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Accepted 21 Oct 2017 Background: Diagnosis of Visceral Leishmaniasis (VL) is still challenging. This
review highlighted current status and challenges in the serological diagnosis of VL.
Furthermore, the drawback of currently available serological tests and the most
recent advancement in the designing and application of these assays for the diagno-
sis of VL are addressed.

Methods: All the published literature cited within PubMed, ISI Web of Science,
Google Scholar, Scopus, and IranMedex, regarding the immunodiagnosis of VL in
human were sought from 2000 till Mar 2017. The search terms were “visceral
leishmaniasis”, or “kala-azatr" subsequently combined with the search terms "diag-
nosis", "serodiagnosis", "human", "serological", "antigen detection" or "antibody
detection". Data were extracted from literature which fulfilled our eligibility critetia.
*Correspondence Results: Direct agglutination test (DAT) and rk39 dipstick have made a great im-
Email: provement in the serological diagnosis of VL. Besides, other kinesin-related protein
sarkarib@sums.ac.ir including K26, K28, and KE16 provided promisingly diagnostic accuracy in the
diagnosis of VL. The Latex Agglutination Test for the diagnosis of VL (KAtex),
with moderate sensitivity but high specificity, made a substantial contribution to
the field. Moreover, a range of protein antigens has recently been detected in the
urine of VL patients with encouraging diagnostic value.

Conclusion: The suboptimal diagnostic accuracy of the currently available serolog-
ical assays for the diagnosis of human VL necessitates further research and devel-
opment in this field. Outcomes of immunodiagnostic tests based on recombinant
antigens are favorable. These proteins might be the most appropriate antigens to be
further evaluated and utilized for the diagnosis of human VL.
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Introduction

‘ J isceral leishmaniasis (VL) continues
to pose a significant health problem
in several countries in tropical and

subtropical areas of the world (1-5). In Iran,
VL has been reported sporadically in all of 31
provinces of the country, but the disease is
endemic in some parts of northwestern and
southern areas with an annual rate of 100-300
new cases (5-8). In recent years, the annual
number of symptomatic cases of human VL in
Iran reached to 0.092 per 100,000 general
populations (9).

The disease is fatal if left untreated in more
than 95% of cases (10). Proper management
of VL requires an accurate diagnosis. There-
fore, highly sensitive and specific diagnostic
tests are needed for appropriate diagnosis of
the disease.

The gold standard of diagnosis of VL re-
mains the detection of Leishmania amastigotes
forms of the parasite in tissue samples. The
sensitivity rates of this method varies from
50% to 99% based on the tissue from which
the sample is prepared, being most sensitive
for spleen (93%-99%), moderate for bone
marrow  (53%-86%) and least sensitive
(<50%) for lymph nodes specimens (11). Be-
sides, the method is invasive and may carry
the fetal risk, in splenic aspiration, for the pa-
tients.

Molecular approaches are technically de-
manding and might not be an appropriate
method for the diagnosis of VL, especially in
countries with poor facilities and resources.
The diagnostic accuracy of these methods for
the diagnosis of VL, but not solely the parasite
infection, in VL-endemic areas is questionable.
A recent meta-analysis about molecular tools
for diagnosis of VL revealed that pooled sen-
sitivity of PCR in whole blood is 93.1% and
its specificity is 95.6%. The specificity has
been significantly lower (63.3%) in consecu-
tive studies due to the number of the asymp-
tomatic carriers in an endemic area (12-14).
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An ideal test for serodiagnosis of VL would
be a test which is cost-effective, easy-
performing, with both high sensitivity and
specificity. Currently, the main serodiagnostic
assays for the diagnosis of VL are Direct Ag-
glutination Test (DAT), Enzyme-linked Im-
munosorbent Assay (ELISA), Indirect Immu-
nofluorescence Antibody Test (IFAT), dip-
stick assays and the antigen-based latex agglu-
tination test (KAtex) (11, 15-19).

This review summarizes the performances
of the main serological diagnostic assays for
the diagnosis of human VL and highlights the
recent developments in this field, made over
the last decade. The review also highlights the
performances of different leishmanial antigens
in the diagnosis of VL.

Methods

All the published literature cited within
PubMed, ISI Web of Science, Google Scholar,
Scopus, and IranMedex, regarding the immu-
nodiagnosis of VL in human, were sought
from 2000 till Mar 2017. A few older pub-
lished papers were also included in the review
because of their originality. The search terms
were “visceral leishmaniasis”, or “kala-azar”
subsequently combined with the search terms
“diagnosis”, “serodiagnosis”, “human”, “sero-
logical”, “antigen detection” or "antibody de-
tection". A few studies were also found by
back tracing the reference lists of the articles.
Data were extracted from literature which ful-
filled our eligibility criteria.

Results

A variety of immunodiagnostic assays, using
different antigens including whole parasite
promastigotes or amastigotes, synthetic pep-
tides and crude or recombinant antigens have
been extensively used for the diagnosis of VL.
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These immunodiagnostic methods are either
antibody or antigen-based assays.

Antibody-based diagnostic assays

A range of antibody detection assays has
been developed and evaluated in the field for
the diagnosis of VL. The most studied ones
are DAT, IFAT, ELISA and rapid immuno-
chromatographic tests. Their main drawbacks
are positivity long after cure and also positivity
in asymptomatic cases in the VL-endemic are-
as. Therefore, antibody-based assays must al-
ways be interpreted in light of clinical pictures
of the patient.

Direct agglutination test (DAT)

DAT was adopted for the diagnosis of VL
by El-Harith (20). The test is currently being
used for the diagnosis of VL in a few VL-
endemic countries. DAT can be performed on
serum, plasma or even urine (17, 21). The test
can be performed on urine samples with diag-
nostic accuracy somewhat similar to the sera
samples (18, 21, 22). The performance of
DAT is neither Leishmania species-specific nor
region dependent. Among the validated sero-
logical tests, DAT was found to be more spe-
cific (specificity rates of 72%-100%), sensitive
(sensitivity rates of 92%-100%) and practically
applicable test (23, 24). A meta-analysis, com-
paring DAT and rK39 strip test, found that
DAT is almost 1% more sensitive and 2%
more specific than rK39 strip test (25).

DAT in its freeze-dried form facilitated its
use in the field (26-29). A freeze-dried antigen
of L. infantum in DAT demonstrated 99% sen-
sitivity and 98.2% specificity, which was simi-
lar to the conventional DAT when the test
carried out on 103 sera of VL patients in Bra-
zil (30). Major shortcomings of DAT are mul-
tiple pipetting, long incubation time, batch to
batch wvariability of the antigen and cross-
reactivity with other trypanosomatids.

DAT titer decline over time falling below
the cut off (1:800) at the ninth month of cure
but still remains positive for relatively long
time (up to 5 yr in more than 50% of VL cas-
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es) after the cure. Thus, the test cannot be
used for follow up of treatment or for the di-
agnosis of disease relapse (31). To overcome
the problem of long incubation time, a fast
agglutination screening test has been intro-
duced, which uses only one serum dilution
and require only three hours of incubation
(32). The validity of fast DAT for the detec-
tion of L. infantum infection in the field was
compared with the conventional DAT in Iran
and the results showed a sensitivity of 95.4%
and specificity of 88.5% for fast DAT in
comparison with conventional DAT (33).

Immunofluorescence antibody test (IFAT)

IFAT is based on detection of antibodies
against promastigotes or amastigotes forms of
the parasite. IFAT was evaluated for the diag-
nosis of VL in Iran and the authots concluded
that this test is the most practical and reliable
assay for the laboratory diagnosis of VL. (34).
In other studies, IFAT has shown a sensitivity
of 87%-100% and specificity of 77%-100%
for the diagnosis of VL (34, 35). Cross-
reactivity can be seen in patients with tubercu-
losis, toxoplasmosis, malaria, typhoid fever, or
brucellosis in IFAT (21, 36). A comprehensive
systematic review and meta-analysis about the
diagnostic performance of serological tests for
the diagnosis of VL found a poor sensitivity
(11%-82%) with higher specificity (79%-
100%) for IFAT (37).

Enzyme-linked immunosorbent assay
(ELISA)

A variety of antigens have been adopted in
ELISA system for the diagnosis of VL with
different sensitivity and specificity. Cross-
reactivity with sera of toxoplasmosis, tubercu-
losis, and trypanosomiasis has been reported
with Leishmania crude antigen (17, 21).

Rk39-based antibody detection assays
RK39 derived from a 39 amino acid repeat
encoded by a kinesin-like protein-encoding
gene of Leishmania chagasi. Development of
rK39 dipstick test brought a significant im-
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provement in the serological diagnosis of VL
in the field. A systematic review with meta-
analysis of the studies published in the litera-
ture regarding the performance of rK39 in
comparison with other serological assays
found that rK39, either in strip or ELISA
format, along with DAT had the best perfor-
mance for the serodiagnosis of VL (38).

Another meta-analysis showed sensitivity es-
timate of 93.9% and specificity of 93.6% for
rK39 and sensitivity and specificity of 94.8%
and 85.9% for DAT (39). The rK39-based
dipstick had lower sensitivity in Sudan in
comparison with the Indian subcontinent.
Specific polymorphisms have been found be-
tween coding sequences of rK39 homologous
from South Asian and East African strains.
These differences in genetic diversity influence
the performance of rK39 diagnostic assays in
these two regions (40). However, a new ver-
sion of the strip test (DiaMed AG, Cressier
Sur Morat, Switzerland) showed satisfactory
results in Sudan (41).

RK39 has been wused to detect anti-
Leishmania antibodies in saliva, but the results
were not satisfactory (42). The rK39 strip test
has also been used for the diagnosis of VL in
human urine. The test showed 96.1% sensitiv-
ity and 100% specificity (43). In another study,
rK39 was used for the detection of VL by us-
ing urine samples with 100% sensitivity and
86% specificity. However, urine-based testing
had more false-positive results than blood
testing (44).

The negative predictive value (NPV) of the
rK39 test in East Africa was found to be 81%
as compared to 95% in the Indian sub-
continent (45). In one study in Ethiopia, the
NPV of rK39-ICT was 41.7%. This indicates
that rK39-ICT negative test does not neces-
sarily rule out the presence of VL in a patient
(46). The positive predictive values (PPV) of
rK39-ICT have been reported to be 69% up
to 99.1% in different studies (25, 46-49). Low-
er PPV was reported from Ethiopia (74% and
09.6%) while higher PPV were reported from
Sudan (81%), Brazil (99.1%), Kenya (92.9%)
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and Bangladesh (98.3%) (46-49). rK39-ICT
positivity does not necessarily indicate the
presence of active VL in significant portion of
individuals.

Antibody detection based on RkE16, rK26,
K28 K9 and KRP42 antigens

Other kinesin-related proteins including K9,
K26, rK28, KRP42, and KE16 have been
evaluated for the diagnosis of VL with varia-
ble diagnostic accuracy (50-56). Evaluation of
two prototype lateral flow-based rK28 rapid
tests on VL patients provided high sensitivities
in Sudan (95.9%) and in Bangladesh (98.1%)
compared to the tK39 RDT (57).

Reasonable sensitivity and specificity (99.6%
and 94.1%-100%, respectively) were obtained
with an ELISA system, utilizing an rK28 fu-
sion protein for the detection of anti-
Leishmania antibodies in India (55). RK39 and
rK28 antigens have similar sensitivity and
specificity in the diagnosis of VL (55, 57).

In Sudan, a recombinant antigen of L.
donovani (rKLOS) which contained putative
conserved domains with significant similarity
to the rK39 and KE16 showed higher sensi-
tivity (98.1%) and specificity (96.1%) in com-
parison with rK39 in an ELISA system (58).
Combination of rK39 and rK26 has been used
as a rapid diagnostic test with satisfactory sen-
sitivity (100%) and specificity (98.9%). A latex
agglutination test using A2 antigen of
amastigotes of L. zufantum had a sensitivity and
specificity of 88.4% and 93.5% respectively
when tested on sera samples of VL patients
and controls in Iran (59). Of the non-protein
antigens, 9-O-acetylated sialic acid has been
shown to have potential serodiagnostic value
for the diagnosis of VL (60).

Diagnostic performance of crude Lezshmania
histone (CLH) in an ELISA system was evalu-
ated in Mediterranean VL patients with 97.6%
sensitivity and 100% specificity, a diagnostic
performance similar to rK39-based ELISA
(61).
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Antigen-based diagnostic assays

Antigen detection has been used for the di-
agnosis of several parasitic diseases with en-
couraging performance (17, 19, 62). For VL,
the most studied antigen-based assay is the
KAtex which detects a low molecular weight
carbohydrate antigen in the urine of VL pa-
tients (63, 64).

KAtex

KAtex was originally developed by Attar at
Liverpool School of Tropical Medicine, UK, in
2001 (64). The test was commercialized by Ka-
lon Biological Itd (Guildford, UK), known as
KAtex. KAtex detects only active disease and
quickly turn negative after successful treatment.
The test gives a result in a few min. To eliminate
the cross-reacting substances, urine sample
needs to be boiled (by immersing briefly in boil-
ing water) and cooled to ambient temperature
before testing (65). Attempt has been made to
improve the KAtex by removing the unpleasant
boiling process but with limited success (60).

The test has been evaluated in different VL-
endemic areas with high specificities (80%-
100%) and moderate sensitivity (40%-95%).
KAtex showed 79.1%-94.1% specificity and
00.4%-71.6% sensitivity in India (15). KAtex
showed a sensitivity and specificity of 71%
and 64% in Ethiopia, 84% and 87.8% in Ken-
ya, 72.9% and 98.3% in Sudan, 66.1% and
87.6% in India, 35.8% and 97.8% in Nepal,
and, 82.7% and 98.9% in Iran (15, 67). A
monoclonal antibody has been raised against
the KAtex target antigen and used in a capture
ELISA with a sensitivity of 94.1% and speci-
ficity of 100% for the diagnosis of VL (62).

The PPV of KAtex is usually high, ranged
from 74% to 99% while the NPV is lowert,
ranging from 35% to 99% (19, 25, 68, 69).
The PPV and NPV for KAtex have been re-
ported to be 98% and 56% respectively when
VL suspected patients and healthy controls
were evaluated in rural areas of Nepal (25).
Being a promising test, the urine-based KAtex
suffer from low sensitivity and this inherited
shortcoming needs to be improved.
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Assays for detection of leishmanial Urinary
polypeptides

The sensitivity and specificity of the 72-75
kDa protein, detected in the urine of VL pa-
tients, have been reported to be 96% and
100%, respectively (70). A urinary antigen de-
tection assay, developed for the detection of L.
infantum  iron superoxidase 1 and nuclear
transport factor 2, had a sensitivity of 89%
and specificity of 100% (71). The assay is
based on the detection of only L. infantum an-
tigen and may not propetly detect the antigen
of L. donovani, which is the main causative
agent of VL in the Old World (72). Table 1
shows the performance of different antigens
detection assays in the diagnosis of VL.

Serological tests for the diagnosis of
HIV/VL co-infection

HIV/VL co-infected cases can be propetly
diagnosed with up to 98% sensitivity if DAT
and rK39 are used together (82). Findings of a
comprehensive meta-analysis on serological
diagnosis of VL revealed that serological tests
should not be used in ruling out of VL infec-
tion in HIV/VL co-infected subjects (37). In a
recent meta-analysis study the diagnostic accu-
racy of IFAT, ELISA, immunoblotting, and
DAT were evaluated for the diagnosis of VL
in HIV/VL co-infected patients and conclud-
ed that serological tests have inclusive limited
sensitivity for the diagnosis of VL in HIV/VL
cases (83). The overall sensitivities of the tests
were 84% for immunoblotting, 81% for DAT,
and 66% for ELISA, while their specificities
were 82% for immunoblotting, 90% for ELI-
SA, 93% for IFAT and 90% for DAT (83).
Among the serological tests, DAT and im-
munoblotting have better global accuracy for
the diagnosis of VL in HIV/VL co-infection
(83). In a study on HIV/VL patients in Brazil,
IFAT and rK39 dipstick tests exhibited the
lowest sensitivity while DAT demonstrated a
good overall performance for the diagnosis of
VL in HIV/VL patients (84). All of the DAT
seropositive cases had clinical signs and symp-
toms of VL, when DAT was used for the di-
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agnosis of VL in HIV/AIDS cases (85).
Comparison of IFAT and DAT for serodiag-
nosis of VL in HIV-infected subjects showed
that these two tests have a similar specificity
but that IFAT has a higher sensitivity (80).

The lower sensitivity of DAT (89%) was re-
ported in HIV/VL co-infected patients in
comparison with HIV-negative patients (95%)
(87).

Table 1: Performance of different antigen detection systems in the diagnosis of human VL

Sample Test No. of subjects Sensitvity (%)  Specificity (%) Country Ref
VL Other Healthy
patients diseases control

Urine KAtex 25 34 312 68 100 Brazil (64)
Utrine KAtex 29 23 312 100 100 Yemen (64)
Urine KAtex 5 - 312 86 100 Nepal (64)
Urine KAtex 62 16 158 95.2 100 Sudan (73)
Urine KAtex 155 77 - 47.7 98.7 Nepal (74)
Utine KAtex 382 - 185 NR 99 India (75)
Urine KAtex 85 57 - 57 98 Nepal (25)
Urine KAtex 63 - 38 57.4 84.3 Ethiopia (68)
Urine KAtex 282 70 100 67 99 India (76)
Utine KAtex 33 - 35 100 91.4 Bangladesh (77)
Urine KAtex 313 14 57 77.7 98.2 Iran (78)
Urine KAtex 38 - - 71 64 Ethiopia (15)
Urine KAtex 308 - - 84.5 87.8 Kenya (15)
Urine KAtex 294 - - 72.9 98.3 Sudan (15)
Urine KAtex 352 - - 66.1 87.6 India (15)
Urine KAtex 158 - - 35.8 97.8 Nepal (15)
Utine KAtex 50 - 50 94 98 Bangladesh (79)
Urine KAtex 36 - 40 75 100 Bangladesh (80)
Urine KAtex 46 30 46 61 92 Ethiopia (81)
Utine KAtex 13 30 46 69 92 Bangladesh (81)
Urine KAtex 43 30 46 56 92 Brazil (81)
Utine KAtex 100 - 50 87 100 Bangladesh (69)
Urine Antigen™ De- 46 30 46 93.5 100 Ethiopia (81)

tect ELISA
Utine Antigen™ De- 64 30 46 96.9 100 Sudan (81)

tect ELISA
Utine Antigen™ De- 13 30 46 100 100 Bangladesh (81)

tect ELISA
Urine Antigen™ De- 43 30 46 88.4 100 Brazil (81)

tect ELISA
Urine Capture ELISA 35 24 10 60 91.2 Iran 17
Urine Capture ELISA 34 - 104 94.1 100 Yemen, Nepal, (62)

Spain, Sudan,
Brazil
Antigen detection might be a valuable ap- Discussion

proach for the diagnosis of HIV/VL co-
infection, as the level of antibodies in these pa-
tients is low. Sensitivity of 85.7% and specificity
of 100% were reported when KAtex was used
for the diagnosis of VL in HIV/VL patients in
Spain (88). KAtex was used for the diagnosis of
VL in utine samples of HIV/VL patients from
Spain with 90% sensitivity and 100% specificity
(Sarkati et al., unpublished data).

Available at: http://ijpa.tums.ac.ir

Much endeavor has been devoted over the
last two decades to develop a field applicable,
easy-to-perform, and accurate diagnostic test
for the diagnosis of VL. Among the devel-
oped antibody detection assays, DAT and
rk39 dipstick tests have made a great im-
provement in the serological diagnosis of VL.
When evaluating the diagnostic accuracy of an
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immunodiagnostic test, one should always
consider the PPV and NPV values. These fea-
tures are clinically valuable and may influence
therapeutic decisions by the physicians. Posi-
tive and negative predictive values of any im-
munodiagnostic test are directly connected to
the prevalence of the disease.

The NPV of the rK39 test is low in few of
VL-endemic areas. The test does not necessari-
ly rule out the VL infection. On the other hand,
the PPV of rK39-based assays has been low in
areas such as Ethiopia. This, in turn, shows that
rK39-ICT positivity does not necessarily indi-
cate the presence of active VL in a significant
portion of individuals in the VL-endemic areas.

KAtex with its moderate sensitivity and high
specificity has made a substantial contribution
to the diagnosis of VL. In line with this, a
range of protein antigens has recently been
detected in the urine of VL patients with reas-
suring diagnostic value.

Perhaps one of the greatest challenges in the
serological diagnosis of VL is the discrepan-
cies related to the results obtained from rela-
tively similar serological assays in different
VL-endemic areas. These inconsistencies are
likely due to the method of antigen prepara-
tion, testing methods, purity of employed an-
tigen, the strain of Leishmania and characteris-
tics of the evaluated subjects. The other ob-
stacle in the serological diagnosis of VL is that
the main antibody detection assays are positive
in asymptomatic cases in VL-endemic areas
and that the tests remain positive long after
the successful treatment (89). Hence, they
cannot differentiate between past and present
infections. Bearing this in mind, results of
immunodiagnostic tests have to be interpreted
in light of the clinical presentation.

Conclusion

The suboptimal diagnostic accuracy of the
currently available serological assays for the
diagnosis of human VL necessitates further
research and development in this field. Per-
formances of the immunodiagnostic tests
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based on recombinant proteins are satisfactory.
These proteins might be the most appropriate
antigens to be further evaluated and utilized
for the diagnosis of human VL. A new per-
spective in the development of serological as-
says for the diagnosis of VL might be the uti-
lization of fused protein, through combining
of several well-defined antigens. Moreover,
the detection of polypeptide urinary antigen
seems to be an encouraging mission forward
carried out in the future for the development
of a suitable antigen-based assay for the diag-
nosis of VL.

Acknowledgements

The study was financially supported by the
office of vice-chancellor for research of Shiraz
University of Medical Sciences (Grant No.
1396-01-106-16279).

Conflict of interest

The authors declare that there is no conflict
of interests.

References

1. Sarkari B, Naraki T, Ghatee MA, et al. Visceral
leishmaniasis  in  southwestern — Iran: A
retrospective clinico-hematological analysis of 380
consecutive hospitalized cases (1999-2014). PLoS
One. 2016;11(3):¢01504006.

2. Postigo JA. Leishmaniasis in the World Health
Organization Fastern Mediterranean Region. Int
J Antimicrob Agents. 2010; 36 Suppl 1:562-5.

3. Salam N, Al-Shagha WM, Azzi A. Leishmaniasis
in the Middle East: incidence and epidemiology.
PLoS Negl Trop Dis. 2014;8(10):e3208.

4. Okwor 1, Uzonna J. Social and economic burden
of human leishmaniasis. Am ] Trop Med Hyg.
2016;94(3):489-93.

5. Mohebali M. Visceral leishmaniasis in Iran: review
of the epidemiological and clinical features. Iran |
Parasitol. 2013;8(3):348-58.

6. Mohebali M. Epidemiological status of visceral
leishmaniasis in Iran: experiences and review of

Available at: http://ijpa.tums.ac.ir



http://ijpa.tums.ac.ir/

10.

11.

12.

13.

14.

15.

16.

Sarkari et al.: Immunodiagnosis of Visceral Leishmaniasis ...

literature. ] Clinic Experiment Pathol. 2012
§3:003.

Mohebali M, Edrissian GH, Shirzadi MR, et al.
An observational study on the cutrrent
distribution of visceral leishmaniasis in different
geographical zones of Iran and implication to
health policy. Travel Med Infect Dis.
2011,9(2):67-74.

Sarkari B, Hatam G, Ghatee M. Epidemiological
features of visceral leishmaniasis in Fars province,
southern Iran. Iran | Public Health.
2012;41(4):94-9.

Heydarpour F, Sari AA, Mohebali M, et al.
Incidence and Disability-Adjusted Life Years
(Dalys) attributable to leishmaniasis in Iran, 2013.
Ethiop ] Health Sci. 2016;26(4):381-8.

World Health Organization. Control of the
leishmaniases: report of a meeting of the WHO
Expert Commitee on the Control of
Leishmaniases, Geneva, 22-26 March 2010. 2010.
Sundar S, Chakravarty J. Recent advances in the
diagnosis and treatment of kala-azar. Natl Med |
India. 2012;25(2):85-9.

de Ruiter CM, van der Veer C, Leeflang MM, et
al. Molecular tools for diagnosis of visceral
leishmaniasis: systematic review and meta-analysis
of diagnostic test accuracy. | Clin Microbiol
2014;52(9):3147-55.

Rezaei Z, Satkari B, Dehghani M, et al. High
frequency of subclinical I eshmania infection
among HIV-infected patients living in the
endemic areas of visceral leishmaniasis in Fars
province, southern Iran. Parasitol Res.
2018;117(8):2591-5.

Mohammadiha A, Mohebali M, Haghighi A, et al.
Comparison of real-time PCR and conventional
PCR with two DNA targets for detection of
Leishmania  (Leishmania) — infantmm - infection  in
human and dog blood samples. Exp Parasitol.
2013;133(1):89-94.

Boelaert M, El-Safi S, Hailu A, et al. Diagnostic
tests for kala-azar: a multi-centre study of the
freeze-dried DAT, rK39 strip test and KAtex in
East Africa and the Indian subcontinent. Trans R
Soc Trop Med Hyg, 2008;102(1):32-40.
Cunningham J, Hasker E, Das P, et al. A global
comparative  evaluaion ~ of  commercial
immunochromatographic rapid diagnostic tests
for visceral leishmaniasis. Clin Infect Dis.
2012;55(10):1312-9.

Available at: http://ijpa.tums.ac.ir

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

Sarkari B, Hatam G, Mikaeili F, et al. A
comparative study of antigen and antibody
detection in visceral leishmaniasis using serum
and urine-based ELISA. Trop Biomed.
2008;25(2):96-9.

Hatam G, Mikaeili F, Sadjjadi S, et al. Direct
agglutination  test and enzyme linked
immunosorbent assay with urine samples for the
diagnosis of visceral leishmaniasis. Iran ] Parasitol.
2007;2(3):24-8.

Ghatei MA, Hatam GR, Hossini MH, et al
Performance of latex agglutination test (KAtex) in
diagnosis of visceral leishmaniasis in Iran. Iran |
Immunol. 2009;6(4):202-7.

Harith AE, Kolk AH, Kager PA, et al. A simple
and economical direct agglutination test for
serodiagnosis and sero-epidemiological studies of
visceral leishmaniasis. Trans R Soc Trop Med
Hyg. 1986;80(4):583-36.

Mikaeili F, Fakhar M, Sarkari B, et al. Comparison
of serological methods (ELISA, DAT and IFA)
for diagnosis of visceral leishmaniasis utilizing an
endemic strain. Iran | Immunol. 2007;4(2):116-21.
Islam MZ, Itoh M, Mirza R, et al. Direct
agglutination test with urine samples for the
diagnosis of visceral leishmaniasis. Am | Trop
Med Hyg. 2004;70(1):78-82.

Mohebali M, Edrissian GH, Nadim A, et al.
Application of direct agglutination test (DAT) for
the diagnosis and seroepidemiological studies of
visceral leishmaniasis in Iran. Iran ] Parasitol.
20006;1(1):15-25.

Edrisian GH, Hajaran H, Mohebali M, et al.
Application and evaluation of direct agglutination
test in sero-diagnosis of visceral leishmaniasis in
man and canine reservoirs in Iran. Iran ] Med Sci.
1996;21:119-24.

Chappuis F, Rijal S, Jha UK et al. Field validity,
reproducibility and feasibility of diagnostic tests
for visceral leishmaniasis in rural Nepal. Trop
Med Int Health. 2006;11(1):31-40.

Jacquet D, Boelaert M, Seaman J, et al
Comparative evaluation of freeze-dried and liquid
antigens in the direct agglutination test for
serodiagnosis of visceral leishmaniasis (ITMA-
DAT/VL). Trop Med Int  Health.
2006;11(12):1777-84.

Abdallah KA, Nour BY, Schallig HD, et al
Evaluation of the direct agglutination test based
on freeze-dried I eishmania domovani promastigotes
for the serodiagnosis of visceral leishmaniasis in

338


http://ijpa.tums.ac.ir/

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

339

Iran J Parasitol: Vol. 13, No. 3, Jul-Sep 2018, pp.331-341

Sudanese patients. Trop Med Int Health.
2004;9(10):1127-31.

Meredith SE, Kroon NC, Sondorp E, et al
Leish-KIT, a stable direct agglutination test based
on freeze-dried antigen for serodiagnosis of
visceral  leishmaniasis. ] Clin  Microbiol
1995;33(7):1742-5.

El-Moamly A, El-Sweify M, Hafeez M.
Petformance of 139 immunochromatography
and freeze-dried direct agglutination tests in the
diagnosis of imported visceral leishmaniasis.
Parasitol Res. 2012;110(1):349-54.

Oliveira E, Saliba SW, Saliba JW, et al. Validation
of a direct agglutination test prototype kit for the
diagnosis of visceral leishmaniasis. Trans R Soc
Trop Med Hyg. 2013;107(4):243-7.

Patil RR, Muliyil JP, Nandy A, et al. Dynamics of
the antibodies in cohotts of cured cases of visceral
leishmaniasis: its implication on the validity of
serological test, value in prognosis and in post
therapeutic  assessment. ~ Hum ~ Vaccin
Immunother. 2012;8(6):725-30.

Schoone G, Hailu A, Kroon C, et al. A fast
agolutination screening test (FAST) for the
detection of anti-I eishmania antibodies. Trans R
Soc Trop Med Hyg. 2001;95(4):400-1.

Akhoundi B, Mohebali M, Babakhan 1, et al.
Rapid detection of human I gishmania infantum
infection: a comparative field study using the fast
agolutination screening test and the direct
agolutination test. Travel Med Infect Dis.
2010;8(5):305-10.

Edrissian GH, Darabian P, Zovein Z, et al.
Application of the indirect fluorescent antibody
test in the serodiagnosis of cutaneous and visceral
leishmaniasis in Iran. Ann Trop Med Parasitol.
1981;75(1):19-24.

Edrissian GH, Darabian P. A comparison of
enzyme-linked immunosorbent assay and indirect
fluorescent antibody test in the serodiagnosis of
cutancous and visceral leishmaniasis in Iran.
Trans R Soc Trop Med Hyg. 1979;73(3):289-92.
Kohanteb ], Ardehali S. Cross-reaction of sera
from patients with various infectious diseases
with  Leishmania  infantum. Med Princ  Pract.
2005;14(2):79-82.

Costa MM, Penido M, dos Santos MS, et al.
Improved canine and human  visceral
leishmaniasis immunodiagnosis using
combinations of synthetic peptides in enzyme-

38.

39.

41.

42.

43.

45.

46.

47.

48.

linked immunosorbent assay. PLoS Negl Trop
Dis. 2012;6(5):e1622.

Maia Z, Lirio M, Mistro S, et al. Comparative
study of K39 Leshmania antigen  for
serodiagnosis of visceral leishmaniasis: systematic
review with meta-analysis. PLoS Negl Trop Dis.
2012;6(1):c1484.

Chappuis F, Rijal S, Soto A et al. A meta-analysis
of the diagnostic performance of the direct
agglutination test and rK39 dipstick for visceral
leishmaniasis. BMJ. 2006;333(7571):723.
Bhattacharyya T, Boelaert M, Miles MA.
Comparison of visceral leishmaniasis diagnostic
antigens in African and Asian I eishmania donovani
reveals extensive diversity and region-specific
polymorphisms. PLoS Negl Trop Dis.
2013;7(2):2057.

Stivastava P, Dayama A, Mehrotra S, et al.
Diagnosis of visceral leishmaniasis. Trans R Soc
Trop Med Hyg. 2011;105(1):1-6.

da Silva MR, Brandao NA, Dorta ML, et al.
Evaluation of an rK39-based
immunochromatographic test for the diagnosis of
visceral leishmaniasis in human saliva. Trop
Biomed. 2015;32(2):247-56.

Singh D, Pandey K, Das VN, et al. Evaluation of
rK-39 strip test using urine for diagnosis of
visceral leishmaniasis in an endemic region of
India. Am ] Trop Med Hyg. 2013;88(2):222-6.
Goswami RP, Goswami RP, Das S, et al. Testing
urine samples with 1iK39 strip as the simplest
non-nvasive field diagnosis for  visceral
leishmaniasis: an early report from eastern India. |
Postgrad Med. 2012;58(3):180-4.

Boelaert M, Verdonck K, Menten J, et al. Rapid
tests for the diagnosis of visceral leishmaniasis in
patients with suspected disease. Cochrane
Database Syst Rev. 2014; (6):CD009135.

Kiros YK, Regassa BF. The role of 1k39 serologic
test in the diagnosis of visceral leishmaniasis in a
tertiary hospital, Northern Ethiopia. BMC Res
Notes. 2017;10:169.

Mbui ], Wasunna M, Balasegaram M, et al
Validation of two rapid diagnostic tests for
visceral leishmaniasis in Kenya. PLoS Negl Trop
Dis. 2013;7(9):e2441.

Moura AS, Lopes HM, Mourao MV, et al
Performance of a rapid diagnostic test for the
detection of visceral leishmaniasis in a large urban
setting, Rev Soc Bras Med Trop. 2013;46(5):589-
93.

Available at: http://ijpa.tums.ac.ir



http://ijpa.tums.ac.ir/

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Sarkari et al.: Immunodiagnosis of Visceral Leishmaniasis ...

Peruhype-Magalhaes V, Machado-de-Assis TS,
Rabello A. Use of the Kala-Azar Detect(R) and
IT-LEISHR) rapid tests for the diagnosis of
visceral leishmaniasis in Brazil. Mem Inst
Oswaldo Cruz. 2012;107(7):951-2.

Takagi H, Islam MZ, Itoh M, et al. Production of
recombinant kinesin-related protein of I ezshmania
donovani and its application in the serodiagnosis of
visceral leishmaniasis. Am | Trop Med Hyg;
2007;76(5):902-5.

Mohapatra TM, Singh DP, Sen MR, et al
Compararative evaluation of 1I<9, K26 and rK39
antigens in the serodiagnosis of Indian visceral
leishmaniasis. | Infect Dev Ctties. 2010;4(2):114-
7.

Sivakumar R, Sharma P, Chang KP, et al
Cloning, expression, and purification of a novel
recombinant antigen from ILzishmania donovans.
Protein Expr Purif. 2006;46(1):156-65.

Farajnia S, Darbani B, Babaei H, et al
Development and evaluation of [ eishmania
anfantnm 1126 ELISA for serodiagnosis of visceral
leishmaniasis in Tran. Parasitology.
2008;135(9):1035-41.

Bhattacharyya T, Marlais T, Miles MA.
Diagnostic antigens for visceral leishmaniasis:
clatificaion of nomenclatures. Parasit Vectors.
2017;10:178.

Vaish M, Bhatia A, Reed SG, et al. Evaluation of
rK28 antigen for serodiagnosis of visceral
leishmaniasis in India. Clin Microbiol Infect.
2012;18(1):81-5.

Farahmand M, Khalaj V, Mohebali M, et al.
Comparison of recombinant A2-ELISA with
rKE16 dipstick and direct agglutination tests for
diagnosis of visceral leishmaniasis in dogs in
Northwestern  Iran. Rev  Soc  Bras Med
Trop. 2015;48(2):188-93.

Pattabhi S, Whittle ], Mohamath R, et al. Design,
development and evaluation of rK28-based
point-of-care tests for improving rapid diagnosis
of visceral leishmaniasis. PLoS Negl Trop Dis.
2010; 4(9): e822.

Abass E, Bollig N, Reinhard K, et al. tKLOS, a
novel [ eishmania donovani - detived recombinant
immunodominant protein for sensitive detection
of visceral leishmaniasis in Sudan. PLoS Negl
Trop Dis. 2013;7(7):¢2322.

Akhoundi B, Mohebali M, Shojaee S, et al. Rapid
detection of human and canine visceral
leishmaniasis: assessment of a latex agglutination

Available at: http://ijpa.tums.ac.ir

60.

61.

62.

63.

64.

65.

60.

67.

68.

69.

70.

test based on the A2 antigen from amastigote
torms of Ieishmania infantmm. BExp Parasitol.
2013;133(3):307-13.

Bandyopadhyay S, Chattetjee M, Pal S, et al
Purification, charactetization of O-acetylated
sialoglycoconjugates-specific IgM, and
development of an enzyme-linked
immunosorbent assay for diagnosis and follow-
up of indian visceral leishmaniasis patients. Diagn
Microbiol Infect Dis. 2004;50(1):15-24.

Lakhal S, Mekki S, Ben-Abda 1, et al. Evaluation
of an enzyme-linked immunosotrbent assay based
on crude Ieshmania histone proteins for
serodiagnosis of human infantile visceral
leishmaniasis. ~ Clin =~ Vaccine — Immunol.
2012;19(9):1487-91.

Sarkari B, Chance M, Hommel M. A capture
ELISA for the diagnosis of visceral leishmaniasis
using a monoclonal antibody against a
leishmanial. Iran Biomed J. 2005,9(3):117-22.
Sarkari B, Chance M, Hommel M. Antigenuria in
visceral leishmaniasis: detection and partial
characterisation of a catbohydrate antigen. Acta
Trop. 2002;82(3):339-48.

Attar ZJ, Chance ML, el-Safi S, et al Latex
agglutination test for the detection of urinary
antigens in visceral leishmaniasis. Acta Trop.
2001;78(1):11-6.

Hommel M, Sarkari B, Camey ], et al. Katex for
the diagnosis of human visceral leishmaniasis.
Med Trop (Mars). 2001;61(6):503-5.

Hatam GR, Ghatee MA, Hossini SM, et al.
Improvement of the newly developed latex
agglutination test (Katex) for diagnosis of visceral
lieshmaniasis. ] Clin Lab Anal. 2009;23(4):202-5.
Molai S, Mohebali M, Akhoundi B, et al
Evaluation of latex agglutination test (KATEX®)
for the detection of urinary antigens in human
visceral leishmaniasis. ] Sch Public Health Inst
Public Health Res. 2006;4(1):1-8.

Dito E, Techane Y, Tefera T, et al. Field
evaluaion of FD-DAT, 1K39 dipstick and
KATEX (utine latex agglutination) for diagnosis
of visceral leishmaniasis in northwest Ethiopia.
Trans R Soc Trop Med Hyg. 2007;101(9):908-14.
Habib ZH, Lutfor AB, Jhora ST, et al. Validity of
KAtex Test for the diagnosis of visceral
leishmaniasis in endemic region of Bangladesh.
Bangladesh | Infect Dis. 2014;1(1):8-11.

De Colmenares M, Portus M, Riera C, et al. Short
report:  detection of 72-75-kD and 123-kD

340


http://ijpa.tums.ac.ir/

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

341

Iran J Parasitol: Vol. 13, No. 3, Jul-Sep 2018, pp.331-341

fractions of I eishmania antigen in urine of patients
with visceral leishmaniasis. Am ] Trop Med Hyg.
1995;52(5):427-8.

Abeijon C, Kashino SS, Silva FO, et al
Identification and diagnostic utility of I ezshmania
anfantum proteins found in utine samples from
patients with visceral leishmaniasis. Clin Vaccine
Immunol. 2012;19(6):935-43.

Abejjon C, Campos-Neto A. Potential non-
invasive urine-based antigen (protein) detection
assay to diagnose active visceral leishmaniasis.
PLoS Negl Trop Dis. 2013;7(5):¢2161.

El Safi S, Abdel Haleem A, Hammad A, et al
Field evaluation of latex agglutination test for
detecting urinary antigens in visceral leishmaniasis
in Sudan. East Mediterr Health J. 2003;9(4):844-
55.

Rijal S, Boelaert M, Regmi S, et al. Evaluation of a
urinary antigen-based latex agglutination test in
the diagnosis of kala-azar in eastern Nepal. Trop
Med Int Health. 2004;9(6):724-9.

Sundar S, Agrawal S, Pai K, et al. Detection of
leishmanial antigen in the urine of patients with
visceral leishmaniasis by a latex agglutination test.
Am ] Trop Med Hyg. 2005;73(2):269-71.

Sundar S, Singh RK, Bimal SK, et al
Comparative evaluation of parasitology and
serological tests in the diagnosis of visceral
leishmaniasis in India: a phase III diagnostic
accuracy study. Trop Med Int Health.
2007;12(2):284-9.

Alam M, Shamsuzzaman A, Musa A, et al.
Antigen detection from urine of Kala-azar cases
by latex agglutination test. Mymensingh Med ]J.
2008;17(1):22-7.

Gavgani AM, Vatan SK, Ghazanchaei A. KAtex
antigen-detection test as a diagnostic tool for
latent  visceral leishmaniasis cases. Afr]
Biotechnol. 2008;7(7):852-9.

Ahsan MM, Islam MN, Mollah AH, et al
Evaluation of latex agglutination test (IKAtex) for
early diagnosis of kala-azar. Mymensingh Med J.
2010;19(3):335-9.

Salam MA, Khan MG, Mondal D. Urine antigen
detection by latex agglutination test for diagnosis
and assessment of initial cure of visceral

81.

82.

83.

84.

85.

86.

87.

88.

89.

leishmaniasis. Trans R Soc Trop Med Hyg
2011;105(5):269-72.

Vallur AC, Tutterrow YL, Mohamath R, et al
Development and comparative evaluation of two
antigen detection tests for visceral leishmaniasis.
BMC Infect Dis. 2015;15:384.

Jarvis JN, Lockwood DN. Clinical aspects of
visceral leishmaniasis in HIV infection. Curr Opin
Infect Dis. 2013;26(1):1-9.

Cota GF, de Sousa MR, Demarqui FN, et al. The
diagnostic accuracy of serologic and molecular
methods for detecting visceral leishmaniasis in
HIV infected patients: meta-analysis. PLoS Negl
Trop Dis. 2012;6(5):¢1605.

Cota GF, de Sousa MR, de Freitas Nogueira BM,
et al. Comparison of parasitological, serological,
and molecular tests for visceral leishmaniasis in
HIV-infected patients: a cross-sectional delayed-
type study. Am | Trop Med Hyg. 2013;89(3):570-
7.

Shafiei R, Mohebali M, Akhoundi B, et al.
Emergence of co-infecion of  visceral
leishmaniasis in  HIV-positive patients  in
northeast Iran: A preliminary study. Travel Med
Infect Dis. 2014;12(2):173-8.

Nigro L, Vinci C, Romano F, et al. Compatison
of the indirect immunofluorescent antibody test
and the direct agglutination test for serodiagnosis
of visceral leishmaniasis in HIV-infected subjects.
Eur ] Clin Microbiol Infect Dis. 1996;15(10):832-
5.

ter Horst R, Tefera T, Assefa G, et al. Field
evaluation of rK39 test and direct agglutination
test for diagnosis of visceral leishmaniasis in a
population with high prevalence of human
immunodeficiency virus in Ethiopia. Am | Trop
Med Hyg. 2009,80(6):929-34.

Riera C, Fisa R, Lopez P, et al. Evaluation of a
latex agglutination test (IKAtex) for detection of
I eishmania antigen in urine of patients with HIV-
Leishmania coinfection: value in diagnosis and
post-treatment follow-up. Eur | Clin Microbiol
Infect Dis. 2004;23(12):899-904.

Layegh Gigloo A, Sarkari B, Rezaei Z, et al
Asymptomatic [ ezshmania infected children: A
seroprevalence and molecular survey in a rural
area of Fars Province, Southern Iran. | Trop Med.
2018;2018: 8167247.

Available at: http://ijpa.tums.ac.ir



http://ijpa.tums.ac.ir/

