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It is well known that leprosy has an uneven distribution and its prevalence is associated with the socioeconomic development of the area concerned. China is a country of 9.6 million sq. km . with a wide range
of geographical conditions. Its 1.12 billion
population consists of 56 ethnic groups of
which 96% are Han. Besides Mongolians in
the north, Uyur in the northwest and Tibetans on the high Himalayan Plateau, the
other divergent ethnic minorities live mostly in the mountainous areas of the southwestern provinces. Taking these into consideration, China set a two-tier objective at
the 1981 Second National Leprosy Conference in Guangzhou: to eliminate leprosy
(prevalence < 0.1/10,000/county) from at
least 95% of its 2510 counties by the end of
this century.
This paper compares the prevalence and
detection rates since 1955 plus the features
of new patients detected after 35 years of
control (1980-1993) in two prefectures of
widely divergent geographical conditions
and socioeconomic development. The
prevalence and detection rates until the year
2000 are extrapolated with the purpose that
appropriate measures be taken to meet the
national goal by year 2000.

MATERIALS AND METHODS
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dong Peninsula, consists of 10 counties. The
effects of 25 years of intensive control have
been reviewed previously ( 3 ). Wenshan Prefecture of Yunnan Province, one of the 30
autonomous prefectures established within
the country, borders on Vietnam and has
eight counties. Besides Han, Zhuang and
Miao there are a total of 17 different ethnic
groups living in this subtropical, landlocked, mountainous area. Although leprosy control as part of the national program
was initiated in the late 1950s, organized
control only began 10 years later when the
Prefectural Institute of Dermatology was established (Fig. 1; Table 1).
Measures of control were mainly clue survey plus contact tracing followed by institutionalized dapsone monotherapy until
clinical cure (clinical, histopathology and
smear negative) plus 2-5 years of maintenance therapy with dapsone. In clue surveys, the 10 major symptoms of leprosy plus
methods of case finding were taught in 2-3
days to the primary health workers of the
township health center and the village clinics under its administration. In addition to
health education on leprosy, the major leprosy symptoms also were made widely
known to the public in the villages concerned. All suspects were examined clinically and smears taken for acid-fast bacilli
(AFB) by experienced leprosy workers and
technicians and were further confirmed by
histopathology ( 3 . 5 ).
China followed the Madrid classification
until 1970, but the Ridley-Jopling classification has since been adopted of which borderline (B) and LL-BL-BB are classified as
multibacillary (MB) for the present study.
Rifampin plus dapsone was introduced in
1979 and substituted by multidrug therapy
(MDT) in 1986. Weifang treated all patients
with MDT until smear negative; Wenshan
adopted the fixed duration regimen [MB 24/
36, paucibacillary (PB) 6/9 months] (").
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1. Map of the People's Republic of China.

RESULTS
Prevalence
Prevalence was highest in 1960 for Weifang (10.1/10,000) and in 1973 for Wenshan (19.7/10,000). In Weifang prevalence
declined gradually through reduction of reservoir of infection by repeated systematic
clue surveys (1965, 1971, 1975 and 1983)
and the treatment of all confirmed cases with
dapsone until smear negative as well as decreases due to death, lost to follow up, etc.
There was a sharp decline from 1985 (0.05/
10,000; 395 patients) to 1986 (0.02/10,000;
15 patients) due to screening of old patients
for MDT and deleting from the registry those
who were declared clinically cured.
In Wenshan, on the other hand, prevalence remained at about 18.0/10,000
through 1979, when rifampin plus dapsone
therapy was introduced, and declined further after the implementation of fixed duration MDT, from 0.49/10,000 in 1985
(1335 patients) to 0.27/10,000 in 1986 (763
patients). Although patients completing 6—

24 months of MDT were not counted any
more as patients, prevalence again remained at about 1.0/10,000 between 19881993 while annual input of about 150 new
patients, presumably from individuals infected before MDT, remains steady (Fig. 2).
Case Detection

Before the implementation of MDT,
Weifang already had kept leprosy under
control, reducing the detection rate from
35.23/100,000 in 1956 to 0.66/100,000 in
1985; decreasing further with MDT (0.05/
100,000 in 1993), reflecting the reduction
of transmission since the 1960s.
In the late 1950s Wenshan placed more
effort on case finding which caused the sharp
decline between 1957-1961, but in the following 10 years the detection rate remained
at 10 to 15/100,000. With the establishment
of a network of eight county skin disease
control stations in 1973 and the introduction of rifampin plus dapsone therapy in
1979, improved case finding activities plus
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TABLE 1. General profile of Weifang Prefecture, Shandong Province, and Wenshan
Prefecture, Yunnan Province, China.
Wei fang

^

Wenshan

17,024 sq. km .

103°33'-106°1 l'E
22°34'-23°28'N
33,659 sq. km .

Population
1958
1992

8,520.000
8,690,000

1,430,000
2,970,000

Persons/sq. km .
1992

510/sq. km .

88/sq. km .

temperate

subtropical
800-1,300 mm
mountains (> 70%)
Han, Miao, Zhuang, Hui, etc.
(totaling 17 ethnic groups)

Longitude
Latitude
Area

118°10'-120°01'E
35°35'-37°26'N

Climate
Annual rainfall
Terrain
Nationality

alluvial plain
I Ian

GNP/capita (10.111')
1985
1991

970.5
3,094.0

322.0
564.1

103.1
957.0

41.6
233.0

Annual income/capita (RMB)
1980
1982
Infant mortality
1990

550-950 mm

23.68/1,000

66.73/1,000

Life expectancy
^
70.7 yrs.^
63.8 yrs.
1991 Male
^
74.1 yrs.^
66.3 yrs.
Female
Cumulative no. ^12,251 (1955-1993)^8,579 (1957-1993)
patients detected
RMB Renminbi (monetary unit in China).

cure and deleting from the registries due to
patients lost to follow up and deaths caused
the drop in the two following years (19741975 and 1979-1980); thereafter, however,
it remained at about 5/100,000 (Fig. 3).
The prevalence and case detection rates
in Weifang already coincide with each other
between 1975 and 1981. With the more vigorous case finding in the 1980s, the rate of
decline was also similar. In Wenshan these
two rates declined very slowly until 1986.
After the implementation of fixed duration
MDT ( 10 ), the annual relative decline of
prevalence increased from 4.7% (19601985) to 18.2% (1986-1992) (Table 2);
whereas the detection rate remained unchanged.

The peak of detection was in the 30-39 age
group for males. For females, it was in the
20-29 age group for MB and between 2049 years for PB patients. In females proportionally more cases were detected between the age of 20-49 years, which bespeaks the proneness to leprosy during child-

Features of new patients detected
Type-, age- and sex-specific rates. In
Wenshan the detection rate was lower in
females in both MB and PB types ofleprosy.
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FIG. 2. Registered leprosy prevalence in Weifang
and Wenshan Prefectures of China, 1955-1993. ■ =
Weifang; + = Wenshan.
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FIG. 3. Leprosy detection rates in Weifang and
Wenshan Prefectures of China, 1955-1993. ■ = Weifang; + = Wenshan.

bearing age, and more for MB leprosy. The
type-, age- and sex-specific detection rates
in Wenshan, compared with the findings reported by Lechat ( 2 ), shifted toward the older age groups, reflecting the delay in case
detection. But the decline in the general trend
of leprosy in China may also play a role (Fig.
4, a and b).
MB rate. In Weifang, the MB rate was
53% in 1982, decreasing to 44% in 1984,
and then increasing steadily to 80% in 1991
and 1993, representing only 4-5 patients
detected each year. Although Wenshan generally also has shown a rising MB rate, this
increase was less marked and appeared with
less regularity (Fig. 5).
Deformity rate. Visible deformity (ID) was
consistantly high for the patients detected
each year in Wenshan; in Weifang it varied
between 0% and 32% in the last 5 years,
representing the few patients detected each
year (6/10, 1/9, 0/5, 1/4 and 1/5 in the successive years between 1989 and 1993). They

1980 81 82 83 84 85 86 87 88 89 90 91 92 93
Year of Diagnosis

FIG. 5. Multibacillary rates at diagnosis. ■ = Weifang; + = Wenshan.

were most likely the last few patients who
had escaped detection in the past (Fig. 6).
Child rate. In Weifang no children < 15
years old were detected in the last 8 years
due to interruption of transmission several
decades ago, as mentioned above, and in
Wenshan this figure varied between 4%-9%
(Fig. 7). In 1985, a survey of 228,057 (a
survey of 47.5% of the total population of
children) 4 to 15-year-old children detected
only 3 patients (one each of indeterminate,
TT and BT; 1.3/100,000) (unpublished
data). This low figure is likely due to local
leprosy workers missing early cases.
Detection at the year of onset. The increased early detection since MDT imple-

mentation in Wenshan is highly significant
(Table 3); it fluctuated widely in Weifang,
again due to the small number of patients
detected each year.
Voluntary reporting. There was an increasing discrepancy in the proportion of
voluntary reporting by patients between
these two prefectures. In Weifang voluntary
b. PB
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FIG. 4. Detection rates of leprosy by sex, age and type in Wenshan Prefecture, China, 1980-1993. ■ = Males;
+ = females.
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TABLE 2. Annual relative decline of prevalence before (1960-1985) and after (19861993) MDT in Weifang, Shandong, and Wenshan, Yunnan Provinces, China.

Prefecture

Cumulative
no. patients

Period^Therapy"

Wei fang

1960-1985
1986-1993
1960-1985
1986-1993

Wenshan

DDS/R + D
MDT
DDS/R + D
MDT

Prevalence
at end
of period
(1/10,000)

Prevalence at
beginning of
period
(1/10,000)

5380^10.1^0.5
148^0.5^0.04
^
5118^16.5^4.9
4.9^1.2
1013

Annual
decrease
(R%) 6
11.3
26.2
4.7
18.2

DDS/R+D MDT = Dapsone/rifampin + dapsone; MDT = multidrug therapy.
R % = 1 — " N/P„/P„ x 100% where P„ = prevalence at year of start, P„ = prevalence at year of end, and n
= number years of observation.

reporting increased to 100% in 1991 and
1993; in Wenshan it increased from 22% in
1982 to 60% in 1986 and, after a decrease
to 49% in 1987 and an increase to 55% in
1990, has been falling rather rapidly in the
last 3 years (Fig. 8).

ities in Wenshan since the implementation
of MDT in 1986 (Table 4).

Prediction of leprosy trend
Comparing with the grey dynamic (improved exponential) 9 ) and linear regression models, it was found that the geometric
Socioeconomic development
progression method can reflect the epideWith the reform and open-door policy in miological trend more satisfactorily. Using
China since 1978, Weifang has experienced the data of detection and prevalence rates
a rapid growth of average annual income of these two prefectures for the period be(AIC) and gross prefectural product per cap- tween 1986 and 1993, the number of paita (GNP) since 1985 (increase of 9.3-fold tients in the coming years was extrapolated.
and 3.2-fold, respectively). In Wenshan, It was found that by year 2000, Weifang
however, the economic development has may detect only one patient and will have
been rather slow (increase of GNP 5.6-fold six patients undergoing MDT. Based upon
and AIC 1.75-fold) (Fig. 9, a and b). The the estimated population by the year 2000,
negative correlations between the growth of the detection rate will be 0.13/100,000; the
GNP with the detection and prevalence rates prevalence rate, 0.008/10,000. Wenshan
of leprosy are highly significant for both pre- may detect 100 new patients and 106 pafectures. However, there is a negative cor- tients may still be undergoing therapy, givrelation of these rates with AIC in Weifang ing a detection rate of 2.98/100,000 and a
and a positive correlation in Wenshan. This prevalence rate of 0.32/10,000 by year 2000
is likely due to the increased control activ- (Fig. 10, a and b).
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TABLE 3. Delay of detection in 1967 patients diagnosed before (1980-1985) and Wier
(1986-1993) implementation of .11DT, IVenshan Prefecture, Yunnan Province, China."
Period

1980-1985
1986-1993
Total

No. patients detected between onset and diagnosis

1
263 (32.0)"
468 (40.8)
731 (37.2)

= 46.14; degree of freedom

=

1-2

2-5

> 5 years

189 (23.0)
309 (27.0)

231 (28.1)
275 (24.0)

498 (25.3)

506 (25.7)

138 (16.8)
94 (8.2)
232 (11.8)

Total

821 (100)
1146(100)
1967(100)

(4 —^1)(2 — I) = 3; p < 0.001.

Figures in parentheses are percentages.

DISCUSSION
Leprosy control was launched in China
in the mid-1950s with dapsone monotherapy until clinical cure plus prolonged maintenance therapy. Leprosy was prevalent and
more effectively controlled in the provinces
along the coast, but the economically lessdeveloped provinces in the southwest were
lagging behind. Since the introduction of
MDT in 1986, Wenshan Prefecture (based
upon the experiences gained at Menla
County, Yunnan Province since 1983 4 ' 5 )
adopted the fixed-duration regimen and
Weifang Prefecture treated all patients until
smear negative according to the standards
set at the 1982 National Leprosy Technical
Conference in Nanjing ( 5 ). Therefore, the
study of the effects of control in these two
prefectures has nationwide implications.
After 10 years of control there has been a
markedly downward prevalence trend in
Weifang since 1965 through effective case
finding and treating all patients with dapsone until clinical cure. In Wenshan, on the
other hand, the downward trend began only
in 1979, when rifampin plus dapsone was
introduced, and took momentum since
1985, when 572 old cases were screened for
MDT and removed from the registry.
In Weifang, the detection and prevalence
rates were already close to the elimination
level when MDT was introduced. With the
continued control efforts, these two rates
were almost identical (a difference of 1:10)
from 1975 until 1981. Case finding again
was intensified following the declaration of
the basic elimination in November 1981;
hence, the rising detection rate between
1981-1984 and, correspondingly, no decrease of prevalence during this period. Since
1985 with the declining detection numbers
and increasing number of patients cured,
these two rates again were clearly together.

In Wenshan, due to the underdetection
and the treatment of patients until clinical
cure, there were proportionally more patients on the registry, the number of whom
declined sharply with the shortened period
of therapy and having been deleted from
registries as cured since 1986 (IC ) ). The detection rate remained constant; thus causing
the increasing difference between detection
and prevalence rates.
It is well known that leprosy prevalence
is associated with socioeconomic development (I, 7,8, 12), and the effectiveness of control depends upon communication facilities
and input from the health services. The difference in the socioeconomic growth and
prevalence rates in Weifang increased more
than in Wenshan with the open-door policy
and market reform since 1985.
From the features of new patients detected since 1980, Weifang's MB rate rose
faster than Wenshan's and no more children
< 15 years old were detected since 1986. It
may be noted that Weifang already has kept
the infection and spread of leprosy under
control. In Wenshan the detection rate is
still high and, in conjunction with the high
child and deformity rates plus the decreas100
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Fla. 8. Percentages of those reporting voluntarily
in newly diagnosed leprosy. ■ = Weifang; + = Wenshan.
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TABLE 4. Simple correlation between detection/prevalence rates and gross prefectural
product (GNP)/average annual income per capita in Weifang and Wenshan, China, 19851991.
Detection

Prefecture

^
p

Prevalence

^r^p

^

^
^
Weilang^—0.9727^<0.001^—0.8373 ^< 0. 00 1
^
Wenshan^—0.7828
—0.8842
< 0.001
< 0. 00 1
^
^
^
Incom e
Wei fang^—0.9499^< 0. 00 1^
—0.7801
^
^<0.002
Wenshan^0.9786
<0.001
0.8062
<0.001

GNP

ing rate of voluntary reporting, more effort
in case finding and health education activities is urgently required. Perhaps the existing rural health system should be upgraded and more fully utilized.
A previous study of age at onset by year
of birth in Shandong indicated continued
declining age-specific incidence rates for
males and females for the cohorts from
1920-1929 to 1950-1959 ( 3 ). A continued
analysis of the succeeding cohorts for 19601969 showed a similar trend (Fig. 11, a and
b) (unpublished data). As Weifang constitutes about 1/10 of Shandong's total population (8,640,000/84,393,000 = 9.77%;
1991) and about 1/4 of Shandong's cumulative number of leprosy patients (12,251/
53,328 = 22.97%; 1955-1993), it may be
said that the decline in the age-specific incidence in the succeeding cohorts of Shandong Province is also applicable for Weifang Prefecture.
The protective effect of BCG vaccination
against leprosy was reported to vary between 23% (Chengalpattu, India) to 80%
(Uganda). A case-control study in Tamil
Nadu, India, suggested that BCG increased

the risk for indeterminate leprosy but was
protective against the more severe forms ( 6 ).
Shandong Province initiated BCG vaccination in the 1970s, reaching 90% coverage
in newborns and schoolchildren in 1990.
Since the detection was generally low in
children and high in adults, with the known
low detection in indeterminate leprosy, BCG
apparently also has played some role in the
reduction of morbidity of leprosy. On the
other hand, BCG coverage in Yunnan Province is low in children (52.3%, 1992). BCG
vaccination, like other health programs, is
hampered by the difficult terrain and low
socioeconomic development.
Although regularity of MDT was high (>
98%) once the patients were detected, other
control activities such as surveillance and
disability prevention require continued attention in the management of the program.
It is estimated that Weifang may detect 1
patient and have 6 patients under therapy
by the year 2000 and in Wenshan these figures will be 100 and 106, respectively. As
indicated by WHO, with a high coverage of
MDT the detection/incidence and prevalence rates will approximate each other by

b. Wenshan

a. Weifang
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R = -0.8842; p 0.001

001
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^
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001
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R = -0.8373; p 0.001

Flo. 9. Correlation between gross prefectural product (GNP) and leprosy prevalence, 1985-1991. ■ = GNP
[RMB (renminbi = monetary unit in China)]; + = prevalence.
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FIG. 10. Numbers of cases detected and prevalence in Weifang and Wenshan Prefectures, China, 1986-2000.
■ = Detection; + = prevalence.

the end of this century 13 ). Shandong already had reached the elimination goal in
all of its 104 counties (inclusive of the 10
counties of Weifang) in May 1994. It is expected that the two most prevalent counties
of Wenshan (prevalence 1.3-1.6/10,000)
also may meet the national goal of elimination in the early part of the next century,
if the present trend of detection continues.
There are more counties, such as those in
Wenshan, in the outlying mountainous areas of the country. Only 5-6 years are left
for us :o reach the elimination target. At the
International Conference on Elimination of
Leprosy (Hanoi, 4-7 July 1994), the participating countries recommended the implementation of the Global Plan of Action for
the Elimination of Leprosy as a Public
(

Health Problem by the Year 2000. It is high
time for us to identify such areas and bring
the benefit of cure to all persons afflicted
with leprosy and to prevent them from becoming disabled.
SUMMARY
In Weifang Prefecture, Shandong Province, and Wenshan Prefecture, Yunnan
Province of China, leprosy was highly prevalent in the 1950s. Due to differences in
geographical conditions and socioeconomic
development, the decline in leprosy prevalence between 1955 and 1993 was 99.5%
(10.1 to 0.05/10,000) in Wei fang and 93.9%
(19.7 to 1.2/10,000) in Wenshan. The decrease in the detection rate was 99.9% (35.2
to 0.05/10,000) in Wei fang and 91.7% (69.9
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FIG. 11. Age-specific incidence of leprosy by year of birth and sex, Shandong Province, China, 1920-1969.
Cohorts and number of patients in each cohort by sex: ■ = 1920-1929 (M = 2009, F = 649); + = 1930-1939
(M = 3610, F = 706); * = 1940-1949 (M = 3153, F = 114); ^ = 1950-1959 (M = 905, F = 400); x = 19601969 (M = 346, F = 177).
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to 5.8/10,000) in Wenshan. The decrease
was more apparent in these two prefectures
since the implementation of multidrug therapy (MDT) in 1986. Findings such as specific detection rates by age, sex and type, as
well as the multibacillary, child, and deformity rates of patients detected since 1980
were studied. Using the detection and prevalence rates between 1980 and 1993, the
number of patients until the year 2000 is
extrapolated for these two prefectures.

by the Sasakawa Memorial Health Foundation; in
Wenshan, by the World Health Organization. We arc
thankful for the assistance in the statistical analysis of
data by Dr. Yang Zhong-Min, Associate Professor,
Cancer Research Institute, Chinese Academy of Medical Sciences, Beijing, and extend our sincere gratitude
to Prof. NI. Lechat for his valuable comments.
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