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Background: Until recently, almost all of these studies have identified multiple risk factors

but did not offer practical instruments for routine use in predicting individualized survival in

human H7N9 infection cases. The objective of this study is to create a practical instrument

for use in predicting an individualized survival probability of H7N9 patients.

Methods: A matched case–control study (1:2 ratios) was performed in Zhejiang Province

between 2013 and 2019. We reviewed specific factors and outcomes regarding patients with

H7N9 virus infection (VI) to determine relationships and developed a nomogram to calculate

individualized survival probability. This tool was used to predict each individual patient’s

probability of survival based on results obtained from the multivariable Cox proportional

hazard regression analysis.

Results: We examined 227 patients with H7N9 VI enrolled in our study. Stepwise selection

was applied to the data, which resulted in a final model with 8 independent predictors

[including initial PaO2/FiO2 ratio ≤300 mmHg, age ≥60 years, chronic diseases, poor hand

hygiene, time from illness onset to the first medical visit, incubation period ≤5 days, peak

C-reactive protein ≥120 mg/L], and initial bilateral lung infection. The concordance index of

this nomogram was 0.802 [95% confidence interval (CI): 0.694–0.901] and 0.793 (95% CI:

0.611–0.952) for the training and validation sets, respectively, which indicates adequate

discriminatory power. The calibration curves for the survival showed optimal agreement

between nomogram prediction and actual observation in the training and validation sets,

respectively.

Conclusion: We established and validated a novel nomogram that can accurately predict the

survival probability of patients with H7N9 VI. This nomogram can serve an important role in

counseling patients with H7N9 VI and guide treatment decisions.
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Introduction
Human cases of avian influenza A (H7N9) virus infection (VI) had occurred

annually during the spring and winter months in mainland China since 2013,

reaching 1568 laboratory-confirmed cases and 615 deaths as of October 31,

2019.1 H7N9 virus infection was associated with severe and fatal respiratory

disease in humans; most laboratory-confirmed human H7N9 infection cases were

critically ill.2 The increasing number of H7N9 infection cases and concomitant high

fatality risk have caused global concern regarding public health.3

Although no new cases of H7N9VIwere reported in China after April 5, 2019, H7N9

VI is the highest risk score of the 12 novel influenza Aviruses assessed by the Influenza

Risk Assessment Tool.4 Besides, the ongoing monitoring of clinicopathologic and
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molecular features of H7N9 VI recovered from infected

humans, poultry and markets where live poultry or birds,

continual epidemiological surveys and clinical severity esti-

mates of H7N9 infection cases are critical to developing public

health strategies for pandemic preparedness. However, avail-

able data that address this point are limited. It has been

previously shown that clinicians who make diagnostic and

treatment decisions based solely on their clinical judgment

lack predictive accuracy regarding death risk in human

H7N9 infection cases and are, therefore, unable to increase

the survival probability in these cases.5–7 An accurate assess-

ment of survival probability would help tailor treatment in

human H7N9 infection cases. Unfortunately, the vast majority

of published studies8,9 on the topic focus on risk factors of

H7N9 infection and case fatalities.

Though previous studies have established several mod-

els based on predicting the outcome of H7N9 VI and

showed certain application value,4,6-9 there is currently

no model available for the prediction and assessment of

survival in human H7N9 infection cases. To date, almost

all of these studies have identified multiple risk factors but

did not integrate them so as to comprehensively assess

a patient’s specific survival probability in human H7N9

VI. It is now well established from a variety of studies that

the nomogram model is an algorithm with integrating

predictors and has been identified as a practical tool of

preventive interventions.10 In addition, a nomogram can

accurately predict and estimate the individualized risk of

a disease and quantitatively demonstrate a personalized

probability for predicting the incidence of disease

outcome.11

To better evaluate the predictors associated with survival

outcomes, based on a matched case−control study (1:2

ratios), we retrospectively investigated the sociodemo-

graphic, clinical and epidemiological data of 227 laboratory-

confirmed cases of H7N9 VI in Zhejiang province, China,

between March 1, 2013, and May 31, 2019. The objective of

this study is to determine predictors for survival for H7N9

patients and create a practical instrument based on results

obtained from a multivariable Cox proportional hazard

model for use in predicting and evaluating the individualized

survival probability in H7N9 patients.

Materials and Methods
Sample Size Calculation
To calculate the sample size, we used the following

formula:12

N ¼ Zα

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 1

r

� �
p 1� �pð Þ

s
þ Z

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p1

1� p1ð Þ
r

þ p0 1� p0ð Þ
r" #2

=ðp1 � p0Þ2

p1 ¼ OR� p0
1� p0 þ OR� p0

p ¼ p1 þ rp0ð Þ= 1þ rð Þ

where N = sample size; α = alpha (expected significant

level, two-tailed test); β = 1– power (expected power, two-

tailed test); Z statistic (Z) —Z statistic for confidence level;

r — number of control subjects matched to each case

subject; p1 — probability of exposure in the case group;

p0---probability of exposure in the control group (p0can be

estimated as the population prevalence of exposure); OR =

odds ratio (odds ratio of exposures between cases and

controls; OR can be estimated as the population OR of

exposure).

In this study, the investigators present their results with

95% confidence interval (CI), Z0:05=1.96 (α= 0.05),

Z0:10=1.64 (β= 0.10), r = 2, p0= 35.3%, and OR= 2.5.13

In addition, considering the loss of follow-up, participants’

rejection rate, and sampling error, the final sample size

was determined to be 200 in the training set. The valida-

tion set was selected in this study using the ‘all comers’

design.14

Workflow
The workflow of the study is summarized in Figure 1.

Two separate datasets were used to develop and validate

the prediction tool based on the survival of H7N9

patients. Data from Institution I (i.e., the First Affiliated

Hospital, Zhejiang University School of Medicine;

n =171) were used as a training data set to derive the

survival in H7N9 patients, while data from Institution II

(i.e., other designated hospitals including Shaoxing

People’s Hospital, Ningbo Second Hospital and the

First Hospital of Jiaxing that provided H7N9 VI treat-

ment in Zhejiang province; n = 56) were used as an

independent dataset to validate the prediction tool.

After the quantitative survival features were extracted

from human H7N9 infection cases, univariate analysis,

including a Pearson Chi-square test, independent samples

t test and univariable Cox proportional hazard regression

model, and a multivariate Cox proportional hazard

regression model were applied to select optimal indepen-

dent predictors to build a practical instrument for pre-

dicting and evaluating the survival in patients with

H7N9 VI.
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Study Design and Settings
A matched case−control study (1:2 ratios) was conducted

in Zhejiang Province. All H7N9 patients with laboratory-

confirmed VI who were enrolled in this retrospective study

between March 1, 2013, and May 31, 2019, constituted the

case−control study.
For the present study, the H7N9 cases were selected

from all of the H7N9 VI designated hospitals in Zhejiang

Province. In this observational case−control study, the

subjects were classified into “died” (i.e., the case group)

and “survived” groups (such as the control group)

according to the ultimate outcome. The cases were

selected for this study using the “all comers”

principle,14 as long as they met inclusion and exclusion

criteria, and the controls were selected by using

a random sampling method from the same H7N9 VI

designated hospitals. The subjects were ultimately

selected if they (a) had a history of H7N9 VI treatment;

Participants were enrolled after the treatment
outcome of H7N9 VI cases between March 1,

2013 and May 31, 2019 (N=279)

Training set (n= 200) Validation set (n= 79)

Participants were excluded:
Patients were being treated (n= 3)
No treatment outcome (n= 2)
Lost to follow-up (n= 4)
Severe missing data (n=3)

The case group (n= 56)
The control group (1:2 ratio)

(n= 115)

Inclusion and exclusion criteria

Participants were excluded:
Patients were being treated (n= 7)
No treatment outcome (n= 3)
Lost to follow-up (n= 7)
Severe missing data (n= 6)

A total of 56 participants
were included in the
validation set.

A total of 171 participants were
included in the training set.

Clinic nomogram

Participants were excluded:
Patients were being treated (n= 4)
No treatment outcome (n= 3)
Lost to follow-up (n= 6)
Severe missing data (n= 4)

All comers’ principle
A random sampling method

All comers’ principle

Inclusion and exclusion criteria

Figure 1 Workflow in this study. Patients being treated were defined as patients with an antiviral drug therapy during the course of study.
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(b) had a definite treatment outcome; and (c) could be

followed up. The subjects were excluded if (a) H7N9

patients were being treated; (b) no treatment outcome

could be obtained; (c) subjects who lost during the

follow-up visit and (d) the missing data were severe

(Figure 1).

The starting date of H7N9 VI was defined as the

starting time of the observation study, while we defined

a patient’s observation ending date as the end date of the

study, which was the data of incident death or survival.

Incident death or survival for all years was collected

between March 1, 2013, and May 31, 2019.

Data Collection
We collected the medical records of all patients with H7N9

VI in Zhejiang Province from a surveillance database of

infectious diseases managed by China’s Center for Disease

Control and Prevention (CDC) and the provincial CDC. Each

confirmed patient with H7N9 VI was asked to be reported to

CDC within 1 day by a national monitoring system of infec-

tious diseases. Staff members from the local CDC were

assigned to collect data using a standardized questionnaire

according to field investigations.We extracted data regarding

patients’ clinical, epidemiological, and sociodemographic

features, as well as time-to-event dates and prognoses. The

way of all data collection has been detailedly described in the

previous study.13 All data were entered in duplicate into an

electronic database. We retrospectively studied 227 labora-

tory-confirmed cases of H7N9 VI in Zhejiang Province from

March 1, 2013, to May 31, 2019 (no new cases of H7N9 VI

were reported in Zhejiang province after December 31,

2017). We excluded 52 human H7N9 infection patients

according to inclusion and exclusion criteria. Patients in the

training set (n =171) and the external validation set (n =56)

were analyzed, respectively (Figure 1).

Variables and Definitions
Definitions of case and exposure and laboratory examina-

tion for the A (H7N9) virus have been detailedly described

elsewhere.13 The main outcome variable was measured as

incident death or survival. Table 1 shows the definition of

variables in this study.

Statistical Analysis
Univariate analysis was performed to determine factors

(including patients’ clinical, epidemiological, and demo-

graphic features, as well as time-to-event dates and prog-

noses) associated with the survival of patients with H7N9 VI

in the training dataset and the validation dataset. Researchers

divide the subjects into two groups based on their death or

survival from the infection. A Pearson Chi-square test was

used for categorical variables and an independent sample

t-test for continuous variables based on baseline character-

istics of the subjects (including training and validation sets).

The laboratory findings and the questionnaire variables were

analyzed using a hazard ratio (HR) generated by univariable

Cox proportional hazard regression.

Subsequently, independent predictors associated with

the survival of H7N9 VI were evaluated using HR gener-

ated by a multivariate Cox regression model. All variables

with P value <0.10 were included in the multivariate Cox

regression analysis using a backward stepwise method

based on the minimum statistics of the Akaike information

criterion. Variables with P value less than 0.10 were con-

sidered statistically significant in the multivariate Cox

regression model and were included in the final predictive

model. A nomogram was developed based on all the

patient variables in the training set. This model was used

to predict each individual patient’s survival probability.

Based on the results of multivariate Cox proportional

hazard regression analysis in the training set, a nomogram

was developed and validated. Nomogram validation

included two components. First, internal validation of the

clinic nomogram was performed using a concordance

index (C-index) by subjecting the nomogram of bootstrap-

ping with 200 resamples.15 Next, for external validation,

we predicted the survival of H7N9 patients using data

from the other 56 individuals of the validation set.

Calibration of the nomogram for 1-, 2- and 3-month prob-

ability of survival in H7N9 patients was performed by

comparing the predicted probability of survival with the

observed probability of survival after bias correction.

All statistical analyses were conducted with R software

(version i 386 3.6.1; www.R-project.org, 2019). The multi-

variable Cox proportional hazard regression model was

created using the R software’s “survival” package, while

the nomogram and calibration curves were plotted using

the “rms” package.

Results
Patient Characteristics
A flow diagram summarizing the identified eligible

patients and the study participants is shown in Figure 1.

The baseline characteristics of the study population are

listed in Table 2. We retrospectively studied 227 patients
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with H7N9 VI in Zhejiang province from 2013 to 2019.

Patients in the training set (n=171) and the external valida-

tion set (n= 56) were analyzed, respectively. The mean age

was 58.06 ± 14.05 and 57.17 ± 11.61, and the ratio of

males to females was 2.42 to 1 and 3.03 to 1 in the training

and validation set, respectively.

Notably, 128 confirmed cases (56.4%) were aggregated

in Hangzhou city in this study population. Most of the

Table 1 Definitions of This Study

Variables Definitions

Profession Including in-service (such as farmers, teacher, pupils, business services, nurses and nannies, waiters, business

services, hospital staffs, herdsmen, fisherman, seafarers and long-distance drivers, official staffs, migrant worker,

worker, jobless and vagrant persons) and being retired.

A history of chronic diseases Chronic diseases including chronic cardiovascular disease (i.e., hypertension, coronary heart disease,

myocardiopathy, and valvular diseases), chronic liver disease (i.e., chronic hepatitis, liver cirrhosis and liver

tumor), chronic metabolic diseases (i.e., obesity, diabetes, fatty liver disease and some cancers), chronic

respiratory diseases (i.e., chronic obstructive pulmonary disease and chronic bronchitis), and rheumatic diseases.

A history of surgery Surgery including all types of human surgery (i.e. tumor enucleation).

Hand hygiene Referred to hand hygiene practices before the disease onset such as antiseptic hand wash, antiseptic hand rub, or

surgical hand antisepsis, and hand-washing frequently, i.e., after contact with animals, before meals, and after using

the toilet, etc. Hand hygiene practices including poor hand hygiene (such as not using antiseptic hand wash prepped

with 75% alcohol, or not washing hands with soap and water, or other detergents containing an antiseptic agent, or

not washing hands frequently after contacting poultry or other animals) and eligible hand hygiene (like using

antiseptic handwash prepped with 75% alcohol, or washing hands with soap and water, or other detergents

containing an antiseptic agent, or washing hands frequently after contacting poultry or other animals).

A history of smoking The smoking was defined as 1 cigarette and more per day.

A history of drinking The drinking was defined as 1 or more drinks at one sitting at least once per week.

First symptoms

Patients being treated

Patients with loss to follow up

Including cough, expectoration, fever, chest distress, shivering, diarrhea, asthma, headache, pharyngeal pain,

abdominal pain, chest pain, and muscle ache.

Patients being treated were defined as patients with an antiviral drug therapy during the course of study.

Referred to H7N9 patients who could not be investigated such as lost patients and a patient who refused

investigation during the course of study.

A random sampling method

PaO2/FiO2 ratio (PFR, mmHg)

Peak C-reactive protein (CRP)

In this study, the first stage with a random sampling method was to assign a number from 1 to N to each element in

all subjects. The next stage was to pick a sample of n of these numbers by using a table of random numbers. By using

this method, it must be assured that the numbers chosen were all different, and that nonewere larger than N.Once

the numbers were selected, the individuals corresponding to these numbers were viewed as the sample.

PFR is defined as the ratio of arterial oxygen partial pressure to fractional inspired oxygen, and at sea level normal is

> 500mmHg.

Referred to the value of peak CRP during hospitalization.

Initial white blood cell (WBC)

count (109/L)

Including decreased (i.e., WBC count < 3.50), increased (i.e., WBC count > 9.50) and normal (i.e., WBC count

is between 3.50 and 9.50) WBC.

Initial neutrophil percentage

(INP, %)

Including increased (i.e., INP > 75.0), normal (i.e., INP is between 40.0 and 75.0), and decreased (i.e., INP< 40.0) INP.

Initial lymphocyte percentage

(ILP, %)

Including increased (i.e., ILP > 50.0), normal (i.e., ILP is between 20.0 and 50.0), and decreased (i.e., ILP < 20.0)

ILP.

Initial value of hemoglobin

(IVH, g/L)

Including increased (i.e., IVH > 175.0), normal (i.e., IVH is between 130.0 and 175.0), and decreased (i.e., IVH

<130.0) IVH.

Initial blood platelet count

(IBPC, 109/L)

Including increased (i.e., IBPC > 350.0), normal (i.e., IBPC is between 125.0 and 350.0), and decreased (i.e.,

IBPC < 125.0) IBPC.
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cases were due to poor hand hygiene [PHH; 70.0% (159 of

227 cases)], chronic diseases [CD; 66.1% (150 of 227

cases)], and low education level [i.e., primary school or

illiterate; 59.5% (135 of 227 cases)] in the study popula-

tion. The average age of H7N9 patients who died was

older than that of patients for the survival group in the

study population (P < 0.05). Additionally, almost all cases

[99.6% (226 of 227 cases)] in the study population had

experienced direct contact with poultry or birds or visited

a market where live poultry or birds were sold within 14

days preceding illness onset. The case-fatality rate was

32.8% (56 of 171 cases) and 30.4% (17 of 56 cases) for

the training and validation sets, respectively.

Predictors’ Selection
Tables 2 and 3 summarize the results of univariate analyses

of the association between an individual covariate and the

survival from influenza A (H7N9). Seventeen of the 43 tested

covariates were significantly associated with the survival

from influenza A (H7N9) in the training sets (P < 0.05).

The significant covariates were (a) demographic character-

istics, including age, age ≥60 years, being retired, CD, and

PHH, (b) time characteristics of the diagnosis and treatment,

including the amount of time from illness onset to the first

medical visit (TIOFMV), time from illness onset to treatment

outcome, time treated in an outpatient clinic, and time treated

in a hospital, and (c) clinical characteristics, including initial

PaO2/FiO2 ratio (IPFR) ≤300 mmHg, incubation period (IP),

the IP of ≤5 days, peak C-reactive protein (CRP) ≥120 mg/L,

increased initial neutrophil percentage (INP), initial bilateral

lung infection (IBLI), peak CRP, and INP. The remaining 26

covariates, including gender, onset time, incidence area, type

of residence, education level, surgery, smoking, drinking,

direct contact with poultry or birds or having visited

a market where live poultry or birds were sold within 14

days preceding illness onset, time from illness onset to hos-

pitalization, time from illness onset to oseltamivir treatment,

time from illness onset to admission to the intensive care unit,

time from illness onset to laboratory confirmation, time from

illness onset reported to the CDC, first symptom count, body

temperature peak, initial white blood cell count (IWBCC),

increased IWBCC, decreased IWBCC, decreased initial lym-

phocyte percentage (ILP), decreased initial hemoglobin

value, decreased initial blood platelet count, ILP, initial

hemoglobin value, and initial blood platelet count, were not

associated with the survival from influenza A (H7N9)

(P > 0.05).

To further explore the possible predictors of survival

from influenza A (H7N9), we performed a multivariate Cox

proportional hazard regression analysis. The analysis showed

that age ≥60 years, CD, PHH, TIOFMV, IP ≤ 5 days, IPFR

≤300 mmHg, peak CRP ≥ 120 mg/L, and IBLI were

Table 2 Baseline Characteristics of Patients with H7N9 Virus Infection in the Study Population

Characteristics Training Set Validation Set

Fatalities Survivors P-value Fatalities Survivors P-value

[N =56, Mean±SD

or N (%)]

[N =115, Mean±SD

or N (%)]

[N =17, Mean±SD

or N (%)]

[N =39, Mean±SD

or N (%)]

Age (years,) 64.38 ± 14.15 54.99 ± 12.99 <0.001a 63.35 ± 17.02 55.23 ± 11.28 0.040a

Gender

Male 38 (67.86) 78 (67.83) 0.997b 11 (64.71) 26 (66.67) 0.887b

Female 18 (32.14) 37 (32.17) 6 (35.29) 13 (33.33)

Onset time (year)

2013 10 (17.86) 27 (23.48) 0.257b 3 (17.65) 7 (17.95) 1.000b

2014 22 (39.29) 29 (25.22) 3 (17.65) 8 (20.51)

2015 11 (19.64) 18 (15.65) 4 (23.53) 8 (20.51)

2016 9 (16.07) 30 (26.09) 5 (29.41) 10 (25.64)

2017 4 (7.14) 11 (9.56) 2 (11.76) 6 (15.39)

Incidence area(city)

Hangzhou 36 (64.29) 69 (60.00) 0.589b 8 (47.06) 15 (38.46) 0.548b

Outside of Hangzhou 20 (35.71) 46 (40.00) 9 (52.94) 24 (61.54)

Notes: aIndependent samples t-test was used. bPearson Chi-square test was used. Significant P values are in bold type.

Abbreviations: SD, standard deviation.
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Table 3 Univariable Cox Proportional Hazard Regression Analysis of Predictors for the Survival with Influenza A (H7N9) in Zhejiang

Province, China

Variables Training Set (n = 171) Validation Set (n = 56)

P-value HR (95% CI) P-value HR (95% CI)

Age (years)

≥ 60 0.002 2.92 (1.50–5.69) 0.010 2.27 (1.06–8.77)

< 60 Reference

Type of residence

Urban areas 0.195 1.55 (0.80–3.02) 0.848 0.89 (0.28–2.85)

Rural areas Reference

Profession

Being retired 0.014 2.48 (1.21–5.12) 0.013 1.52 (1.31–1.87)

In-service Reference

Education level

Primary school or illiteracy 0.233 0.83 (0.62–1.12) 0.006 1.33 (1.15–2.78)

Junior middle school or higher Reference

A history of chronic diseases

Yes 0.018 2.44 (1.17–5.12) 0.015 13.71 (1.65–43.81)

No Reference

A history of surgery

Yes 0.810 0.92 (0.46–1.83) 0.773 0.83 (0.24–2.87)

No Reference

Hand hygiene

Poor <0.001 6.80 (2.52–18.33) 0.002 8.27 (2.21–30.97)

Eligible Reference

A history of smoking

Yes 0.215 1.51 (0.79–2.88) 0.411 1.62 (0.52–5.09)

No Reference

A history of drinking

Yes 0.557 1.21 (0.64–2.30) 0.641 1.31 (0.42–4.11)

No Reference

Direct contact with poultry or birds during the 14 days before illness onset

Yes 0.987 1.01 (0.50–2.04) 0.164 0.40 (0.11–1.45)

No Reference

Visiting the market where live poultry or birds during the 14 days efore

illness onset

Yes 0.545 1.25 (0.61–2.54) 0.283 2.03 (0.56–7.40)

No Reference

First symptom count

≥ 4 0.429 1.09 (0.88–1.34) 0.718 0.93 (0.62–1.39)

<4 Reference

Incubation period (days)

≤ 5 <0.001 4.75 (2.35–9.59) 0.037 4.43 (1.10–17.91)

> 5 Reference

(Continued)

Dovepress Cheng et al

Risk Management and Healthcare Policy 2020:13 submit your manuscript | www.dovepress.com

DovePress
261

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Table 3 (Continued).

Variables Training Set (n = 171) Validation Set (n = 56)

P-value HR (95% CI) P-value HR (95% CI)

Body temperature peak

37.3–39°C 0.559 1.20 (0.65–2.22) 0.420 1.67 (0.48–5.80)

39.1–41°C Reference

The peak of C-reactive protein (mg/L)

≥120 <0.001 4.58 (2.27–9.23) 0.034 3.64 (1.10–11.97)

<120 Reference

Initial white blood cell count (109/L)

Decreased 0.475 0.75 (0.30–1.75) 0.093 0.16 (0.02–1.37)

Increased 0.663 1.26 (0.38–3.88) 0.358 0.45 (0.08–2.48)

Normal Reference

Initial neutrophil percentage (%)

Increased 0.002 3.72 (1.61–8.59) 0.043 1.23 (1.06–7.40)

Normal Reference

Initial lymphocyte percentage (%)

Decreased 0.237 1.54 (0.72–3.43) 0.773 1.20 (0.35–4.14)

Normal Reference

Initial value of hemoglobin (g/L)

Decreased 0.215 1.50 (0.75–3.00) 0.641 0.76 (0.24–2.39)

Normal Reference

Initial blood platelet count (109/L)

Decreased 0.363 0.74 (0.37–1.49) 0.121 0.24 (0.17–1.81)

Normal Reference

Initial lung infection

Infection of bilateral lungs 0.007 2.66 (1.31–5.39) 0.324 1.66 (0.61–4.57)

Infection of single lung Reference

Initial PaO2/FiO2 ratio (mmHg)

≤ 300 <0.001 4.99 (2.86–8.71) <0.001 5.07 (1.76–10.98)

>300 Reference

The peak of C-reactive protein (mg/L) 0.004 1.01 (1.00–1.01) 0.241 1.01 (0.99–1.01)

Initial white blood cell count (109/L) 0.288 1.05 (0.96–1.16) 0.264 1.12 (0.92–1.37)

Initial neutrophil percentage (%) 0.011 1.05 (1.01–1.09) 0.459 1.03 (0.96–1.10)

Initial lymphocytes percentage (%) 0.298 0.98 (0.94–1.02) 0.995 1.00 (0.93–1.08)

Initial value of hemoglobin (g/L) 0.175 0.99 (0.98–1.00) 0.731 1.00 (0.98–1.03)

Initial blood platelet count (109/L) 0.201 1.00 (0.99–1.01) 0.112 1.01 (0.87–1.02)

Time from illness onset to the first medical visit (days) 0.021 1.81 (1.08–1.97) 0.034 1.62 (1.04–2.76)

Time from illness onset to hospitalization (days) 0.579 0.97 (0.86–1.09) 0.038 0.72 (0.53–0.98)

Time from illness onset to oseltamivir treatment (days) 0.192 1.04 (0.98–1.10) 0.347 1.04 (0.96–1.14)

Time from illness onset to admission to the Intensive Care Unit (days) 0.409 1.03 (0.96–1.11) 0.339 1.05 (0.95–1.17)

Time from illness onset to laboratory-confirmed (days) 0.302 1.03 (0.97–1.10) 0.188 1.07 (0.97–1.20)

Time from illness onset to report (days) 0.791 1.01 (0.95–1.06) 0.494 1.03 (0.95–1.11)

Time from illness onset to treatment outcome (days) 0.003 0.98 (0.96–0.99) 0.542 0.99 (0.96–1.02)

Time treated in an outpatient clinic (days) 0.004 0.97 (0.96–0.99) 0.733 0.95 (0.73–1.25)

Time treated in a hospital (days) 0.002 0.97 (0.96–0.99) 0.608 0.99 (0.96–1.02)

Incubation period (days) <0.001 0.76 (0.65–0.88) 0.045 0.77 (0.59–0.99)

Notes: Significant P values are in bold type.

Abbreviations: HR, hazard ratio; CI, confidence interval.
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significantly linked to the survival in H7N9 patients. The

models also indicated that of all of the independent variables,

IPFR ≤300 mmHg was the strongest impact factor for the

survival from influenza A (H7N9) (HR = 5.90, 95% CI:

2.99–11.64, P <0.001) (Table 4). These findings were used

to create a practical clinic nomogram for predicting the

survival probability from influenza A (H7N9) (Figure 2).

Construction of the Nomogram
A nomogram was developed to assess the survival using

significant factors from the 171 patients’ data in the training

set. With 8 variables of training set such as IPFR ≤300

mmHg, IBLI, peak CRP ≥ 120 mg/L, TIOFMV, IP ≤ 5

days, CD, PHH, and age ≥60 years in Table 4, it was possible

to create a nomogram to predict the probability of survival

from influenza A (H7N9) (Figure 2). The top row of the

nomogram corresponds to the general score. For each vari-

able listed on the left, there is a corresponding row on the

right indicating possible descriptors. After characterizing the

patient for each variable, a perpendicular line toward the first

row should be drawn to identify the value. This action should

be performed for all 8 variables, followed by tallying the final

score. This final score should be identified in a total point row

and then a perpendicular line is drawn that corresponds to the

probability of survival from influenza A (H7N9).

Calibration and Validation of the

Nomogram
After internal validation using the bootstrap technique, the

C-index of this nomogram was 0.802 (95% CI: 0.694–0.901)

and 0.793 (95% CI: 0.611–0.952) for the training and valida-

tion sets, respectively, which indicated adequate discrimina-

tory power. The calibration plots were also performed

separately using the training and external validation sets. As

shown in Figure 3, the calibration plot shows that the predicted

1-, 2-, and 3-month probabilities of survival from influenza

A (H7N9) correspond closely with the actual 1-, 2-, and

3-month probabilities of survival from influenza A (H7N9)

estimated in the training set. Figure 4 illustrates that the

nomogram appears well calibrated, and there is a strong cor-

relation between predicted and observed outcomes across the

spectrum of predictions in the external validation set.

Predicting an Individual Patient’s Risk
To make it easier to interpret our results, we represented the

final reduced model with a nomogram that can be used to

Table 4 Multivariable Cox Proportional Hazard Regression Model for the Survival on Patients with H7N9 Virus Infection in Zhejiang

Province, China

Variables Training Set (n = 171) Validation Set (n = 56)

P-value HR (95% CI) P-value HR (95% CI)

Age (years) 0.101 1.12 (0.91–2.03) 0.167 1.25 (0.73–3.31)

Age ≥ 60 years 0.069 1.89 (0.95–3.73) 0.093 1.38 (0.91–2.36)

Education level NA NA 0.269 0.17 (0.03–2.01)

Being retired 0.219 1.36 (0.94–2.34) 0.764 1.87 (0.14–8.16)

Chronic diseases 0.008 2.92 (1.32–6.44) 0.024 1.99 (1.12–9.34)

Poor hand hygiene 0.005 4.18 (1.55–11.29) 0.035 4.03 (1.14–10.26)

Initial bilateral lung infection 0.015 2.41 (1.19–4.88) NA NA

The peak of C-reactive protein (mg/L) 0.241 0.86 (0.68–1.16) NA NA

Peak C-reactive protein ≥ 120 mg/L 0.015 4.40 (1.33–14.54) 0.024 4.16 (1.19–13.24)

Increased initial neutrophil percentage (%) 0.101 2.72 (0.82–9.05) 0.306 2.03 (0.75–7.86)

Initial neutrophil percentage (%) 0.609 0.97 (0.88–1.08) NA NA

Incubation period (days) 0.527 1.07 (0.87–1.32) 0.661 1.01 (0.29–3.03)

Incubation period of ≤ 5 days 0.028 3.88 (1.16–12.99) 0.041 2.84 (1.13–13.21)

Initial PaO2/FiO2 ratio ≤ 300 mmHg <0.001 5.90 (2.99–11.64) <0.001 4.56 (1.10–13.98)

Time from illness onset to the first medical visit (days) 0.005 1.89 (1.07–3.04) 0.016 1.31(1.04–4.25)

Time from illness onset to hospitalization (days) NA NA 0.674 1.16 (0.33–3.98)

Time treated in an outpatient clinic (days) 0.510 1.07(0.87–1.31) NA NA

Time treated in a hospital (days) 0.201 0.83 (0.43–2.54) NA NA

Time from illness onset to treatment outcome (days) 0.455 1.29(0.64–2.83) NA NA

Notes: Significant P values are in bold type.

Abbreviations: HR, hazard ratio; CI, confidence interval; NA, not applicable.
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calculate a prognostic score and estimate the survival from

influenza A (H7N9) for an individual patient (Figure 2). The

nomogram produced the following mathematical predictive

model for the presence of survival from influenza A (H7N9)

in the training set, with h (t, x) denoting the probability of

survival in H7N9 patients:16

h (t, x) = h0 (t) exp (β1x1 + . . . + βixi+ . . . + βkxk) = h0 (t)

exp [0.634×(age ≥ 60 years) +1.071×CD+1.431×PHH

+0.258×TIOFMV+1.356×(IP ≤ 5 days) +1.774×(IPFR

≤300 mmHg)+1.482×(peak CRP ≥ 120 mg⁄L)+0.879×IBLI]

where h (t, x) is the hazard at time t after a defined starting

point for an individual with variables x = (x1 . . . xi . . . xk) is

being predicted by h0 (t), the so-called underlying hazard at

time t, and the predictor variables x1 to xk (recorded at time

zero), each variable xi being multiplied by a corresponding

regression coefficient βi. Here, exp stands for the exponential

function, e.g., exp (βx) = e βx, and the underlying hazard h0 (t)

is the hazard at time t of an individual whose xi’s are all zero.

The predicted probabilities associated with each factor

are mapped into points on a scale from 0 to 100. The

presence or the level of each predictive factor is associated

with a point system, allowing summing up the points for

8 independent predictors. The total points accumulated by

the various covariates correspond to the predicted prob-

ability of survival. For example, for an individual with the

characteristics of 60 years of age and older, CD,

TIOFMV= 14 days, IP ≤ 5 days, IPFR ≤300 mmHg,

peak CRP ≥ 120 mg/L, and IBLI (see Table 5).

Discussion
H7N9 VI, as we all know, usually presents as a very severe

disease. Although the H7N9VI can be treated, the mortality of

H7N9 cases is very high.7 In reviewing the literature, no data

was found on validated prognostic models for the survival of

H7N9 infection cases. Previous studies17,18 demonstrated that

a central component of preventive strategies is the identifica-

tion of individuals at risk for the development of the disease.

Accurate prediction and estimation on the prognosis of the

disease are essential for patient counseling and treatment deci-

sion-making.19 Admittedly, patients are very interested to

inquire about the chance of recovery and the probability of

survival according to data from their individual case.

Unfortunately, far too little attention has been paid to develop-

ing a nomogram so as to comprehensively estimate an H7N9

patient’s specific probability of survival in clinical practice.

In this study, we performed a matched case−control study
to explore the predictors of survival of H7N9 cases. Our study

Figure 2 The nomogram for individualized predicting the 1-, 2-, and 3-month probabilities of survival from influenza A (H7N9).

Abbreviations: PHH, poor hand hygiene; CD, chronic diseases; IP, incubation period; TIOFMV, time from illness onset to the first medical visit (days); CRP, C-reactive

protein; IBLI, initial bilateral lung infection; IPFR, initial PaO2/FiO2 ratio.
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has identified 8 independent predictors of survival obtained

from primary patient data, including sociodemographic data,

clinical findings, laboratory data, and epidemiology. Based on

the results of the present study, we established and validated

a robust nomogram for providing simple and precise persona-

lized prediction of the survival of H7N9 cases (Figure 2). Our

findings may provide more reliable evidence in developing

prevention and control strategies of H7N9 VI. We anticipate

that these results will be useful in reducing the mortality of

H7N9 VI and the design of clinical interventions for improv-

ing the life quality of patients with H7N9 VI.

The current study is important because it offers a few

important features. First, this is the first nomogram for

predicting the survival of H7N9 patients that has collected

enough risk factors to allow reliable prediction and evalua-

tion analyses. Second, in the validation analysis of nomo-

gram, whether internal (i.e., the C-index of this nomogram

was 0.802 and 0.793 for the training and validation sets,

respectively) or external, the comprehensive model pro-

duced both sufficient precision and satisfied uniformity in

predicting the survival of H7N9 VI. Third, H7N9 infection

cases were enrolled in this study using the “all comers”

principle, regardless of etiology or demographics. Thus,

the sample is more likely to be representative of the gen-

eral population in Zhejiang Province.

Another important aspect is that the applying of nomo-

gram is very simple, convenient, and economy-friendly (i.e.,

an accurate assessment is made by just using eight dominant

predictors of survival amongH7N9 patients). The nomogram

model is comparatively easy to use, which can assess the

combination of various predictors, and help clinicians accu-

rately predict the prognosis of an individual case. The clinic

nomogram may demonstrate better individualized identifica-

tion than a general regressive forecasting model.4,6-9

Although previous reports7 have suggested that a logistic

regression model is used to evaluate the death risk of H7N9

VI, it may not accurately reflect the effect of variables on

prognostication. In fact, the survival analysis needs to con-

sider the impact of time effect.20 As such, we specifically

consider assessing the survival probability by using a semi-

parametric model (i.e., Cox proportional hazard model) to

maximize the Wald χ2 statistic.
Interestingly, it could be inferred that a significant asso-

ciation exists between a shorter incubation period and

a greater risk of death among human H7N9 cases.

Generally, when the incubation period or the duration of

premonitory symptoms are shorter in respiratory diseases,

the symptoms are more severe and the mortality rate is

higher,21,22 this rule of thumb is supported by the present

study’s findings. This association may be attributed to the

avian influenza virus’ growth characteristics, receptor usage,

and host response leading to more severe cytopathic

effects.23

Likewise, PHH is significantly associated with the

survival in patients with H7N9 VI. Research has indicated

that a high viral load is associated with illness severity and

prognosis,24 which might have originated from poor hand

hygiene and self-protection measures after contact with

poultry or other animals.13,25 To improve the survival of

H7N9 VI, it is vital that appropriate hand hygiene prac-

tices are implemented by the susceptible population after

Figure 3 The calibration curves for predicting the probability of survival from

influenza A (H7N9) at each time point in the training set. Nomogram predicted the

1-, 2- and 3-month probabilities of survival from influenza A (H7N9) which are

plotted on the X-axis and observed the 1-, 2- and 3-month probabilities of survival

from influenza A (H7N9) which are plotted on the Y-axis.
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Figure 4 The calibration curves for predicting the probability of survival from influenza A (H7N9) at each time point in the external validation set. Nomogram predicted the

1-, 2- and 3-month probabilities of survival from influenza A (H7N9) which are plotted on the X-axis and observed the 1-, 2- and 3-month probabilities of survival from

influenza A (H7N9) which are plotted on the Y-axis.
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direct contact with poultry or birds. Furthermore, it can be

inferred that PHH is associated with a nonlinear effect on

the survival of H7N9 patients (Figure 2). Although worse

survival among H7N9 patients with PHH has been pre-

viously noted,25 our study better defines the nonlinear

relation of PHH to outcome.

Most notably, IPFR is a used clinical predictor of H7N9

VI’s outcome in the present study, though its diagnostic

utility is disputed in clinical work.26 In accordance with

the present result, previous studies27,28 have demonstrated

that PFR is a very essential indicator to assess the acute lung

injury or acute respiratory distress syndrome of a patient. As

known, the oxygen transport is diffusion-limited from the

alveolus to the pulmonary capillary in patients with pul-

monary diseases (i.e., pulmonary fibrosis).29 Several

reports26–29 have shown that the PFR responds to an

increase of diversion at a constant oxygen saturation by

indicating poorer pulmonary function. Thus, it is reasonable

to assume that the PFRmay be used in clinical settings as an

indicator of predicting pulmonary function status of patients

with H7N9 VI. In the model presented here, the survival of

H7N9 VI is associated with IPFR less than or equal to 300

mmHg (see Table 4). This finding, while preliminary, sug-

gests that IPFR would seem an adequate measure of pul-

monary dysfunction in patients with H7N9 VI.

In addition to the predictors for above, several other pre-

dictors are selected based on the multivariate Cox regression

analysis, including peak CRP ≥ 120 mg/L, 60 years of age and

older, CD, TIOFMV, and IBLI. All these predictors have

a strong effect on the survival and are therefore included in

the individualized nomogrammodel. Data in the present study

also quantitate the authentic effect that these predictors have on

survival. In brief, by aggregating independent predictors into

a clinic nomogrammodel, we can comprehensively predict an

H7N9 patient’s personalized probability of survival (Figure 2).

Most importantly, the best way to interpret and apply

these findings is not in terms of how the individual factors

contribute to risk but how these parameters can be mod-

ified or improved to potentially increase the survival of

H7N9 patients.30 Since the death mechanism of H7N9

patients is still unclear, our findings and algorithm should

be used to modify identified patient risk factors in an effort

to minimize mortality.

In terms of our findings, identifying 8 predictors of sur-

vival may have an impact on the treatment, healthcare and

surveillance of H7N9 cases. Our study confirms that

decreased IPFR is defined as a strong predictor of survival

of patients with H7N9 VI. An implication of this is the

possibility that the uppermost treatment strategy is to

improve pulmonary function for H7N9 cases. We also find

that the peak CRP level may be considered a particularly

important factor when evaluating the probability associated

with survival in H7N9 cases. According to a study conducted

by Gao and colleagues,31 CRP is involved in the deteriora-

tion observed in severe influenza infection and may be

a candidate molecule for immunotherapy treatment.

A previous study31 indicated that CRP treatment can improve

the prognosis of patients with H7N9 VI. It is well known that

therapeutic measures are elective, so we should select

a treatment measure that can improve CRP. This clinic tool

may be able to help physicians to solve such problems.

Moreover, this nomogram can provide information in guid-

ing clinicians’ decision-making regarding the most effective

intervention strategies for H7N9 patients. For example,

according to this algorithm, an H7N9 patient is found to be

a high risk for death. This finding has an important implica-

tion for developing the strategy of early intervention in the

high-risk death population of H7N9 patients. In addition, we

find that the cost of applying this nomogram is mainly

involved in developing a practice tool of nomogram (i.e.,

an evaluation scale) and incorporating the nomogram into the

treatment information system of hospital. To the government

department, it should be able to afford the cost and expense

of applying this tool. Overall, this nomogrammay display the

advanced public health concept of predictive, preventive, and

personalized medicine.32 This tool deserves to be further

explored in future researches of clinic and public health.

Considering these advantages of nomogram, we suggest

that the government should guide, support and foster the

development of this tool. Additionally, a treatment scheme

Table 5 Predicting an Individual H7N9 Patient’s Survival

Independent Predictors Value Points

Age ≥ 60 years Yes 20.0

Chronic diseases Yes 11.0

Poor hand hygiene No 0

Initial PaO2/FiO2 ratio ≤ 300 mmHg Yes 55.0

Peak C-reactive protein ≥ 120 mg/L Yes 31.5

Initial bilateral lung infection Yes 11.5

Incubation period of ≤ 5 days Yes 27.0

Time from illness onset to the first medical visit (days) 14 19.0

Total points 175.0

Estimate of survival probability, %

Probability of 1-month survival 25.0

Probability of 2-month survival 21.0

Probability of 3-month survival 19.0

Dovepress Cheng et al

Risk Management and Healthcare Policy 2020:13 submit your manuscript | www.dovepress.com

DovePress
267

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


of H7N9 cases including this nomogram should be formu-

lated by the government.

Our study does have some limitations. First, our nomo-

gram is limited by the retrospective nature of the data, which

could suffer from recall bias and failure to incorporate some

recognized prognostic parameters (e.g., the frequency or

intensity of exposure and bacterial coinfection) and some

important molecular factors (e.g., pro-inflammatory cytokine

and angiotensin II). Second, further efforts regarding pro-

spective data collection and patient follow-up, wider geo-

graphic recruitment, and the incorporation of additional

factors are encouraged to improve this tool. Third, further

studies with large sample populations are necessary to con-

firm our model. Despite these limitations, as we know, there

are limited numbers of published data on the survival of

H7N9 patients. Therefore, this study could contribute infor-

mation about the novel concept of predictive, preventive, and

personalized medicine for the survival of H7N9 patients.

Conclusion
So far, little has been done to enhance the clinician’s ability

to properly counsel patients about individual risk prior to

initiating treatment for H7N9 infection. In the matched case–

control study, we constructed and validated a novel nomo-

gram based on the status of 60 years of age and older, CD,

PHH, TIOFMV, IP ≤ 5 days, IPFR ≤300 mmHg, peak CRP

≥120 mg/L, and IBLI, which accurately predict the prob-

ability of survival among patients with H7N9 VI.

In conclusion, this nomogram can serve an important

role in counseling patients with H7N9 VI and guide treat-

ment decisions. Considering the high mortality of H7N9

patients and high medical cost of H7N9 patients' care, the

early identifying of at-risk individuals and early interven-

ing before the onset of illness can reduce the high mortal-

ity and economic burden attributed to this disease.
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