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Abstract. Leprosy is aninfectious disease caused by Mycobacterium leprae. China was once one of the countries with
severe leprosy epidemics, but its incidence has remained low in recent years. Despite this, there has been no decrease in
its incidence more recently, and it is still a public health problem which needs to be controlled. In this study, we analyzed
the epidemiological characteristics and trends in the detection rate of new cases of leprosy in China between 2004 and
2016. There were 4,519 cases of leprosy in 28 provinces, municipalities, and autonomous regions between 2004 and
2016, and the total incidence was 0.02815 (per 100,000 individuals) and 21 deaths. The overall incidence of leprosy
showed an inverted “V” distribution (i.e., an increase followed by a decrease). Yunnan, Sichuan, Guangdong, Guizhou,
and Guangxi were the top five regions with the highest incidence rates, and they accounted for 68.7% of the total cases.
There were more male patients than female patients, and peasants accounted for 71.7% of the leprosy cases. The
patients with leprosy in China were mainly concentrated in the age-group 15-44 years, as this group accounted for 57.2%
of the total cases. The purpose of this study is to explore the epidemiology of leprosy in China. This analysis will be useful
for future monitoring of leprosy and establishment of public health measures in China, in keeping with the “Programme for

the Elimination of Leprosy in China 2011-2020.”

INTRODUCTION

Leprosy, a chronic infectious disease caused by Myco-
bacterium leprae infection, primarily invades the skin and
peripheral nerves and causes irreversible neurological dam-
age and chronic disability. This disease has been plaguing
humans for at least 100,000 years and still affects millions of
people all the world. At present, leprosy is mainly distributed in
tropical and subtropical parts of the world such as Asia,
Central America, Africa, and South America; its distribution
may be related to poor sanitary conditions in these areas and
has little association with warm climate.?

According to a WHO report published in 2018, there were
208,619 new cases of leprosy in the world, and these new
cases are mainly concentrated in 23 global priority countries.®
China was once one of the countries with severe leprosy ep-
idemics*: In 1975, more than 400,000 cases of leprosy were
registered nationwide in China. After the combination che-
motherapy program was adopted in 1986, the number of
patients rapidly declined.>® By 1994, 80% of the provinces
and cities in China had reached the basic elimination index
(with a prevalence rate of 1/100,000 individuals.” However, the
number of new cases in China has not decreased in the past
15 years, and leprosy remains an important health problem in
some regions of China.® Moreover, China is adjacent to India,
Myanmar, and Nepal, which belong to the 23 priority coun-
tries, and as a result, there is an increased risk of imported
cases. In addition, drug-resistant cases have emerged since
combination chemotherapy was started,>'° and this has led
to increased difficulty in treatment and control. Thus, it is
important to monitor the incidence of leprosy in China and
understand its patterns, to aid efficient prevention and man-
agement of this disease.
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This study uncovers the epidemiological characteristics
and trends of leprosy in China between 2004 and 2016. This
analysis will be useful for future monitoring of the disease and
public health measures in China.

MATERIALS AND METHODS

Data sources. Although a national standardized reporting
system for selected infectious diseases has been established
since 1955 in China, leprosy was included in the system only in
1978."" The paper-based method of reporting notifiable dis-
eases in 1950 was replaced by the electronic version in 1985;
following this, an Internet-based case reporting system was
introduced in 2003. Therefore, patient data have been more
accurate and detailed since 2004. In this study, the number,
age, and geographic data of patients with leprosy from 2004 to
2016 were collected from the Public Health Data Center. In
addition, the annual population data of the year 2004-2016
were collected from the data published on the website of the
Chinese National Bureau of Statistics.

Statistical analysis. We used joinpoint regression mod-
els'? to examine the incidence and mortality trends of leprosy
from 2004 to 2016 and to identify changes in the trends at
every stage. The software program Joinpoint Regression
Program Version 4.7.0.0 (Statistical Research and Applica-
tions Branch, National Cancer Institute) was used to build the
joinpoint regression models and calculate annual percentage
change (APC) and average APC (AAPC) as indicators of
trends. Annual percentage change is a measure used to
characterize trends in rates over time. One advantage of
characterizing trends this way is that it is comparable across
scales. Average annual percentage change is a summary
measure of the trend over a prespecified fixed interval. It is a
single variable that represents the average APC over a period
of multiple years. The Z test or t-test was used to assess
whether an APC or AAPC was significantly different from zero.
Theterms “increase” and “decrease” were used when P <0.05
for the Z test or t-test. A non-significant APC (P > 0.05) was
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described as stable, and it indicated that the incidence was
maintained at a perennially stable level or that the incidence
was perennially unreported or only reported sporadically.

The incidence (per 100,000 individuals) was calculated as
the number of new cases of leprosy per year divided by the
mid-year population size. This study included 28 provinces,
municipalities, and autonomous regions, which were divided
into two parts: the southern region (Shanghai city, Jiangsu
Province, Zhejiang Province, Anhui Province, Fujian Province,
Jiangxi Province, Hubei Province, Hunan Province, Guang-
dong Province, Guangxi Zhuang Autonomous Region,
Chongging city, Sichuan Province, Guizhou Province, Yunnan
Province, and Hainan Province) and the northern region
(Beijing city, Tianjin city, Hebei Province, Shanxi Province,
Heilongjiang Province, Liaoning Province, Jilin Province,
Shandong Province, Henan Province, Shannxi Province, Gansu
Province, Qinghai Province, and Xinjiang Uygur Autonomous
Region).

Gender-based differences were analyzed in this study. We
divided the population into the following age-groups: <0, 0-5,
5-10, 10-15, 15-20, 20-25, 25-30, 30-35, 35-40, 40-45,
45-50, 50-55, 55-60, 60-65, 65-70, 70-75, 75-80, 80-85,
and > 85. The epidemiology of leprosy in 17 different groups
according to occupation was analyzed: Peasant, Worker,
Houseworker or Unemployed, Student, Migrant Worker,
Others, Unknown, Retiree, Commercial Waiter, Scattered

0.0304

Yearly incidence,per 100000
S
N

0.0204

0.0151

Children, Cadre Staff, Teacher, Fisherman, Caterer, Herds-
man, and Medical Staff.

IBM SPSS Statistics v. 22.0 (IBM, New York, NY) and Excel
2010 (Microsoft Corp., Redmond, WA) were used to extract
data and sort and clean it. IBM SPSS Statistics v. 22.0 and
R x64 3.5.2 were used for further data analysis. Maps were
developed using the tmap package in R (source: Chinese
CDC, http://www.chinacdc.cn/).

We received the approval of the Ethics Committee of the
National Institute for Communicable Disease Control and
Prevention at the Chinese CDC (http://www.chinacdc.cn/) to
access the data and we anonymized it.

RESULTS

Incidence and mortality rate. In the period 2004-2016,
there were 4,519 cases of leprosy across the 28 provinces,
municipalities, and autonomous regions, and the total in-
cidence was 0.02815 (per 100,000 individuals), with 21 deaths
reported. The average number of cases per year was 347.6.
The overall incidence of leprosy showed an inverted “V” dis-
tribution (i.e., an increase followed by a decrease, Figure 1 and
Table 1). From 2004 to 2008, the incidence showed a gradual
upward trend, and it peaked in 2008. From 2008, the incidence
slowly declined. However, the overall trend was relatively
stable (AAPC =2.8,95% Cl =-1.210 6.9, P = 0.200).

2004-2008: APC, 16.723, 95%CI, 3.644 to 31.452, P=0.017
2008-2016: APC, -3.584, 95%Cl, -7.013 to -0.028, P=0.049
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Ficure 1. Trends in the incidence of leprosy by year over the period 2004-2016 in China.
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TaBLE 1

Incidence/rate of leprosy and number of leprosy-related deaths in
2004-2016 in China

Year No. of patients Incidence (1/100,000) No. of deaths
2004 203 0.01566 2
2005 296 0.02270 3
2006 292 0.02227 3
2007 367 0.02785 2
2008 395 0.02982 1
2009 424 0.03185 0
2010 381 0.02848 4
2011 352 0.02619 0
2012 430 0.03184 3
2013 402 0.02962 2
2014 349 0.02558 0
2015 344 0.02509 1
2016 284 0.0206 0
Total 4,519 0.3378 21

Incidence (per 100,000) is calculated as the number of new cases of leprosy per year divided
by the mid-year population size.

Regional distribution. The incidence of leprosy in southern
Chinais higher than that in northern China (P = 0.000). Yunnan
(918 cases), Sichuan (661 cases), Guangdong (660 cases),
Guizhou (616 cases), and Guangxi (250 cases) were the
top five regions with the highest incidence rates. They were
followed by some areas in the southeast, and the lowest
incidence rates were found in the northeastern provinces.
NingXia Hui Autonomous Region, Inner Mongolia Auto-
nomous Region, and Heilongjiang Province did not report
any cases during the study period (Figure 2). Yunnan and
Guizhou had the highest incidence rates. The top five regions
with the highest incidence rates accounted for 68.7% of
the total cases. The southeastern coastal areas were also
among the regions where the number of cases was relatively
concentrated.

In the study period (2004-2016), the number of cases in
each region was between 0 and 103. Furthermore, the number
of cases in most regions in China was less than 10, and the
regions with less than 10 cases between 2004 and 2016 in-
cluded Beijing, Gansu, Hebei, Henan, Hubei, Jilin, Liaoning,
Qinghai, Shanxi, Shannxi, Tianjin, Xizang, and Xinjiang.

Gender, age, and occupational distribution. Of the 4,519
patients with leprosy in China reported in the study period,
3,209 (71.1%) were male and 1,310 (28.9%) were female.

From 2004 to 2016, 341 new cases of leprosy in children
who were < 15 years old were reported, and these accounted
for 7.6% of the total cases. There were 2,586 cases among 15-
to 44-year-olds, who accounted for 57.2% of the cases; 212
cases in 45- to 65-year olds, who accounted for 4.7% of the
total cases; and 292 cases among those above 65 years, who
accounted for 6.5% of the patients. Thus, the patients were
mainly concentrated between the ages of 15 and 44 years
(Figure 3).

Table 2 shows the incidence of leprosy according to oc-
cupation. Peasants accounted for 71.7 % of the leprosy cases,
whereas kindergarten children accounted for 5%.

DISCUSSION

Despite its worldwide prevalence, leprosy is still a poorly
understood disease. Although the global incidence has sig-
nificantly decreased over the years, in many areas where
leprosy is endemic, the incidence of the disease has not

decreased significantly over the past decade. Moreover,
among the millions of people who have been cured with
multidrug therapy, a large number of patients still suffer from
long-term complications, including permanent and temporary
deformity, disability, and social stigma.

Theincidence of leprosy has remained low in Chinain recent
years, but the morbidity rates throughout the tropical zone are
still significant. In 2011, the “Programme for the Elimination of
Leprosy in China 2011-2020” was launched to aid pro-
fessional training, early detection, and supervision of treat-
ment, and to integrate information-specific information,
education, and communication.'® The program was built on
two specific objectives: halving the total number of cases in
2010 by 2020 (i.e., 3,300) and reducing the prevalence to
below 1/100,000 in 98% of the counties.® The first goal (i.e.,
reducing the number of cases to 3,230) was achieved in 2015.
To achieve the second goal, we need to know more about the
trends and characteristics of leprosy in China and develop
prevention and control measures for these characteristics.
The present study sought to gather and analyze this in-
formation related to leprosy trends.

In the study period, that is, 2004-2016, the total incidence of
leprosy in China was 0.02815 (per 100,000 individuals), which
is below 1/100,000, and the overall trend was relatively stable.
Since 2004, the incidence of leprosy showed a gradual up-
ward trend. This trend is mainly attributable to the following
two reasons. First, as the notifiable disease reporting method
switched from paper-based reporting to internet-based
reporting, the timeliness of reporting has improved. Second,
the technological improvements in diagnosis through ad-
vances in laboratory detection and case identification meth-
ods might have led to an increase in detection and, thus,
incidence. After 2008, the incidence of leprosy slightly de-
creased. Various strategies have been implemented to pre-
vent the spread of infectious diseases after the SARS
epidemic in China. These strategies include improvements in
early surveillance and warning with enhanced screening.
Moreover, major special national science and technology
projects on prevention and control were launched at the end of
2008.

In general, the overall leprosy incidence in Chinais low, but it
is widely distributed. In the past 13 years, only three regions
have not reported new cases. In addition, its distribution is
extremely unbalanced, as it is concentrated in the southwest
and south-central regions, especially Yunnan, Sichuan,
Guangdong, Guizhou, and Guangxi. This is in agreement with
previous studies.*'* The high incidence in these five regions
may be related to the high population density to some extent.
Yunnan, Sichuan, and Guangxi are ethnically diverse, moun-
tainous, and underdeveloped areas. The high prevalence of
leprosy in Yunnan may be related to the socioeconomic level
to some extent.

Exposure to M. leprae alone is not enough to cause leprosy.
The involvement of a genetic susceptibility factor is highly
likely to be one of the reasons for clinical leprosy.'® Currently, a
few common risk variants (genes/proteins) have been dis-
covered in the Chinese Han population by genome-wide as-
sociation studies.'®~'® The HLA-DRB1*13 allele was found to
be associated with leprosy in the Liangshan Yi Autonomous
Region of Sichuan Province.?° To further understand genetic
susceptibility to leprosy, more genome-wide association
studies should be performed in ethnic minority areas that are
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Ficure 2. Distribution of leprosy cases in different regions of China. (A) Distribution of leprosy cases in different provinces of China from 2004 to
2016. (B) Annual distribution of leprosy cases in different provinces of China from 2004 to 2016. This figure appears in color at www.ajtmh.org.

highly endemic (such as Buyi and Miao Autonomous Pre-
fecture in Guizhou Province?").

A factor that shapes the epidemiological portrait of leprosy
is movement of peoples around the globe and within nations;
in fact, migration®® presents unique challenges to leprosy

control in the twenty-first century.?22% Historical evidence
shows that leprosy spread from India to China around 500
BC?*and that the disease has been endemic in China for more
than 2000 years. As China is adjacent to India, Myanmar, and
Nepal, which belong to the 23 priority countries, the import of
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Ficure 3.  Distribution of leprosy cases among different age-groups in China from 2004 to 2016. This figure appears in color at www.ajtmh.org.

leprosy cases is highly likely. In particular, the regions that
border these five countries should be on alert to prevent cross-
provincial importation.

The focus of leprosy control should be the 15-44 year age-
group, which accounts for 57.2% of the total cases. Therefore,

TABLE 2
Distribution of leprosy patients according to occupation
Occupation Case no. Percentage
Peasant 3,241 71.72
Worker 210 4.65
Houseworker or unemployed 201 4.45
Student 186 412
Migrant worker 181 4.01
Others 124 2.74
Unknown 102 2.26
Retiree 72 1.59
Commercial waiter 70 1.55
Scattered children 32 0.71
Cadre staff 23 0.51
Teacher 18 0.40
Fisherman 15 0.33
Caterer 14 0.31
Herdsman 12 0.27
Medical staff 6 0.13
Kindergarten children 5 0.11
Seafarers and long-distance drivers 4 0.09
Waiter in public place 2 0.04
Children’s nurse 1 0.02
Total 4,519 100.00

individuals belonging to these age-groups are at high risk of
leprosy. This is probably because those in this age-group have
a wide range of social activities, greater mobility, and lesser
knowledge about the disease. The monitoring of such pop-
ulations should be strengthened in the future. In most Asian
countries, male patients outnumber females, whereas in
Africa, leprosy affects women more than men.2® For example,
women in Bangladesh®® and Nigeria®” were less aware of
causation and had fewer opportunities to access medical
services than men. A research in Sichuan Province in China
showed that more men were diagnosed with leprosy than
women; this might be due to the fact that women mostly
stayed at home and received less health-related in-
formation.?® This may also explain why there were more male
patients than female patients in our study. Therefore, it is
necessary to strengthen community health education to im-
prove women’s awareness of leprosy. Moreover, women with
suspected leprosy should be encouraged to actively detect
the early symptoms of leprosy and then report to the doctor for
treatment. In addition, the present findings indicate that
peasants are the main occupational group affected by leprosy;
therefore, monitoring should be strengthened in this group.
Delayed diagnosis and misdiagnosis of leprosy have always
been the problems, as there is a lack of quick and accurate
detection methods for diagnosis. Monitoring for early symp-
toms is an effective approach to eliminate and control leprosy
in the future. The current strategy for leprosy control in Chinais
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based on multidrug therapy, as recommended by the WHO in
1982. Combination therapy with dapsone, rifampicin, and
clofazimine is recommended for the treatment of multi-
bacillary leprosy, whereas therapy with dapsone and rifam-
picin is recommended for paucibacillary leprosy. Moreover,
ofloxacin is a key drug in the treatment of single-lesion leprosy
cases and drug-resistant cases.?® However, drug-resistant
cases emerged after combination chemotherapy was started,
and this resulted in increased difficulty in treatment and con-
trol of the disease.

There are several limitations to the study. For one, the in-
cidence of leprosy could have been underestimated because
of under-diagnosis and under-reporting, as individuals with
mild symptoms may not consult medical institutions and their
data may not be entered into the system. In addition, as dis-
ability grades are not provided in the available data, it is diffi-
cult to analyze the data in more detail.
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