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Visceral leishmaniasis (VL) regarded as the main public 
health problem is currently distributed throughout 6 provinc-
es or autonomous regions, including Sichuan in China [1]. So 
far, there has been a continuous transmission of VL in Sich-
uan, and more than 400 cases have been reported in this prov-
ince from 2004 to 2010 [2,3]. Recent epidemiological studies 
have demonstrated that most cases are reported from the 
northwest of Sichuan, including Heishui county [1]. 

Heishui county is an endemic area of zoonotic visceral 
leishmaniasis (ZVL) [4]. Prevention and control of VL in this 
area is the most intractable since domestic dogs may have be-
come the main reservoir for children infection (under 5 years 
old) [5]. Furthermore, Leishmania infection of dogs may lead 
to different clinical forms; in addition to severe clinical forms, 
asymptomatic forms may have remained for a long time in 
some dogs, which are normally ignored in prevention and 
cure [6]. Therefore, to develop effective strategy for control VL 
in endemic areas, asymptomatic dogs infected with Leishmania 

must be accurately and fleetly identified at first. In recent years, 
the transmission of VL between humans and dogs, especially 
in poor rural areas, has become exacerbated, mainly resulted 
from an increasing number of domestic dogs, most of which 
are homeless as a result of the 5·12 Wenchuan earthquake 
outbreak. 

Therefore, the focus of this study was to investigate the 
Leishmania-infection rate of asymptomatic dogs using the mo-
lecular method which we have established and provided as a 
simple and suitable tool for diagnosis of VL in asymptomatic 
dogs. In addition, we also used a serological method to detect 
Leishmania infection among asymptomatic dogs from the ar-
eas of endemicity in Heishui county.

Heishui county belongs to Aba Tibetan and Qiang Autono-
mous Prefecture, in which 92% of the residents is Tibetan. It is 
located in the mountain area of northwestern Sichuan, south-
western China, where the mountains are steep with ravines 
crossbar. The main river, Heishui river, is a tributary of Minji-
ang river with a rapid flow. It is the high-altitude monsoon cli-
mate. Geography, climate, and other natural conditions are 
poor. Economy is mainly agriculture, followed by forestry and 
animal husbandry. Its latitude is between 31˚35´N and 
32˚38́ N, and its longitude is between 102˚35́ E and 103˚30́ E. 
The county covers an area of 4,356 km2, and its altitude is 
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Abstract: Heishui county, located in northwest Sichuan province, southwestern China, is an endemic area of zoonotic 
visceral leishmaniasis (VL) and is the most intractable area. VL is never destroyed in it. Asymptomatic dogs (Leishmania 
parasites have been diagnosed but clinically healthy) are considered to be a potential reservoir host in zoonotic VL area, 
and most can lead to infection of individuals, that is a new challenge for controlling VL in humans. The present study 
aimed to assess the Leishmania infection rate of asymptomatic dogs in Heishui county. Total 105 asymptomatic domestic 
dogs were gathered from 4 districts in Heishui county to investigate the infection rate with serological and molecular 
methods based on ELISA and kinetoplast minicircle DNA(kDNA) PCR, respectively. Out of 105 dogs, 44 (41.9%) were 
positive by more than 1 method; 21 (20.0%) were positive by ELISA, and 30 (28.6%) were positive by kDNA-PCR. Our 
study showed that Leishmania infection of domestic dogs which is clinically healthy is prevalent in the studied district, 
and the asymptomatic dogs infected by Leishmania may be the primary reason for the prevalence of visceral leishmania-
sis in the area. 
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3,544 meters. It currently has 59,607 inhabitants (as of 2009). 
VL is prevalent in the county every year from September to May. 
The study was conducted in 4 district towns, where VL cases 
have been reported successively for 3 years, including Known 
Lumber Township, Earthen Bowl Township, Se Er Gu Town-
ship, and Stone Tower Township in Heishui county (Fig. 1).

The investigation took place in early May 2010 in Heishui 
county, when the dogs infected with Leishmania were still as-
ymptomatic. Domestic dogs in this study were from poor rural 
areas of 4 selected towns. Samples were collected from 105 do-
mestic dogs (older than 6 months) through door-to-door vis-
its. A 10-ml peripheral blood was collected by cephalic veni-
puncture; 5 ml blood was allowed to clot, and then centri-
fuged for 5 min at 3,400 rpm for obtaining serum, which were 
then stored in -20˚C for ELISA to confirm anti-Leishmania anti-
bodies, and aliquots of 5 ml blood containing anticoagulant 
EDTA-heparin was used for DNA extraction, after centrifuga-
tion for 10 min at 2,500 rpm, and the buffy coats including 
leukocytes and presumed parasites were immediately re-
moved. For negative controls, 10 dogs from a non-endemic 
area of ZVL (Jiaxiang county of Shandong province) were se-
lected to collect blood samples.

To detect anti-Leishmania antibodies, serum was tested by 

ELISA using LSM-Ab ELISA Kit (R&D Systems, Minneapolis, 
Minneapolis, USA) basis on the manufacturer’s instructions. 
Absorbance measured was the 450 nm using FilterMax F5 
(Molecular Devices, Sunnyvale, California, USA). The mini-
mum level of detection (cut-off) was the absorbance of posi-
tive standard, with the concentration of 1.5 IU/ml.

DNA from all whole bloods was extracted using the QIAamp 
DNA Mini Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s instructions. The DNA from Leishmania isolate 
(L.d. SD1 isolate, MHOM/CN/SD1) was obtained with phe-
nol-chloroform method, that served as the positive control in 
PCR. The extracted DNA was resuspended in 50 µl of TE buffer 
(1 M Tris-HCl, 0.5 M EDTA, pH 8.0) and stored at -20˚C until 
use.

The PCR was conducted in accordance with our previous 
study to confirm Leishmania infection [7]. Two pairs of Leish-

mania genus-specific primers (forward primer: K13A 5´- 
GTGGGGGAGGGGCGTTCT-3´ and reverse primer: K13B5´-
ATTTTACACCAACCCCCAGTT-3´; forward primer: RV1 
5´-CTTTTCTGGTCCCGCGGGTAGG-3´ and reverse primer: 
RV2 5´-CCACCTGGCCTATTTTACACCA-3´) were designed to 
amplify a 120 bp fragment and a 145 bp fragment, respective-
ly, from the conserved region of the kinetoplast DNA minicir-

Fig. 1. Map of selected 4 districts for survey of Leishmania infection among asymptomatic dogs in Heishui county, Sichuan province, 
China.
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cle (kDNA) (GenBank no. AF169140.1) of the Leishmania ge-
nus. The amplified product was analyzed by electrophoresis in 
2% agarose gel. Both the 120 bp fragment and the 145 bp 
fragment that appeared in the same amplified sample were 
considered to be a positive result.

Prevalence rates were compared according to assays and dis-
tricts using the chi-square test, and the statistical significance 
was indicated by a P<0.05. Analysis was performed by SPSS 
statistical software (Version 17.0).

Total 105 samples were analyzed by ELISA and PCR in the 
present study. Among them, 21 dogs (20.0%) were positive us-
ing ELISA (Table 1). Meanwhile, Leishmania DNA was detected 
in 30 samples (28.6%) by kDNA-PCR (Table 1; Fig. 2). There 
were 44 (41.9%) dogs positive by more than 1 diagnostic test. 
Eight dogs showed positive results by both ELISA and PCR 
methods, 13 samples were positive by ELISA but negative by 
PCR, whilst 22 samples were positive by PCR but not by ELI-
SA. There was no statistical difference according to 4 districts 
using the chi-square test among infection rates by PCR 
(P=0.969) and ELISA (P=0.906), respectively.

PCR and ELISA as the serological and molecular methods 
recommended respectively by many government organs, in-
cluding China and Korea [8,9], were used to investigate Leish-
mania infection in asymptomatic dogs. Although no statistical 
difference was observed between ELISA and PCR to investigate 
the infection rates of the same district (Table 1), there were dif-
ferent infection rates between assays, being consistent with 
previous investigations [10-15]. The probable reasons are the 
inherent limitations of both serological and molecular meth-
ods in the diagnosis of asymptomatic dogs, sample prepara-
tion, operation of experiments, and the immune reactivity of 
asymptomatic dogs to Leishmania. Serological tests are not op-
timal for the detection of exposed or newly infected dogs, 
since dogs infected with Leishmania (especially if they are as-
ymptomatic) might not seroconvert immediately after infec-
tion or they may develop immune responsiveness oriented to-
ward a self-healing cellular immune reaction, thus serological 
tests may lead to false-negative results [14]. Additionally, sero-
logical methods frequently display cross reactivity with sera 
from other pathogens [16,17]. PCRs can make up for the 
above-mentioned inherited defects of serology and are more 
appropriate for Leishmania surveillance in asymptomatic dogs. 
For example, in a previous study [14], 37% of seronegative as-
ymptomatic dogs from an area of endemicity were positive by 
PCR. Although PCR methods have high sensitivity, there are 
many inhibitors for PCR. Some negative results are probably 
due to the presence of Leishmania parasites in blood aliquots 
assay and missing in the aliquots for DNA extraction; thus, it 
will not be enough to be amplified by PCR [13]. So, discrep-
ancies between the diagnostic methods were observed.

The accordance rate of 2 diagnostic methods in the present 
finding was 7.6% (Table 1), which was consistent with previ-
ous investigations. Silva et al. [18] inquired into the frequency 
of positive serological tests (ELISA) with positive PCR results 
for the diagnosis of asymptomatic infections. Low agreements 
(8.2%, 4.1%) between PCR and ELISA emerged, and no asso-

Table 1. Leishmania infection among dogs by test method  

Districts
No. of dogs 
examined

No. of ELISA 
positives

ELISA (%)
No. of PCR 

positives
PCR

P-value between 
ELISA and PCR

No. of ELISA and 
PCR positives

Known Lumber Township 40 7 17.5 11 27.5 0.422 4
Earthen Bowl Township 30 6 20.0 8 26.7 0.761 2
Se Er Gu Township 20 5 25.0 6 30.0 1.000 2
Stone Tower Township 15 3 20.0 5 33.3 0.682 0
Total 105 21 20.0 30 28.6 0.198 8

Fig. 2. Agarose gel electrophoresis of kDNA PCR. Lane M, DNA 
marker; lane 1, positive control PCR product with primer RV1-
RV2; lane 2, positive control PCR product with primer K13A-
K13B; lanes 3, 5, 7,9, blood samples PCR products with primer 
RV1-RV2; lanes 4, 6, 8, 10, blood samples PCR products with 
primer K13A-K13B; lane 11, negative control PCR product with 
primer RV1-RV2; lane 12, negative control PCR product with 
primer K13A-K13B. 
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ciation was observed between the results of PCR and serologi-
cal testing [18]. The low accordance rate of 2 diagnostic meth-
ods highlighted the difficulty in assessment of the infection 
status of asymptomatic dogs. Although low agreement was 
obtained between the results of ELISA and PCR, PCR was 
more appropriate for our epidemiological surveillance of 
Leishmania infection in asymptomatic dogs, since this method 
directly evaluated the presence of parasite DNA [19,20]. How-
ever, 2 pairs of primers both targeted the kDNA in this study, 
which is a limitation of the present study. Although samples of 
our study came from an endemic area where trypanosomatids-
infected dogs are rare [21], the possibility of cross reactivity in 
PCR assay cannot be ruled out. However, a number of articles 
related to our paper have already been published in some 
journals and added to Science Citation Index. Lachaud et al. 
[22] and Costa et al. [23] have reported that 2 pairs of primers 
(K13A-K13B and RV1-RV2) were highly specific among genus 
Leishmania and could detect Leishmania in 100% of symptom-
atic infected dogs. In China, PCR used the K13A-K13B as the 
primer, and ELISA was performed to evaluate the prevalence of 
canine Leishmania infantum infection in Jiuzhaigou county of 
Sichuan province, which confirmed that 2 pair primers of PCR 
targeting the same gene kDNA were feasible to investigate L. 

infantum infection among asymptomatic dogs [8].
The findings in the present study indicated that Leishmania 

infection was prevalent among asymptomatic dogs in the 
studied districts of Heishui. The rate in Heishui was higher 
than those of neighboring districts [24], broadly in line with 
other districts of China [25], and higher than Brazil [26], but 
lower than some countries in the Mediterranean region [27]. 
Our findings are utility for understanding of the asymptomatic 
dog infection rate, and the data presented provide evidence to 
consider the asymptomatic dogs as the primary reason for the 
prevalence of visceral leishmaniasis in the area. Since domestic 
dogs have a close relationship with human beings, once they 
are infected with Leishmania, it will be easy to spread to indi-
viduals. As a matter of fact, there are neither concerns of Leish-

mania-infected asymptomatic dogs nor effective strategies for 
controlling visceral leishmaniasis transmission through these 
dogs by now. However, it is necessary to detect Leishmania in-
fection in asymptomatic dogs before individuals are infected, 
to make effective management measures to deal with domes-
tic dogs, and to prevent and control infection of Leishmania 
among domestic dogs. Meanwhile, the route of domestic dog 
contamination and the risk of VL spreading to human popula-

tions should be further studied. 
In summary, the results demonstrated that Leishmania infec-

tion was so highly prevalent among asymptomatic dogs that 
effective management measures should be made to reduce 
and interdict Leishmania infection in domestic dogs in Heishui 
county, and asymptomatic dogs may be the primary reason for 
the prevalence of VL in this area.

The study got the approval by Animal Ethical Committee 
(IACUC) of the Shandong Academy of Medical Sciences, 
Shandong Institute of Parasitic Disease, and obtained oral in-
formed consent from dog owners.
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