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Abstract

Background: Guangzhou reported its first laboratory-confirmed case of influenza A (H7N9) on January 10, 2014. A
total of 25 cases were reported from the first wave of the epidemic until April 8, 2014. The fatality rate was much
higher than in previous reports. The objective of the current work was to describe the clinical and epidemiological
characteristics of A (H7N9) patients in Guangzhou and explore possible reasons for the high fatality rate.

Methods: Clinical and epidemiological information regarding A (H7N9) cases in Guangzhou was collected through
review of medical records and field research. Data regarding clinical and laboratory features, treatment, and outcomes

were extracted.

Results: Of the 25 patients, 84 % (21/25) had one or more underlying diseases. Fifteen patients (60.0 %) developed
moderate to severe acute respiratory distress syndrome (ARDS), and 14 (56 %) died of the ARDS or multiorgan failure.
Patients with longer delay between onset of illness and initiation of oseltamivir treatment were more likely to develop
ARDS. Elevated C-creative protein, aspartate aminotransferase, creatine kinase, and lymphocytopenia predicted a higher

risk of developing ARDS.

Conclusions: The presence of underlying diseases and clinical complications predicted poor clinical outcome. Early
oseltamivir treatment was associated with a reduced risk of developing ARDS.
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Background

The emergence of a novel avian-origin influenza virus
subtype from patients with severe and fatal respiratory
disease has received global attention since the first
reported case of human infection with avian influenza A
(H7N9) virus (A (H7N9)) on March 31, 2013. As of 8
April 2014, China has experienced two epidemic waves,
and 402 A (H7N9) laboratory-confirmed cases and 146
deaths have been reported [1].

Patients infected with A (H7N9) virus often experience
rapidly progressing pneumonia, respiratory failure, and
acute respiratory distress syndrome(ARDS), which can
be fatal. As previously reported, patients with A (H7N9)
infection always show systemic organ injury involving
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the circulation, kidneys, or liver [2, 3]. Several studies
have suggested that the clinical outcomes for A (H7N9)
patients correlate with severity of their symptoms,
laboratory data, or important medical timelines. For
example, severely affected patients showed a significantly
longer interval from the onset of illness to antiviral treat-
ment and to the negative conversion of A (H7N9) [4].
Patients who died tended to display elevated average
levels of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) [5]. Chen and Shen have also
reported that higher serum creatinine levels predicted
poorer outcomes in patients infected with A (H7N9)
[6, 7]. In a clinical study of 18 A (H7N9) patients, Lu
et al. found that elevated C-creative protein (CRP)
predicted patient mortality [8]. A negative correlation
has also been observed between the severity of H7N9
infection and the percentage of lymphocytes [4].
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Guangzhou is located in the southern portion of
Guangdong Province, in the center of the Pearl River
Delta. On January 11, the first case of A (H7N9) was
identified, and by April 8, 2014, 25 cases had been
reported. Fourteen patients (56 %) had died. This death
rate was much higher than that of other areas, which
ranged from 10 % in Hangzhou city [9] to 39.4 % in
Shanghai [10]. This is of particular concern, as
Guangzhou is a highly developed city in China with an
advanced medical infrastructure, and the HA and NA
sequences of the H7N9 viral isolates from Guangzhou
patients are identical to those of H7N9 virus strains
recently isolated from human patients in other areas
(A/Anhui/1/2013, A/Shanghai/1/2013). The present
retrospective study on A (H7N9) patients in Guangzhou
was conducted to better describe the clinical characteris-
tics of human A (H7N9) patients and evaluate the influen-
tial factors associated with the clinical outcomes for the
management of high risk patients.

Methods

Enrollment of patients

The diagnoses were based on the “Diagnostic and treat-
ment protocol for human infected with avian influenza
A (H7N9)” issued by the National Health and Family
Planning Commission [11]. Patients with confirmed
infection were defined as those with clinical symptoms
consistent with acute influenza (fever, coughing, coryza,
difficulty in breathing) or with a history of contact with
a confirmed or suspected case and a positive laboratory
result for the A (H7N9) virus on real-time reverse
transcription-PCR. Twenty-five patients were diagnosed
with A (H7N9) infection between January 11 and April
10. For comparison, we also studied 16 uninfected
patients who were hospitalized during the same period
as the A (H7N9)-infected patients. The age, sex and
underlying diseases of the 16 controls were matched to
those of the A (H7N9)-infected patients.

Data collection

Field investigations were performed by the staff of the
Guangzhou Center for Disease Control immediately
after the patients were diagnosed, with face-to-face inter-
views with the patients, family members, and relevant
medical staff. Epidemiological information was collected,
including age, sex, underlying disease (including chronic
respiratory, gastrointestinal, and cardiovascular diseases,
nutritional and metabolic diseases (diabetes, obesity
[BMI=28], and hypoproteinemia)) and important
timelines of medical treatment (e.g. time from illness
onset to first medical care). The clinical data were
extracted retrospectively from the medical records after
the patients were discharged from the hospital or died.
Clinical data, including routine blood test results (leukocyte,
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lymphocyte, and neutrophil counts, etc.), liver function
(ALT, AST), lactate dehydrogenase (LDH)), coagulation,
and renal function (serum creatinine (CRE)) were collected.

Statistical analysis

Descriptive statistics were used to analyze the epidemio-
logical and clinical characteristics of the A (H7N9)
patients. Fisher’s exact test or the Mann-Whitney test
was used to compare the differences between fatal and
nonfatal cases, between cases that developed into ARDS
(‘ARDS cases’) and cases that did not (‘NARDS cases’),
and between the controls and the A (H7N9)-infected
patients. Based on the normal ranges, the laboratory
values were dichotomized into normal or abnormal
levels. P-values were derived from two-tailed tests and
those lower than 0.05 were deemed to be significant.
Multivariate analysis was not carried out due to the
small sample size. All statistical analyses were performed
using SPSS 21.0 (SPSS Inc., Chicago, IL, U.S.).

Role of sponsors

The sponsors of the study had no role in the study
design, data collection, data analysis, data interpret-
ation, or writing of the report. The corresponding
authors had full access to all the data in the study
and had final responsibility for the decision to submit
for publication.

Results

Epidemiological characteristics

All 25 patients were hospitalized. The median age was
65 years (range, 4—88), 64 % (16/25) of them were male,
and the male:female ratio was approximately 1.8:1. Over-
all, 84 % (21/25) had one or more underlying diseases.
More than half the patients had a chronic cardiovascular
disease, and 44 % reported a history of nutritional and
metabolic disease. Among the 25 patients, 19 were admit-
ted to an intensive care unit with severe lower respiratory
tract disease. Of these 25 patients, 21 required ventilation,
and 10 who required invasive ventilation, and 11 who
required noninvasive ventilation (using continuous posi-
tive airway pressure to provide ventilatory support without
an invasive artificial airway). Fifteen patients developed
moderate to severe ARDS, 14 patients (56 %) died of
ARDS or multiorgan failure. Fisher’s test showed that
patients with cardiovascular disease had a higher probabil-
ity of developing ARDS (P = 0.049) (Table 1).

Clinical characteristics

Initial symptoms for patients with A (H7N9) infection

Figure 1 showed the initial symptoms of the A (H7N9)-in-
fected patients. Fever was the most common symptoms,
with 14 patients complaining of body temperatures over
38.2 °C upon admission. This was followed in frequency
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Table 1 Epidemiologic and clinical characteristics of 25 patients with laboratory-confirmed influenza A (H7N9) virus infection in Guangzhou

Characteristic Case Percent (%) Death (%) ARDS (%)
Fatal (n=14) Non-fatal (n=11) P No (n=10) Yes (n=15) P

Age (median,range) 65 4-88 71.5 (55-83) 45 (4-88) 0139  55(5-79) 65 (59-78 0317
Sex

Male 16 64.0 10 (71.4) 6 (54.5) 0434 5(50.0) 11 (73.3) 0.397

Female 9 36.0 4 (286) 5(45.5) 5(50.0) 4(26.7)
Type of residence

Urban 13 52 8 (57.1) 5(45.5) 0695  5(500) 8 (533) 1.000

Rural 12 48 6 (42.9) 6 (54.5) 5(50.0) 7 (46.7)
Required mechanical ventilation 21 84.0

invasive 10 40.0 6 (42.9) 4 (364) 0040 2 (200) 8(533) 0.023

Non-invasive* 1 44.0 8 (57.1) 3(273) 4 (40.0) 7 (46.7)

Not required 4 16 0 (0.0) 4 (364) 4 (40.0) 0 (0.0)
Underlying diseases (Yes) 21 840 12 (85.7) 9 (81.8) 1.000 8 (80.0) 13 (86.7 1.000
Any chronic respiratory disease 3 120 2 (14.3) 1(9.1) 1.000 2 (20.0) 1(6.7) 0.543
Any chronic gastrointestinal disease 5 200 2 (14.3) 3(27.3) 0.623 3 (30.0) 2 (13.3) 0358
Any chronic cardiovascular disease 14 56.0 10 (714) 4 (364) 0116 3(300) 11 (73.3) 0.049
Any Nutritional and metabolic diseases 1 440 7 (50.0) 4 (36.4) 0689 3 (30.0) 8 (53.3) 0414

“Using continuous positive airway pressure to provide ventilatory support without an invasive artificial airway

by fatigue (62.5 %) and coughing (76 %). Seven (28 %) pa-
tients were hospitalized due to symptoms of the cen-
tral nervous system. The frequency of the initial
symptoms did not differ significantly between fatal
and nonfatal groups nor between the ARDS and
NARDS groups.

Timelines for medical care

The median time from onset of illness to first medical
care was 1 day (range, 0-7 days). Time from onset to
hospitalization was 4 days (range, 0—14 days), and time
from onset to confirmation was 7 days (range, 1-14
days). Here, 24 cases received oseltamivir treatment after
a median of 5 days (range, 0—11 days) from the onset
of symptoms, with 5 patients receiving oseltamivir
treatment within 48 h of onset. The 14 patients who

died did so at a median of 10 days after onset.
According to the Mann-Whitney test, there was no
significant difference between the fatal and nonfatal
groups with respect to time elapsed from onset of
illness to first medical treatment, to hospitalization, to
initiation of oseltamivir treatment, or to confirmation
of patients. Nevertheless the patients with longer
interval from the illness onset to oseltamivir treat-
ment had a higher probability for developing ARDS
(P =0.024) (Table 2).

Laboratory data

As shown in Table 3, the clinical characteristics of the A
(H7N9)-infected patients included lymphocytopenia
(80 %), elevated CRP (84 %), elevated AST (72 %), and
elevated LDH (80 %). More than half the patients had an
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Table 2 Medical care Timelines and Clinical Characteresitic of 25 patents with confirmed A (H7N9) virus infection in Guangzhou

Clinical characteristic Median Range Death (Range) ARDS (Range)

Fatal (n=14) Nonfatal (n=11) P No (n=10) Yes (n=15) P
Time from illness onset to first 1 0-7 1.5 (0-6) 1(0-7) 0.972 0.5 (0-4) 2 (0-7) 0.059
medical care (days)
Time from illness onset to 4 0-14 45 (0-14) 4 (0-7) 0.783 35(0-7) 5(0-14) 0.109
hospitalization (days)
Time from illness onset to 7 1-14 7 (3-14) 7 (1-13) 0.075 6 (1-13) 7 (3-14) 0485
Confirmation (days)
Time from illness onset to 5 0-11 6 (0-11) 4 (0-8) 0.802 4 (0-7) 6 (0-11) 0.024
oseltamivir treatment (days)
Time of sustained viral shedding® (days) 3 1-21 2(2-11) 3(1-16) 042 3(2-13) 2 (0-21) 0.199
Time from iliness onset to development 7 2-14 75 (2-14) 7 (6-8) 0.661
of ARDS (days)
Time from illness onset to development 10 2-70

of death (days)

Patients were followed daily in throat swabs or endotracheal secretions in intubated patients by RT-PCR

increased activated partial thromboplastin time (APTT).
Only 36 % of patients displayed leukocytopenia, and
20 % displayed thrombocytopenia. The control
subjects displayed lymphocytopenia (68.8 %) and
neutrophilia (62.5 %). A comparison of the healthy
controls and patients with A (H7N9) showed that
the A (H7N9) patients were more likely to show
leukocytopenia (P =0.024), longer APTT (P =0.002),
and elevated AST (P=0.001), LDH(P =0.002), and
creatine kinase (CK; P=0.009). Univariate analyses
of the patients with fatal and nonfatal infections and
of the ARDS and NARDS groups showed that the risk of
death was higher in patients with elevated CRP (P = 0.026).
Patients with elevated CRP (P=0.017), AST (P =0.007),

CK (P =0.002), or lymphocytopenia (P =0.005) had a
significantly higher probability of developing ARDS.

Lymphocyte subsets

Fifteen (60.0 %) patients displayed reduced percent-
ages of CD3" and CD8" T lymphocytes and 13
(52.0 %) patients displayed reduced percentages of
CD4" T lymphocytes. The patients with reduced
percentages of CD3"(P=0.023) and CD8%(P=0.023) T
lymphocyte had a significantly higher probability of
developing ARDS. However, the levels of lymphocyte
subsets did not differ significantly between the
patients who died and those who did not (Table 4).

Table 3 Clinical characteristics of 25 patents with confirmed A (H7N9) virus infection in Guangzhou and 16 healthy controls

Clinical Health controls  Percent Case Percent P Death (%) ARDS (%)

characteristic n=16 (%) n=25 () Fatal (n=14) Nonfatal (h=11) P No (n=10) Yes(n=15 P
Elevated CRP 21 84 14 (100.0) 7 (63.6) 0.026 6 (60) 15 (100) 0.017
Leukopenia 0 0.0 9 36 0024 6 (429 3(273) 0667 3 (30.0) 6 (40.0) 0691
Lymphocytopenia 11 68.8 20 80 0472 13(92.9) 7 (63.6) 0.096 5 (50) 15 (100) 0.005
Thrombocytopenia 0 0.0 5 20 0374 3(214) 2(182) 1.000 1 (10.0) 4(26.7) 0615
Neutropenia 1 6.3 6 24 0215 4(286) 2(182) 0664 3 (30.0) 3 (200) 0.653
Neutrophilia 10 62.5 7 28 0029 6 (429 10.0) 0.090 1 (10.0) 6 (40.0 %) 0.179
Elevated TT 0 0.0 7 28 0.114 5(357) 2(182) 0407 1 (10.0) 6 (40.0) 0.179
Elevated APTT 1 6.3 13 52 0002 9 (64.3) 4 (364) 0238 4 (40.0) 9 (60.0) 0428
Elevated ALT 2 12.5 10 40 0.084 6 (42.9) 4 (364) 1.000 2 (286) 8 (53.3) 0211
Elevated AST 3 188 18 72 0.001 11 (786) 7 (63.6) 0656 4 (40.0) 14 (933) 0.007
Elevated LDH 5 313 20 80 0.002 12 (85.7) 8(72.7) 0623 6 (60.0) 14 (93.3) 0.121
Elevated CK 3 18.8 15 60 0.009 10 (71.4) 5(45.5) 0241 2 (20.0) 13 (86.7) 0.002
Elevated CRE 0 0.0 8 32 0.060 6 (42.9) 2(182) 0234 2 (20.0) 6 (40.0) 0402

?Information was not available for CRP
“P value for the comparison between A (H7N9) patients and healthy-controls
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Table 4 Lymphocyte subsets of patents with confirmed A (H7N9) virus infection in Guangzhou

Lymphocyte subsets® Case Percent Death (%) ARDS (%)

(n=25) %) Fatal (n=14) Nonfatal (n=11) P No (n=10 Yes (n=15) P
Decreased CD3+ T lymphocyte 15 60.0 11 (786) 4 (364) 0.179 3 (30.0) 12 (80.0) 0.023
Decreased CD4+ T lymphocyte 13 520 9 (64.3) 4 (36.4) 0417 3(300) 10 (66.7) 0.102
Decreased CD8+ T lymphocyte 15 60.0 11 (786) 4 (364) 0.179 3(30.0) 12 (80.0) 0.023

*The information of 2 patients was missing

Discussion

This was a retrospective study focusing on the epidemio-
logical and clinical characteristics of patients infected
with A (H7N9) in Guangzhou. The clinical outcomes
correlated strongly with the timing of oseltamivir treat-
ment and with clinical and biochemical abnormalities.
The fatality rate reported here was higher than that in
the first epidemic wave in other parts of China (56 % vs.
34 %, respectively) [12]. This may be because 84 % of
patients were identified with a surveillance of pneumo-
nia of unknown etiology, which can have a substantially
higher risk of mortality than mild cases identified with
sentinel influenza-like illness or contract tracing surveil-
lance [13]. The targeted surveillance of A (H7N9)
patients is shown in (Fig. 2). An older median age and a
high rate of underlying disease might have contributed
to the high fatality rate in Guangzhou (Table 3). It is
noteworthy that this explanation of the differences in
the fatality rate is based on city-collected data. A nation-
wide database should be established to compare the
characteristics of patients from different regions, to
explore the possible factors contributing to the discrep-
ancies in fatality rates from A (H7N9) infection.

Our A (H7N9) patients tended to have a high median
age and were predominantly males (64 % male vs 36 %
females). This pattern is consistent with the results of
other studies [14-16], but differs markedly from that of
hospitalized A(H5N1) patients. According to a study by
Liem et al, the median age of 67 patients with
confirmed A(H5N1) viral infection was 25 years (range,
16—42) [17]. The reasons for these different age distribu-
tions of patients with A(H5N1) and A (H7N9) are unclear.
Several studies have suggested that heterosubtypic cross-
immunity could partly explain the different age patterns
[18, 19]. A(H5N1) shares the same neuraminidase subtype
with A(HIN1) whereas A (H7N9) does not, so elderly
people may have been exposed to the A(HINI1) virus
during their lives and developed antibodies that cross-react
with the A(H5NI1), providing some protection against
A(H5N1) infection [20]. Elderly patients may become
infected with A (H7N9) because they are more likely than
younger people to be exposed to live poultry and are more
susceptible to the severe form of the disease [21]. The swab
samples collected through the surveillance systems for A
(H7N9) patients in Guangzhou were primarily from older
patients, so it is also possible that younger patients were

Target surveilliance for A(H7N9)

patients

Surveillance for
unknown
etiology(PUE)

Surveillance for
influenza-like illness

21 A(H7N9) patients
were identified

3 A(H7ND9) patients
were identified

Fig. 2 Targeted surveillance for A (H7N9) patients in Guangzhou

Survelliance for those
who have close contacts
of influenza A(H7N9)
patients

1 A(H7N9) patients
was identified
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underreported. Our results show a detectably but insignifi-
cantly higher proportion of deaths among elderly patients
with A (H7N9) in Guangzhou. The lack of significance
might be attributable to the small sample size rather than
to a lack of differences between the groups.

A high proportion of patients reported concurrent
medical conditions, which is consistent with the results
of previous studies. Gao et al. analyzed 111 confirmed
cases of A (H7N9) viral infection in patients with
comorbidities in parallel with subjects with no under-
lying medical conditions and found that the presence of
a comorbidity was associated with a greater risk of
hospitalization with A (H7N9) infection (OR =3.42,
95 % CI, 1.21-9.70) [21]. Several previous studies have
shown that coexisting medical conditions can impair the
host’s response to A (H7N9) infection [22, 23]. More-
over, a reduced immune function can allow the survival
of less-fit influenza strains, as reported by Nuiio et al.
[24]. Although a higher proportion of patients with an
underlying disease were detected in the group of
patients who died than in the nonfatal group, the associ-
ation between underlying disease and death was not
statistically significant. However, patients who had any
chronic cardiovascular disease were at higher risk of
developing ARDS. Similar patterns have also beenc ob-
served in patients with human influenza infection [25].

According to the clinical data, the initial symptoms of
A (H7N9) infection were primary fever, coughing, and
fatigue. These findings are consistent with those of other
published reports. [9, 10, 26, 27] The atypical symptoms
recorded during the early stage of A (H7N9) patients
were noteworthy. Two elderly patients were hospitalized
due to neurological syndromes. The symptoms of A
(H7N9) virus infection were covered up by the neuro-
logical syndromes which cause the delay for treatment.
Given the high case fatality and features of patients in
Guangzhou, it is important to remain on alert for those
high risk people. Prior studies have suggested that the
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time of onset of symptoms may be associated with the
fatal clinical outcomes. For example, Shinde reported
fever, sore throat, and vomiting to be more common in
fatal A(H5N1) cases than in nonfatal cases [28]. In the
current case series, the clinical presentation at hospital
admission in the fatal, nonfatal, ARDS, and NARDS
groups were similar.

The median time interval between the onset of illness
and first medical care (first medical visit, hospitalization,
or confirmation) is similar to those reported in Shanghai,
and the national case report [12, 29]. Neither the
duration of illness onset, time of first medical care, nor
the median time from onset of illness to confirmation
were correlated with clinical outcome. The median time
from illness onset to death was 10 days. Several studies
have indicated that the progression of influenza A
(H7N9) infection was slower than of influenza A(H5N1)
diseases [30, 31]. In a recent report, researchers
compared the epidemiological features of patients in-
fected with A (H7N9) to those infected with A(H5N1)
and found the median time from hospital admission to
death to be 12.0 days for patients infected with A
(H7N9) and 5.7 days for patients infected with A(H5N1)
[32]. The natural history of viral infection, patient
characteristics, and differences in clinical management
may have contributed to these results. However, a com-
parison of detailed clinical information between the two
groups is still needed.

Oseltamivir treatment was initiated at a median of
5 days after onset of illness (range, 0—11), which was
shorter than in the cases reported during the first wave
(Table 5) [12]. Early oseltamivir treatment was reported
to be effective in reducing the duration of symptoms,
the severity of complications, and the fatality rate among
patients who were infected with either A(H5N1) virus or
pandemic A(HIN1) virus [29, 31]. A randomized
placebo-controlled trial found the duration of influenza
illness symptoms to be shorter in the oseltamivir group

Table 5 Comparison between influenza A (H7N9) patients in Guangzhou and in the first epidemic wave in other places of China

Characteristic

Guangzhou (N = 25)

First wave case

Case/Days Percentage/ Ranges Case/Days Percentage/ Ranges

Age?

<65 years 12 48 64 57.7

265 years 13 52 47 423
Underlying disease® 21 84 68 613
ARDS? 20 80 79 7.7
Time from illness onset to first medical care (days)“ 1 0-4 1 0-3
Time from illness onset to hospitalization (days)" 4 1-7 4 3-6
Time from illness onset to oseltamivir treatment (days)# 5 3-7 6 5-9
Time from illness onset to development of ARDS (days)“ 7 6-8 7 5-9

?Case and Percentage
*Days and Ranges
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(median,3 days, IQR 1-5 days) than in placebo group
(median, 4 days, IQR 1-6 days; P=0.01) [33]. Several
studies suggested that oseltamivir treatment, even when
started 48 h after onset of disease or later was associated
with falling viral load in the respiratory tract in most
patents with A (H7N9) infection [21, 34]. The current
results also showed that a longer interval between onset
of illness to the initiation of oseltamivir testament
predicted a higher probability for developing ARDS. For
this reason, early treatment of oseltamivir for A (H7N9)
patients is here strongly recommended. However, the
current results were based on observational study. Well-
designed clinical trials are needed to evaluate the efficacy
of therapy for patients infected with A (H7N9).

In the present study, ARDS was the primary cause of
death, and patients with serious complications had a
higher probability of death. Leukocyte counts were
generally neither extremely high nor low, but most pa-
tients with a poor clinical outcome displayed lymphocy-
toopenia, which appeared to be a common abnormality
among the A (H7N9) patients. Reduced T lymphocytes
and their subgroups were observed in 15 patients and
the levels of CD3" and CD8" T lymphocytes correlated
significantly with the clinical outcome, which is consist-
ent with the results of previous studies. Diao et al. found
significantly reduced proportions of CD3" T cells among
patients with severe A (H7N9) infection [4]. Chen
reported that the proportion of peripheral blood T cells
was inversely related to the clinical APACHE II score
and the H7NO viral load [35]. These results suggest that
an imbalance in the immune system correlates with the
clinical outcomes of A (H7N9) infection and that
lymphocytopenia is an early predictor of severe illness.

Most patients showed acute liver injury. Elevated AST
was observed in 70 % of the patients and predicted an
unfavorable clinical outcome, as reported in previous
studies. Liu et al. collected information on 40 patients
infected with A (H7N9) and found that elevated AST
was significantly closely associated with their prognosis
[5]. Hen reported that the AST levels of patients who
died from A(H5N1) infection were significantly higher
than those of survivors [36]. However, there was no
relationship between elevated ALT and clinical outcome.
This is because most patients (53.3 %) with normal ALT
levels in our study displayed elevated AST. AST is a
more sensitive index than ALT in assessing liver injury,
and indicated the severe impairment of liver function
among the patients with ARDS. Therefore, the negative
results do not exclude a relationship between impaired
liver function and poor clinical outcome. The laboratory
data for humans infected with the A(HINI1) and
A(H5N1) viruses shows visibly elevated CK, which
predicts a severe, negative clinical outcome. This is
consistent with the current results for A (H7N9)
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patients. In our case series, 60 % of patients showed
elevated CK levels, and high CK levels strongly predicted
the development of ARDS.

The primary limitation of this study was the small
sample size, which restricted the power of the study in
identifying significant variables. A patient database that
includes cross-regional data should be created. Further-
more, clinical information regarding oseltamivir treat-
ment, such as the treatment schedule, is not given here
in detail, and no information on the serum levels of
inflammatory cytokines was available in our study
because they were not routinely tested in the hospital.
The host immunological response plays an important
role in disease progression, especially in those who
develop severe symptoms. Prospective studies are
required to examine the relationship between serum
inflammatory cytokine levels and the clinical outcomes
of patients with A (H7N9). This case series may have
been skewed toward more severe cases because only a
small number of patients with mild cases that did not
progress to ARDS were included. Therefore, a
serological study is required to describe the spectrum of
A (H7N9) infection in Guangzhou.

Conclusions

This study provides a usable estimate of important
epidemiological and clinical factors in patients infected
with A (H7N9) and some clues to the clinical manage-
ment of severe cases. The presence of underlying disease
and clinical complications predicted poor clinical
outcomes and early oseltamivir treatment was associated
with a reduced risk of developing ARDS.

Acknowledgments
None.

Funding

This work was supported by grants from the Guangdong Provincial
Department of Science and Technology [2013B021800030], Science and
Technology Planning Project of Guangdong Province China [2013B021800029]
and Medical Science and technology Projects of Guangzhou [20141A010052].

Availability of data and materials
The data is not publicly available. Please contact the corresponding author
for further information.

Authors’ contributions

XC designed the study, assisted by ZC. WH drafted the manuscript. JY and LL
had roles in the field research. Kb contributed to the detection and analysis
of samples. WH and ZQ collected clinical data and samples from patients. All
authors contributed to review and revision of the manuscript. All authors
have seen and approved the final version.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.



Wang et al. BMC Infectious Diseases (2016) 16:534

Ethics approval and consent to participate

Information was collected based on the “Prevention and control protocol for
human infections with avian influenza A (H7N9)" issued by the National
Health and Family Planning Commission. The study was approved by the
Ethics Committee of the Guangzhou Center for Disease Control and
Prevention (GZCDQ). Written Informed consent was obtained from patients
or their relatives if patients were underage or died soon after illness onset.

Received: 7 December 2015 Accepted: 16 September 2016
Published online: 03 October 2016

References

1. Gao GF. Influenza and the live poultry trade. Science. 2014;344:235.

2. JiH Gu Q Chen LL, Xu K Ling X, Bao CJ, et al. Epidemiological and
clinical characteristics and risk factors for death of patients with avian
influenza A H7N9 virus infection from Jiangsu Province, Eastern China.
PLoS One. 2014,9:289581.

3. Wang, C, H. Yu, PW. Horby, B. Cao, P. Wu, S. Yang, H. Gao, H. Li, TK. Tsang,
Q. Liao, Z. Gao, DK. Ip, H. Jia, H. Jiang, B. Liu, M.Y. Ni, X. Dai, F. Liu, N. Van
Kinh, N.T. Liem, T.T. Hien, Y. Li, J. Yang, JT. Wu, Y. Zheng, GM. Leung, J.J.
Farrar, BJ. Cowling, T.M. Uyeki, and L. Li,, Comparison of patients
hospitalized with influenza A subtypes H7N9, H5N1, and 2009 pandemic
H1NT1. Clin Infect Dis, 2014; 58: 1095-103.

4. Diao H, Cui G, Wei Y, Chen J, Zuo J, Cao H, et al. Severe H7N9 infection is
associated with decreased antigen-presenting capacity of CD14+ cells. PLoS
One. 2014,9:¢92823.

5. LiuS, Sun J, Cai J, Miao Z, Lu M, Qin S, et al. Epidemiological, clinical and
viral characteristics of fatal cases of human avian influenza A (H7N9) virus in
Zhejiang Province, China. J Infect. 2013;67:595-605.

6. Chen X, Yang Z Lu Y, Xu Q Wang Q, Chen L. Clinical features and factors
associated with outcomes of patients infected with a Novel Influenza A
(H7N9) virus: a preliminary study. PLoS One. 2013;8:¢73362.

7. Shen Z, Chen Z, Li X, Xu L, Guan W, Cao Y, et al. Host immunological
response and factors associated with clinical outcome in patients with the
novel influenza A H7N9 infection. Clin Microbiol Infect. 2014;20:0493-500.

8. LuS LT XiX Chen Q Liu X, Zhang B, et al. Prognosis of 18 H7N9 Avian
Influenza Patients in Shanghai. PLoS One. 2014,9:88728.

9. Ding H, Xie L, Sun Z, Kao QJ, Huang RJ, Yang XH, et al. Epidemiologic
characterization of 30 confirmed cases of human infection with avian
influenza A (H7N9) virus in Hangzhou, China. BMC Infect Dis. 2014;14:175.

10. Sun'Y, Shen Y, Lu H. Discovery process, clinical characteristics, and
treatment of patients infected with avian influenza virus (H7N9) in
Shanghai. Chin Med J (Engl). 2014;127:185-6.

11. China National Health and Family Planning Commission. Diagnostic and
treatment protocol for human infections with avian influenza A (H7N9)
(2nd edition, 2013). http://www.moh.gov.cn/gjhzs/s7952/201304/
34750c7€6930463aac789b3e2156632f shtml.

12. Li Q Zhou L, Zhou M, Chen Z, Li F, Wu H, et al. Epidemiology of
human infections with avian influenza A (H7N9) virus in China. N Engl
J Med. 2014;370:520-32.

13. Chen Z LiuH, Lu J, Luo L, Li K Liu Y, et al. Asymptomatic, mild, and severe
influenza A (H7NO) virus infection in humans, Guangzhou, China. Emerg
Infect Dis. 2014;20:1535-40.

14. Chen E, Chen Y, Fu L, Chen Z, Gong Z, Mao H, Wang D, Ni MY, Wu P, Yu Z,
He T, Li Z, Gao J, Liu S, Shu Y, Cowling BJ, Xia S, and Yu H. Human infection
with avian influenza A (H7N9) virus re-emerges in China in winter 2013.
Euro Surveill, 2013;18.

15. Sun J, Gong Z, Lv H, Chen Z, Chai C, Liu S, et al. Comparison of
characteristics between patients with H7N9 living in rural and urban areas
of Zhejiang Province, China: a preliminary report. PLoS One. 2014,9:93775.

16. Qin'Y, Horby PW, Tsang TK, Chen E, Gao L, Ou J, Nguyen TH, Duong TN,
Gasimov V, Feng L et al. Differences in the Epidemiology of Human Cases
of Avian Influenza A (H7N9) and A(H5N1) Viruses Infection. CLIN INFECT DIS
2015, 61(4):563-71.

17. Liem NT, Tung CV, Hien ND, Hien TT, Chau NQ, Long HT, et al. Clinical
features of human influenza A (H5NT1) infection in Vietnam: 2004-2006.
Clin Infect Dis. 2009;48:1639-46.

18. Rimmelzwaan GF, Fouchier RA, Osterhaus AD. Age distribution of cases
caused by different influenza viruses. Lancet Infect Dis. 2013;13:646-7.

20.

22.

23.

24

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

Page 8 of 8

Sandbulte MR, Jimenez GS, Boon AC, Smith LR, Treanor JJ, Webby RJ. Cross-
reactive neuraminidase antibodies afford partial protection against H5N1 in
mice and are present in unexposed humans. PLoS Med. 2007;4:e59.
Pichyangkul S, Krasaesub S, Jongkaewwattana A, Thitithanyanont A,
Wiboon-Ut S, Yongvanitchit K, et al. Pre-existing cross-reactive antibodies to
avian influenza H5N1 and 2009 pandemic HINT in US military personnel.
Am J Trop Med Hyg. 2009,90:149-52.

Gao HN, Lu HZ, Cao B, Du B, Shang H, Gan JH, et al. Clinical findings in 111
cases of influenza A (H7N9) virus infection. N Engl J Med. 2013;368:2277-85.
Gao R, Cao B, Hu Y, Feng Z, Wang D, Hu W, et al. Human infection with a
novel avian-origin influenza A (H7N9) virus. N Engl J Med. 2013,368:1888-97.
Guan Y, Farooqui A, Zhu H, Dong W, Wang J, Kelvin DJ. H7N9 Incident,
immune status, the elderly and a warning of an influenza pandemic. J Infect
Dev Ctries. 2013;7:302-7.

Nuno M, Chowell G, Wang X, Castillo-Chavez C. On the role of cross-
immunity and vaccines on the survival of less fit flu-strains. Theor Popul
Biol. 2007;71:20-9.

Hanshaoworakul W, Simmerman JM, Narueponjirakul U, Sanasuttipun
W, Shinde V, Kaewchana S, et al. Severe human influenza infections in
Thailand: oseltamivir treatment and risk factors for fatal outcome. PLoS
One. 2009;4:e6051.

Marmorstein NR, lacono WG. Explaining associations between cannabis use
disorders in adolescence and later major depression: a test of the
psychosocial failure model. Addict Behav. 2011;36:773-6.

Song FX, Zhou J, Shi YX, Zhang ZY, Feng F, Zhou JJ, et al. Bedside chest
radiography of novel influenza A (H7N9) virus infections and follow-up
findings after short-time treatment. Chin Med J (Engl). 2013;126:4440-3.
Shinde V, Hanshaoworakul W, Simmerman JM, Narueponjirakul U,
Sanasuttipun W, Kaewchana S, et al. A comparison of clinical and
epidemiological characteristics of fatal human infections with H5N1 and
human influenza viruses in Thailand, 2004-2006. PLoS One. 2011;6:¢14809.
Chan PK, Lee N, Zaman M, Adisasmito W, Coker R, Hanshaoworakul W, et al.
Determinants of antiviral effectiveness in influenza virus A subtype H5NT.

J Infect Dis. 2012;206:1359-66.

Bao C, Cui L, Zhou M, Hong L, Gao GF, Wang H. Live-Animal Markets and
Influenza A (H7N9) Virus Infection. N Engl J Med. 2013;368:2337-9.

Xu CL, Yuan F, Chen M, Sun SH, Shi JH, Wang LJ, Chen T, Yang J, Xiang NJ,
Zhang YP et al. [Risk factors for influenza A (H1N1)-associated pneumonia
on hospitalized people less than 18 years old in China, 2009-2010.
Zhonghua Liu Xing Bing Xue Za Zhi. 2012;33(4):404-8.

Cowling BJ, Jin L, Lau EH, Liao Q, Wu P, Jiang H, et al. Comparative
epidemiology of human infections with avian influenza A H7N9 and H5N1
viruses in China: a population-based study of laboratory-confirmed cases.
Lancet. 2013;382:129-37.

Fry AM, Goswami D, Nahar K, Sharmin AT, Rahman M, Gubareva L, et
al. Efficacy of oseltamivir treatment started within 5 days of symptom
onset to reduce influenza illness duration and virus shedding in an
urban setting in Bangladesh: a randomised placebo-controlled trial.
Lancet Infect Dis. 2014;14:109-18.

HuY, Lu S, Song Z, Wang W, Hao P, Li J, et al. Association between adverse
clinical outcome in human disease caused by novel influenza A H7N9 virus
and sustained viral shedding and emergence of antiviral resistance. Lancet.
2013,381:2273-9.

Chen Y, Liang W, Yang S, Wu N, Gao H, Sheng J, Yao H, Wo J, Fang Q, Cui D
et al. Human infections with the emerging avian influenza A H7N9 virus
from wet market poultry: clinical analysis and characterisation of viral
genome. LANCET. 2013;381(9881):1916-25.

Hien ND, Ha NH, Van NT, Ha NT, Lien TT, Thai NQ, et al. Human infection
with highly pathogenic avian influenza virus (H5N1) in northern Vietnam,
2004-2005. Emerg Infect Dis. 2009;15:19-23.


http://www.moh.gov.cn/gjhzs/s7952/201304/34750c7e6930463aac789b3e2156632f.shtml
http://www.moh.gov.cn/gjhzs/s7952/201304/34750c7e6930463aac789b3e2156632f.shtml

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Enrollment of patients
	Data collection
	Statistical analysis
	Role of sponsors

	Results
	Epidemiological characteristics
	Clinical characteristics
	Initial symptoms for patients with A (H7N9) infection
	Timelines for medical care
	Laboratory data
	Lymphocyte subsets


	Discussion
	Conclusions
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	References

