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Background: Infectious disease hospitals (IDHs) play very important roles in the battle
against the infectious disease. The present study aims to systematically analyze the devel-
opment trends and possible problems of IDHs in China.

Methods: Most of the data came from the China Health Statistics Yearbook 2003-2019.
Joinpoint Regression Model was used to analyze the development trends of IDHs between
2002 and 2018.

Results: From 2002 to 2018, the number of IDHs in China increased from 126 to 167, with
an average annual percent change (AAPC) of 1.82%. The ratio of nurses to beds increased
from 0.38 to 0.46 with the AAPC of 0.88%, and average business housing area per bed
increased with an AAPC of 1.97%. The percentage of liabilities to total assets increased year
by year and the percentage of medical business costs to total expenditure decreased. The
segmented trend of daily visits per physician from 2014 to 2018 was stable, and the
segmented trend of daily inpatients per physician from 2012 to 2018 decreased significantly.
In 2017, the rates of surgical inpatients leaving the hospital without the doctor’s advice and
surgical inpatients mortality were higher than 2016.

Conclusion: Although the development of IDHs was generally good in China, the scale of
IDHs was generally small, the ability to respond to major emergencies was weak, the
problem of irrational resource allocation was still prominent, and the operation of IDHs
was facing a dilemma.

Keywords: infectious disease hospital, trend analysis, longitudinal analysis, national survey
data

Introduction

The novel coronavirus 2019 (COVID-19), which started as an outbreak in China in
December 2019,' has rapidly spread all over the world, such that on March 11,
2020 the WHO declared this disease as a pandemic.? China has included COVID-
19 in the Class B infectious diseases as stipulated in the Law of the People’s
Republic of China on the Prevention and Control of Infectious Diseases, and has
adopted prevention and control measures for Class A infectious diseases.’
According to the report of the WHO (as of April 18, 2020), the current outbreak
of COVID-19 has affected over 2,164,111 people and killed more than 146,198
people in more than 200 countries throughout the world.* Although the existing
evidence has proved that masks are effective in preventing the spread of COVID-
19, at the same time adequate social distance, diligent hand hygiene and other
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effective preventive measures should be taken.’ The emer-
gence of COVID-19 has exposed the weaknesses of the
global public health system, including emergency response
capabilities for emerging infectious diseases and the for-
mulation of emergency policies.®

Actively treating patients, especially critically ill
patients, was one of the important tasks in response to
the COVID-19 pandemic. Therefore, infectious disease
hospitals (IDHs) played a vital role in the treatment of
patients with COVID-19, even including various other
infectious diseases. After the closure of Wuhan City, reg-
ular wards in all hospitals, as well as gymnasiums, con-
ference centers, and other public buildings, were
transformed into quarantine wards and medical resources
nationwide, including medical staff, equipment, and diag-
nostic agents, were rapidly concentrated in Wuhan.” Two
hospitals, Huoshenshan and Leishenshan, were built in 16
days, with a total capacity of 2600 beds, enabling patients
to receive effective treatment. China’s tremendous efforts
to stop the epidemic have prevented further transmission
of COVID-19 within China. In fact, after the severe acute
respiratory syndrome (SARS) pandemic in 2003, China’s
IDHs entered a period of rapid construction and develop-
ment, and made some achievements. However, with the
steady incidence of infectious diseases in China in recent
years and the deepening of the new medical reform, the
continued existence and development of IDHs is facing
many difficulties and challenges.® '° The COVID-19 pan-
demic re-exposed problems in the development of China’s
IDHs. This study intends to describe the current develop-
ment situation and explore the existing problems of IDHs
in China through the analysis of relevant data and
materials.

Methods

Data Collection

Most of the data in this study was obtained from the China
Health Statistics Yearbook 2003-2019, and the variables in
the data set included the number of IDHs, the number of
licensed (assistant) physicians, the number of registered
nurses, building area, assets and liabilities, medical income
and expenditure, the number of hospital beds, hospital med-
ical business status, and medical resource utilization. The
numbers of notifiable infectious diseases in various regions
in 2018 were mainly from monthly or annual data published
on the official website of the health administrative depart-
ments or the Centers for Disease Control and Prevention

(CDCs) of various regions. In 2018, there were 39 notifiable
infectious diseases in China, including Class A (2 infectious
diseases), Class B (26 infectious diseases), and Class C (11
infectious diseases). The data of proportions of beds in nega-
tive pressure wards (NPWs) and intensive care units (ICUs),
and medical services, quality and safety in IDHs from 2016
to 2017 came from the National Report on the Services,
Quality and Safety in Medical Care System 2018, which
was conducted by the National Health Commission and
surveyed all 125 IDHs in 2017 and 146 IDHs in 2018
Data for the
Administrative Region, Macau Special Administrative

nationwide."! Hong Kong Special

Region and Taiwan was not included in this study.

Data Check and Process

First, a data check was conducted to find the abnormal
values. The data on paper and online were compared to
determine their accuracy. Second, multiple methods were
used to impute missing data. For example, the numbers of
notifiable infectious diseases in Qinghai Province and the
Tibet Autonomous Region in 2018 and 2017 were not avail-
able on the official websites, and the 2017 data of the two
regions on the Public Health Science Data Center of the
Chinese CDC were used (the database is currently updated
only up to 2017). The data for most months of the numbers of
notifiable infectious diseases in Yunnan Province in 2018
were not available on the official website, so the data in
2017 was used. The data for June 2018 of the Ningxia Hui
Autonomous Region and Xinjiang Uygur Autonomous
Region was not available, and the average values of the
data of June 2017 and June 2019 for the two regions were
used to fill in the missing data, respectively. There was no
economic data in the China Health Statistics Yearbook 2004,
so the average values of two adjacent data were used to fill in
the missing economic data for 2003. Third, all data from
2002 to 2018 were categorized into six dimensions (number
of IDHs, medical personnel, building area, economic situa-
tion, medical workload, number of beds and utilization) and
35 indicators. Since the numbers of hospital beds in IDHs by
region were not available, the numbers of infectious disease
beds in all hospitals by region were used for analysis.

Statistical Analysis

The mean, percentage, ratio, daily visits per physician, daily
inpatients per physician, bed turnover times, bed working
days, bed utilization rate, and average length of stay
(ALOS) were calculated based on the original data. Some
proportions were calculated by the following formula: daily
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visits per physician=number of outpatient visits/number of
licensed (assistant) physicians/251, daily inpatients per
physician=total bed days occupied by inpatients/number
of licensed (assistant) physicians/365, bed turnover time=-
number of discharged patients/average number of hospital
beds, bed working days=total bed days occupied by inpa-
tients/average number of hospital beds, bed utilization
rate=total bed days occupied by inpatients/total open bed
daysx100%, ALOS=total bed days occupied by discharged
patients/number of discharged patients. The following two
formulas were used to calculate the data from the World
Health Statistics: the ratio of nurses to beds=the number of
nursing and midwifery personnel (per 10,000 population)/
the number of hospital beds (per 10,000 population), the
ratio of nurses to physicians=the number of nursing and
midwifery personnel (per 10,000 population)/the number of
physicians (per 10,000 population).

Microsoft Excel 2019 software (Microsoft Corp.) was
used to make geographic information maps. Joinpoint
Regression Model (version 4.8.0.1, April, 2020; Statistical
Research and Applications Branch, National Cancer
Institute) was used to analyze the development trends of
IDHs between 2002 and 2018."* Since this study had 17
data points, the maximum number of joinpoints for all mod-
els was limited to three (four line segments) according to the
algorithmic recommendations."? The general trend of an
indicator from 2002 to 2018 was expressed as an average
annual percent change (AAPC),'* and if the AAPC was
within one segment, ¢-test was used to examine whether the
AAPC was statistically different from zero. Otherwise, Z test
was used. A segmented trend was expressed as an
annual percent change (APC), and ¢-test was used to examine
statistical difference. The terms “increase”, “upward”,
“decrease”, or “downward” were used to describe the statis-
tically significant AAPC or APC, and the term “stable” was
used to describe the trends without statistical significance.
Chi-squared test was used to examine the differences of the
proportion of beds in NPWs and ICUs in IDHs between 2016
and 2017. All analyses were performed using R software for
Windows version 3.5.3 (https://www.r-project.org/). A two-

tailed p<0.05 was regarded as statistically significant.

Results

Trends in the Number of IDHs

The number of IDHs in China increased from 126 to 167
from 2002 to 2018, with an AAPC of 1.82% (p<0.05)
(Table 1). The trend line was segmented into two parts

by Joinpoint Regression Model: the first part was the
growth period from 2002 to 2009, when the number of
IDHs increased from 126 to 162, with an APC of 3.79%
(p<0.05); the second part was the stable period from 2009
to 2018, when the number of IDHs changed little, from
162 to 167, with an APC of 0.32% (p>0.05) (Table S1).
IDHs were grouped by the number of beds to observe the
trend in the number of hospitals in each group from 2002
to 2018, and the results showed that the numbers of IDHs
in the four groups with beds >300 displayed upward
trends, the numbers of IDHs with bedsbetween 100 and
200 displayed a downward trend, and the numbers in the
remaining two groups displayed stable trends (Table 1,
Figure S1, Table S1, Table S2).

Resources in IDHs

From 2002 to 2018, the average numbers of licensed
(assistant) physicians and registered nurses per IDH in
China increased from 50.39 to 90.01 and from 71.05 to
149.95, and the AAPC were 3.65% and 4.89% (both
p<0.05), respectively. The ratio of nurses to beds increased
from 0.38 to 0.46, with an AAPC of 0.88% (p<0.05), and
the ratio of nurses to physicians increased from 1.41 to
1.67, with an AAPC of 1.09% (p<0.05) (Table 1, Table S2,
Figure S2).

The average building area and the average business
housing area per IDH increased from 15.34 thousand
square meters to 29.62 thousand square meters and from
9.16 thousand square meters to 22.64 thousand square
meters, and the AAPC was 4.47% and 5.62% (p<0.05),
respectively; the average business housing area per bed of
IDH also showed a statistically significant upward trend,
but the growth trend of average building area per bed of
IDH was stable (Table 1, Table S2, Figure S3).

The trends of the eight economic indicators were sta-

tistically significant, two of which were decreasing trends
(percentage of medical income to total income, percentage
of medical business costs to total expenditure) and the
remaining six indicators were increasing trends (average
assets/income/expenditure per IDH, percentage of liabil-
ities to total assets, percentage of financial subsidies to
total income, and percentage of personnel expenditure to
total expenditure) (Table 1, Table S2, Figure S4).

From 2002 to 2018, the average number of open beds

per year in China’s IDHs increased from 23.49 thousand to
54.53 thousand, with an AAPC of 5.53% (p<0.05) (Table 1,
Table S2, Figure S5). The distribution of the number of
infectious disease beds in all hospitals by region was not
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Table | Temporal Trends Analysis for Development of IDHs in
China, 2002-2018

Table | (Continued).

Indicator AAPC
Indicator AAPC
Number of | Al | 82* Number of | Average number of opened beds per year in IDHs 5.53*%
umber O R
IDHs beds and (thousand)
<100 beds 0.49 utilization
Bed turnover times (times) 5.51*
100 beds~ -2.87%
e Bed working days (days) 2.62*
200 beds~ -0.50
o Bed utilization rate (%) 2.62%
300 beds~ 2.46*
o Average length of stay (days) —2.29*%
400 beds~ 5.33 Note: *Significantly different from 0 at 0=0.05 level.
. Abbreviations: IDH, infectious disease hospital; AAPC, average annual percent
500 beds~ 15.59% change.
800 beds~ 20.74%
Medical Average number of physicians per IDH 3.65% consistent with the distribution of the number of notifiable
ersonnel 3 3 : : 1 3
perso Average number of nurses per IDH 489 infectious diseases by region in 2018 (Table 2, Figure S6). The
proportion of the beds in negative pressure wards to the total
Ratio of nurses to beds 0.88*
number of open beds decreased from 3.47% to 2.81%, and the
Ratio of nurses to physicians 1.09% proportion of beds in intensive care units increased from
Building Average building area per IDH (thousand square 4.47% 1.28% to 1.29% (both p>0.05), in IDHs from 2016 to 2017
area meters) (Tabl e 3)
Average business housing area per IDH (thousand 5.62*
square meters) . . . .
Medical Business Situation of IDHs
A buildi bed in IDH 054 . ..
mv:t:i; uilding area per bed in [DFs (square From 2002 to 2018, the average numbers of outpatient visits,
discharged patients and surgical inpatients, per IDH, increased
Average business housing area per bed in IDHs 17 from 32.77 thousand to 115.26 thousand, from 1671.54 to
(square meters) : : ? ’
6656.35, and from 102.77 to 1075.10, with an AAPC of
Economic Average assets per IDH (million yuan) 13.01* 831%. 9.24% and 17.71% (all p<0 05) respectively The
situation ] N ’ > ' ’ ’ :
Average income per IDH (million yuan) | 4.24% trends of the percentage of surgical inpatients to discharged
Average expenditure per IDH (million yuan) 14.38% patients, daily visits per physician, and daily inpatients per
Percentage of liabilties to total assets (%) 402% physician were all increasing (Table 1, Table S2, Figure S7).
From the perspective of the utilization of beds in IDHs
Percentage of financial subsidies to total income (%) 3.82*% from 2002 to 2018. bed turnover times. bed WOI'kiIlg days
b b
Percentage of medical income to total income (%) | —0.97* and bed utilization rate increased with an AAPC of 5.51%,
Percentage of medical business costs to total —1.84% 2.62% and 2.62% (all p<0.05), respectively; the ALOS
expenditure (%) decreased with an AAPC of 2.29% (p<0.05) (Table 1,
Percentage of personnel expenditure to total 1.59* Table SZ, Figure SS)
expenditure (%) From the perspective of medical quality and safety, the
Medical Average number of outpatient visits (thousand) 8.31* rates of inpatients leaVing the hospital without the doctor’s
workload . o1 . e -
Average number of discharged patients 9.24% advice, unplanned rehospitalization within 31 days and the
inpatient mortality, decreased by 0.37, 1.08 and 0.08 per-
Average number of surgical inpatients 17.17% . . .
centage points (all p<0.0001), respectively, in IDHs from
Percentage of surgical inpatients to discharged 636 2016 to 2017, while the rates of surgical inpatients leaving
patients (%) . . .
the hospital without the doctor’s advice, unplanned re-
Daily visits per physician 4.35% surgery and surgical inpatient mortality increased by
Daily inpatients per physician 2.97% 1.30, 0.02 and 0.08 percentage points (p<0.0001,
(Continued) p=0.4221, p=0.0014), respectively (Table 4).
158 submit your manuscript Risk Management and Healthcare Policy 2021:14
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Table 2 The Number of Infectious Disease Beds in IDHs and
Notifiable Infectious Diseases by Region in 2018

Table 3 The Proportion of Beds in NPWs and ICUs in Sampled
IDHs, 20162017

Region Number of Number of Ratio
Infectious Disease | Notifiable of (b)
Beds in Hospitals Infectious to (a)
(@) Diseases (b)
Beijing 1904 177,216 93.08
Tianjin 754 79,654 105.64
Hebei 5485 297,443 5423
Shanxi 3176 150,891 47.51
Inner 3299 101,335 30.72
Mongolia
Liaoning 7130 141,337 19.82
Jilin 3539 55,979 15.82
Heilongjiang | 5374 72,233 13.44
Shanghai 1939 94,063 48.51
Jiangsu 10,514 324,132 30.83
Zhejiang 5623 580,968 103.32
Anhui 7048 408,016 57.89
Fujian 2575 283,903 110.25
Jiangxi 4306 241,654 56.12
Shandong 6809 426,098 62.58
Henan 8830 428,495 48.53
Hubei 4629 378,185 81.70
Hunan 5471 483,705 88.41
Guangdong | 6627 1,041,668 157.19
Guangxi 4981 535,609 107.53
Hainan 675 87,494 129.62
Chonggqing 2270 259,590 114.36
Sichuan 6159 399,016 64.79
Guizhou 4055 141,694 34.94
Yunnan 6241 227,829 36.51
Tibet 566 12,401 21.91
Shaanxi 3226 203,491 63.08
Gansu 2373 108,336 45.65
Qinghai 891 46,420 52.10
Ningxia 878 41,457 47.22
Xinjiang 4308 231,628 53.77

Abbreviation: IDHs, infectious disease hospitals.

Discussion

To the best of our knowledge, this is the first nationwide
longitudinal analysis study that comprehensively analyzes
the development of IDHs in China from 2002 to 2018. The
development trend of IDHs in China was generally good
in terms of the improvement in the number of hospitals,
the number of physicians and nurses, hospital beds, hospi-
tal building area and business housing area, medical busi-
and the
utilization efficiency of medical resources. However,

ness quantity, medical quality and safety,

based on the Standards for the Construction of Infectious
Disease Hospitals (JB [2016] No. 131) issued by China in

Indicator Years x p-value
2016 2017

Proportion of beds in NPWs (%) 3.47 2.8l 0.6526 0.4192

Proportion of beds in ICUs (%) 1.28 129 0.0002 0.9889

Abbreviations: NPWs, negative pressure wards; ICUs, intensive care units; IDHs,
infectious disease hospitals.

2016," there were still many shortcomings in the devel-
opment of IDHs.

The scale was generally small, and the ability to
respond to major emergencies was weak. Although the
number of IDHs with more than 500 beds in China
increased significantly from 2002 to 2018, the scale of
most IDHs was still small, the capacity to accommodate
patients was very limited, and the ability to respond to
major emergencies was very weak. Taking Wuhan as an
example, the only two IDHs in Wuhan had a total of
approximately 900 beds; in the face of the outbreak of
COVID-19, the number of beds immediately became
insufficient. From the perspective of development speed,
the number and scale of hospitals grew very slowly in
recent years. As shown in Table 1, the APC of the num-
bers of hospitals from 2009 to 2018 was only 0.32%, and
the APC of the average business housing area per bed
from 2004 to 2018 was only 0.29%.

The problem of irrational resource allocation was still
prominent. The geographic information maps showed the
distribution of infectious disease beds in all hospitals by
region was not consistent with the distribution of notifiable
infectious diseases by region. The geographic information
maps showed that the ranking by the number of infectious
disease beds was inconsistent with the ranking by the
number of notifiable infectious diseases for some pro-
vinces. For example, in 2018, the number of notifiable
infectious diseases in Guangdong province and Zhejiang
province ranked first and second nationwide, respectively,
but the number of infectious disease beds ranked sixth and
ninth, respectively, and the ratio of the two numbers was
very high in the two provinces; in Yunnan province and
Liaoning province, the number of notifiable infectious
diseases ranked sixteenth and twenty-first, respectively,
but the number of infectious disease beds ranked seventh
and third, respectively, and the ratio of the two numbers
was very low in the two provinces. It meant that in some
provinces, there was a shortage of hospital beds or high
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Table 4 Results of Some Indicators of Medical Quality and Safety in Sampled IDHs, 20162017

Indicator Years x p-value
2016 2017

Rate of ILHDA (%) Inpatients 4.28 391 196.5659 <0.0001
Surgical inpatients 1.29 2.59 645.8101 <0.0001

Rate of URD (%) 3.96 2.88 2053.8826 <0.0001

Rate of URS (%) 0.19 0.21 0.6446 0.4221

Mortality rate (%) Inpatients 0.93 0.85 44.3431 <0.0001
Surgical inpatients 0.39 0.47 10.2301 0.0014

Abbreviations: IDHs, infectious disease hospitals; ILHDA, inpatients leaving the hospital without the doctor’s advice; URD, unplanned rehospitalization within 31 days;

URS, unplanned re-surgery.

utilization rates, while in some provinces, there were sur-
plus hospital beds or low utilization rates.

The ratios of nurses to beds and nurses to physicians
were small. Both indicators are important for evaluating
the configuration of physicians and nurses. According to
the Basic Standards for Medical Institutions (trial) (WYF
[1994] No. 30),'® the ratio of nurses to beds of IDHs
should be 0.4. From 2002 to 2018, the ratio of nurses to
beds of IDHs in China fluctuated around 0.4, and was
slightly above 0.4 in recent years, the highest value was
0.46 in 2018. However, 0.4 was the standard issued in
1994. The incidence of Class A and B infectious diseases
was 196.12 per 100,000 in 1994, and it was 220.51 per
100,000 in 2018; the spectrum of infectious diseases in
2018 differed greatly from that in 1994, and the population
in 2018 was much larger than in 1994,'” so the 0.4 stan-
dard was not applicable to the actual situation. Even with
the 0.6 standard suggested in the Outline of the National
Health Service System (2015-2020) (GBF [2015] No. 14),
there was still a large gap in the allocation of nursing
resources in IDHs.'® The calculation results of World
Health Statistics 2014 data showed that the ratio of nurses
to beds in China from 2006 to 2013 was 0.4, which was
much lower than the average level of other regions in the
world during the same period, and male nurses were very
scarce.'”?° IDHs are different from ordinary hospitals, and
the care of patients with infectious diseases depends only
on professional nurses; family members and caregivers
cannot be in close contact. Therefore, the COVID-19 pan-
demic entailed an urgent need for nurses. The ratio of
nurses to physicians was also small from 2002 to 2018,
its maximum value was 1.69 in 2016, and it fell to 1.67 in
2018. According to the calculation results of the data in
World Health Statistics 2019, the ratio of nurses to

physicians in China from 2009 to 2018 was 1.29, which
was lower than the average level of other regions in the
world during the same period (Table S3).%'

The continued existence and development were facing
a dilemma. The liabilities of China’s IDHs increased con-
tinuously. The percentage of liabilities to total assets was
24.87% in 2002, increasing to 42.41% in 2018, with an
AAPC of 4.02%. Although there is no reasonable range
for the proportion of hospital liability in China, a high
proportion of liability can greatly increase hospital operat-
ing costs and even expose hospital operations to difficul-
ties and potential bankruptcy risk. One study believed that
the proportion of hospital liabilities should be controlled
within 30%.%? In recent years, China has continuously
deepened the new medical reform and eliminated drug
bonuses. As a result, the medical incomes of IDHs,
which mainly concern internal medicine, have generally
decreased, and their solvency has been greatly reduced.
A high proportion of liability hinders the continued exis-
tence and development of IDHs. The public hospital lia-
bility problem has attracted great attention from the central
and local governments, and some provinces have adopted
related policies and measures to eliminate the risk.”>** In
addition, the percentages of medical income to total
income and medical business costs to total expenditure in
IDHs decreased significantly from 2002 to 2018.

Although the average numbers of outpatient visits
and discharged patients per IDH generally increased
from 2002 to 2018, the growth rates for daily visits per
physician, daily inpatients per physician, bed turnover
times, bed utilization rate and bed working days slowed
down after 2012, even some growth rates were negative,
which meant that although the quantity of medical ser-
vices increased, the growth rate did not match the

submit your manuscript

160

Dove

Risk Management and Healthcare Policy 2021:14


https://www.dovepress.com/get_supplementary_file.php?f=287841.docx
http://www.dovepress.com
http://www.dovepress.com

Dove

Wang et al

increase in the number of hospital beds. In addition, the
level of comprehensive medical care in IDHs needs to be
improved. Traditional IDHs, mainly in internal medicine,
cannot meet the actual needs. The rates of surgical inpa-
tients leaving the hospital without the doctor’s advice,
unplanned re-surgery and the surgical inpatient mortality
were higher in 2017 than in 2016. This indicated that the
level of surgical care in IDHs was generally weak, and
high-quality medical services could not be provided for
surgical patients, resulting in increases in the values of
the above three surgery-related indicators.

Analysis content is limited by available data and their
form. First, some data are not available online, leading to the
use of their nearest neighbour data instead, which may lead
to inaccurate results. Second, since the number of beds in
IDHs in each region is not available, the number of infec-
tious disease beds in all hospitals in each region is used
instead, when analyzing the regional distribution of the
number of beds. Third, due to the lack of similar literature
at home and abroad, there are few data available for com-
parison, or the data used for comparison is not the latest.
Fourth, since the China Health Statistics Yearbook 2020 has
not been released, we could not analyze the data for 2019.

Based on the present longitudinal analysis of national
survey data, the scale of IDHs in China was generally small,
the ability to respond to major emergencies was weak, the
problem of irrational resource allocation was still prominent,
and the operation of IDHs was facing a dilemma. More
efforts will be needed to strengthen the construction and
development of the public health system in the future.
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