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Abstract

an influenza A (H7N9) virus have emerged in China with high
Background: Six epidemic waves of human infection with avi
mortality. However, study on quantitative relationship between clinical indices in ill persons and H7N9 outcome (fatal and non-
fatal) is still unclear. A retrospective cohort study was conducted to collect laboratory-confirmed cases with H7N9 viral infection
from 2013 to 2015 in 23 hospitals across 13 cities in Guangdong Province, China.
Methods:Multivariable logistic regression model and classification tree model analyses were used to detect the threshold of selected
clinical indices and risk factors for H7N9 death. The receiver operating characteristic curve (ROC) and analyses were used to
compare survival and death distributions and differences between indices. A total of 143 cases with 90 survivors and 53 deaths were
investigated.
Results:Average age (Odds Ratio (OR)=1.036, 95%Confidence Interval (CI)=1.016–1.057), interval days between dates of onset
and confirmation (OR=1.078, 95% CI=1.004–1.157), interval days between onset and oseltamivir treatment (OR=5.923, 95%
CI=1.877–18.687), body temperature (BT) (OR=3.612, 95%CI=1.914–6.815), white blood cell count (WBC) (OR=1.212, 95%
CI=1.092–1.346) were significantly associated with H7N9 death after adjusting for confounders. The chance of death from H7N9
infection was 80.0% if BTwas over 38.1 °C, and chance of death is 67.4% ifWBC count was higher than 9.5 (109/L). Only 27.1%of
patients who began oseltamivir treatment less than 9.5 days after disease onset died, compared to 68.8% of those who started
treatment more than 15.5 days after onset.
Conclusions: The intervals between date of onset and confirmation of diagnosis, between date of onset to oseltamivir treatment, age,
BT and WBC are found to be the best predictors of H7N9 mortality.
Keywords: Clinical markers; Hospitalization; Influenza A virus; H7N9 subtype

Introduction

Since the detection of first human infection with avian

Evidence has shown that exposure to poultry in markets
could increase the riskof infectionwithH7N9, evenwithout

[7]
influenza A (H7N9) in March 2013 in Eastern China,
H7N9 has become a considerable public health issue. Both
domestic poultry and wild bird populations have been
affected by H7N9. The H7N9 virus is different from
seasonal influenza virus in terms of pathogenicity and fatal
consequences.[1–4] As of 26 October 2017, a total of 1564
laboratory-confirmed human infections with H7N9 virus
have been reported,[5] and 34%–47% of H7N9 patients
died in the past 5 epidemics.[6] Despite various measures
taken to prevent the spread of this emerging pathogen (eg,
temporary closure of live poultry markets and other
control measures), H7N9 virus still caused an unprece-
dented influenza epidemic in 2017, resulting in nearly half
of the reported cases (746 cases) since the first case in 2013.
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direct contact with poultry. Older age, smoking, chronic
drug use, obesity and underlying diseases such as chronic
lung disease[8,9] have been reported to be associated with
H7N9 virus infection. In addition, previous studies have
described that sustained decreasing oxygenation and slight
lymphocytopenia, leukocytopenia and thrombocytopenia
were often observed among fatal H7N9 cases.[10–12]

However, so far, the modes of H7N9 transmission, from
either animal to human or person to person, remain
unclear,[13] which has greatly hindered efforts to reduce
transmission and to protect vulnerable groups.

Due to the lack of understanding of modes of transmission
and preventing H7N9 cases, medical treatment is of
particularly importance in reducing severe cases and
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mortality.[14] The guidelines for diagnosis and treatment
of H7N9 issued by World Health Organization and the

by local CDCs through polymerase chain reaction (PCR)
analysis of patients’ respiratory specimens. Information on
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National Health Commission of China recommend that
antiviral therapy should be administered at the early stage
of H7N9 infection. However, these guidelines have not
always been well implemented.[15,16] Apart from pathogen
detection, diagnosis of human infection with H7N9 can be
made based on patients’ epidemiological history of avian
contact, clinical symptoms and laboratory testing results.

Nevertheless, little research has been done on how to use
clinical indices to predict the severity and fatal outcome
of confirmed H7N9 cases due to small sample sizes
of reported studies.[10,12,17,18] In addition, retrospective
cohort study design has not been widely used in prior
studies.[4,19] Moreover, the quantitative relationships
between risk factors and outcome with credible thresholds
have not been determined. The classification and regres-
sion tree (CART)method is non-parametric and non-linear
method, based on the repeated partitioning of a sample
into subgroups based on a certain criterion. Classification
trees (CTs) are used to analyze categorical outcomes, while
regression trees (RTs) are used to analyze continuous ones.
The CART methodology has become increasingly popular
in the medical field,[20] although no avian influenza-related
studies using this methodology specifically have been
published. CTs models with adequate sample sizes could
help to identify the thresholds at which clinical indices may
contribute to the mortality reduction.

This study attempted to use laboratory-confirmed H7N9
case records collected in Guangdong Province, China, to
identify key clinical indices of H7N9 patients, to estimate
the fatality risk, and to identify the threshold of these
clinical indices for the probability of death from H7N9.

Methods
Ethical approval

All participants or their relatives were informed on the
purpose of this study, and informed consent was obtained
at the time of enrollment. This study was approved by
the Human Research Ethics Committee of Sun Yat-sen
University.

Enrollment of patients
03
Weperformed a retrospective cohort studywith laboratory-
confirmed H7N9 cases from 2013 to 2015 in Guangdong
Province (the province with the second most H7N9 cases
reported in China). Cases enrolled accounted for 78.1%
(143/183) of totalH7N9 cases reported inGuangdong from
2013 to 2015, covering the first 3 H7N9 epidemic waves in
Guangdong according to a national reporting system used
by Chinese Center for Disease Control and Prevention
(China CDC); the other 21.9% of patients were lost to
follow up due to inaccessible clinical records or privacy
reasons. In this study, 143 confirmed H7N9 cases with
clinical outcome and indices were collected from 23
hospitals across 13 cities. According to the guideline for
H7N9 diagnosis and treatment issued by the National
Health Commission of China, H7N9 cases were confirmed
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H7N9 cases was obtained through epidemiological inves-
tigations conducted by our trained investigators with
medical background after obtaining patients and hospitals’
permission.

Data collection
A standard form was used to collect the H7N9 patient
records from the hospitals with a dual-input database.
Information on patients’ epidemiological and basic clinical
characteristics was collected from hospitals staff, patients, or
patients’ relatives. Detailed variables included age, gender,
address of residence, occupation, exposure to poultry,
underlying disease, onset symptoms, date of symptom onset,
date of hospital admission, date of death or discharge, date
of confirmation of diagnosis, dynamic clinical indices
(laboratory blood examinations and body temperature)
andmedication. The clinical indiceswere recorded from each
measurement of inpatient records. The underlying disease
score was defined as the number of underlying chronic
conditions the patients were suffering from. Specific
underlying chronic diseases we investigated in this study
were: hypertension, diabetes, chronic lung disease (CLD),
chronickidneydisease (CKD), cardiovasculardisease,history
of surgery, cancer, cerebral infarction, long-term smoking,
allergic history, chronic hepatitis or cirrhosis, and gastroin-
testinal disease. History of surgery was also collected.

Statistical analysis
Normally distributed data were presented as mean±
standard deviation (SD), and comparisons between
groups based on mortality outcomes were performed
using a t-test. Non-normally distributed data were
presented as median and interquartile range (IQR), and
comparisons between groups based on mortality outcomes
were performed using a Wilcoxon rank sum test.
Categorical variables were presented as numerical data
and percentages, and statistical comparisons of groups
based on mortality outcomes were conducted by a Chi-
square (x2) test. Variables stood out (P<0.05) in the
univariate analysis were considered as potential risk
factors and confounders of mortality and were included
in separate multivariable logistic regression models for
each variable of interest for adjustment and control of
possible confounders. Then, the odd ratios (ORs) for
mortality in patients by specific clinical indices were
presented. To evaluate the performance of indices in
predicting the event of death, we used the receiver
operating characteristic (ROC) curves for every significant
clinical index after multivariable analysis and compared
the area under curves (AUC).[21,22] We collected the
AUC≥0.5 of clinical indices to enter in the classification
tree model to obtain the thresholds and fatality rate for
each range (see below). The Kaplan-Meier plot and the log-
rank test were used to compare the distribution and
difference of survival and death. Hypothesis testing was
conducted using a 2-sided test, with an alpha value of 0.05
to indicate statistical significance. All statistical analyses
performed were conducted by IBM SPSS statistics v25.0
(IBM Corp., USA) or R Project 3.4.2.
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The CART is a machine-learning method for constructing
predictionmodels from data. It involves the recursive binary

regression analysis was performed for each of the indices to
adjust for confounders. The average value of the body

Chinese Medical Journal 2019;132(3) www.cmj.org
splittingofexplanatoryvariableswitheachsplit thenforming
the basis of a single explanatory variable and two nodes,
which were selected to maximize homogeneity (minimize
impurity) of the resulting twonodes. The splitting criteria for
minimizing node impurity are different in the two types of
methods: for regression trees, least squares are used in the
process of splitting; for our classification tree analysis, the
Gini index is used to split off the largest category into a
separate subset group. The K-fold cross-validation is
performed to cutoff the large tree to the smallest tree size
using estimated prediction error rate in this study. The best
tree has an estimated error rate within one standard error of
theminimum. The process of ten-fold cross-validation in the
currentstudywasconductedasfollows:first,all thedatawere
used to build the overly large tree; then, the dataset was
divided into ten subsets; nine in ten subsets were used for
training, and the subset ten left was used for testing. Hence,
the different models were built with the subgroup data with
the independent error rates.Thebestoptional treemodelwas
selected by the minimum error rate. The accuracy of the
classificationtreemodelsincludingsensitivity,specificity,and
consistency rate was calculated and assessed in this study.

Results

General characteristics of patients

A total of 143 confirmed H7N9 cases from August 2013 to
March 2015 in Guangdong province, China, were
collected. Fifty-four (37.8%) were females and 89
(62.2%) were males, with a median age of 50.2 (IQR,
0.8–88.0)years. The 35.0% of the patients were retired or
unemployed. As many as 89 (62.6%) patients had or
possibly had a history of live poultry exposure. Moreover,
30% of survivors reported “no history of live poultry
exposure or not sure”, and 51.0% patients who died
reported “no history of live poultry exposure or not sure”
(P<0.05). The range from symptom onset to hospitaliza-
tion was 0–31 days (mean, 7 days), and the range from
symptom onset to confirmation of diagnosis was 0–36
days (mean, 9.5 days). The length of hospital stay from
admission to discharge/death was 2–95 days (mean, 20.1
days). The main symptoms at disease onset were fever
(82.5%) and cough (70.6%). Hypertension (22.4%) and
diabetes (12.6%) were the most common underlying
chronic diseases among all patients. Demographic char-
acteristics and symptoms of 143 H7N9 cases stratified by
survival and death outcome are depicted in Table 1, and
age, occupation, exposure condition, fever symptom, days
from onset to confirmation, days from onset to oseltamivir
treatment and drug treatment were significantly different
between 2 groups (P<0.1).
Adjusted odds ratios for clinical indices in the multivariate
regression model

04
The dynamic clinical indices measured in this study
including the laboratory blood examination and body
temperature occurred in patient medical records from 1 to
47 times (mean=10.39). A separate multivariate logistic

3

temperature (BT), white blood cell (WBC), hemoglobin
(HGB), platelet (PLT), and lymphocytes (LYM) were
selected as potential predictors of death and were entered
in the multivariate analysis. Variations of BT, WBC,
HBG and PLT between the fatality and survival groups
during hospitalization are shown in Figure 1. After
adjusting for confounders (underlying disease score and
age for BT, WBC, HGB, PLT, and LYM, and gender for
HGB), in separate logistic regression models for each of the
clinical indices, the average BT, WBC, PLT and LYM
were each identified as risk factors of mortality (all
P<0.05) adjusted for age, sex and/or underlying disease
score, as appropriate to each analysis. Fatal cases had
higher BT and WBC values, but lower PLT and LYM
values [Table 2].

The ROC curves of clinical indices on predicting mortality
All variables stood out in both univariate analysis and
multivariate analysis, including days of onset to confirma-
tion, days of onset to oseltamivir treatment, average age,
BT, WBC, PLT, HGB and LYM, were entered the ROC
curves model for H7N9 mortality prediction. Five clinical
indices were selected with areas under the curve (AUC)>
0.5 [Figure 2]. The AUC for the BT, WBC, age, days from
onset to oseltamivir treatment and days from onset to
confirmation were 0.734, 0.728, 0.674, 0.630, and 0.569,
respectively.

The classification tree model for probability of death
Classification tree analysis was conducted to explore the
thresholds for 5 indices that were AUC ≥ 0.5 with higher
sensitivity and specificity for predicting fatal outcomes, as
described above [Figure 3]. The fatality rate was 12.5%
when the age of H7N9 patient was less than 41.5, and the
fatality rate was 42.2%when the age was 41.5 to 63.5, and
the fatality rate reached 53.8% if patient over 63.5yr old
[Figure 2A]. There was an 85.7% chance of death from
H7N9 if the interval between date of onset and
confirmation was over 17.5 days, whereas fatality rate is
only 34.8% if such interval was below 17.5 [Figure 2B].
The interval between date of onset to oseltamivir treatment
between 9.5 and 15.5 led to 42.9% of fatality rate, while
fatality rate reached 68.8% if the interval is more than 15.5
[Figure 2C]. There was an 80.0% chance of death from
H7N9 if BT was over 38.1 °C compared with 25% of
fatality rate if BT was below 38.1 °C [Figure 2D]. For
WBC, a threshold was found at 9.5 (109/L), after which
mortality rate was numerically higher (67.4% vs. 24.0%)
[see panel Figure 3E].

Survival curves by patients with indices of thresholds range
The Kaplan-Meier survival analysis indicated that survival
curves compared the difference of length of hospitalization
in several groups with the range of clinical indices
according to the CART thresholds for predicting death
of H7N9 cases. Two of 5 indices performed showed
dramatically significant difference among different thresh-
olds ranges (P<0.0001, Figure 4). Patients with higher BT
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and abnormal value had significantly shortened length of
survival than those with lower BT and normal WBC. Days

Discussion
To the best of our knowledge, few retrospective cohort

Table 1: Demographic characteristics and symptoms of 143 patients with H7N9 according clinical outcome from 2013 to 2015, Guangdong,
China

Survival group Fatal group
Characteristics (n=90) (n=53) P

Age (year, mean±SD) 45.0±23.8 59±13.8 <0.0001
Gender n (%) 0.996
female 56 (62.2) 33 (62.3)
male 34 (37.8) 20 (34.7)

Occupation n (%) 0.029
Poultry industry 4 (4.4) 1 (1.9)
Farmer 7 (7.8) 8 (15.1)
Retired or unemployed 31 (34.4) 19 (35.8)
Service staff or workers 21 (23.3) 12 (22.6)
Students or children 14 (15.6) 0 (0)
Others 13 (14.4) 13 (24.5)

Exposure condition n (%) 0.031
Confirmed none 20 (22.2) 16 (30.2)
Not sure/unknown 7 (7.8) 11 (20.8)
Eating avian products 4 (4.4) 0 (0)
Contacting the confirmed cases 2 (2.2) 0 (0)
Exposure to live poultry market 13 (14.4) 9 (17.0)
Contacting live poultry directly 29 (32.2) 7 (13.2)
Breeding or slaughtering or selling live poultry 15 (16.7) 10 (18.8)

Major symptoms at disease onset, n (prevalence %)
Fever 80 (88.9) 38 (71.7) 0.009
Cough 64 (71.1) 37 (69.8) 0.790
Phlegm 23 (25.6) 17 (32.1) 0.425
Shortness of breath 38 (42.2) 27 (50.9) 0.312
Shaking chills 6 (6.7) 3 (5.7) 0.811
Nausea 5 (5.6) 3 (5.7) 0.979

Underlying disease, n (prevalence %)
Hypertension 16 (17.8) 16 (30.2) 0.085
Diabetes 11 (12.2) 7 (13.2) 0.864
CVD (cardiovascular disease) 8 (8.9) 5 (9.4) 0.913
CLD (chronic lung disease) 8 (8.9) 3 (5.7) 0.484
History of surgery 8 (8.9) 3 (5.7) 0.484
History of chronic gastrointestinal disease 6 (6.7) 5 (9.4) 0.549
Smoking 3 (3.3) 5 (9.4) 0.125
CKD (chronic kidney disease) 3 (3.3) 4 (7.5) 0.259
Chronic hepatitis or cirrhosis 6 (6.7) 0 (0) 0.055
Cancer 2 (2.2) 2 (3.8) 0.587
History of cerebral infarction 4 (4.4) 0 (0) 0.120
Allergic history 4 (4.4) 0 (0) 0.120

Medical care timelines (mean±SD)
Days from onset to admission 5.0 (1.0–8.0) 4.0 (0–7.0) 0.093
Days from onset to confirmation 8.0 (5.0–11.0) 10.0 (7.0–13.0) 0.025
Days in hospital 18.0 (11.0–28.0) 12.5 (4.3–26.8) 0.039
Days of onset to oseltamivir treatment 5.5 (3.0–7.8) 7.0 (4.0–10.0) 0.039

Drug treatment (number of users, %)
Oseltamivir 85 (94.4) 44 (83.0) 0.039
Zanamivir 26 (28.9) 6 (11.3) 0.015
Peramivir 36 (40.0) 17 (32.1) 0.343
B-lactams 80 (88.9) 52 (98.1) 0.054
Macrolide 18 (20.0) 4 (7.5) 0.056
Quinolones 53 (58.9) 34 (64.2) 0.597
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of onset to confirmation, days of onset to oseltamivir
treatment and age also showed statistically significant
differences between groups with their thresholds range
(P=0.007, 0.004, and 0.018, respectively).

3

study studies including survival and fatal H7N9 patients
have been conducted to explore clinical indices as
predictors of death. In our research, all factors, including
demographic characteristics, underlying diseases, clinical
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symptom and parameters of routine blood examination,
were selected to estimate the most specific and sensitive

oseltamivir treatment, age, BT and WBC were found to be
best indices for predicting in-hospital deaths.

Figure 1: Variation of body temperature, platelet count, white blood cell count, hemoglobin between the fatality and survival groups during hospitalization among 143 H7N9 cases. The
yellow lines represent the average value of survival and fatality groups; The graphs show box plots: the black dot in each colored bar is the median; the colored sections are the interquartile
range (from the first to the third quartiles); circles represent exceptional values of fatal cases; asterisks represent exceptional values of survival cases.

Table 2: The odds ratios (OR) and 95% confidence limits (CI) of average laboratory examination results/BT for risk of H7N9 mortality of 143 cases
after adjustment for confoundersx, 2013–2015, Guangdong, China

Survival group Fatal group
Risk factor confounder (n=90) (n=53) OR 95% CI

BT (°C)(mean±SD) 37.4±0.7 38.0±0.7 3.612 1.914–6.815‡

UDS 1.0±1.1 1.1±1.2 0.932 0.647–1.341
Age 59.0±13.8 45.0±23.8 1.038 1.014–1.063†

WBC (109/L) 7.6±2.7 11.4±7.4 1.212 1.092–1.346‡

UDS – – 0.903 0.628–1.297
Age – – 1.039 1.016–1.063†

PLT (109/L) 229.7±125.4 125.7±67.3 0.990 0.986–0.995‡

UDS – – 0.886 0.626–1.255
Age – – 1.036 1.012–1.059†

HGB (g/L) 115.6±18.7 106.7±19.8 0.981 0.961–1.002
UDS – – 0.932 0.662–1.314
Sex – – 1.200 0.539–2.672
Age – – 1.033 1.010–1.057

LYM (109/L) 1.1±0.7 0.7±0.5 0.230 0.064–0.831
∗

UDS – – 0.825 0.540–1.260
Age – – 1.015 0.983–1.048

UDS: Underlying disease score; –: Same value with second and third line; BT: Body temperatures, WBC: White blood cell count, PLT: Platelet count,
HGB: Blood hemoglobin level, LYM: Lymphocyte count. x Separate logistic regression analyses were done for each risk factor.

∗
P<0.05, †P<0.01,

‡P<0.0001.
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indicators of the risk of death from H7N9. After
performing a three-step statistical analysis, days from
onset to confirmation of diagnosis, days from onset to

3

About 70% of laboratory-confirmed human infections
with A H7N9 virus reported exposure to poultry within
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ten days before the onset of symptoms across five
epidemics. Visiting a live poultry market and exposure

The results of previous analyses examining the impact
of delayed oseltamivir treatment on outcomes of H7N9

Figure 2: The ROC (receiver operating characteristic) curves for clinical indices in predicting mortality of 143 H7N9 cases. Area under the curve: Days from onset to confirmation of
diagnosis, 0.569; Days from onset to oseltamivir treatment, 0.630; Age, 0.674; BT (body temperature) average, 0.734; WBC (white blood cell) average, 0.728.
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to backyard poultry were the two major forms of poultry
exposure.[6] Most human cases were attributable to
poultry exposure at live-poultry markets, where most
positive isolates were sampled.[23] However, in this study,
we found that more fatal cases reported “no direct or
indirect contact with live poultry before onset or not sure”
and those who died had longer interval between date of
onset and confirmation compared with survival group that
survived. Generally, physicians suspect a diagnosis of
H7N9 based on epidemiological history. However,
negative exposure history may mislead diagnosis and
delay systematic treatment, which may be one of the causes
of severe cases and deaths. One possible explanation for
the low rate of reported poultry exposure in fatal cases in
our study, which is different from other studies,[8,24] is that
more fatal cases in our study were older and already at high
risk of mortality, and to have poor memory to recall their
exposure history.

The CART is a useful analytical tool to identify thresholds
for continuous variables in which the outcome of interest is
statistically significantly different between the resulting
groups. In this study, we also used the CART analysis to
demonstrate that abnormal value of body temperature,
WBC, days from disease onset to confirmation of
diagnosis, days of onset to oseltamivir treatment and
age substantially increased the risk of death in patients
infected with H7N9, and to derive appropriate thresholds.
Logistic regression analyses were used to control for
confounding variables separately for each of the indices of
interest.[25]

3

patients are consistent with our findings.[8,26,27] The
guidelines for diagnosis and treatment of H7N9 issued
by the World Health Organization and the National
Health and Family Planning Commission of China
recommend that empirical oseltamivir therapy should be
initiated as soon as possible.[15,28] In this study, we also
found that the length of oseltamivir treatment in the group
that died was significantly shorter than the survival group,
and the group with a time from onset to oseltamivir
treatment of fewer than 9.5 days, had a 27.1% fatality rate
compared to 68.8% of those who started treatment more
than 15.5 days after onset. Many patients with severe
H7N9 infection are of older age with underlying diseases.
Having neuraminidase inhibitors, such as oseltamivir and
zanamivir, as their main antiviral medication for H7N9
were consistent with the findings of other studies.[9,29] It is
noteworthy that more patients who survived appear to be
febrile on the first day in the hospital than those who died.
Usually, the rise in body temperature helps the individual
resolve an infection. This could indicate that patients with
potential risk of death are less capable of mobilizing their
immune system.

A highWBC usually suggests inflammation.We found that
the averageWBC in the groups that survived and died were
in the normal range at admission (the group that died was
slightly higher). However, the WBC average and WBC
range among the group that died increased over the course
of the hospitalization (higher than 10, the maximum limit
of normal value), while the WBC values in the survival
group declined as the hospitalization progressed. The
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average maximum value of WBC in the group that died
was also significantly higher than that of survival cases.

underlying infection. Regardless, WBC still plays an
important role in early detection and treatment, especially

Figure 3: Results of classification tree model of 5 indices for probability of death of H7N9. A: Age of patients; B: Days from onset to confirmation; C: Days from onset to Oseltamivir use;
D: Body temperature (BT) average; E: White blood cell (WBC) average.

Chinese Medical Journal 2019;132(3) www.cmj.org
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These WBC indices could be used to differentiate the
survival and death groups. The Circular of the Office of
the National Health and Family Planning Commission on
the Issue of the Diagnosis and Treatment of Human
Infection H7N9 Avian Influenza (latest 2014 edition)[28]

indicates that total WBC is generally in the normal range
at the beginning H7N9 infection, which is consistent with
our study finding. However, total WBC and lymphocyte
reduction in patients with severe disease were in conflict
with our findings. This might be attributed to different
complications that eventually resulted in death. A
decreased WBC may indicate a decreased defense against

3

in predicting the progression into severe cases. The risk
factors for poor outcome that we identified in this study,
such as body temperature over 38 °C and reduction of
absolute value of lymphocytes, were similar to findings of
prior studies.[17] This association should be studied further
tounderstand themechanismof changeof clinical indicators
over the course of the disease and how it develops into the
different outcomes of survival and death. Overall, incorpo-
rating blood laboratory indices and body temperature with
abnormal values into determining the prognosis for H7N9
patients will provide us with a more comprehensive view of
illness severity and the likely outcome.
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Our study is subject to limitations.Wewere unable to collect
the information on laboratory results for all patients, due to
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the heterogeneity in clinical record collection across
different hospitals. However, such information was only
missed in 2.8%–3.5% of total cases. We used the mean
values to build the model for considering the description of
the central tendency of each clinical index, which may be
affected by a few extreme values. In addition, a separate
logistic regressionwas done for each predictive risk factor so
the independent contribution of each of the predictive risk
factors for mortality could not be determined.

In conclusion, this study indicates that self-reported
history of exposure did not always provide a positive clue
for the diagnosis of H7N9, and may even cause delayed
confirmation and treatment. Therefore, early confirma-
tion of suspected cases and treatment is strongly
encouraged. We screened a series of epidemiological
and clinical variables through rigorous statistical meth-
ods to provide a reference for the treatment and survival
prediction for H7N9 cases. The daily measurement of
body temperature and blood clinical indices are impor-
tant indicators of disease progression, and this study
indicates that it is quantitatively associated with the
outcome of death.
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