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Abstract
We report here nine unusual cases of Kala-azar, of which parasites were isolated and found by 18S
rRNA gene sequencing to be most similar to Leptomonas species. One of these isolates was used to
inoculate Balb/c mice; organs were collected and directly submitted to a genus-specific rDNA-ITS1
PCR analysis: this revealed the presence of both Leptomonas sp. and Leishmania donovani.
Therefore, we conclude that there was a mixed infection of Leptomonas sp. and L. donovani in this
isolate. We consider that mixed infection may be present in the patients themselves, Leptomonas
persisting in them because of the immuno-suppression associated with Kala-azar.
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1. INTRODUCTION
Kala-azar (or visceral leishmaniasis, VL) is a vector-borne disease caused by two species of
the Leishmania donovani complex: L. donovani and L. infantum. Ninety percent of the new
cases of VL occurring annually originate from five countries: Bangladesh, Brazil, India, Nepal
and Sudan (Desjeux, 1992). In India, VL is essentially encountered in Bihar and Eastern Uttar
Pradesh and L. donovani is the only etiological agent reported so far. A recent study with
multilocus microsatellite typing revealed that L. donovani parasites from Bangladesh, Bihar
(India) and Nepal formed a very homogeneous population regardless of geographical origin,
clinical manifestation, and independently of their grade of susceptibility to antimonial drugs
(Alam et al., 2009). The same authors suggested that the circulation of a single homogeneous
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population of L. donovani in Bihar (India), Bangladesh and Nepal was, most probably, related
to the epidemic spread of visceral leishmaniasis in this area. All these features of Indian kala-
azar imply that in the practice, most of the parasites isolated from VL cases are not typed,
assuming that they are all L. donovani. This contrasts with the situation in other leishmaniasis
endemic regions where typing is more systematically done: f.i. in Latin America, where
different Leishmania species can be endemic (Reithinger and Dujardin, 2007). In the present
study, we aimed to verify the identity of 120 VL isolates collected from Bihar and Uttar Pradesh
between March 2005 and October 2008. This was done by restriction fragment length
polymorphism analysis of an hsp70 PCR-amplified gene fragment (PCR-RFLP), a simple and
powerful method we are currently aiming to promote worldwide for Leishmania species
identification (Montalvo et al, 2010).

2. MATERIALS AND METHODS
2.1 Cultured isolates and patients

One hundred and twenty individuals (all from India, 107 from the high endemic zone of Bihar
and 13 from the low endemic zone of Uttar Pradesh), having symptoms of Kala-azar, were
subjected to splenic aspiration at the Kala-Azar Medical Research Centre (KAMRC) and
Banaras Hindu University (BHU) with prior consent, between March 2005 and October 2008.
Splenic aspirates were collected in NNN tubes containing biphasic media (Blood-agar and c-
RPMI) in sterile conditions and cultured at 26°C for a maximum of 3 passages before DNA
isolation. Ethical clearance was obtained from the ethical committee of the Institute of Medical
Sciences, BHU, Varanasi.

2.2 Growth curve of parasites
This was done for each strain by inoculating 100 μL of parasite culture containing 1 × 106

parasites in 5 mL of c-RPMI and maintaining it for 7 days. The parasites were counted daily
using a hemocytometer under a light microscope to evaluate parasite growth. The data were
log transformed and linear regression and calculation of the slopes was done using GraphPad
Prism 5.0 software (San Diego, CA).

2.3 Molecular analyses
DNA was extracted from cultures and mice spleen with a standard phenol-chloroform method.
Hsp70 and 18S rRNA genes were amplified from culture DNA as described elsewhere
(Montalvo et al, 2010; Meredith et al., 1993), using primers R221 and R332 for the 18S rRNA
gene (Van Eys et al., 1992). An rDNA-ITS1 fragment (approximately 320 bp in L.
donovani) was directly amplified from spleen isolated DNA as described elsewhere (el Tai et
al., 2000). Amplified DNA from the hsp70 gene was subjected to restriction digestion with
HaeIII and the strain MHOM/NP/02/BPK043/0 (Rijal et al., 2007) was used as reference for
L. donovani identification. We sequenced DNA from hsp70 and 18S rRNA genes.

2.4 Sequence analysis
Sequences from 18S rRNA and hsp70 genes were aligned to available GenBank accessions
from several trypanosomatid species. Based on these alignments, sequences were clustered
using the Neighbor-Joining method from calculated p-distances, whereby 2000 bootstrap
replicates were analyzed(Saitou and Nei, 1987). The software package MEGA 4.0 was used
for aligning the sequences and constructing the dendrograms (Tamura et al., 2007). The 18S
rRNA genes were analyzed in two steps: a first tree included an extended set of organisms,
and was based on a selection of 368 conserved alignment positions. In a second step, the entire
alignment (665 sites) was used to build a tree only including the organisms most closely related
to BHU151 and BHU154, as among these also the more variable positions could be reliably
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aligned. The hsp70 alignment included a geographically and genetically representative set of
all known Leishmania species or complexes, and consisted of 1234 sites, which were all used
in the tree building process.

2.5 In vivo studies
Six Balb/c mice (30 ± 5g, IMS, BHU, India) were used for in vivo infections with 108 parasites
in stationary growth phase. BHU151 and BHU154 clinical isolates were each inoculated in
two mice, while two other mice were injected with isolate BHU193. Inoculation was done
intracardially, and after 45 days the surviving mice were euthanized and their splenic and liver
tissue was collected for DNA isolation (Manandhar et al., 2008).

3. RESULTS
Two patterns were observed from hsp70 PCR-RFLP among the 120 isolates here studied
(Figure 1): (i) 111 isolates showed the same pattern as the one encountered in the L.
donovani reference strain MHOM/NP/02/BPK043/0, and (ii) 9 isolates (6 from Bihar and 3
from Uttar Pradesh) showed an identical restriction pattern different from L. donovani.
Analysis of the hsp70 gene sequence in two of these (GenBank accession no. FJ226475)
revealed that they do not correspond to any Leishmania or Sauroleishmania (Figure 2). The
nucleotide dissimilarity (p-distance) to the most closely related Leishmania sequence is 7.9 %,
while the variation seen between any 2 Leishmania sequences is maximum 5.3%. In order to
identify the organism from which this aberrant hsp70 gene was amplified, 18S rRNA gene
sequences were used for clustering analysis (Figure 3). According to Figure 3a, constructed
from the conserved regions in the 18S rRNA gene fragment studied, BHU151 and BHU154
are most closely related to Leptomonas accessions AF153040 and X53914. This was confirmed
with a bootstrap support of 95% in Figure 3b, which is based upon the entire 18S rRNA gene
fragment. We thus further refer to the 9 Indian isolates as Leptomonas sp. BHU, being conscient
that a future revision of this status is warranted along with the revision of the genus
Leptomonas itself(Yurchenko et al., 2006).

To evaluate whether Leishmania is still present in the cultures from these isolates, one L.
donovani isolate (BHU193) and two Leptomonas sp. BHU isolates (BHU151 and BHU154)
were injected in Balb/c mice. All the mice inoculated with isolate BHU154 died after 20 days.
Spleen dabbed smears were found positive for amastigote parasites by microscopy in the mice
that were infected with BHU151. At day 45 after infection, mice were sacrificed and DNA was
isolated from their splenic tissue. Given the low sensitivity of hsp70 PCR-RFLP for direct
application on tissue samples, rDNA-ITS1 PCR was applied (Figure 4). This revealed that the
parasites present in the mice 45 days after infection showed the signals of both Leptomonas
sp. BHU (approximately 430 bp) and L. donovani (approximately 320 bp).

In order to compare the growth behavior of L. donovani and Leptomonas sp. BHU, we
established the growth curve of isolates BHU193 and BHU151 (Figure 5). We found that isolate
BHU151 showed unique features of multiplication. After 5 days, BHU151 shows a maximum
density of 1.6 × 107 parasites/mL whereas L. donovani BHU193 showed 3.6 × 106 parasites/
mL. After log transforming the growth data and applying linear regression, Leptomonas sp.
BHU showed a slope of 0.01868 (95% CI: 0.01733 to 0.02004), which is significantly higher
than the slope for L. donovani of 0.01151 (95% CI: 0.009921 to 0.01311). Therefore it is clearly
evidenced by the growth curves that Leptomonas sp. BHU grows faster in culture than L.
donovani.
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4. DISCUSSION
The molecular characterization of 9/120 VL isolates (7.5%) originating from Bihar and Uttar
Pradesh and maintained in vitro for 3 passages, revealed that they correspond to parasites
different from L. donovani and phylogenetically clustered more closely to monoxenous
parasites of the Leptomonas genus (further called Leptomonas sp. BHU). The identification of
the parasites here described should be considered with some care. Indeed, the taxonomy of the
insect trypanosomatids requires new criteria other than morphology and 18S rRNA gene based
phylogenies to re-evaluate the generic affinities of known isolates (Podlipaev et al., 2004).
Surprisingly, after in vivo mice infection with one of these isolates, Leptomonas sp. BHU
parasites were encountered in the spleen of the animals together with L. donovani. Assuming
that sterility was guaranteed all along the chain from the isolation from patients, the in vitro
maintenance and the harvesting for DNA extraction and inoculation, we consider that mixed
infection was present in these isolates, and hence also in the patients from whom these were
derived.

The occurrence of insect trypanosomatids in humans is exceptional, but reports are worldwide
available, involving protozoan parasites genetically related with several different species such
as Herpetomonas sp. in Texas (McGhee and Cosgrove, 1980), Herpetomonas samuelpessoai
in the south of France (Morio et al., 2008), Leptomonas pulexsimulantis in Brazil (Pacheco et
al., 1998), or a yet unidentified trypanosomatid in Spain (Jimenez et al., 1996). Also in other
mammals similar observations were described, e.g. Herpetomonas ztiplika-like parasites in
rats from Egypt (Podlipaev et al., 2004). Interestingly, most of the human cases in which insect
trypanosomatids were encountered were HIV positive (Chicharro and Alvar, 2003), even
though a symptomatic infection with such trypanosomatids was also seen in immunocompetent
patients (Boisseau-Garsaud et al., 2000).

Our report is exceptional in the sense that it concerns 9 different patients from different regions
of India. Furthermore, none of them showed HIV/AIDS, but VL-diagnosis was confirmed by
the rK39 strip test (Sundar et al., 2006) and clinical data such as complete blood count, platelet
count, and splenic smear microscopy. VL is known to be associated with a strong immuno-
suppression and as such it might allow non-human trypanosomatids to install in the body. After
isolation from this type of samples, the insect parasites would rapidly overgrow L. donovani
in culture, because of their high multiplication rate (Figure 5). Back in a mammal host (mice
in this study), L. donovani would reappear because of higher fitness in that host.

How the patients got infected with these insect parasites is still unknown, but sandflies
themselves might be involved, as suggested by the recent description of L. donovani as well
as other -yet unidentified- trypanosomatids in Nepalese specimens of Phlebotomus
argentipes, the main vector of VL in the Indian sub-continent (Bhattarai et al., 2009). Further
studies are needed to get a more extensive perception of this phenomenon. However,
considering our results, we strongly recommend to undertake a precise species identification
of any in vitro maintained isolate from a VL patient if it is to be used for further studies of L.
donovani, even in regions where only L. donovani is reported to be endemic.
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Figure 1.
Agarose gel analysis of hsp70 PCR-RFLP from different parasite isolates. The PCR products
of 1420 bp were digested with the restriction enzyme HaeIII. Digested products were separated
on 3% Small Fragment Agarose (Eurogentec, Belgium). Lane M is a 100 bp Ladder (New
England Biolabs,UK). Lanes 2 and 3: L. donovani BHU193 and MHOM/NP/02/BPK043/0
respectively, a pattern found in 111 out of the 120 studied isolates. Lanes 4 and 5: BHU250
and BHU234, respectively, a pattern found in 9 out of the 120 studied isolates.
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Figure 2.
Neighbour-Joining tree based on p-distances of the hsp70 sequences of Leishmania (Fraga et
al., 2010), and BHU151/BHU154 (both of which have the same sequence); outgroup:
Trypanosoma cruzi and T. rangeli. The analysis is based on an alignment of 1234 nucleotides.
GenBank accession numbers are given between brackets. Distances are measured along the
horizontal branches, according to the scale shown. Bootstrap values above 70% are indicated
at the internodes.
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Figure 3.
Neighbour-Joining trees based on p-distances of partial 18S rRNA gene sequences. GenBank
accession numbers are given between brackets. Distances are measured along the horizontal
branches, according to the scale shown. Bootstrap values above 70% are indicated at the
internodes, and the root was placed arbitrarily. (A) Tree based on conserved alignment
positions including a more extended set of taxa. (B) Tree based on the entire sequenced gene
fragment.
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Figure 4.
rDNA-ITS1 PCR products from splenic tissue of mice, showing fragments from Leptomonas
sp. BHU and L. donovani. Lane M is 100 bp Ladder, Lane 1: mouse liver injected with
Leptomonas sp. BHU isolate BHU151; Lane2: mouse spleen injected with Leptomonas sp.
BHU isolate BHU151; Lanes 3 and 4: Leptomonas sp. BHU cultures BHU151 and BHU154;
Lane 6: L. donovani reference isolate BHU193.
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Figure 5.
Growth Curve of Leptomonas sp. BHU (BHU151) and L. donovani (BHU193). The
concentration of parasites per mL is log transformed. The slope of BHU193 and BHU151 is
respectively 0.01151 (95% CI: 0.009921 to 0.01311) and 0.01868 (95% CI: 0.01733 to
0.02004).
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