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ARTICLE INFO ABSTRACT

Keywords: Visceral leishmaniasis (VL), the most severe form of the disease, is caused by Leishmania donovani in the Indian
Leishmania donovani sub-continent (ISC). Whole genome sequencing studies revealed that two parasite populations exist in the ISC: a
Sand fly main population named the Core Group (CG) found mostly in the lowlands, and a new, genetically different

Experimental development subpopulation called ISC1. Parasites belonging to the CG were shown to be responsible for the recent epidemics,

while the ISC1 variant was originally identified in hilly districts of Nepal and was later on increasingly found in
the lowlands. Importantly, the ISC1 and CG isolates differ in their drug susceptibility and virulence signatures,
suggesting that ISC1 constitutes an emerging and functionally different variant of L. donovani. In present study
we aimed to address the potential of ISC1 transmission by the natural vector of L. donovani in the lowlands,
Phlebotomus argentipes. By experimental infection of sand flies with parasites of the different genotypes, we
demonstrate that ISC1 and CG strains are developing similarly in P. argentipes, suggesting that P. argentipes is a
fully competent vector for ISC1 parasites. Integration of previous and current findings shows thus that ISC1 is a
new and different variant of L. donovani, fully adapted to spread in the ISC through the main vector. This
information is directly useful for managers of the elimination program. Furthermore, integration of our suc-
cessive studies (genotyping, phenotyping and vector competence) demonstrates the relevance of molecular
surveillance and should be of interest for scientists working on vector borne diseases and control managers.

1. Introduction epidemics reported every 15 years (Dye and Wolpert, 1988). Whatever

the exact cause, new outbreaks will come and surveillance is more than

Visceral leishmaniasis (VL) is due to 2 parasite species of the
Leishmania donovani complex: Leishmania infantum around the
Mediterranean basin and in Latin America and Leishmania donovani in
the Indian subcontinent (ISC) and East Africa. It is the most severe form
of the disease, being lethal in the absence of treatment. In 2012, global
incidence was reported to range between 200,000 and 400,000 new VL
cases each year, most of them in the ISC, followed by East-Africa (Alvar
et al., 2012). In 2017, global incidence ranged between 50,000 and
90,000 (WHO, 2018), essentially because of a significant decrease of
the cases in the ISC, while cases in East Africa were sustained (Burza
et al., 2018). The reduction of cases in the ISC is attributed to the re-
gional elimination programme that started in 2005 and aimed to reduce
the disease burden to < 1 case per 10,000 population by 2020. How-
ever, it could also reflect the natural fluctuation of the disease, with
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ever required in the current ‘post-elimination’ phase (Rijal et al., 2019),
including molecular surveillance through highly discriminatory
tracking of the parasites to follow the evolution of epidemics, detect
new variants and assess in real time the source of outbreaks
(Domagalska et al., 2019).

We recently established the bases for such molecular surveillance by
sequencing the whole genome of 200 L. donovani isolates from the re-
gion (Imamura et al., 2016): we discovered a main population in the
lowlands (called the Core Group or CG) that drove the most recent
epidemics in the ISC, but also a new subpopulation genetically quite
different, called ISC1. This population clustered phylogenetically as an
intermediate between ISC and East African L. donovani. It is currently
unknown if ISC1 parasites are descendants of an old ISC population or if
they were recently introduced from outside ISC. This new variant
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Fig. 1. A. Development of three L. donovani strains (strains BPK 282-S andc BPK 275-R, from CG and BPK026 from ISC1) in P. argentipes. Graph represents a summary
of three experiments, there was no significant variation among replicates. Numbers above bars represent the number of sand fly females dissected. B. Development of
L. donovani BPK 026 in Phlebotomus papatasi. Graph represents a summary of two experiments, there was no significant variation among replicates. Numbers above

bars represent the number of sand fly females dissected.

originally encountered in patients originating from hilly districts of
Nepal (Imamura et al., 2016), was later on increasingly found in the
lowlands (Rai et al., 2017). In recent studies, we reported different
signatures of drug susceptibility and virulence between ISC1 and CG
parasites (Dumetz et al., 2018; Cuypers et al., 2018). ISC1 thus appears
as an emerging and functionally different population of L. donovani. A
particular attention should be given on its potential for further
spreading. In this context, we aimed to study the potential of ISC1
transmission by the natural vector of L. donovani in the lowlands,
Phlebotomus argentipes, and compare it with P. papatasi, the common
peridomestic sand fly species in the Indian subcontinent and aggressive
man-biter (reviewed by Dvorak et al., 2018) which was demonstrated
as refractory to L. donovani (reviewed by Dostalova and Volf, 2012).
This was done here by investigating in details the experimental devel-
opment of CG and ISC1 strains of Leishmania donovani in the two sand
fly species.

2. Materials and methods

Three clinical isolates of L. donovani were here used: (i) 2 CG ones
representing the phenotypic diversity of that population (MHOM/NP/
03/BPK282 and MHOM/NP/03/BPK275, respectively sensitive and
resistant to antimonials (Rijal et al., 2007)) and (ii) MHOM/NP/02/
BPK026 representing ISC1. The 3 lines were cryopreserved at the In-
stitute of Tropical Medicine at low passage number (26, 37 and 20,
respectively), thawn, briefly sub-cultivated on HOMEM and sent to
Charles University. Two well-established laboratory colonies of sand
flies were used: P. argentipes, originating from lowland India (Volf and
Volfova, 2011), previously shown as highly susceptible to East-African
L. donovani (Sadlova et al., 2017), and P. papatasi, originating from
Cukurova plain near Adana, Turkey (Votypka et al., 2012), repeatedly
shown as highly susceptible to various strains of L. major (Sadlova et al.,
2010; Chajbullinova et al., 2012; Doehl et al., 2017). In each experi-
ment, approximately 150 P. argentipes females (3-5 days old) were fed
through a chick-skin membrane on heat-inactivated rabbit blood con-
taining 10° promastigotes/ml. Engorged females were separated,
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maintained at 26 °C, maintained at 26 °C under conditions described
previously (Volf and Volfova, 2011) and dissected at days 1-2, 5, 7 post
blood meal (PBM). Localization and intensity of Leishmania infection in
sand fly midgut were estimated in situ under a light microscope, by
scoring parasite loads as described by (Myskova et al., 2008): weak
(< 100 parasites/gut), moderate (100-1000 parasites/gut) and heavy
(> 1000 parasites/gut) infections. The experiment was repeated three
times. Additionally, P. papatasi females (about 5 days old) were infected
with ISC1 strain MHOM/NP/02/BPK026. Gut smears of L. donovani-
infected females 7 days PBM were fixed with methanol, stained with
Giemsa and examinated under the light microscope with an oil-im-
mersion objective. Females of both species were at the same stage in the
gonotrophic cycle 1-2, 5 and 7 days PBM, 1-2 referring to females with
a bloodmeal surrounded by peritrophic membrane, while days 5-7 refer
to females that already defecated a bloodmeal. Two hundred randomly
selected promastigotes for each strain (from 1 to 2 sand flies/smears)
were measured using ImageJ program. Body length, flagellar length
and body width of parasites were measured for determination of me-
tacyclogenesis of each strain (Rogers et al., 2002).

3. Results and discussion

On days 1-2 PBM, no differences were observed between the three L.
donovani lines tested in P. argentipes. High infection rates (85-100%)
were observed and most sand fly females harboured heavy or moderate
parasite loads (Fig. 1A). Promastigotes were localized in the bloodmeal
enclosed within the peritrophic matrix in the abdominal midgut. In late
stage infections, on days 5 and 7 PBM, infection rates remain high
(above 70% in all three strains) and no significant differences in in-
fection intensities were observed between Sb-resistant and Sb-suscep-
tible strains (Fig. 1A). Promastigotes migrated anteriorly to the thoracic
midgut and colonized the stomodeal valve in majority of infected fe-
males (58% for BPK282, 80% for BPK026 and 56% for BPK275). All
studied strains of L. donovani, both CG and ISC1, thrive in P. argentipes.
A high number of parasites colonizing the stomodeal valve and the
thoracic part of sand fly midgut are the important prerequisites for
successful transmission (reviewed by Bates, 2008). All tested strains
produced mature late-stage infections with presence of 10,5%, 10% and
15% metacyclics for BPK282, BPK026 and BPK275 strains, respectively.
This demonstrated that ISC1 and CG strains are developing similarly in
P. argentipes and suggested that P. argentipes is a fully competent vector
also for ISC1 strains.

In the ISC, it is common to find P. papatasi in sympatry with P.
argentipes (Burniston et al., 2010). The former species is the specific
vector of Leishmania major and is refractory to L. donovani (reviewed by
Kamhawi, 2006). This was verified here by infecting female P. papatasi
with the ISC1 strain. On day 2, 100% of dissected females were infected
and parasites were localized in the bloodmeal surrounded by peri-
trophic matrix. However, all 46 females dissected on days 5 and 7 were
parasite-negative. (Fig. 1B). This demonstrated that the ISC1 strain is
not able to develop late-stage infections in P. papatasi and confirmed
that this widely-spread peridomestic and antropophilic sand fly species
is not involved in circulation of ISC1 strains.

P. argentipes is well-known as the VL vector in the lowlands of ISC
and insects morphologically identified as P. argentipes were reported to
be infected with L. donovani in hilly districts of Nepal (Ostyn et al.,
2015). Importantly, P. argentipes is known to be a permissive vector
susceptible to various Leishmania species (reviewed by Dostalova and
Volf, 2012). As such, it could play a major role in the colonization of
ISC by new species or genetic variants. In present study, we demon-
strated experimentally that the emerging ISC1 variant of L. donovani
could develop as well as the CG strains that were responsible for the
previous epidemics of VL in the region. This work should be com-
plemented with finding of naturally infected P. argentipes during the
field research and calls for more intensive control of this important
vector.
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