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SUMMARY diagnosis, treatment, and prevention of the disease, with particu-

Visceral leishmaniasis (VL) caused by Leishmania spp. is an im-
portant vector-borne and largely zoonotic disease. In China, three
epidemiological types of VL have been described: anthroponotic
VL (AVL), mountain-type zoonotic VL (MT-ZVL), and desert-
type ZVL (DT-ZVL). These are transmitted by four different sand
fly species: Phlebotomus chinensis, P. longiductus, P. wui, and P.
alexandri. In 1951, a detailed survey of VL showed that it was
rampant in the vast rural areas west, northwest, and north of the
Yangtze River. Control programs were designed and implemented
stringently by the government at all administrative levels, result-
ing in elimination of the disease from most areas of endemicity,
except the western and northwestern regions. The control pro-
grams consisted of (i) diagnosis and chemotherapy of patients, (ii)
identification, isolation, and disposal of infected dogs, and (iii)
residual insecticide indoor spraying for vector control. The suc-
cess of the control programs is attributable to massive and effec-
tive mobilization of the general public and health workers to the
cause. Nationally, the annual incidence is now very low, i.e., only
0.03/100,000 according to the available 2011 official record. The
overwhelming majority of cases are reported from sites of ende-
micity in the western and northwestern regions. Here, we describe
in some depth and breadth the current status of epidemiology,
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lar reference to the control programs. Pertinent information has
been assembled from scattered literature of the past decades in
different languages that are not readily accessible to the scientific
community. The information provided constitutes an integral
part of our knowledge on leishmaniasis in the global context and
will be of special value to those interested in control programs.

INTRODUCTION

his article summarizes the current status of visceral leishman-
iasis (VL), with particular reference to the impact of past ac-
complishments, especially the control programs undertaken more
than 50 years ago in China. Visceral leishmaniasis, also known as
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kala-azar, is an important vector-borne and largely zoonotic dis-
ease (1). VL is endemic in 66 countries, with ~500,000 cases,
resulting in an estimated >50,000 deaths, per year worldwide
(2,3).

The disease is caused by trypanosomatid protozoa in the genus
Leishmania and is transmitted naturally by phlebotomine sand
flies as the vector. While the clinical manifestations of the disease
vary widely, from innocuous self-healing skin lesions (e.g., simple
cutaneous leishmaniasis [CL]) to the often fatal VL, the transmis-
sion cycles are similar. Leishmania exists extracellularly in the gut
of the blood-feeding female vector as motile flagellated promasti-
gotes. They develop into infective forms as they move forward
toward the anterior region close to the mouth part of the sand fly.
When such infected females take blood meals, the parasites are
delivered into the skin, where they infect mononuclear phagocytes
and differentiate into small nonmotile forms called amastigotes.
While the infection remains localized in cutaneous leishmaniasis,
it is metastasized to the spleen, liver, and bone marrow of the
reticuloendothelial system in VL. The parasites, along with vector
and reservoir species, have been examined but not completely
characterized in most areas of endemicity, including China.

Leishmaniasis is very widespread in many temperate, subtropical,
and tropical areas of the world. The sites of endemicity for leishman-
iasis are numerous, but few have been studied for elucidation of their
clinical epidemiology. This is true for both anthroponotic visceral
leishmaniasis (AVL) and zoonotic visceral leishmaniasis (ZVL). Do-
mestic dogs and wild canines are the confirmed reservoirs for ZVL,
which is most prevalent in the Mediterranean basin and Brazil. AVLis
also epidemic in the northern part of the Indian subcontinent, e.g.,
Nepal, Bihar state of India, and in the northeastern countries of Af-
rica. Epidemiological congruity of the AVL and ZVL in these areas of
endemicity with those reported in China has not been established.

The control programs for VL in practice are similar to those for
other vector-borne diseases, consisting of the following compo-
nents: (i) diagnosis of patients for treatment; (ii) reduction of
vector populations by indoor residual spraying (IRS) of house-
holds with insecticide, and (iii) prevention of transmission by us-
ing insecticide/insect repellant-impregnated bed nets in the case
of ZVL. Implementation of these control measures, in part or in
whole, has not eliminated VL in any place except for the bulk of
the areas of endemicity in China (to be discussed in this review).
Stringent implementation of the programs may overcome obsta-
cles that are seemingly unsurmountable, as demonstrated by re-
sults from China.

Cutaneous leishmaniasis (CL) has not been reported in China
except in a single isolated site of endemicity, i.e., Karamay in the
Xinjiang Autonomous Region in the northwest. It is caused by a
variant of Leishmania infantum transmitted by Phlebotomus wui as
the vector. The great gerbil is the suspected but unconfirmed res-
ervoir. Available data from a 3-year survey between 1992 and 1994
indicated that the local incidence of CL in Karamay is 1.43% (74/
5,186). The lesions are innocuous and self-healing. None of the
known CL cases had clinical manifestations or any history of VL
(4). Unlike VL, CL is not a nationally notifiable disease and thus is
excluded from the database available from the Ministry of Health
in China. The CL in Karamay is of epidemiological interest but in
the context of public health is not significant enough to warrant
further extensive discussion. In this review, mentioned is made in
passing where appropriate (see Table 3 and Fig. 3).
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TYPES, DISTRIBUTION, AND CURRENT STATUS OF VISCERAL
LEISHMANIASIS IN CHINA

Visceral leishmaniasis (VL) has been epidemiologically character-
ized as having three different forms in China: the anthroponotic
type (AVL), the zoonotic mountain type (MT-ZVL), and the zoo-
notic desert type (DT-ZVL). They exist in specific areas with var-
ious landscapes (Fig. 1) and with different, albeit incompletely
studied, parasites, vectors, and reservoirs (Table 1) (5-10).

AVL has been reported in two geographically different regions
of China: (i) the great northern plain and the eastern seaboard,
where the AVL has been eliminated, as indicated by surveillance
for incidence after completion of the control programs in 1958
(5-8, 11-13), and (ii) the Kashgar alluvial plain and the Aksu oasis
of the Xinjiang Autonomous Region in northwestern China,
where the AVL still persists (14, 15). AVL is defined as such be-
cause no reservoir animals have been found, despite repeated in-
vestigations over the decades. The causative agents belong to the
Leishmania donovani/Leishmania infantum species complex,
while the disease is transmitted by Phlebotomus longiductus in Xin-
jiang and by Phlebotomus chinensis elsewhere (5-8).

MT-ZVL is at present restricted to mountainous areas of the
western region, primarily in the border region between southern
Gansu and northern Sichuan but also occasionally in Qinghai,
Shaanxi, and Shanxi provinces (5-8). L. infantum is the causative
agent, which is transmitted by wild or peridomestic variants of P.
chinensis, with dogs and apparently wild canines as the reservoirs.
The principal reservoirs are domestic dogs, which are thought to
acquire infection originally from canids of the sylvatic cycle (16,
17). Canine leishmaniasis has been reported at high rates in the
western region, e.g., 59.43% (63/106) in Sichuan province and
77.21% (61/79) in Gansu province when surveyed in 2011 and
2006, respectively (18, 19).

Canine leishmaniasis was previously known to exist elsewhere,
e.g., the Beijing area, where its epidemiological significance was
first established experimentally. The key findings can be summa-
rized as follows: (i) the development of typical VL via experimen-
tal transmission of Leishmania from infected dogs to laboratory
animals by P. chinensis; (ii) the development of typical VL after
inoculation of a human volunteer with Leishmania from the same
source (20); and (iii) the finding of L. infantum in a wild raccoon
dog (Nyctereutes procyonoides) in the hilly area north of Beijing
(21). Based on extensive surveys from 1951 to 1959 (22), canine
leishmaniasis of domestic dogs was reported in the adjacent re-
gions of Beijing with landscapes similar to those in Liaoning, He-
bei, Shandong, and other adjacent provinces in northeastern
China (5-8, 21) (Table 2). The rate of incidence in dogs expressed
as percentage of infection was modest, but it was higher in the
north, e.g., northern Hebei (19/146 = 13%) and Liaoning (11/
539 = 2%), and very low in the south, e.g., Shandong (34/3,100 =
0.1%) and southern Hebei (0/1,125 = 0%) (18, 19, 22). In these
regions, there has since been no report of either human VL or
canine VL in domestic dogs.

DT-ZVL is found largely in the ancient oases and deserts re-
claimed by settlers for agricultural development in the northwest,
i.e., the southern and eastern regions of Xinjiang, the very western
part of the Inner Mongolia Autonomous Region, and northern
Gansu province (5-8). DT-ZVL in the Xinjiang Autonomous Re-
gion is further subdivided into sandy- and pebble-desert types,
involving different vector species. The former exists near the oases
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FIG 1 Typical topography of sites of endemicity for leishmaniasis in western and northwestern China. (A) Areas of flat plains, a site with AVL (Ma’anshan City,
Anhui); (B) Kashgar alluvial plain, a site of AVL (Kashgar City, Xinjiang); (C) mountainous area with MT-ZVL (Lanzhou City, Gansu); (D) diversifolious poplar
tree (Populus diversifolia) in desert with DT-ZVL (Korla City, Xinjiang); (E) branchy tamarisk bush (Tamarix ramosissima Ledeb) in desert with DT-ZVL
(Changji City, Xinjiang); (F) pebble desert with DT-ZVL (Turpan, Xinjiang); (G) sacsaoul bush (Haloxylon ammodendron) in desert, Karamay, Xinjiang; (H)
pebble desert (Karamay, Xinjiang). Original pictures were contributed by M.-S.W.

at the foot of the southern slope of the Tianshan mountains along
the north rim of the Taklamakan Desert in the Tarim basin, while
the latter is located in the mountain gorges of the Tianshan further
north and east, e.g., the Turpan and Hami basins (14, 23). In Inner
Mongolia, DT-ZVL is of the pebble-desert type and has been re-
ported only from Ejina Banner of the Alxa league or prefecture
(24).The causative agent is L. infantum, which is transmitted by P.
wui and P. alexandri.

A potential reservoir of DT-ZVL was identified in 2006, when
L. infantum was isolated for the first time from ear lesions of the
Tarim hare (Lepus yarkandensis), which is unique to the Taklama-
kan Desert of the Tarim basin (25). Isolation of Leishmania from
older hares in the winter months was successful. They were pre-
sumably infected during the sand fly season from June to Septem-
ber of the previous year, in keeping with the generally known
incubation period of 6 to 9 months. The harsh desert winter is

TABLE 1 Epidemiological types of visceral leishmaniasis in China

thought to aggravate infection, rendering infected hares weak and
thus more susceptible to capture. The seropositive rate for Leish-
mania is indeed much higher for hares caught in the winter than
for those caught in the summer. The latter are largely young hares,
which are mostly not infected or infected too recently to be posi-
tive serologically and microscopically for Leishmania, as noted in
all the previous studies (15, 26). As a reservoir for DT-ZVL, how-
ever, infected hares must be demonstrated to exist during the sand
fly season. The potential of the Tarim hare as a reservoir is sug-
gested by the findings that L. infantum isolated from the hare was
of the same strain as those from patients and from the expected
vector, P. wui, in Bachu county (26). In addition, the isolates from
all these sources produced visceral leishmaniasis experimentally
in a susceptible animal, Lagurus lagurus (27). The potential of a
lagomorph such as the Tarim hare as a reservoir for L. infantum is
reminiscent of using rabbits for zooprophylaxis in other areas of

Vector
Disease Leishmania species Species Habitat Reservoir(s)
AVL L. donovani P. chinensis Domiciliary Patient (other reservoir not found)
P. longiductus Domiciliary/peridomiciliary Patient (other reservoir not found)
MT-ZVL L. infantum P. chinensis Wild/peridomestic Dog (Canis familiaris), raccoon dog (Nyctereutes procyonoides gray)
DT-ZVL L. infantum P. wui wild Tarim hare (Lepus yarkandensis)”
P. alexandri wild Unknown

“ Based on preliminary incomplete evidence.
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TABLE 2 Canine leishmaniasis in representative foci of endemicity in
China”

No. of

No. of positive Rate of
Province townships Yr dogs/total positivity (%)
Gansu NA® 2006 61/79 77
Sichuan 3 1956-1957 2/1,320 0.2
Sichuan NA 2011 63/106 59
Shanxi 12 1959 12/8,048 0.01
Liaoning 11 1955-1958 11/539 2
Hebei 1 1959 19/146 13
Qinghai 4 1954-1958 10/1,135 0.8

“ See references 18, 19, and 22 for details.
?'NA, not available.

ZVL endemicity of similar landscapes, e.g., the Sahara desert in
north Africa (28). Recently, L. infantum was also isolated from the
Iberian hare, a different species (Lepus granentansis), in the area of
VL endemicity in Spain (29).Work is still under way to demon-
strate experimental transmission of the L. infantum strain isolated
from the specific species of the sand fly vector for DT-ZVL.

LEISHMANIA SPECIES COMPLEXITY

The Leishmania species described include L. donovani, L. infan-
tum, L. gerbilli, L. turanica, and L. torentolae (Sauroleishmania).
The last three species will not be further discussed, as they are well
separated from human pathogens phylogenetically as discrete
groups and are epidemiologically recognized as parasites of the
great gerbil (Rhombomys opimus) in the northwestern desert and
of lizards (Table 3 and its footnote give additional information for
L. gerbilli and L. turanica) (4, 30-36).

The pathogenic species were named initially according to
the epidemiology of the VL types they cause. Thus, isolates
from AVL in the plains are referred to as L. donovani and those
from ZVL as L. infantum. Initial analyses of some Leishmania iso-
lates showed that they are more heterogeneous than previously
thought. This was noted first by isoenzyme analysis of several iso-
lates versus the “type species” (37) and then by kinetoplast DNA
(kDNA) and nuclear DNA hybridization of ~20 isolates (38).
Primer sequence-specific PCR was subsequently used in attempts
to discriminate isolates specific to different disease types, e.g.,
small-subunit ribosomal DNA (rDNA) and kinetoplast or mito-
chondrial DNA (kDNA) (39).

More recently, Leishmania sequence data were obtained for
phylogenetic analysis. Up to 17 isolates were assessed by analyses
of the rDNA intergenic spacer region (ITS-1) (40) and mitochon-

drial cytochrome b (cyt b) genes (41). In these studies, most se-
quences segregated into a clade, independent of known Leishma-
nia complexes, while the remainder fell into the clades of L.
donovani and L. tropica. The sequences of nuclear protein-coding
genes were similarly analyzed in two additional studies. Dozens of
isolates from China together with several hundred from elsewhere
were examined in one study for five different single-copy genes
(42). All canine and human VL isolates fell into the same clade of
the L. infantum/L. donovani complex with the exception of three,
which showed sequence homology to L. major or L. amazonensis.
The majority of 15 isolates were identical to L. infantum from the
Mediterranean region and the remainder to those from eastern
Africa, but none were identical to L. donovani from India. Another
study included two dozen isolates from China together with ref-
erence Leishmania isolates from elsewhere for similar analyses of
seven concatenated protein-coding genes (43). All 10 of the canine
and human VL isolates examined fell into the L. infantum/L. don-
ovani complex but segregated into two clades: one closer to L.
infantum and the other to Indian L. donovani. While more work is
clearly needed to reconcile the data from these studies, they pro-
vide further evidence for the heterogeneity and complexity of
Leishmania as promastigotes grown from infected tissues. The
new approach is to construct a whole-genome-sequence database
for phylogenetic analysis of individual Leishmania isolates from
tissues of infected patients, reservoirs, and vectors.

SAND FLY VECTORS

Sand flies are widely distributed in temperate, subtropical, and
tropical areas of the world. Only a few species serve as vectors to
transmit leishmaniasis. These dipteran flies are fragile and smaller
than mosquitoes. Female flies lay eggs in hidden moist locations
rich in organic matter, e.g., rodent burrows. Hatchlings metamor-
phose into larval and pupal stages before emergence as adults.
Their hairy wings rest in a V position, differentiating them from
mosquitoes.

In China, the four species of sand flies mentioned in the previ-
ous section have been extensively studied to establish their vecto-
rial capacity. P. chinensis was incriminated as a vector in the early
1920s, while the other three species, i.e., P. alexandri, P. longiduc-
tus and P. wui, were subsequently identified as such in the 1960s
(22, 44, 45). Collection of sand flies and their identification as
vectors are described in the literature cited in the previous sec-
tions. In short, sand flies were collected by using a suction pump,
CDC light trap, and/or sticky paper and keyed for species identi-
fication. Vector species were identified by a combination of mi-
croscopy of dissected guts for the presence of promastigotes and

TABLE 3 Cutaneous leishmaniasis in Karamay and Leishmania spp. other than L. donovani and L. infantum in China®

Leishmania species Disease Vector(s) Host Region(s) of endemicity

L. infantum CL P. wui Human Karamay, Xinjiang

L. turanica CL P. mongolensis, P. andrejevi Great gerbil (Rhombomys opimus) Karamay, Xinjiang

L. gerbilli None P. wui Great gerbil (R. opimus) Karamay, Xinjiang

L. gerbilli None P. mongolensis, P. andrejevi Great gerbil (R. opimus) Jiayuguan, Zhangye, and Wuwei, Gansu

Urad Hougj, Ejina Banner, Inner Mongolia

“ Cutaneous leishmaniasis (CL) was reported only in Karamay, Xinjiang Autonomous Region, and was caused by a variant of L. infantum via transmission by P. wui (4, 30, 31). L.
turanica and L. gerbilli were discovered in great gerbil (Rhombomys opimus) and were also isolated in Karamay (32-36). L. turanica can cause skin infection when it is inoculated
into humans, but it is not considered an epidemiologically relevant pathogen. This is presumably due to the behavior of its known vectors, P. mongolensis and P. andrejevi, which
exist only in rodent burrows (32-34). L. gerbilli is also widely distributed in Gansu and Inner Mongolia, as indicated. The vectors include P. wui in Karamay and P. mongolensis and

P. andrejevi in other regions of endemicity (35, 36).
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FIG 2 Distribution of sand fly vectors in China reported between 1916 and 1983. The distribution of the four sand fly vectors is colored-coded in the map based
on data from references 54, 55, and 56. Abbreviations for provinces: AH, Anhui; BJ, Beijing; GS, Gansu; GZ, Guizhou; HN, Henan; HeB, Hebei; HuB, Hubei;
HuN, Hunan; IM, Inner Mongolia; JL, Jilin; JS, Jiangsu; LN, Liaoning; NX, Ningxia; QH, Qinghai; SC, Sichuan; SD, Shandong; SHX, Shaanxi; SX, Shanxi; XJ,

Xinjiang; XZ, Xizang (Tibet); ZJ, Zhejiang.

the distribution and abundance of the identified species in given
areas of endemicity. P. chinensis is a good example to provide
specific details. It has long been accepted as the vector of VL in
China based on the following evidence. (i) It is the most abundant
and most widely distributed sand fly species correlating with the
distribution of VL in areas of endemicity (12, 22) (Fig. 2). Data
from a 1951survey of P. chinensis in Taian, Shandong province,
showed the typical sand fly season, which begins in late May, peak
in June, and gradually wanes from July to mid-September (12).
(ii) Humans and dogs are the preferred feeding hosts of this sand
fly species. One example to illustrate this is the analysis of fresh
blood meals from P. chinensisina 1953 survey conducted in Taian.
The results showed that the blood meals originated largely from
human and dog and to a lesser extent from other domestic ani-
mals, e.g., cow, donkey, and pig (12). (iii) Engorged P. chinensis
flies caught in the field were found to harbor promastigotes, which
were seen to migrate from the gut to the pharynx and mouth part
(20, 46-49). A survey in Huai Yin, Jiangsu province, in 1935
showed that the natural infection rates for P. chinensis collected
from the houses of VL patients were 1.66% (7/421) and 2.05%
(11/537) in two adjacent villages (50, 51). (iv) Naturally infected
P. chinensis was shown to transmit VL to hamsters experimentally
in the laboratory (52, 53). (v) Finally, Leishmania isolates from P.
chinensis are identical to those from VL patients in given regions of
endemicity (37, 40, 48). A very large body of literature has pro-
vided overwhelming evidence for P. chinensis as the principal vec-
tor of VL in China. This is well recognized by not only national but
also international authorities. Evidence is equally robust, albeit
less well publicized, for the remaining three vector species, P.
longiductus, P. alexandri, and P. wui, which are distributed in the
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northwestern part of China, including Xinjiang, western Gansu,
and western Inner Mongolia (54-56). Sand flies have been ex-
haustively studied for decades as vectors of leishmaniasis in China,
providing the database that is a necessary foundation for consid-
ering vector controls (57, 58), the epidemiology of DT-ZVL (59,
60), and the taxonomy of vectors and nonvector species in China
(55, 61).

More recently, molecular approaches have been applied to
Leishmania identification in infected vectors (62) and vector spe-
cies differentiation (63, 64).

INCIDENCE OF REPORTED CASES BEFORE 2000

VL has been reported to exist in China for at least 120 years, going
back to the late period of the Qing dynasty (1644 to 1911) and
perhaps earlier (12). The first VL case was formally reported in
1904, and additional cases were reported subsequently in the
1910s (12). VL was then reported in 312 counties/cities nation-
wide, most of which (~97%, 303/312) were distributed in eight
provinces of China (9,672,018 km?): Hebei (190,000 km?), Shan-
dong (157,126 km®), Jiangsu (102,658 km?), Anhui (139,427
km?), Henan (167,000 km?), Shaanxi (205,800 km?), Gansu
(454,430 km?), and Liaoning (148,000 km?) (13, 65, 66) (Fig. 3).
During the subsequent period of internal upheavals and civil war
from ~1920 to ~1940, VL, along with other parasitic and infec-
tious diseases, was rampant (12, 66).The problem was worsened
with the outbreak of World War II and its aftermath during the
next decade.

An exhaustive survey of VL, completed nationwide in 1951,
showed a high rate of incidence, at 94/100,000, for a population of
563 million at that time (Fig. 4) (12, 67-69). There were thus
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FIG 3 Distribution of foci of endemicity and outbreaks of visceral leishmaniasis (VL). Violet triangle, provinces of VL endemicity reported in 1951 (67). Circles,
current foci of endemicity (red, anthroponotic visceral leishmaniasis [AVL]; green, mountain-type zoonotic visceral leishmaniasis [MT-ZVL]; yellow, desert-
type zoonotic visceral leishmaniasis [DT-ZVL]). Green and pale blue, provinces where VL presently is and is not endemic, respectively (14, 71, 75). Brown area,
afocus of cutaneous leishmaniasis (CL) endemicity at Karamay, Xinjiang (4). Inset, expanded Kashgar region showing the sites of recent outbreaks (red triangles)

(76, 77). For abbreviations for provinces, see the legend to Fig. 2.

~530,000 cases, which were spread far more widely than before
in >650 counties, mainly in 16 provinces north of the Yangtze
River (12). Elimination of VL in this area by the national cam-
paign in the 1950s is indicated by a steady decline in the number of
reported cases during the subsequent decades (Fig. 4) and the
absence of any new cases there since 1983 (13, 22).

Transmission of VL, however, has never been interrupted in
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FIG 4 National total incidence of visceral leishmaniasis (1951 and 1984 to
2011). From 1980 to 2011, detailed data are available and thus are graphed on
an expanded scale. The broken line from 1950 to ~1980 indicates the trend of
decrease in incidence, since the data for this period are incomplete or not
available (12, 67-69).
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the western and northwestern provinces of Xinjiang (1,664,897
km?), Gansu, Sichuan (488,000 km?), Shaanxi, Shanxi (156,000
km?), and Inner Mongolia (1,183,000 km?) (6-8). A resurgence of
VL began in these regions in the late 1980s (Fig. 4), coinciding with
the national programs to develop western and northwestern
China (8). Accelerated deforestation and an increase in the dog
population ensued, conceivably providing habitats for the sand fly
vectors and reservoirs favorable for the transmission of VL. As a
result, the number of new cases officially reported jumped from
1,925 in the 1980s (1980 to 1989) to 2,629 in the 1990s (1990 to
1999), i.e., an ~37% (704/1,925) increase (6-8), accounting for
the bulk of the national VL endemicity.

INCIDENCE OF REPORTED CASES IN THE LAST DECADE

Since 2000, VL has remained endemic in the same six western and
northwestern provinces (6-8), i.e., Xinjiang, Gansu, and Sichuan
(Fig. 3), where the official rates of incidence are estimated to be ~1
(14), ~0.5 (70, 71), and ~0.7 (72, 73) per 100,000, respectively
(Table 4) (68, 69). The rate of national incidence was 0.03/100,000
in 2011 (69) due to the absence of reported cases in any significant
number from the rest of the heavily populated provinces. The
actual incidence may well be higher due to underreporting of the
annual cases, especially in the remote areas of Xinjiang, even
though VL is officially a notifiable disease.

From 2002 to 2011, a total of 3,169 cases were officially re-
ported nationwide, varying from 140 to 509 cases per year (Fig. 5).
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TABLE 4 Total incidence of visceral leishmaniasis nationally and in the
three major provinces in which it is endemic for the period from 2002
to 2011¢

Total no.
Area Period of cases Incidence/100,000°
Nationwide 2002-2011 3,169 0.0241 (0.0108-0.0381)
Xinjiang 2005-2010 1,208 0.9568 (0.5919-1.4500)
Gansu 2004-2010 748 0.4765 (0.2940-0.6114)
Sichuan 2003-2010 436 0.0658 (0.0253-0.0960)

@ The values presented are summarized from data published by the Ministry of Health,
People’s Republic of China (69-75).
b Ranges of values for different regions are shown in parentheses.

No epidemiological data are available to account for the annual
fluctuation of VL incidence seen during this period, except for
2008 and 2009. The increase in the incidence in 2008 might be
attributable to the spread of MT-ZVL in Sichuan, resulting from
the large earthquake that year in the areas of endemicity in the
province. The outbreak of DT-ZVL of unknown causes in Jiashi
county (6,601 km?), Xinjiang, accounts for the increase in the total
incidence there in 2009.

There is evidence from recent data indicating that areas of en-
demicity have expanded and that the officially reported cases have
increased in number in the areas where VL is not endemic. During
the period from 2005 to 2010, a total of 2,450 VL cases were re-
ported from 179 counties/cities in 18 provinces (74). Of these
cases, ~91% (2,224/2,450) were from 61 counties/cities instead of
the 43 counties/cities previously known as sites of endemicity in
the six western and northwestern provinces. The emergence or
reemergence of 18 new sites of endemicity in these provinces is
thus suggested. The remaining 226 (~9%) cases were found scat-
tered widely in 118 counties/cities considered not to be areas of
endemicity, apparently resulting from the acquisition of VL by
their residents while working as migrant laborers in the areas of
endemicity. The potential contribution of such cases to the spread
of VL from areas where it is endemic to those where it is not
endemic or where it formerly was endemic is a cause of concern
and requires follow-up investigation.

The incidence of VL is localized and varies considerably with
different sites in the six provinces where it currently is endemic
(Fig. 3). Of all the cases officially reported from 2005 to 2010,
~98% (2,394/2,450) were distributed in the following provinces:
Xinjiang (~50%, 1,218/2,450), Gansu (~34%, 825/2,450), and
Sichuan (~14%, 351/2,450) (74). Of the 1,218 cases reported in
Xinjiang, 973 (~80%) were from the 12 counties/cities in the
Kashgar region (162,000 km”) out of the >100 counties in the
entire Xinjiang Autonomous Region (14). In Gansu province,
~360 cases were reported from 2005 to 2007 (71), of which ~95%
(341/360) occurred in five of the ~90 counties, i.e., Wudu (4,683
km?), Wenxian (5,000 km?), Zhouqu (3,010 km?), Diebu (5,108
km?), and Dangchang (3,331 km?). During the period of 2004 to
2008, 177 of the 284 cases (~62%) (72, 73) were reported from
three of the ~180 counties in Sichuan province, i.e., Jiuzhaigou
(5,290 km?), Heishui (4,165 km?), and Maoxian (3,903 km?).
Shaanxi, Shanxi, and Inner Mongolia are provinces of very low
endemicity, having an average of only 1 to 3 new cases per year
today (75).

Worthy of note are the two recent outbreaks of VL reported
from the Kashgar region, Xinjiang (Fig. 3, inset). One occurred in
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Shache county (8,196 km?) from July 2004 to May 2006, resulting
in 9 new cases (8 cases in the same village and one case in a location
2 km away). The first case appeared to be a patient who acquired
VL in Kashgar city, a well-known focus of AVL endemicity. That
was the apparent source of the infection that spread to other res-
idents in Shache, where VL has not been reported for years (76).
From January 2008 to May 2009, ~96% (258/268) of the VL cases
reported in Xinjiang occurred in the eastern part of Jiashi county,
a well-known site of endemicity of DT-ZVL (77).

DEMOGRAPHIC PROFILES

The most current demographic information for the VL in the
western and northwestern areas of endemicity for the years of
2002 to 2011 has recently been published (74). The essential points
with additional details are briefly summarized below.

Of interest to note is the difference in the average age of the
patients between the areas where VL is not endemic (~87% are
=15 years old) and the areas of endemicity (~45% are 0 to 2 years
old) (Fig. 6). This is consistent with the finding that patients in the
areas where VL is not endemic are predominantly temporary
workers in the areas of endemicity. Also of note are the marked
differences in the average age of the patients for the three VL types:
~43% of AVL patients are in the =15-year-old group, ~53% of
MT-ZVL patients are in the 3- to 6-year-old group, and ~94% of
DT-ZVL patients are in the 0- to 2-year-old group. The data for
the age groups correlate with those of their occupations (Fig. 7):
The majority of the VL patients are reported to be laborers in areas
where VL is not endemic (~57%) and infants or toddlers in the
areas of endemicity (~60%). The latter group increases to a very
high level of ~98% in the areas of DT-ZVL endemicity. These
observations are attributable in part to the differences in the de-
velopment of acquired immunity to VL between populations in
areas where VL is and is not endemic and to age-related matura-
tion of immunity to VL in the areas of endemicity. Both of these
factors may contribute to the large share of VL in the “student”
category, which spans the age groups from children and teens in
elementary and high schools to young adults from areas where VL
is not endemic or other areas who study in colleges/universities in
the areas of endemicity.

The gender of the patients is biased toward male (Fig. 8). This bias
is noticeable in the regions of endemicity for all three VL types to
similar extents (male-to-female ratio = 1.5:1). This ratio is higher
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FIG 5 National incidence of visceral leishmaniasis in total number per year
reported from 2002 to 2011. The data shown are from the Ministry of Health of
the People’s Republic of China (2002 to 2011) (69).
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FIG 6 Age distribution (in years) of visceral leishmaniasis reported between 2005 and 2010. The data shown are from reference 74. Abbreviations: AVL,
anthroponotic visceral leishmaniasis; MT-ZVL, mountain-type zoonotic visceral leishmaniasis; DT-ZVL, desert-type zoonotic visceral leishmaniasis. Age
distributions for all VL types (left panel) and for specific VL types (right panel) are shown.

than the national gender imbalance known to exist in favor of males
(currently at a ratio of 1.27:1) due to the policy of one child per family
for the past decades in China. This policy is expected to contribute
very little, if any, to the male gender bias seen in the VL in the Xinjiang
Autonomous Region, as it has not been enforced, at least not for the
minority ethnic groups, which constitute ~50% of the total popula-
tion in this region. Expectedly, the gender-related occupational dif-
ferences play a larger role: males work outdoors more frequently than
females, thereby increasing their chance of exposure to the sand fly
vectors known to transmit the disease in these areas of endemicity.
The gender bias skews to a significant male-to-female ratio of 6.3:1 in
the areas where VL is not endemic. This is also expected, since labor-
ers who work short-term in the areas of endemicity are overwhelm-
ingly male.

VL cases are reported throughout the year in both regions where
VL is endemic and regions where it is not. Monthly distributions of
reported cases vary with different types of VL in different areas of
endemicity. Disease emergence is subsequent to the sand fly season,
which normally spans the period from May to September (78). While
AVL and MT-ZVL emerge all year round, they tend to peak in April
and June, respectively. DT-ZVL occurs annually from September to

February, peaking in December. The short incubation period is pre-
sumably due to the fact that the susceptible population is largely in-
fants with less well-developed immunity.

DIAGNOSIS

Procedures for diagnosis of VL have followed the standard proto-
cols: examinations of patients’ records of clinical symptoms and of
history of residency/travel in areas of endemicity and laboratory
examinations of biopsied samples for the presence of Leishmania.
Individuals suspected of having VL are those who live in, work in,
or have a history of travel to areas of endemicity and recall expe-
riences of insect bites, which are suggestive of sand fly exposure. A
tentative diagnosis is often made in areas of endemicity when ab-
dominal palpation is positive for splenomegaly. Hematological
disorders, such as pancytopenia and hyperimmunoglobulinemia,
provide further confirmation, but the blood tests needed to obtain
such data are not always available, except in the cities. Additional
clinical signs and symptoms of VL include irregular fevers, fatigue,
lethargy, and weight loss, which are less reliable, since they are all
shared with those of other endemic diseases, such as typhoid fever,
disseminated histoplasmosis, malaria, and tuberculosis (79).
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FIG 7 Occupation distribution of visceral leishmaniasis cases reported between 2005 and 2010. The data shown are from reference 74. Distributions for all VL
types in regions where VL is not endemic (left panel) and in regions where it is endemic (right panel) are shown.
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FIG 8 Gender distribution of visceral leishmaniasis reported between 2005
and 2010. The data shown are from reference 74.

The gold standard for diagnosis of VL has been microscopic visu-
alization of L. donovani bodies (amastigotes) in Giemsa-stained
smears of infected tissues and/or of motile promastigotes after
cultivation of the samples in NNN blood agar. Both methods have
long been practiced using bone marrow samples collected by ster-
num or iliac punctures in China (12). In recent years, however,
many clinics and hospitals have experienced technical difficulties
with bone marrow puncture and microscopic examination of
samples for Leishmania identification due to the lack of experi-
enced personnel. This is clearly illustrated in recent studies of
juvenile VL from 2006 to 2012 (80). Of the 1,093 confirmed VL
cases, direct visualization of L. donovani bodies by microscopy was
accomplished for only eight samples. Retraining of personnel for
such parasitological skills is crucial not only for diagnosis but also
for the sample preservation needed for further clinical and labo-
ratory investigation.

Technical advances have significantly improved the sensitivity,
specificity, and field deployability of the methodology for serodi-
agnosis of VL. The choice of antigens is important, as shown by
studying the recombinant products of the 39-amino-acid repeats
in the kinesin protein of L. donovani (referred to as rK39). Using
the sera of VL patients from Gansu and Xinjiang provinces, high
sensitivity and specificity for rK39 was first demonstrated with the
soluble form of this recombinant antigen via endpoint titration by
enzyme-linked immunosorbent assay (ELISA) (81), and its field
deployability was demonstrated in a dipstick format by reaction
with drops of blood from patients’ fingers or earlobes (82). Sub-
sequent commercialization of rK39 dipsticks greatly facilitated
further evaluation of this method for diagnosis of VL. Extensive
field tests in China confirmed its high sensitivity (97% to 100%)
and specificity (83—85), which are comparable to those of the stan-
dard diagnostic methods by microscopy (96%-100%) (82, 86).
Thus, the rK39 dipstick test is now the principal, if not the only,
method of diagnosis for VL adopted by local Centers for Disease
Control and Prevention (CDCs) in areas of endemicity in China.

Other serological tests have been developed to detect not only
Leishmania-specific antibodies but also circulating antigens (87—
89). One is the double-antigen sandwich ELISA (DAgS-ELISA),
with 100% specificity at a sensitivity of ~69% (46/67) for serodi-
agnosis of VL (87). Another is the monoclonal antibody-antigen
spot test (McADb-AST) for detecting circulating antigens, with the
sensitivity and specificity being ~97% and ~100%, respectively
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(90, 91). The McAb-AST has the advantages of differentiating ac-
tive disease from asymptomatic infection and for monitoring
treatment efficacy.

Molecular biotechnology also has been evaluated for diagnosis
of VL in China, especially by targeting Leishmania-specific repet-
itive sequences, e.g., miniexon genes (92), and kinetoplast DNA
minicircles (kDNAs) (89, 93-96). PCR amplification of patients’
bone marrow and buffy coat samples for miniexon gave 100%
sensitivity, while PCR of the kDNAs produced a positive rate of
~31% (83/269), which is higher than the ~24% (65/269) for
ELISA of the sera with Leishmania soluble antigens from the same
set of patients. PCR has been useful, with its greater sensitivity for
detection of low parasite loads, as often seen in cases of asymp-
tomatic infection known to exist in China (89). Parasite DNA/
antigen detection is more discriminatory than detection of anti-
Leishmania antibodies for current infection. While these assays
still await commercialization as cost-effective products for diag-
nosis, their use in combination will be of value for studying the
seroepidemiology of VL.

TREATMENT: CHEMOTHERAPY

Treatment of all VL cases has been based on chemotherapy, except
for rare occasions when splenectomy was necessary for patients at
very advanced stages (12). Sodium stibogluconate (SSG), manu-
factured in Shandong, was provided for free during the national
campaign in the 1950s (12, 13).The drug from this source has
remained in use and effective. It is recommended by the Ministry
of Health as the first-line treatment for all types of VL in China
today (Table 5) (15, 22, 97-99). Independent clinical trials of SSG
involving a total of 3,897 VL patients have been carried out in the
past decades. The curative rate was reported as 92% after a single
6-day course with total dosages of 120 to 140 mg/kg for children
and 60 to 90 mg/kg (May 1950 to June 1951) or 96 to 108 mg/kg
(after June 1951) for adults. A second course increased the cura-
tive rate to >97% (including relapsed cases) (12, 22, 99). In addi-
tion, it has been repeatedly confirmed that the SSG of the regimens
used produces few serious side effects and is thus relatively safe
(12). The side effects of the treatment are limited to very few pa-
tients and are considered insignificant, e.g., fever, cough, nausea,
epistaxis, abdominal pain, and diarrhea (12).

The “six-day therapy” is the most conventional regimen for VL
treatment today, which rapidly alleviates clinical symptoms and
shortens the duration of the disease; there is a significant reduc-
tion of splenomegaly and return of the body temperature to nor-
mal in 86 to 95% of the patients after four injections. About 2
weeks after the completion of a single course, L. donovani bodies
became microscopically undetectable in the bone marrow in all
but 0.4% of the treated patients (12). Regimens of “three-week
therapy” and “three-day therapy,” although no longer in use, are
equally effective. The three-week therapy was originally designed
for treating VL at advanced stages and the three-day therapy to
accommodate patients’ needs for a shortened period of the treat-
ment at the same total dosages. A slight increase in the side effects
was noted with the latter treatment (12).

Aromatic diamidines, e.g., stilbamidine and pentamidine, have
been used as second-line drugs for the rare SSG-resistant cases,
although the outcomes are inconsistent in China. Serious side
effects were often noted immediately or shortly after administra-
tion, e.g., severe lowering of blood pressure, rapid breathing, palpi-
tations, and abdominal pain (12). Amphotericin B alone or in com-
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TABLE 5 Regimens and outcomes of clinical trials of antileishmanial drugs for visceral leishmaniasis at different sites of endemicity in China

No. of patients (yr, region) ~ Drug Dosage, mg/kg (total) Regimen Outcome Reference

73 (1987-1996, Gansu) SSG* 90-110 (adults), 150-220 1 dose/day, 6 days 72 patients cured, no serious side effects” 97
(children)

423 (1985-1991 Sichuan) SSG 90-130 (adults), 150-200 1 dose/day, 6-10 days 361 patients cured, 24 recrudesced, no 98
(children) serious side effects

638 (1992-2009, Sichuan)  SSG 220-240 (<20 kg), 200-220 6 doses daily, 8-15 days 596 patients cured, 12 recrudesced, no 98
(20-40 kg), 180-200 serious side effects
(>40kg)

117 (1955, Beijing) SSG 200 (children), 140 (adults) 2 doses/wk, 3 wk All patients cured, no serious side effects 99

90 (1954-1957, Shandong)  SSG 200 (children), 140 (adults) 2 doses/wk, 3 wk All patients cured, 7 recrudesced, no 22

serious side effects

265 (1956, Shandong) SSG 90-110 (adults), 150-220 6 doses daily, 3 days 114 patients recovered, slight side effects 22
(children)

10 (1951, Beijing) Stilbamidine = 1-2 1 dose/day, 10-20 days 9 patients cured, side effects detected 99

70 (1958, Shandong) Pantamidine 3-5 1 dose/day, 10-15 days 48 patients cured, side effects detected 22

“ §SG, sodium stibogluconate.
b See the text for a description of the side effects.

bination with SSG to increase efficacy with reduced side effects has
been successful in treating VL. Three cases were cured by using do-
mestically produced liposomal amphotericin B and two cases by a
combination of SSG and amphotericin B (100-102). New com-
pounds with low toxicity for the experimental treatment of Leishrma-
nia spp. have been reported, and some of these compounds
showed high efficacy in killing amastigotes and promastigotes of
various Leishmania spp. both in vivo and in vitro (103-107).

PREVENTION AND CONTROL

Administrative Framework

The administrative framework of the control programs is outlined
briefly to facilitate further discussion in greater detail. The na-
tional programs for control of kala-azar were officially initiated by
an executive order from the central government in 1951. The pro-
gram was administered via the existing system of civil service for
health, from national to provincial to county, city, township (peo-
ple’s communes), or village level. A national strategic plan was
issued by the Ministry of Health for implementation aiming at
elimination of VL nationwide before 1962. This executive order
included four general directives. (i) The Ministry of Health is del-
egated full responsibilities at all administrative levels to execute
the control programs according to the guidelines summarized in
the following points: (ii) to thoroughly investigate VL nationwide,
including surveys for the prevalence and distribution of the dis-
ease and discovery of vectors and reservoirs involved; (iii) to pre-
vent and control VL in the regions of endemicity, including the
elimination of sand flies and reservoirs (mainly domestic dogs)
and treatment of patients (in regional and provincial hospitals for
early- and late-stage cases, respectively); and (iv) to educate the
general public about VL and train the professional personnel
needed (12, 108).

Control Programs in Detail

In 1951, the Ministry of Health declared VL one of the nine noti-
fiable infectious diseases targeted with urgency for elimination.
Significant resources were allocated by the government to swiftly
set up multiple task forces with the sole responsibility of VL elim-
ination at the regional and provincial levels in areas of endemicity.
Before then, investigation of leishmaniasis and sand fly vectors
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had already been well under way, providing a sound foundation of
clinical and epidemiological knowledge for launching the control
programs. The early work was initiated by foreign investigators
from 1910 to 1920 and then mainly by Chinese physician scientists
since the 1920s. Individuals in the latter group and their associates
provided the leadership instrumental to the successful establish-
ment of the task forces for the control programs. The East China
Institute of Prevention and Control for Visceral Leishmaniasis
coordinated the provincial institutes with the same designation to
embark on 3- to 6-month multidisciplinary training courses for
health personnel. Via such courses, thousands were trained to
become proficient in dealing with patient diagnosis, clinical symp-
toms/management, and chemotherapy, as well as collection, iden-
tification, and control of vectors and reservoirs. Standard manuals
were written for the course and provided to the trainees. Trained
persons were organized into units to work in the local health sta-
tions throughout the cities and rural villages in the areas of ende-
micity. The programs included massive mobilization of the gen-
eral public by a top-down approach from the provincial to the
village level for education of the population about VL by trained
personnel. No less significant was the action of the Ministry of
Health to commission Shandong Xinhua Pharmaceutical Com-
pany to produce the high-quality SSG needed for treating patients.
The control strategies placed great emphasis on persistent efforts
over the years to carry out massive and thorough screening of
populations in areas of endemicity to identify VL patients for
treatment. Simultaneous efforts were devoted to collection, iden-
tification, and control of suspected reservoir animals and vectors.
The information obtained led to the implementation of vector
control by indoor dichlorodiphenyltrichloroethane (DDT) spray-
ing of human dwellings and animal shelters (5, 6, 12, 22, 107).
As a result of these massive endeavors, a total of more than half
a million patients were identified and treated for free in the 16
provinces where VL was endemic from 1951 to 1958 (12). Indoor
residual insecticide spraying campaigns using DDT to control vec-
tor sand flies had been initiated and completed in all the regions of
endemicity by 1955. Tens of thousands of rodents, dogs, and other
animals were trapped and examined as potential reservoirs of VL,
leading to programs for elimination of infected and/or nonin-
fected dog populations, depending on the infection rate in differ-
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ent places. As a result, the number of patients, density of vector
sand flies, and dog populations all decreased precipitously, bring-
ing VL under control in all areas of endemicity, especially in the
eastern part of China proper, by the end of the 1950s (5, 12).

Postcontrol Surveillance

The control programs were followed up by yearly surveillance of
all areas of endemicity during the subsequent decades (12). Mea-
sures were taken by local health stations (now CDCs) to control
recurrent patient cases, vector density, and, where applicable, ca-
nine leishmaniasis. Large-scale surveys of sand fly densities, ca-
nine leishmaniasis, and populations in areas of endemicity by skin
test for delayed-type hypersensitivity (DTH) had been periodi-
cally undertaken in selected places. The results of surveillance
from the last several decades show the current status of VL, as
described in the previous sections. Some details are summarized
below for specific sites of endemicity.

(i) In the major areas of endemicity of eastern and northern
China, both AVL and MT-ZVL have been reduced to undetectable
levels, as indicated by the absence of infected vectors, patients, and
dogs. Human VL has not been reported for decades in the follow-
ing provinces where VL had been endemic (the year of the last
reported human case is given): Hubei (1963), Shaanxi (1965),
Anhui (1972), Liaoning (1975), Jiangsu (1976), Henan (1983),
Shandong (1991), and Hebei (2002) (22).

The postcontrol surveillance in Shandong offers the best exam-
ple for specific information, since it was one of the provinces
where VL was highly endemic. Implementation of the control
programs had brought the VL incidence there to a very low level in
1958 (3/100,000) (12, 22, 109). Continuous surveillance since
then included the following actions prescribed in the guidelines.
(i) Investigation by a team of kala-azar specialists was initiated
when suspected cases were reported throughout the province. (ii)
The finding of any positive case triggered the immediate actions of
treating the patient and monitoring the vector density in the vi-
cinity. The guidelines of the control programs were strictly fol-
lowed to ascertain cure of the patients and control of the vector, if
found at a high density. (iii) Monitoring of the patients and vector
populations was continued during the subsequent years. Under
such stringent surveillance measures, the VL incidence was found
to further decline continuously to a very low level of 0.01/100,000
in 1970 (22). Surveillance data from 1972 to 1987 showed no new
VL patient and no P. chinensis in 84.5% of the villages in the entire
province (110). A large-scale immunological survey of the popu-
lation was carried out by leishmanin skin test for DTH in 1989
(111). The DTH positive rate was zero for the population (0/
8,020) under 30 years old and 4.4% (98/2,219) for those over 30
years old. This is the case for other areas of endemicity of northern
and eastern China based on similar data collected from postcon-
trol surveillance. There is thus clear evidence indicating that the
transmission of kala-azar had been interrupted in all these regions
where VL was formally endemic. After 1990, reports of kala-azar
have been extremely rare and invariably turned out to be recru-
descent or imported cases.

(ii) The persistence of AVL is evident in the Xinjiang Autono-
mous Region and that of MT-ZVL in the western provinces,
mainly Sichuan and Gansu provinces. Given below are some ex-
amples of control measures and the possible causes for the persis-
tence of VL (112-117).

A significant risk factor of AVL in Xinjiang is the natural infec-
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tion of the vector, P. wui, at relatively high rates from 0.8% (4/453)
to 5.7% (17/300) (118, 119). In the late 1970s, a large-scale cam-
paign, consisting of intensive insecticide spraying and identifica-
tion of patients for treatment, was undertaken in the areas of en-
demicity of Kashgar and Aksu, Xinjiang Autonomous Region,
resulting in a dramatic decline of AVL (Fig. 9A). However, AVL
reemerged with a vengeance from 1996 to 2002 when the cam-
paign was discontinued. It was brought under control again only
after reinstallation of the discontinued programs (112).

In the areas of MT-ZVL endemicity of Gansu and Sichuan prov-
inces (Table 4), vector and dog control programs had been imple-
mented, resulting in a decrease in the human VL incidence. Dog
control measure consisted of (i) identification of infected dogs
followed by their elimination, (ii) prohibition of dog keeping by
decree, and (iii) delta-methrin bathing of dogs. These measures in
combination were found most effective (120—122). Some specific
data are given below.

Insecticide spray to control sand fly vectors was found to be
effective to some extent when implemented in 1985 (Fig. 9E).
Sand fly control was further implemented in the counties of
Wenchuan and Lixian during the period from 1991 to 2006. A
survey by using human baits in Wenchuan showed that the sand
fly densities were reduced by >4-fold, from 18 (1991) to 4 (2005)
per bait per hour, after implementing the sand fly control program
(113, 120-122).

Implementation of strict dog control programs was found to
lower the number of human VL cases more significantly in specific
locations (Fig. 9B to D). The rate of Leishmania infection in dogs
was quite high, ranging from 12.2% (9/74) to 36.8% (46/125), as
noted, for example, in Wenchuan county, Sichuan province, in
1990 (123). In the areas of endemicity in this province, the effec-
tive element of the control programs was thus periodic elimina-
tion of dogs on a large scale, amounting to totals of 4,482 (~98%)
(1991 to 1993), 5,194 (1990 to 1993), and 4,966 (2005 to 2008)
dogs culled in the counties of Lixian, Wenchuan, and Jiuzhaigou,
respectively. In Wenxian county, Gansu province, when the do-
mestic dog population was reduced to ~58% of the total (4,806/
8,258), the human VL cases decreased sharply in number from 177
to 34 during a 3-year period from 1976 to 1978 (113). Discontin-
uation of this program in the following years resulted in the return
of the dog population and, concomitantly, an increase in the in-
cidence of human VL to the precontrol level.

After the natural disaster of the large earthquake in Heishui and
Maoxian counties of Sichuan province, however, strict enforce-
ment of the dog control policy did not prevent the emergence of
new human VL cases (Fig. 9F) (117). The earthquake-related en-
vironmental changes may have inadvertently exposed the local
population to the sylvatic cycle of transmission involving a hith-
erto-unidentified canid reservoir (124). The raccoon dog
(Nyctereutes procyonoides), which is the apparent reservoir in the
Beijing area, is excluded, since it is absent in the western regions
(21).

(iii) DT-ZVL in Xinjiang has not been brought under control,
in view of its persistence with sporadic outbreaks. Only diagnosis
to identify patients for treatment has shown any practical value.
Indoor residual insecticide spray was ineffective in controlling the
exophilic vectors (125, 126) which transmit VL among the poten-
tial wild reservoirs, e.g., the Tarim hares living in the desert. In-
secticide-impregnated sheets, curtains, and bed nets and insect
repellents for personal protection were recommended for use to
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FIG 9 Relative efficacy of insecticide spray for sand fly control and dog control programs against visceral leishmaniasis at various sites of endemicity in Xinjiang,
Sichuan, and Gansu. See references 112 to 117, 120, and 121 for details of the control programs. Shown are the total number of cases of visceral leishmaniasis per
year in relation to the use of different control measures, as indicated, in the following sites of endemicity: Kashgar City, Xinjiang (A); Wenchuan county, Sichuan
(B); Lixian county, Sichuan (C); Jiuzhaigou county, Sichuan (D); Wenxian county, Gansu (E); and Heishui county and Maoxian county, Sichuan (F). Vertical
axes, number of VL cases; horizontal axes, year; areas framed by dotted lines, duration of sand fly or dog control programs and their outcomes, as indicated in
the line graph for the changes of VL; numbers along line graph, number of VL cases recorded in the specific year.

avoid sand fly bites during the transmission season. These recom-
mendations have not yet been widely adopted, pending improve-
ment of the housing conditions and education of the population
in the areas of endemicity.

GB 15986-1995: Kala-Azar Diagnosis Standard and
Management Principles

The Ministry of Health issued document GB 15986-1995, Diag-
nostic Criteria and Principles of Management of Kala-Azar, in 1995
as the last national guidelines available for the management of
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leishmaniasis. It is still posted, along with guidelines for managing
other diseases, on the official website of China CDC, indicating
that it is still in force today (http://www.chinacdc.cn/n272442/n2
72530/n272967/n272997/) (127). The six-page document, au-
thored by Qu Jin-qi and Guan Li-ren of the Institute of Parasitic
Diseases of the National Diseases Control of China, Shanghai,
summarized the standard methodology recommended for diag-
nosis, treatments of patients, and vector/reservoir controls of all
disease types. The bulk of the methodology follows the blueprint
previously established for the control programs, but new method-
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ology is also included, e.g., indirect fluorescent-antibody assay
(IFA), ELISA, and McAb-AST (as mentioned in Diagnosis section
above). Methods for diagnosis, chemotherapy, and vector/reser-
voir controls are described step by step, with uneven details, in
Appendices A, B, and C. Specific values are given in some cases,
such as the total dosages of SSG for the standard “six-day therapy”
at 120 to 150 mg/kg and 200 to 240 mg/kg for adults and children,
respectively. Shortly after the issue of this document, the Ministry
of Health decentralized the public health operation by delegating
responsibilities for the management of endemic diseases, includ-
ing leishmaniasis, to the regional CDC. GB 15986-1995 thus con-
tinues to serve as the nationwide general guidelines, leaving revi-
sions and updates to the local authorities according to the needs of
specific sites of endemicity. There have thus been no new national
guidelines other than GB 15986-1995.

KNOWLEDGE GAPS THAT REQUIRE FURTHER STUDY

While the past accomplishment is considerable, our knowledge on
all areas of VL in China remains fragmentary, as pointed out in the
sections above. Attempts to adopt contemporary approaches in
biotechnology to fill in the knowledge gaps have been made but
have been insufficient. In parasitology, more attention is necessary
to sort out the Leishmania strains and species related to different
VL types, which remain unclear. The clinical epidemiology of MT-
ZVL and DT-ZVL is of considerable interest but has not been
thoroughly studied. For example, none of the vector species has
been successfully colonized for laboratory breeding, as is needed
for laboratory transmission and other studies. More work on the
reservoirs is also clearly needed. While the role of the domestic dog
as a reservoir of MT-ZVL is clear, very little is known about the
role of wild canids serving in that significant capacity in epidemi-
ology. Infection of the Tarim hare by L. infantum is a significant
discovery. There are stringent criteria, which remain unmet, to
verify its status as a reservoir of DT-ZVL. It is a challenging en-
deavor to fulfill these criteria, considering that the Tarim hare is a
protected wild animal species, refractory to laboratory mainte-
nance and domestication. Advances are also surprisingly limited
in the areas of diagnosis, clinical science, and managements of
kala-azar, which still rely largely on dated products, methodology,
and information. There is a paucity of information, for example,
on asymptomatic infection. The national guidelines for manage-
ment of leishmaniasis are decades old, and updated versions un-
available on the CDC websites of the provinces where VL is en-
demic. The persistence of MT-ZVL and DT-ZVL provides no
excuse for this lack of attention, as a victim of the success of the
control programs. All these gaps present obstacles to effectively
integrate the knowledge of Leishmania and leishmaniasis in China
and other countries where they are endemic.

CONCLUDING REMARKS

The extremely low incidence of VL today in China is undoubtedly
attributable to the control programs that were launched over half
a century ago as a national priority at an unprecedented scale of
historical proportion (12, 22). The lack of similar success else-
where underscores the significance of this achievement. The suc-
cess was made possible by what now appears to be a sustained
effort for a considerable number of years to thoroughly imple-
ment the otherwise basic elements for any control programs for
vector-borne zoonotic diseases. The feasibility of duplicating such
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a program to control similar diseases elsewhere cannot be assessed
by anyone but the authority in the areas of endemicity of concern.

By any measure, the control programs represent a spectacular
success in reducing VL to a negligible level today in China. Due to
the great success in the control of VL, it is now limited to only
some regions in China. As such, VL is understandably no longer
considered a priority for allocation of resources. Adequate sup-
port is, however, still very necessary, not only to make advances
but also to maintain the past success of keeping VL under control.
Surveillance of the disease in the areas where VL was formerly
endemic is as necessary as new laboratory and field investigation
toward better control of VL in the western regions. This is espe-
cially necessary considering the need for managing VL cases im-
ported from overseas and the potential spread of VL domestically
from areas where it is endemic to those where it is not, resulting
from increasing national and international traffic related to eco-
nomic development. For the same reason, it is very necessary to
continue the programs of public health education, modernization
of rural health clinics, and regular training of personnel for para-
sitological skills and knowledge relevant to leishmaniasis under
the framework of One Health (128, 129). This approach is partic-
ularly suitable domestically for the needs of a country as large as
China. It is also needed for the health of its citizens who, in in-
creasing numbers, travel to other countries and stay overseas
(130). As a country of increasing significance, there is a further
need for China to join the international efforts to assist developing
and underdeveloped nations in their struggles with the plight of
zoonotic diseases. Leishmaniasis is very widespread in Asia, the
Middle East, Africa, and Central and South America, offering fer-
tile grounds for China to project its soft power of expertise in the
control of this and other zoonotic diseases.

LITERATURE COLLECTION

References for this review were collected by searching CNKI (http:
/Iwww.cnki.com.cn), Wanfang Data (http://www.wanfangdata
.com.cn/), PubMed, and the ISI Web of Knowledge. Search terms
used included “leishmaniasis,” “visceral leishmaniasis,” “neizan-
glishimanbing” (visceral leishmaniasis), “kala-azar,” and “heire-
bing” (kala-azar). Relevant articles or book chapters in English
and Chinese were also consulted. Epidemiological data were ob-
tained from the articles cited, the Yearbook of Heath Statistics,
and reports released by the Ministry of Health of the People’s
Republic of China and the Chinese Center for Disease Control and
Prevention (China CDC). The search of these databases was com-
pleted in 2012, when this review was prepared. During the revision
of the manuscript, additional citations brought to our attention
were added.
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