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Abstract: Background: Human infection with avian influenza A H7N9 has emerged in China since February, 2013. 
The immunologic changes in pregnant women infected with H7N9 are not known. Objective: To report the clinical 
data and kinetic changes of immunity in a pregnant woman infected with H7N9 virus in Zhenjiang, Jiangsu, China. 
Methods: The clinical data were collected and immunity status was monitored in this patient. Results: H7N9 virus 
became undetectable in sputum from 14 days since onset of symptoms after effective antiviral therapy with oselta-
mivir and symptomatic/supporting treatments. The symptoms and signs in this patient gradually improved from 15 
days since onset of symptoms. Peripheral lymphocytes initially decreased and gradually increased. The percentage 
of CD4+ T cells increased since 16 days after onset of symptoms. The kinetic changes of cytokines including IFN-γ, 
IFN-α, TNF-α, IL-10 and TGF-β1 matched the development and recovery of illness. Her family members, including 
her parents exposed to H7N9 positive materials in poultry market, were H7N9 negative. Conclusions: Our results 
indicate that pregnant women are susceptible to H7N9 virus and H7N9 infection in pregnant women is curable 
without significant impact on fetus. Kinetic changes of pro-inflammatory and anti-inflammatory cytokines play a role 
in the pathogenesis and clinical outcome in the pregnant patient with H7N9 infection. 
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Introduction

A novel avian influenza virus A (H7N9) infection 
has been described in eastern China during 
February and March 2013 [1]. A total of 131 
human infections have been reported till May 
17, of which 36 (27%) cases were fatal [2]. 
Although the outbreak of H7N9 infection seems 
to be controlled because only few new cases 
were reported, there is a worry about the pan-
demic of H7N9 infection. The increased risk of 
influenza for the pregnant patients has been 
noted in three epidemics: mortality was noted 
to be as high as 49% and 50% during the 1918 
and 1957 epidemics, and the infection rate of 
pregnant patients was 10% during 2009 H1N1 
pandemic [3, 4]. Furthermore, women in the 
second and third trimesters have higher mor-
tality and morbidity rates than first trimester 
women [5]. Pregnant women are susceptible to 
influenza virus due to physiologic changes that 
affect hormone, respiratory and cardiovascular 

systems [3]. The  immune system altered  to tol-
erate a genetically foreign fetus also results in 
the increased risk for influenza infection and 
complications [6]. The morbidity and mortality 
of H7N9 infection in pregnant women are not 
yet known. There were two pregnant women 
infected with H7N9 including in this report [7]. 
Here we report a pregnant patient infected with 
H7N9 and analyze the kinetic characteristics of 
immune status.

Material and methods

Patient and associated examination

A 25-year-old woman pregnant for 23+6 weeks 
was hospitalized in the Department of Re- 
spiratory Medicine, Affiliated People’s Hospital 
of Jiangsu University, on April 5, 2013 with a 
history of cough, sore throat, myalgia and irreg-
ular fever for 7 days. The patient denied the his-
tory of contact with sick persons or live poultry, 
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but her parents were workers in the live poultry 
market. Physical examination on admission 
revealed stable vital signs apart from body tem-
perature high at 39.9°C. This study was app- 
roved by the Institutional Review Board of the 
Affiliated People’s Hospital of Jiangsu University.

RNA extraction and real-time RT-PCR

RNA was extracted from throat-swab or sputum 
specimens with Roche High Pure Viral RNA Kit 
(Cat. No. 11858882001) according to the man-
ufacturer’s instructions. Real-time RT-PCR 
assays for H7N9 virus were performed to verify 
the viral subtypes with the Influenza virus A 
Real Time RT-PCR Kit (Cat. No. R-0309-02, 
Shanghai ZJ Bio-Tech Co, Ltd, China) and Avian 
influenza virus (H7N9) real-time RT-PCR Kit 
(Cat. No. RR-0051-02, Shanghai ZJ Bio-Tech 
Co., Ltd, China) according to the manufacturer’s 
instructions. 

Lymphocyte subsets assay with flow-cytometry

Blood was obtained from this patient to identify 
percentages and absolute counts of the lym-
phocyte subsets with BD Multitest IMK Kit (Cat 
No: 340503) using flow-cytometry according to 
the manufacturer’s instructions.

Analysis of cytokines with ELISA

Plasma was collected in different days since 
onset of symptoms. We monitored twenty dif-
ferent cytokines and chemokines (IL-2, sIl-2R, 
IL-6, IL-8, IL-10, IFN-α, IFN-γ, TNF, VEGF, TGF-β1, 
bFGF, M-CSF, GM-CSF, MCP-1, MIP-1α, PARC, 
MIGF, RANTES, IGF-1, and TGF-β1) in the 9d, 
14d, 16d, 23d, and 31d since onset of symp-
toms with ELISA (Invitrogen, R&D, Senxiong bio-
tech) according to the manufacturer’s instru- 
ctions.

Results

Laboratory measurements

The laboratory measurements of sequential 
blood specimens were listed in Table 1. 
Laboratory tests showed a low level in lympho-
cytes before 23 days since onset of symptoms, 
an increase in glutamine amino transpeptidase 
after 14 days since onset of symptoms. 
Elevated levels of aspartate aminotransferase, 
creatine kinase, and lactate dehydrogenase 
were observed (Table 1). Total peripheral lym-
phocyte counts were low at presentation and 
gradually increased to peak 6 days after admis-
sion. However, lymphocytes decreased and 

Table 1. Laboratory measurements in the patient infected with H7N9
Time since onset of symptoms 9d 10d 14d 16d 23d 31d 52d Normal range
White blood cell (×109/L) 7.1 16.0 11.0 11.4 7.1 6.5 6.8 4.0-10.0
Lymphocyte (×109/L) 0.5 0.8 0.18 0.11 0.21 0.24 0.26 0.8-4.0
Monocyte (×109/L) 0.1 0.2 0.07 0.05 0.08 0.08 0.06 0.1-1.0
Neutrophil (×109/L) 6.5 15.0 0.74 0.83 0.70 0.62 0.67 1.6-7.5
Platelet (×109/L) 222 - 299 351 361 173 190 100-300
Prothrombin time (s) 11.00 - 10.30 11.70 11.30 - - 9.00-13.30
Activated thromboplastin time (s) 33.00 - 27.10 27.30 29.70 - - 20.00-40.00
D-dimer (μg/L) 1.28 - 9.56 7.38 4.24 - - 0.10-0.55
Total bilirubin (µmol/L) 15.30 - 9.10 15.00 15.00 7.30 6.90 2.10-17.30
aspartate aminotransferase (U/L) 54.00 - 113.00 53.00 26.00 37.00 48 0.00-40.00
Alanine transaminase (U/L) 54.00 - 63.00 49.00 48.00 48.00 62 0.00-40.00
Glutamine amino transpeptidase  (U/L) 45.00 - 123.00 99.00 105.00 100.00 62 5.00-40.00
Urea (mmol/L) 1.50 - - 8.00 9.20 2.70 2.30 2.10-7.50
Creatinine (µmol/L ) 30.00 - - 57.00 59.00 40.00 41.00 35.00-135.00
Potassium (mmol/L) 2.60 - 4.11 4.35 4.00 3.51 - 3.50-5.10
Sodium (mmol/L) 128.00 - 142.60 139.60 131.50 132.30 - 135.00-145.00
Lactate dehydrogenase (U/L) 344.00 - - 681.00 267.00 200.00 207.00 110.00-220.00
Creatinine kinase (U/L) 271.00 - - 72.00 11.00 16.00 67.00 10.00-110.00
Hydroxybutyric acid dehydrogenase (U/L) - - - 597.00 247.00 180.00 - 110.00-240.00
-: not detected.
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then increased to the second peak on May 28 
again (Figure 1). 

Virological PCR detection

Two throat-swab specimens and two sputum 
specimens were obtained from patient on 9 
days, 10 days, 14 days and 15 days since onset 
of symptoms, respectively. All samples were 
tested for H7N9 with real-time RT-PCR. H7N9 
virus was detected positive in throat swab 
specimens on both 9 days and 10 days since 
onset of symptoms, and then became unde-
tectable in sputum specimens on both 14 days 
and 15 days since onset of symptoms (Table 2). 
The family members of the pregnant women 
were H7N9 negative, but the materials from the 
chicken cage and discharges in the live poultry 
market where her parents worked were H7N9 
positive.

Lymphocyte subsets assay 

Peripheral lymphocyte subsets were observed 
during H7N9 infection. CD4+ T cell percentage 
increased on 16 days and 18 days since onset 
of symptoms (Table 3).

Cytokines assay

Five cytokines (TGF-β1, Rantes, MIGF, INF-γ, 
and M-CSF) significantly increased on 9 days 
since onset of symptoms, among which two 
cytokines (TGF-β1 and Rantes) progressively 
increased, MIGF maintained the high levels 
from 9 days to 31 days since onset of symp-
toms, M-CSF increased to the highest level on 
16 days since onset of symptoms and then 
decreased, and INF-γ gradually decreased after 
9 days since onset of symptoms. IL-10 slightly 
increased on 9 days since onset of symptoms 
and then gradually decreased (Figure 2).

Eight cytokines (b- 
FGF, IL-8, IL-6, INF-
α, IL-2, TNF-α, MIP-
1α, and MCP-1) 
increased on 14 
days or 16 days 
since onset of sy- 
mptoms, among 
which TNF-α con-
tinued to increase 
after 16 days sin- 
ce onset of symp-
toms, IL-8 and 

Figure 1. Dynamic change of peripheral lymphocytes in the pregnant patient with H7N9 
infection.

MCP-1 significantly decreased on 31 days since 
onset of symptoms, four cytokines (bFGF, IL-6, 
IL-8, and MIP-1) began to decrease on 31 days 
since onset of symptoms (Figure 2). 

There was no significant change in the levels of 
other six cytokines (GM-CSF, IGF-1, VEGF, sIL-
2R, PARC, and sICAM-1) compared to normal 
ranges (Figure 2).

Discussion

During physiologic pregnancy, although the 
number of peripheral lymphocytes is not 
changed, it is commonly accepted that the 
mother must maintain tolerance of the fetal 
semi-allograft while not suppressing her own 
immune system and exposing herself and the 
fetus to infection. Induction of Th2-secreted 
cytokines (IL-4, IL-6, and GM-CSF) and suppres-
sion of Th1-secreted cytokines (IL1, IL-2, IL-12, 
INF-γ, and TNF-α) play critical roles in pregnan-
cy outcome [8]. However, these immunologic 
alterations may induce a state of increased 
susceptibility to influenza virus. Pregnant 
women were more likely to be hospitalized with 
an acute cardiopulmonary illness during influ-
enza epidemics compared with non-pregnant 
women [9]. Furthermore, Pregnant women had 
increased rates of morbidity and mortality from 
influenza infection [9, 10]. Data during 2009 
H1N1 epidemic showed pregnant women were 
at increased risk of hospitalization, admission 
to the intensive care unit, death and other 
severe outcome [10, 11]. Although the effect of 
H5N1 infection in pregnant women is poorly 
known, 4 of 6 pregnant women with H5N1 
infection died and 2 women who survived had 
spontaneous abortion [12]. The family mem-
bers of the pregnant woman infected with 
H7N9 virus had no symptoms and negative 
virus detection, also suggesting the susceptibil-
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ity to H7N9 virus in pregnant population. The 
morbidity and mortality of H7N9 infection is not 
yet known.

Both innate and adaptive immune responses 
are initiated to play against influenza. The pro-
duction of antiviral and inflammatory cytokines 
and chemokines are involved in such host 
immune responses. Elevated blood levels of 
IFNs, TNF-α, MCP-1, MIP-1, RANTES, IL-2, IL-6, 
IL-8, IL-10, and IP-10 were observed in individu-
al patients with H5N1 infections [13-16]. 
However, the induction of the human innate 
immune response to H7N9 virus infection has 
not been well characterized. Recently, serum 
levels of six cytokines and chemokines were 
found to increase in patients with H7N9 infec-
tion [3].

Both the percentage and absolute counts of 
peripheral blood lymphocytes decreased in the 
second and third trimester [17, 18]. The kinetic 
changes of peripheral lymphocytes in this preg-
nant woman suggest the presence of early lym-
phocytopenia which is similar with non-preg-
nant patients [7]. Although the percentage of T 
helper cells remained unchanged [17, 18], CD4 
+ T cells were induced after H7N9 infection and 
hypercytokinemia was observed in this patient. 
Although Th1 cytokine response is suppressed 
during pregnancy, it still maintains the capacity 
of a defensive response in the context of infec-
tion [8]. IFN-γ is rapidly induced to release by 
Th1 cells after H7N9 infection. The early 
increase of IFN-γ appears to activate the antivi-
ral function via recruiting and activating macro-
phages, NK cells, and T cells to perform their 

effector functions, including producing immu-
noregulatory and antiviral monokines and cyto-
kines [19]. The time from the onset of illness to 
the first negative result of H7N9 test after treat-
ment was 13 days, which was consistent with a 
recent report [7]. While H7N9 virus was deplet-
ed, INF-γ level gradually decreased and the 
clinical manifestations were gradually impr- 
oved. Recently, it has been found that the 
inflammatory response is played out over time 
in a reproducible and organized way after an 
initiating stimulus [20]. The delayed increase of 
IFN-α expression might be involved in the 
removal of residual viruses. TNFα, also secret-
ed by Th1 cells, is the best known and most 
intensely studied of the pro-inflammatory cyto-
kines and plays an important role in viral infec-
tions. TNFα had been considered as an early-
phase cytokine after avian influenza infection 
[14, 2, 22]. However, plasma level of TNFα was 
not elevated in this patient before 14 days 
since onset of symptoms, which was consistent 
with the results of H5N1 infection [14, 23]. It is 
also considered that TNFα is dispensable for 
influenza viral clearance [24]. The continued 
late-phase elevation of TNFα level was 
observed in this patient, which may be impli-
cated in the pathogenesis of chronic lung 
inflammation and fibrosis [25, 26]. IL-2 is slight-
ly decreased in healthy pregnant women com-
pared with non-pregnant women [27]. In this 
pregnant patient, IL-2 significantly decreased, 
which was similar to the observation in those 
individuals infected with H1N1 virus [28].

IL-10 is one of anti-inflammatory cytokines pro-
duced by Th2 cells. It suppresses the release of 

Table 2. Virological PCR detection in the patient infected with H7N9
specimen throat swab (shallow) throat swab (deep) Sputum Sputum
Time since onset of symptoms (days) 9d (2013-04-6) 10d (2013-04-7) 14d (2013-04-11) 15d (2013-04-12)
H7 gene (cycle threshold values) 30 27 - -
N9 gene (cycle threshold values) 30 28 - -
-: not detected.

Table 3. Lymphocyte subtype assay in the patient infected with H7N9
Time since onset of 
symptoms(days) 12d (2013-04-9) 16d (2013-04-13) 18d (2013-04-15) 51d (2013-05-8) Normal range

T Cell (%) 71 85↑ 80 82 50-84
CD4/CD8 1.96 0.82 2.76 1.23 0.82-2.78
B Cell (%) 9 6 6 3↓ 5-18
CD3+CD4+ T Cell (%) 45 65↑ 58↑ 43 27-51
CD3+CD8+ T Cell (%) 23 17 21 35 15-44
NK Cell (%) 10 6 12 14 5.6-30.9
↑: increased; ↓: decreased.
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pro-inflammatory mediators from monocytes/
macrophages and therefore inhibits the LPS- 
and IFN-γ-induced secretion of TNF-α, IL-1β, 
IL-6, IL-8, G-CSF, and GM-CSF [29, 30]. Although 
IL-10 is released from first and second trimes-
ter [31], the dynamic changes of IL-10 level in 
this pregnant patient indicated that IL-10 
increased in acute phase of H7N9 infection. 
The early increase of IL-10 in this patient may 
have a critical role in the immune balance. 

TGF-β1 is a Th3-type anti-inflammatory media-
tor involved in the immune system by control-
ling several aspects of inflammatory respons-
es, T cell differentiation, B cell isotype switch-
ing and tolerance [32]. There is no notable 
alteration in serum level of TGF-β1 in normal 
pregnant women [29]. The acute release of 
TGF-β1 in this patient might play a role in 
immune homeostasis. Persistent elevation of 
TGF-β1 seems to be involved in the promotion 
of lung fibrosis through recruitment and activa-

tion of monocytes and fibroblasts, induction of 
ECM, and stimulation of angiogenesis [25, 33].

In conclusion, our results indicate that preg-
nant women are susceptible to H7N9 virus and 
H7N9 infection in pregnant women is curable 
without significant impact on fetus. Kinetic 
changes of pro-inflammatory and anti-inflam-
matory cytokines play a role in the pathogene-
sis and clinical outcome in the pregnant patient 
with H7N9 infection.
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