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Abstract 
Background: Surveillance of the canine reservoir is highly important to help control of visceral leishmaniasis in human. It 
is therefore imperative to improve and develop new tools reliable, easy to use, and cheap for the diagnosis of canine 
leishmaniasis. K39 sub recombinant antigen of Leishmania infantum was expressed in prokaryotic system and evaluated for 
sero-diagnosis of canine visceral leishmaniasis (CVL). 
Methods: The gene fragment encoding a single 39-amino acid subunit of the kinesin-related protein k39 (k39sub) was 
amplified from DNA of Iranian strain of L. infantum (MCAN/IR/96/LON49) and cloned into a pMAL-p2 expression vector 
in frame with maltose-binding protein (MBP) fusion. The antigenic properties of L. infantum recombinant K39 subunit (39 
amino acids) have been tested for the serological diagnosis of CVL by ELISA. K39sub ELISA for CVL was compared with 
a standard direct agglutination test (DAT) on 55 clinically infected dogs and 71 healthy controls from endemic areas of 
Ardabil and East Azerbaijan provinces, north-west of Iran. 
Results: A sensitivity of 72.7% and specificity of 87.3% were found at a 1:320 cut off titer when DAT confirmed cases 
were compared with healthy control. A good concordance was found between k39sub ELISA and DAT (k= 81.0). 
Conclusion: Given the antigenic properties shown by the k39sub, we think this protein carry immunodominant epitopes and 
are valuable for the sero- diagnosis of L. infantum infection in dogs. 
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Introduction 
Protozoan parasites of the genus Leishmania 
are widely distributed and transmitted by the 
bite of sandflies. In the vertebrate host, the in-
fecting promastigotes differentiate into and repli-
cate as amastigotes within macrophages (1). De-
pending on the species of Leishmania, infection 
can lead to a variety of diseases. Visceral leishma-
niasis (VL), also known as kala-azar, is com-
monly caused by L. infantum (Mediterranean), 
L. donovani (India and Africa), or L. chagasi 
(South America) (2). Although humans are the 
sole reservoir hosts for some Leishmania species, 
in most cases other animals play a major role in 
the maintenance of infections (3). Domestic dogs 

(Canis familiaris) are principal reservoir hosts 
of zoonotic visceral leishmaniasis (ZVL) caused 
by L. infantum. Therefore, one of the most im-
portant approaches to reduce the incidence of hu-
man VL (Kala-azar) is to cull infected dogs (4). 
Then the diagnosis of visceral leishmaniasis in-
fection in dogs is important in veterinary practice 
and in surveillance of zoonotic visceral leishma-
niasis (ZVL). The direct agglutination test (DAT) 
and immunofluorescence antibody test (IFAT) 
are routinely used for the detection of specific 
antibodies. DAT in spite of high sensitivity and 
specificity is very time consuming (5, 6). IFAT 
requires technological expertise and specialized 
laboratory equipment, and can be labor-intensive, 
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and is difficult to standardize and to interpret (7). 
Immunoenzymatic assays such as the enzyme-
linked immunosorbent assay (ELISA) are easier 
to standardize and more practical as routine labo-
ratory tools. The performance of ELISA test is 

greatly affected by the quality of the antigens 
used, however, and test specificity limitations are 
the main drawback when crude antigen prepara-
tions are used. Recombinant technology, together 
with the characterization of specific immunodomi-
nant antigens at the genetic level, allowed the de-
velopment of a second generation of diagnostic 
immunoassays, and the recent validation of a re-
combinant k39-ELISA as a diagnostic marker for 
canine leishmaniasis represents a good example 
(8). The k39 antigen is a repetitive of 39 amino 
acid residues in visceral Leishmania isolates ex-
amined so far (9, 10) and is mainly expressed in 
the amastigote stage and elicits a strong immu-
noresponse in both asymptomatic and clinically 
infected dogs (7). The 39-amino acid subunit of 
k39 (k39sub) had not been evaluated as diag-
nostic marker for canine Leishmaniasis in Iran. 
For the first time, we determined sensitivity and 
specificity of k39sub-ELISA from Iranian strain 
of L. infantum compared to direct agglutination 
test for the serodiagnosis of canine visceral 
leishmaniasis. 

 
Materials and Methods 
DNA isolation, PCR, cloning, expression and 
purification of recombinant protein     DNA 
was extracted from promastigotes of the L. in-
fantum reference strain (MCAN/Ir/96/Lon 49) 
by conventional procedures (11). Primers were 
synthesized for the amplification of the 3'-ter-mi-
nal gene fragment encoding a single 39-amino-
acid unit of k39 (k39sub) (GenBank accession 
number L07879; fw 3146 to 3169, rv 3248 to 
3265). Oligonucleotides contained restriction sites 
for BamHI (sense) and Hind III (antisense) to 
facilitate cloning and stop codon. Amplification 
of the target gene was carried out in a 50-µl reac-
tion volume containing 10 mM Tris-HCl (pH 8.8), 
50 mM KCl, 2 mM MgCl2, 200 µM deoxynu-

cleoside triphosphates, 10 pmol of each primer, 
200 ng of the template, and 1 U of PFU DNA 
polymerase (Gibco). PCR was performed in 14 
cycles of 95 °C for 30 s, 66.4-0.5 for 30 s, and 
72 °C for 20 s and 20 cycles of 95 °C for 30 s, 
59.4 for 30 s, and 72 °C for 20 s. Amplified 

products of the expected length were subcloned 
into pBluescript II SK (+) (Stratagene), minipre-
pared, digested with appropriate restriction en-
zymes, and cloned into pMAL-p2 expression vec-
tor (New England Biolabs, Inc) in frame with 
maltose-binding protein (MBP) fusion. 
To express recombinant protein, early log-phase 
cultures of positive clones were induced for 5 h 
with 0.5 mM isopropyl-ß-D-thiogalactopyranoside 

(IPTG) under agitation. Bacterial cells were re-
covered by centrifugation and lysed by conven-
tional physicochemical methods. Recombinant fu-
sion proteins were recovered in the soluble frac-
tion and purified by affinity chromatography on 
amylase columns according to the supplier’s 
method (New England Biolabs). The expected 
molecular mass was 47 kDa for MBP-K39sub. 
To avoid false-positive reactions to the carrier 
moiety, recombinant MBP was expressed and 
purified under the same conditions and used in 
the ELISA procedure as a negative antigen. The 
purity and yield of antigen was estimated by so-
dium dodecyl sulfate-polyacrylamide gel electro-
phoresis and Bradford methods (12). 
Sampling     Blood samples (2–5 ml) were 
taken from 126 dogs from Ardabil and East 
Azerbaijan Provinces, Nort-west of Iran where 
L. infantum are endemic. Samples were taken 
by venepuncture and put into 10 ml polypropyl-
ene tubes and processed 4-10 h after collection. 
The blood was centrifuged at 800×g for 5-10 min 
and sera were separated and stored at -20 °C. 
Dog age was determined by interviewing dog 
owners. The mean age of dogs was 35 mo (range 
2-192 mo); 79 were male and 47 were female. 
No transmission of Leishmania spp. or Trypano-
soma cruzi was reported in dogs in the studied 
areas. 
Enzyme linked immunosorbent assay     The 
ELISA was performed according to Hommel et 
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al. (13). For ELISA, microtiter plates were coated 
overnight with 20µg/ml of MBP-k39sub and MBP 
in 100µl of 0.1M bicarbonate buffer, pH 9.0. Fol-
lowing overnight incubation at 4 °C and subse-
quent washes with PBS- 0.05% Tween 20 (phos-
phate-buffered saline- 0.05% Tween 20) excess 
protein binding sites were blocked at room tem-
perature for 3 h with 250 µl /well of PBS contain-
ing 1% bovine serum albumin. After tree washes, 
100 µl of 1:100 dog sera in serum diluent (PBS 
containing 0.1% bovine serum albumin and 0.05% 
Tween 20) was added to duplicate wells. After 
three washes, 100µl of anti-human conjugated 
with alkaline phosphatase (Sigma Co.) (with di-
lution 1/1000) was added to each well and incu-
bated for 30 min. after three washes, 100µl p-nitro 
phenyl phosphate (Sigma Co.) in diethyl amine 
buffer was added to each well and incubated for 
20 min , the reaction was stopped with 100µl of 
3 N NaOH and The absorbance at 405 nm was 
measured. The ELISA reader (Anthos 2020) 
was set to subtract the reading of MBP as the 
negative antigen from that of MBP-k39sub. The 
cut off point was calculated by X+3SD in nor-
mal dog population. Optical Density (OD) read-
ing of ≥0.23 was considered as positive. 
Direct agglutination test     The L. infantum 
antigens for this study were prepared in the pro-
tozoology unit of the School of Public Health in 
Tehran University of Medical Sciences. The prin-
cipal phases of the procedure for making DAT 
antigen were mass production of promastigotes 
of L. infantum LON-49 in RPMI1640 plus 10% 
fetal bovine serum, trypsinization of the para-
sites, staining with Coomassie brilliant blue and 
fixing with formaldehyde 2% (6, 14). The dog se-
rum samples were tested by DAT according to 
the methods described by Harith et al. (6, 15). 
Specific Leishmania antibodies at a 1:320 and 
above were considered as positive (6, 15). 
Parasitological study     Twenty suspected dogs 
were examined externally for signs of Leishma-
nia infection; afterwards, all suspected dogs were 
dissected for the observation of amastigote form 
of L. infantum in the liver and spleen of each 
dog. All the prepared smears were fixed with 

methanol, stained with Giemsa stain 10% and ex-
amined microscopically for the presence of amas-
tigotes. Twelve out of 14 dissected dogs were 
parasitologically positive and the results were 
used for confirming K39 sub recombinant antigen.   
Negative and positive controls     Three groups 
of dog sera were used. Dog sera with suspected 
clinically and DAT positive (n= 55), sera from 
healthy dogs and DAT negative (n= 71), and the 
positive standard control sera came from dogs 
with L. infantum infection confirmed by micros-
copy (n= 12). 
Data analysis     Sensitivity, specificity, posi-
tive and negative predictive values (PPV and 
NPV, respectively) for each diagnostic test were 
calculated according to the method of Fleiss 
and Smith (16, 17). 
 
Results 
MBP and MBP-k39sub were highly expressed, 
found in the soluble fraction, and successfully 
purified by affinity chromatography (Fig. 1).  
The frequency distribution of DAT titers showed 
of all 126 serum samples were collected from 
the dogs and their comparison results with k39sub- 
ELISA were summarized in Table 1. Nine out of 
71 negative control sera were positive by using 
the k39sub-ELISA.  
Using a cut off value of 1:320 for DAT and that 
of 0.23 for k39sub- ELISA the concordance be-
tween two tests was 81.0 (P< 0.01). The most 
concordance rate between two tests was oc-
curred in 1: 640 DAT cut off value.  
The validity of DAT regarding the complete se-
ries of clinically suspected dogs and concordance 
between two tests were analyzed separately in 
Table 2.  
Table 3 showed that positive (PPV) and nega-
tive (NPV) predictive values of k39sub-ELISA 
according to prevalence rates of canine visceral 
leishmaniasis in endemic foci of Iran. When the 
prevalence rate is 14%, the PPV will be 48.3%. 
It should be mentioned that k39sub- ELISA test 
was positive in all 12 authopsied dogs that they 
were parasitologically and serologically (DAT) 
positive (≥1:320). 



M Taran et al: Diagnosis of Canine… 

4 

Table 1: Comparison of k39sub-ELISA and DAT in 
diagnosis of L. infantum infection in dogs 

 
k39sub-ELISA 

Positive Negative Total 
DAT 

  No. % No. % No. % 
Negative 4 8.2 53 67.8 57 45.3 

1:80 2 4.1 7 9 9 7.1 

1:160 3 6.1 2 2.6 5 4 

1:320 10 20.4 15 20.6 25 19.8 

1:640 6 12.2 0 0 6 4.8 

1:1280 2 4.1 0 0 2 1.6 

1:2560 0 0 0 0 0 0 

1:5120 1 2 0 0 1 0.8 

1:10240 9 18.4 0 0 9 7.1 

1:20480 12 24.5 0 0 12 9.5 

Total 49 100 77 100 126 100 
 

Table 2: Sensitivity, specificity and concordance values 
of k39sub-ELISA compared with DAT according to the 

different cut off titers 
 

DAT titer Sensitivity Specificity Concordance 

1:80 65.2± 8.3 93.0± 4.5 77.0± 7.3 

1:160 71.7± 8.0 91.0± 5.0 81.8± 6.8 

1:320 72.7± 7.8 87.3± 5.8 81.0± 6.9 

1:640 93.8± 4.2 83.0± 6.6 85.7± 6.1 

1:1280 96.0± 3.4 77.2± 7.3 81.0± 6.9 

1:2560 95.6± 3.6 75.7± 7.5 79.4± 7.1 

1:5120 100± 0 75.0± 7.6 79.4± 7.1 

1:10240 100± 0 74.3± 7.6 78.6± 7.2 

1:20480 100± 0 68.4± 8.1 71.4± 8.0 

Values are binomial 95% confidence limits 
 
Table 3: Positive predictive (PPV) and negative predic-
tive values (NPV) for a 1: 320 direct agglutination test cut 
off titer (sensitivity= 72.7%, specificity= 87.3%), accord-

ing to different prevalence rate in the studied endemic 
areas of Iran 

 
Prevalence rate (%) PPV (%) NPV (%) 
14  48.3 98.7 
21  60.5 96.3 
28  69.2 93.9 

6      5     4     3      2     1      M

kDa

66.2

45.0

35.0

25.0

 
 
Fig. 1: Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis result showing expression and purifica-
tion of recombinant antigens in E. coli. M, molecular-
weight standard; lanes 1, 2, 4, 5, total noninduced and in-
duced bacterial lysates expressing MBP and MBP-
K39sub, respectively; lanes 3 and 6, affinity-purified, 
MBP and MBP-K39sub respectively. 
 
Discussion  
The development of serodiagnostic tests for VL 
seems to be a show case of the multiple meth-
odological pitfalls in test validation (16, 18). 
The most important question is the imperfect 
standard for diagnosing VL and the absence of 
such a reference test (gold standard) for infec-
tion with the parasite that causes VL. The defi-
nite diagnosis of VL depends upon the demon-
stration of leishmanial amastigotes in bone mar-
row or biopsy material (spleen, lymph nodes, 
liver). These procedures are invasive, and thus 
are acceptable only in case of clinical suspicion 
of the disease. Moreover, they have poor sensi-
tivity (19). Parasitological confirmation might be 
the best standard for diagnosing VL, but not for 
diagnosing infection with L. donovani complex 
in a community at risk (20). According to previ-
ous studies (6, 14, 19) the performance of the 
DAT for detection of L. infantum infection in 
humans and dogs was excellent. Therefore, we 
have used DAT as the gold standard and com-
pared the ELISA results with DAT. The serodi-
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agnostic potential of k39 for VL, is shown pre-
viously with subjects from Brazil, Sudan, China 
and Pakistan (9, 5, 21). 
Findings indicate not only the conservation of 
the K39 epitope among visceralizing species of 
Leishmania in different geographical regions, but 
also its high antigenicity (21). 
Six reported studies used a k39-ELISA to detect 
Leishmania infection in dogs (7, 8, 22-25). The 
k39-ELISA was 100% sensitive in 90 para-si-
tologically confirmed, high-antibody-titer dogs in 
Brazil (22) and in 37 parasitologically con-
firmed dogs in Venezuela (negative controls not 
included in either study) (25). In a Turkish study, 
18 of 494 dogs were positive by k39-ELISA; 

sensitivity and specificity were reported to be 
93% and 100%, respectively (23). In a large 
epidemiological survey in Italy, k39-ELISA sen-
sitivity and specificity were 97 and 99%, re-spec-
tively (8). Finally, in a Moroccan study, the 
k39- ELISA was 100% sensitive in detecting 11 
parasitologically confirmed, clinically sympto-
matic dogs, but failed to detect ZVL infection 
in 9 parasitologically confirmed, clinically asymp-
tomatic dogs (25). The k39sub-ELISA was 95% 
sensitive and specific in 40 parasitologically con-
firmed dogs in Italy (7). 
Our results demonstrated that k39sub antigen 
carries highly reactive and diagnostically relevant 
epitopes. The sensitivity of k39sub antigen is 
lower than that of k39 antigen in ELISA. This 
resulted in a complete subset of overlapping epi-
topes which might be lost if a single repetition 
were to be used. The k39sub ELISA showed the 
good agreement with the DAT results.  
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