Time from onset to death, median (IQR)

11 (7-17)

Delivery methods
Vaginal delivery (%)

31/208 (14.9)

Vacuum-assisted vaginal delivery (%)

2/208 (1.0)

Forceps-assisted vaginal delivery (%)

3/208 (1.4)

Cesarean delivery (%)

172/208 (82.7)

Neonatal outcomes
Survival

among patients who initially received NIV than those
were initially intubated (24/83, 28.9% vs 43/87, 49.4%; p
= 0.006).
Univariate analyses showed that patients who failed
NIV treatment had higher APACHE II scores (OR, 1.14;
95% CI, 1.02 to 1.27; p = 0.01), more CNS symptoms
(OR, 9.51; 95% CI, 1.15 to 79.03; p = 0.04), septic shock
(OR, 27.93; 95% CI, 3.34 to 33.47; p = 0.002), and a
higher incidence of acute liver damage (OR, 3.93; 95%
CI, 1.07 to 14.52; p = 0.04) compared with those who
succeeded with NIV therapy. Multivariable analyses suggested that pregnant women with pH1N1 virus complicated by septic shock (OR, 19.23; 95% CI, 1.97 to
187.13; p = 0.011) were less likely to be successfully
treated by NIV (Table 3).

146/208 (70.2)

Stillbirth

36/208 (17.3)

Neonatal death

12/208 (4.8)

Spontaneous abortion

1/208 (0.5)

Therapeutic abortion

13/208 (6.3)

ARDS, acute respiratory distress syndrome; DIC, disseminated intravascular
coagulation; ICU, intensive care unit; IQR, interquartile range.
* Date are presented as no./total no. if otherwise stated. Percentages are
based on women with complete information in the respective categories.
** Sixteen patients missed the strategies of mechanical ventilation.
¶¶Acute renal failure: Serum Creatinine increased by 2-fold or GFR decreased
> 50%, or urine 0.5 ml/kg/h for at least 12 h.
‡ Acute liver damage: AST or ALT > 70 U/L, or Tbil > 2 mg/dL

patients received NIV and 38 patients succeeded with
NIV. Among 45 patients who failed with initial NIV, 38
of them were then administered invasive ventilation, and
24 of 38 these patients died. The death rate was lower

62 out of 208 births resulted in neonatal death. 118 out of
208 births were premature. A multivariate analysis was
applied to investigate the factors associated with pregnant
outcomes. A PaO2/FiO2 ≤ 200 on admission (OR, 27.16;
95% CI 2.64 to 279.70, p < 0.001) and higher BMI (i.e. ≥
30) on admission (OR, 1.26; 95% CI 1.09 to 1.47, p = 0.86)
were independent risk factors for maternal death (Table
4). Premature delivery (OR, 4.17; 95% CI 1.19 to 14.56, p <
0.001) was associated with neonatal death (Table 5).

Discussion
The first case of 2009 pH1N1 virus infection in China
was documented on May 10, the virus has rapidly
spread throughout the mainland. A total of 126,000 confirmed cases were reported by Mar 31, 2010, including
7414 patients severe and 800 patients died. Among all
these severe cases, about 13.7% of patients were pregnant women [18].
In this large study of pregnant women who were hospitalized with severe 2009 pH1N1 influenza, the clinical
characteristics were similar to those reported by others
[3,4,17,19]. 95.6% of patients were infected in the second
or third trimester. In our study, the most common
comorbidities were cardiovascular diseases (3.3%), diabetes mellitus (1.0%), respiratory diseases (2.8%), and
obesity (18.5%). In our study, the prevalence of underlying diseases was much lower than reports from the United States (49.3%) [19], 56% in Australia [14], 34% in
California [17], 22.8% in Brazil [20], and 62% in France
[4]. In those studies, the main cause of underlying disease was asthma. A study compared asthma prevalence
of Chinese adolescents living in Canada and in China.
The authors found that for girls, the range of asthma
was 4.3% in Guangzhou to 9.8% in Canadian-born Chinese adolescents. These results suggest that the lower
prevalence of pre-existing asthma in our samples reflects
prevalence of the disease in the Chinese population [21].
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Table 3 Comparison between patients who succeeded with non-invasive ventilation and those who did not*
Characteristic

Non-invasive ventilation
With successful
outcomes‡ (n = 38)

With failure
outcomes (n = 45)

P value

ORuadj (95% CI)

ORadj (95% CI)

Age (Mean ± SD, years)

26.1 ± 4.3

25.5 ± 4.3

0.61

0.97 (0.88-1.08)

BMI, median (IQR)

25.2 (24.4-28.8)

27.0 (24.5-30.4)

0.31

1.08 (0.93-1.25)

1.06 (0.72-1.56)

Gestational age, median (IQR)

32 (26-35)

32 (28-36)

0.96

0.99 (0.93-1.07)

0.97 (0.82-1.15)

Respiratory diseases (%)

2/37 (5.4)

1/44 (2.3)

0.48

0.42 (0.04-4.79)

Pneumonia (%)

37/38 (97.4)

43/45 (95.6)

0.65

1.76 (0.15-20.23)

T ≥ 38°C(%)

33/37 (89.2)

39/42 (92.9)

0.86

1.57 (0.33-7.56)

Dyspnoea (%)

24/38 (63.2)

31/44 (70.5)

0.43

0.68 (0.26-1.76)

Hemoptysis (%)

6/38 (15.8)

9/43 (20.9)

0.62

1.34 (0.42-4.23)

CNS symptom ※ (%)

1/38 (2.6)

9/44 (20.5)

0.04

9.51 (1.15-79.03)

Symptoms and Lab findings

9

WBC (×10 /L), (Mean ± SD)

7.2 ± 3.6

7.6 ± 3.9

0.63

1.03 (0.91-1.16)

Hb (g/L) (Mean ± SD)

105.9 ± 15.6

99.0 ± 15.7

0.06

0.97 (0.94-1.02)

PLT (×109/L) (Mean ± SD)

155.5 ± 44.1

151.7 ± 56.7

0.75

1.00 (0.99-1.01)

ALT (U/L) (Mean ± SD)

43.3 ± 60.9

48.9 ± 61.2

0.69

1.002 (0.99-1.01)

CRP (mg/L) (Mean ± SD)

71.2 ± 52.9

90.8 ± 56.6

0.36

1.01 (0.99-1.02)

PaO2/FiO2 ≥ 300 (%)

7/24 (29.2)

3/33 (9.1)

1.48 (0.96-13.45)

PaO2/FiO2
Referent

PaO2/FiO2 201 to 300 (%)

3/24 (12.5)

4/33 (12.1)

0.27

3.11 (0.41-23.93)

PaO2/FiO2 ≤ 200 (%)

14/24 (58.3)

26/33 (78.8)

0.06

4.33 (0.97-23.83)

APACHE II score, median (IQR)

7 (7-11)

10 (6-14)

0.01

1.14 (1.02-1.27)

1.20 (0.97-1.49)

Septic shock (%)

1/24 (4.2)

17/32 (53.1)

0.002

27.93 (3.34-33.47)

32.87 (1.91-566.52)

Acute liver damage **(%)

4/25 (16.0)

12/28 (42.9)

0.04

3.93 (1.07-14.52)

5.17 (0.47-56.37)

Pleural effusion (%)

11/35 (31.4)

12/40 (30.0)

0.89

1.07 (0.40-2.86)

ORuadj, unadjusted odds ratio; ORadj, Adjusted odds ratio; CI, confidence Interval; BMI, body mass index; IQR, interquartile range; APACHE II, acute physiology and
chronic health evaluation II; ICU, intensive care unit
* Date are presented as no./total no., if otherwise stated. Percentages are based on women with complete information in the respective categories
‡ included 38 patients survived after receiving NIV
¶ included 7 patients died of respiratory failure who received NIV, 38 patients who received NIV firstly, then changed to invasive ventilation
※ CNS system symptoms: refers to one or more of the following symptoms: insomnia, restlessness, hallucination, headache, dizziness and abnormal behaviour.
** Acute liver damage: AST or ALT > 70 U/L, or Tbil > 2 mg/dL.
Variables included in multivariate model: BMI, Gestational age, CNS symptom, APACHE II score, septic shock, acute liver damage

The mortality rate for severe or critically infected
pregnant women in our study was 20%, similar to what
was reported in Canada, Mexico, and New Zealand
[22-25], but higher than in France (8% death in ICUhospitalized pregnancy women) [4]. Risk analysis
showed that a PaO2/FiO2 ≤ 200 and higher BMI (i.e. ≥
30) on admission were risk factors for maternal death.
Pregnancy and ARDS are associated with increased oxygen consumption, which can result in hypoxemia in the
mothers and the neonates. We reported that a higher
BMI was associated with maternal mortality after adjusting for baseline clinical factors. Observations of a high
prevalence of obesity in severe and fatal cases of 2009
pH1N1 infection have been reported in Chile, Canada,
the United Kingdom and Mexico [10,26,27]. As
observed in Australia, 42% of patients had a BMI of

more than 30 and 22% of patients more than 35, while
the corresponding proportions in the general Australian
pregnant population was 24% and 10% respectively [28].
However, our research retrospectively collected the
patient’s clinical information recorded in CRFs. Proportion of obesity has been overestimated based on BMI in
the 3rd trimester of pregnancy.
Data from previous pandemics and seasonal influenza
epidemics suggested that the risk of complications associated with influenza might be higher in the second and
third trimester of pregnancy than in the first trimester
[2,3,17]. We also observed a higher proportion of maternal death occurring in the second and third trimester.
During the 2009 H1N1 influenza pandemic, in the United States, the rate of premature birth (30.2%) was
higher than the rate of premature births (13%) reported
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Table 4 Univariate and multivariate regression analysis of the association of factors with death among pregnant
women with confirmed pH1N1 influenza*
Variables

Patients who survived (n = 317) Patients who died (n = 77) P value ORuadj (95% CI)

Age, median years (IQR)

24.8 (22.9-28.3)

23.9 (21.7-28.3)

0.10

0.95 (0.90-1.01)

BMI, median (IQR)

25.99 (23.20-29.26)

27.37 (24.87-30.33)

0.02

1.10 (1.01-1.17)

1.26 (1.09-1.47)

Gestational age, median (IQR)

32 (26-37)

32 (26-38)

0.86

0.97 (0.97-1.03)

0.94 (0.86-1.03)

Comorbidity **(%)

25/317 (7.9)

6/77 (7.8)

0.97

0.98 (0.39-2.50)

Pneumonia (%)

275/311 (88.4)

75/77 (97.4)

0.03

4.91 (1.16-20.86)

Referent

Referent

0.18

5.39 (0.47-62.33)

2.05 (0.09-46.80)

ORadj (95% CI)

0.68(0.02-2.39)

Symptoms and Lab findings
PaO2/FiO2, median (IQR)
PaO2/FiO2 ≥ 300 (%)

62/164 (37.8)

1/55 (1.8)

PaO2/FiO2 201 to 300 (%)

23/164 (14.0)

2/55 (3.6)

PaO2/FiO2 ≤ 200 (%)

79/164 (48.2)

52/55 (94.5)

< 0.001

40.81 (5.49-303.51) 27.16 (2.64-279.70)

APACHE II score, median (IQR) 6 (3-10)

12 (8-16)

< 0.001

1.13 (1.09-1.18)

1.07 (0.98-1.18)

Dyspnoea (%)

139/315 (44.1)

58/76 (76.3)

< 0.001

4.08 (2.30-7.24)

1.81 (0.47-7.05)

Hemoptysis (%)

33/315 (10.5)

21/75 (28.0)

< 0.001

3.32 (1.79-6.18)

1.64 (0.37-7.27)
2.99 (0.63-14.14)

CNS symptom (%)

29/314 (9.2)

19/76 (25.0)

< 0.001

3.27 (1.71-6.24)

AST (u/L), median (IQR)

35 (23-65)

96.10 (44.50-159.5)

< 0.001

1.007 (1.004-1.011) 1.00 (0.99-1.00)

OR, Odds Ratio; CI, confidence Interval; ORuadj, unadjusted odds ratio; ORadj, Adjusted odds ratio; BMI, body mass index; IQR, interquartile range; APACHE II, acute
physiology and chronic health evaluation II
* Data are presented as no./total no., if otherwise stated. Percentages are based on women with complete information in the respective categories
Variables included in univariate model: Age, BMI, Gestational age, comorbidity, pneumonia and symptoms and lab findings on admission associated with
mortality
Variables included in multivariate model: BMI, Gestational age, PaO2/FiO2 on admission, APACHE II score, dyspnoea, hemoptysis, CNS symptom, AST
** Comorbidity included Respiratory diseases (asthma, COPD, active tuberculosis and other bronchial disease), cardiovascular diseases (heart disease, chronic
congestive heart failure, valvular disease), diabetes mellitus, cancer or hematological diseases and Immune suppressed

Table 5 Univariate and multivariate analysis of the association of maternal characteristics with death among
neonates*
Variables

Neonates who
survived (n = 145)

Neonates who
died (n = 63)

P value

ORuadj (95% CI)

ORadj (95% CI)
1.05 (0.91-1.23)

Maternal BMI, median (IQR)

27.5 (25.0-30.1)

25.6 (23.0-29.4)

0.06

0.91 (0.83-1.00)

Maternal Age, median years (IQR)

24.4 (20.9-27.9)

25.3 (22.5-28.6)

0.57

1.02 (0.96-1.08)

Gestational age
Non-premature delivery (≥ 37 weeks)

76/145 (52.4)

12/63 (19.0)

Referent

Referent

Preterm delivery (< 37 weeks)

69/145 (47.6)

51/63 (81.0)

< 0.001

4.68 (2.31-9.51)

4.17 (1.19-14.56)

Comorbidities ** (%)

16/145 (11.0)

3 (4.8)

0.15

0.40 (0.11-1.44)

Symptoms and Lab findings
CNS symptom (%)

10/145 (6.9)

13/63 (20.6)

0.005

3.51 (1.45-8.51)

0.85 (0.08-9.47)

AST (u/L), median (IQR)

40 (26-76)

73 (36-139)

0.01

1.00 (1.00-1.01)

1.00 (0.99-1.01)

Referent

Referent

0.13

4.16 (0.65-26.57)

3.59 (0.11-121.48)

PaO2/FiO2 on admission
PaO2/FiO2 ≥ 300 (%)

61/161 (37.9)

2/58 (3.4)

PaO2/FiO2 201 to 300 (%)

22/161 (13.7)

3/58 (5.2)

PaO2/FiO2 ≤ 200 (%)

78/161 (48.4)

53/58 (91.4)

< 0.001

20.72 (4.86-88.44)

12.33 (0.86-177.49)

APACHE II score, median (IQR)

8 (5-12)

10 (5-14)

0.17

1.04 (0.98-1.09)

0.99 (0.87-1.14)

OR, Odds Ratio; CI, confidence Interval; ORuadj, unadjusted odds ratio; ORadj, Adjusted odds ratio; BMI, body mass index; IQR, interquartile range; APACHE II, acute
physiology and chronic health evaluation II; ARDS, acute respiratory distress syndrome
* Date are presented as no./total no., if otherwise stated. Percentages are based on women with complete information in the respective categories
** Comorbidities included respiratory diseases (asthma, COPD, active tuberculosis and other bronchial disease), cardiovascular diseases (heart disease, chronic
congestive heart failure, valvular disease), diabetes mellitus, cancer or hematological diseases and Immune suppressed
Values in the multivariate analysis included maternal BMI, gestational age, CNS symptom, AST, APACHE II score and PaO2/FiO2 on admission
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in 2007 [29], consistent with data demonstrating a
higher rate of premature delivery during previous pandemics [2]. Among women in our study for whom data
on pregnancy outcomes was available, the rate of premature birth was 57.8%. In a multivariable analysis, preterm delivery contributed to fetal mortality. Delivery in
severe and critically infected women after 37 weeks’ of
gestation had improved neonatal outcomes compared to
similar patients who delivered before 37 weeks of
gestation.
Evidence on the useful role of NIV in pregnant
patients with ARDS secondary H1N1 viral infection was
lacking. Dr. Amit Banga [30] reported a 28-year-old
pregnant female with ARDS (PaO 2 /FiO 2 155) due to
community-acquired severe pneumonia who successfully
treated with NIV. In 2009, Dr. Michel Djibre and collegues [31] reported a 38-year-old pregnant woman at 31
weeks’ gestation with PaO2/FiO2 98 who was successfully treated with NIV. In our study, the success rate
among pregnant women with H1N1 infection for NIV
was 45.8%. A recent prospective multicenter survey also
found that when NIV was used as first-line therapy for
selected ALI/ARDS patients (those with 2 organ failures,
hemodynamic instability, or encephalopathy were
excluded), 54% avoided intubation and had excellent
outcomes [32].
Apart from previous findings that major organ dysfunction and obtunded sensorium would obviously be
unsuitable candidates for NIV, we found that pregnant
women complicated by septic shock were less likely to
be successfully treated by NIV. Our data also support
that cautious selection of appropriate patients is important for successful application of NIV. Patients should
be monitored closely for signs of NIV failure until stabilized. If there are signs of NIV failure, patients should
be intubated promptly before a crisis develops.
Our investigation has several limitations. Firstly, we
only evaluated pregnant women admitted to a hospital
who fulfilled the diagnostic criteria of severe or critical
cases. Secondly, it was an observational study, and could
therefore only demonstrate associations and could not
infer cause. Thirdly, we lacked follow up visits for
maternal and neonatal outcomes. Lastly, despite the use
of a standardized data-collection form, not all information was collected for all patients.

Conclusions
The clinical data reported herein is consistent with previous studies that demonstrate that pregnant women
with influenza are at an increased risk of serious illness
and death. Our novel findings included: 1) NIV was useful for some selected pregnant women with pH1N1
virus infection complicated by respiratory failure, but
septic shock should be considered a contraindication; 2)
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a PaO2/FiO2 ≤ 200 and higher BMI (i.e. ≥ 30) on admission were independent risk factors for maternal death;
3) Premature delivery was an independent risk factor for
neonatal death.

Additional material
Additional file 1: The diagnosis criteria for severe and critical cases.
Additional file 2: Maternal and neonatal outcomes by different
delivery methods in different trimesters. Data are presented as no.
(%)/total no.(%), if otherwise stated. Percentages are based on patients
with complete information in the respective categories. * Two patients
missed the detailed information in maternal outcomes. Neonatal
outcomes were unknown in four cases. ** One patient missed the
detailed information in maternal outcomes. Neonatal outcomes were
unknown in two cases.
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Acute respiratory distress syndrome; rRT-PCR: Real-time reverse-transcriptase
polymerase chain reaction; ICU: Intensive care unit; OR: Odds Ratio; SD:
Standard deviations; IQR: Interquartile range; CI: Confidence Interval; ALI:
Acute lung injury; ARF: Acute Renal Failure; DIC: Disseminated intravascular
coagulation; ORuadj: Unadjusted odds ratio; ORadj: Adjusted odds ratio.
Acknowledgements
The authors gratefully acknowledge individuals who helped identify cases
and collated clinical data: Drs. Shu-fan Song, Ran Li, Ting Yang, Yu-dong Yin,
Chen Ma, and Lu Bai who participated in the collection of clinical data. Drs.
Hui David Shu-Cheong (Hong Kong, China), Colin James McArthur (New
Zealand), Dale Andrew Fisher (Singapore), OH Myoung Don (Korea), Satoko,
CK, Jie Dong (World Health Organization) for technical support. Drs Evan
Sander, Yan-hui Li, Fei Xiao, Jian-guo Zhu are thanked for reviewing of the
manuscript.
This work was supported by a grant from the Ministry of Health of the
People’s Republic of China and the World Health Organization on the
clinical study of the influenza A pandemic A (H1N1) 2009, grants from the
Beijing Science & Technology (grant numbers Z09000700090903), and Major
State Basic Research Development Program (grant numbers 2009CB522107),
Mega-projects of Science Research for the 11th Five-Year Plan of China
(grant numbers 2009ZX10004-901), and the National Natural Science
Foundation of China (grant numbers 810 30032/H19, 81070005/H0104,
81001271).
Author details
1
Beijing Chao-Yang Hospital, Beijing Institute of Respiratory Medicine, Beijing
Key Laboratory of Respiratory and Pulmonary Circulation Disorders,
Department of Respiratory Medicine, Capital Medical University, Beijing,
China. 2State Key Laboratory for Diagnosis and Treatment of Infectious
Diseases, The First Affiliated Hospital, School of Medicine, Zhejiang
University, Key Laboratory of Infectious Diseases Key Laboratory of Infectious
Diseases, Zhejiang University, Hangzhou, China. 3Disease Control and
Emergency Response Office, Chinese Center for Disease Control and
Prevention, Beijing, China. 4Renmin Hospital of Wuhan University, Wuhan,
China. 5The First Affiliated Hospital of Anhui medical university, Hefei, China.
6
Department of Respiratory, Second Hospital of Hebei Medical University, Shi
Jiazhuang, China. 7Hang zhou No.1 People’s hospital, Hangzhou, China.
8
Shengjing Hospital of China Medical University, Shenyang, China. 9the
Second Affiliated Hospital, Nanchang University, Changchun, China.
10
Department of Respiratory Medicine, Capital Medical University, Beijing
Institute of Respiratory Medicine, Beijing Key Laboratory of Respiratory and
Pulmonary Circulation Disorders, Beijing Hospital, Ministry of Heath, Beijing,
China.

Zhang et al. BMC Infectious Diseases 2012, 12:29
http://www.biomedcentral.com/1471-2334/12/29

Authors’ contributions
All authors made substantial contributions to conception and design,
acquisition of data, or analysis and interpretation of data, reviewed and
approval of the final manuscript. Drs. PJZ, XLL, BC and SGY contributed
equally to this article. CW and LJ L, the principal investigator, takes full
responsibility for the integrity of the submission and publication, and was
involved in the study design as part of the steering committee, had full
access to all the data in the study and takes responsibility for the integrity of
the data and the accuracy of the data analysis. Drs Z PJ, L XL, CB, Y SG had
full access to all of the data in the study, and they take responsibility for the
integrity of the data and the accuracy of the data analysis and draft of the
manuscript. Drs L LR and GLwere involved in the study design as part of the
Steering committee. Drs XZ, HK, Z HY, Y XX, H WB, CW, Z JX were
responsible for the patient enrollment and the data collection.
Competing interests
The authors declare that they have no competing interests.
Received: 12 August 2011 Accepted: 1 February 2012
Published: 1 February 2012
References
1. Rasmussen SA, Jamieson DJ, Bresee JS: Pandemic influenza and pregnant
women. Emerg Infect Dis 2008, 14:95-100.
2. Harris JW: Influenza occurring in pregnant women. JAMA 1919, 72:978-80.
3. Jamieson DJ, Honein MA, Rasmussen SA, Williams JL, Swerdlow DL,
Biggerstaff MS, Lindstrom S, Louie JK, Christ CM, Bohm SR, Fonseca VP,
Ritger KA, Kuhles DJ, Eggers P, Bruce H, Davidson HA, Lutterloh E, Harris ML,
Burke C, Cocoros N, Finelli L, MacFarlane KF, Shu B, Olsen SJ: H1N1 2009
influenza virus infection during pregnancy in the USA. Lancet 2009,
374:451-8.
4. Dubar G, Azria E, Tesnière A, Dupont H, Le Ray C, Baugnon T, Matheron S,
Luton D, Richard JC, Launay O, Tsatsaris V, Goffinet F, Mignon A: French
experience of 2009 A/H1N1v influenza in pregnant women. PLoS One
2010, 5:1-10.
5. Freeman DW, Barno A: Deaths from Asian influenza associated with
pregnancy. Am J Obstet Gynecol 1959, 78:1172-5.
6. Neuzil KM, Reed GW, Mitchel EF, Simonsen L, Griffin MR: Impact of
influenza on acute cardiopulmonary hospitalizations in pregnant
women. Am J Epidemiol 1998, 148:1094-102.
7. Novel influenza A (H1N1) virus infections in three pregnant womenUnited States, April-May 2009. MMWR Morb Mortal Wkly Rep 2009,
58:497-500.
8. Fiore AE, Shay DK, Broder K, Iskander JK, Uyeki TM, Mootrey G, Bresee JS,
Cox NJ: Prevention and control of seasonal influenza with vaccines:
recommendations of the Advisory Committee on Immunization
Practices (ACIP), 2009. MMWR Recomm Rep 2009, 58:1-52.
9. Saleeby E, Chapman J, Morse J, Bryant A: H1N1 influenza in pregnancy:
cause for concern. Obstet Gynecol 2009, 114:885-91.
10. Louie JK, Acosta M, Winter K, Jean C, Gavali S, Schechter R, Vugia D,
Harriman K, Matyas B, Glaser CA, Samuel MC, Rosenberg J, Talarico J,
Hatch D: Factors associated with death or hospitalization due to
pandemic 2009 influenza A(H1N1) infection in California. JAMA 2009,
302:1896-902.
11. Chuang C, Zhong NS: Progress in prevention and treatment of the 2009
H1N1 pandemic of pregnancy women. Chin J Crit Care Med 2010,
30:118-121.
12. Mahlmeister LR: Best practices in perinatal care: prevention and
treatment of novel influenza A (H1N1) virus during pregnancy and the
immediate postbirth period. J Perinat Neonatal Nurs 2009, 23:307-11.
13. Nuzum JW, Pilot I, Stangl FH, Bonar BE: Pandemic influenza and
pneumonia in a large civilian hospital. JAMA 1918, 71:1562-5.
14. The ANZIC Influenza investigators and Australasian maternity outcomes
surveillance system: Critical illness due to 2009 A/H1N1 influenza in
pregnant and postpartum women: population based cohort study. BMJ
2010, 340:1279.
15. Hewagama S, Walker SP, Stuart RL, Gordon C, Johnson PD, Friedman ND,
O’Reilly M, Cheng AC, Giles ML: 2009 H1N1 influenza A and pregnancy
outcomes in Victoria, Australia. Clin Infect Dis 2010, 50:686-90.
16. Creanga AA, Johnson TF, Graitcer SB, Hartman LK, Al-Samarrai T,
Schwarz AG, Chu SY, Sackoff JE, Jamieson DJ, Fine AD, Shapiro-

Page 9 of 9

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.
30.

31.

32.

Mendoza CK, Jones LE, Uyeki TM, Balter S, Bish CL, Finelli L, Honein MA:
Severity of 2009 pandemic influenza A (H1N1) virus infection in
pregnant women. Obstet Gynecol 2010, 115:717-26.
Louie JK, Acosta M, Jamieson DJ, Honein MA: Severe 2009 H1N1 influenza
in pregnant and postpartum women in California. N Engl J Med 2010,
362:27-35.
Official report of Ministry of Health, People’s Republic of China. 2010
[http://www.moh.gov.cn/publicfiles/business/htmlfiles/h1n1/s10618/201004/
46480.htm].
Siston AM, Rasmussen SA, Honein MA, Fry AM, Seib K, Callaghan WM,
Louie J, Doyle TJ, Crockett M, Lynfield R, Moore Z, Wiedeman C, Anand M,
Tabony L, Nielsen CF, Waller K, Page S, Thompson JM, Avery C, Springs CB,
Jones T, Williams JL, Newsome K, Finelli L, Jamieson DJ: Pandemic 2009
influenza A(H1N1) virus illness among pregnant women in the United
States. JAMA 2010, 303:1517-25.
Jiménez MF, El Beitune P, Salcedo MP, Von Ameln AV, Mastalir FP,
Braun LD: Outcomes for pregnant women infected with the influenza A
(H1N1) virus during the 2009 pandemic in Porto Alegre, Brazil. Int J
Gynaecol Obstet 2010, 111:217-9.
Wang HY, Wong GW, Chen YZ, Ferguson AC, Greene JM, Ma Y, Zhong NS,
Lai CK, Sears MR: Prevalence of asthma among Chinese adolescents
living in Canada and in China. CMAJ 2008, 179:1133-42.
Kumar A, Zarychanski R, Pinto R, Cook DJ, Marshall J, Lacroix J, Stelfox T,
Bagshaw S, Choong K, Lamontagne F, Turgeon AF, Lapinsky S, Ahern SP,
Smith O, Siddiqui F, Jouvet P, Khwaja K, McIntyre L, Menon K, Hutchison J,
Hornstein D, Joffe A, Lauzier F, Singh J, Karachi T, Wiebe K, Olafson K,
Ramsey C, Sharma S, Dodek P, et al: Critically ill patients with 2009
influenza A(H1N1) infection in Canada. JAMA 2009, 302:1872-9.
Domínguez-Cherit G, Lapinsky SE, Macias AE, Pinto R, Espinosa-Perez L, de
la Torre A, Poblano-Morales M, Baltazar-Torres JA, Bautista E, Martinez A,
Martinez MA, Rivero E, Valdez R, Ruiz-Palacios G, Hernández M, Stewart TE,
Fowler RA: Critically Ill patients with 2009 influenza A(H1N1) in Mexico.
JAMA 2009, 302:1880-7.
The ANZIC Influenza Investigators: Critical care services and 2009 H1N1
influenza in Australia and New Zealand. N Engl J Med 2009, 361:1925-34.
Tabarsi P, Moradi A, Marjani M, Baghaei P, Hashemian SM, Nadji SA,
Fakharian A, Mansouri D, Masjedi M, Velayati A: Factors associated with
death or intensive care unit admission due to pandemic 2009 influenza
A (H1N1) infection. Ann Thorac Med 2011, 6:91-95.
Vaillant L, La Ruche G, Tarantola A, Barboza P: Epidemiology of fatal cases
associated with pandemic H1N1 influenza 2009. Euro Surveill 2009,
14:19309.
H1N1 in pregnancy interim report No 1, UK Obstetric Surveillance
System. 2009 [https://www.npeu.ox.ac.uk/files/downloads/ukoss/UKOSS-AH1N1v-Interim-Report-1.pdf].
Chan A, Scott J, Nguyen A-M, Sage L: Pregnancy outcome in South
Australia 2007. Adelaide: SA Health; 2008 [http://www.health.sa.gov.au/
pehs/PDF-files/090210-pregnancy-outcome-report-2007.pdf].
Hamilton BE, Martin JA, Ventura SJ: Births: preliminary data for 2007. Natl
Vital Stat Rep 2009, 57:1-23.
Banga A, Khilnani GC: Use of non-invasive ventilation in a pregnant
woman with acute respiratory distress syndrome due to pneumonia.
Indian J Chest Dis Allied Sci 2009, 51:115-7.
Djibre M, Berkane N, Salengro A, Ferrand E, Denis M, Chalumeau-Lemoine L,
Parrot A, Mayaud C, Fartoukh M: Non-invasive management of acute
respiratory distress syndrome related to Influenza A (H1N1) virus
pneumonia in a pregnant woman. Intensive Care Med 2010, 36:373-4.
Antonelli M, Conti G, Esquinas A, Montini L, Maggiore SM, Bello G, Rocco M,
Maviglia R, Pennisi MA, Gonzalez-Diaz G, Meduri GU: A multiple-center
survey on the use in clinical practice of noninvasive ventilation as a
first-line intervention for acute respiratory distress syndrome. Crit Care
Med 2007, 35:18-25.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/12/29/prepub
doi:10.1186/1471-2334-12-29
Cite this article as: Zhang et al.: Clinical features and risk factors for
severe and critical pregnant women with 2009 pandemic H1N1
influenza infection in China. BMC Infectious Diseases 2012 12:29.

