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First report of putative Leishmania RNA virus 2 (LRV2) in
Leishmania infantum strains from canine and human visceral
leishmaniasis cases in the southeast of Brazil
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BACKGROUND Leishmania RNA virus 1 (LRV1) is commonly found in South American Leishmania parasites belonging to the
subgenus Viannia, whereas Leishmania RNA virus 2 (LRV2) was previously thought to be restricted to the Old-World pathogens
of the subgenus Leishmania.

OBJECTIVES In this study, we investigated the presence of LRV2 in strains of Leishmania (L.) infantum, the causative agent of
visceral leishmaniasis (VL), originating from different hosts, clinical forms, and geographical regions.

METHODS A total of seventy-one isolates were screened for LRV2 using semi-nested reverse transcription-polymerase chain
reaction (RT-PCR) targeting the RNA-dependent RNA polymerase (RdRp) gene.

FINDINGS We detected LRV2 in two L. infantum isolates (CUR268 and HP-EMO) from canine and human cases, respectively.

MAIN CONCLUSIONS To the best of our knowledge, this is the first detection of LRV2 in the New World.
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Leishmania (Kinetoplastea: Trypanosomatidae) are
protistan parasites that cause leishmaniasis, a vector-
borne disease prevalent in nearly 100 countries.!? This
disease exhibits a wide range of clinical manifestations
resulting from complex interactions between the para-
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site and the host immune system.®* However, despite
the substantial efforts to elucidate the molecular mecha-
nisms governing this intricate interface, they remain
poorly understood. The presence of endosymbiotic
Leishmania viruses has been suggested as an important
component in this puzzle.®4"

Various representatives of the subgenera Leishma-
nia, Mundinia, and Viannia have been screened for the
presence of the virus, leading to the discovery of double-
stranded Leishmania RNA viruses (LRVs, family 7oti-
viridae) and negative-sense single-stranded RNA viruses,
known as leishbuviruses (LBV, family Leishbuviridae,
older name Leishbunyaviridae).®*'Y LRVs encompass
four species, namely LRV1 to LRV4. LRVI and LRV2
have been found primarily in the subgenus Viannia (L.
braziliensis, L. guyanensis, L. lainsoni, L. naiffi, L. pana-
mensis, and L. shawi), and the subgenus Leishmania (L.
aethiopica, L. infantum, L. major, and L. tropica), respec-
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tively.>1%112 The other two species, LRV3 and LRV4,
have been documented in a different trypanosomatid
group known as the genus Blechomonas."> LBV repre-
sentatives have been found to infect L. martiniquensis, of
the subgenus Mundinia, in Martinique and Brazil 1415

Despite recent advancements in the field, the extent
to which the virus affects parasite virulence or host im-
mune responses during Leishmania infection remains
unclear. In the case of LRVs, it is known that the en-
dosymbiotic virus confers an adaptive advantage to the
parasite by suppressing anti-leishmanial immunity in the
vertebrate host, thereby facilitating the parasite’s surviv-
al.®1® The exacerbation of the LRV1-mediated disease
appears to be dependent on TLR3 limiting the activation
of the NLRP3 inflammasome in macrophages, result-
ing in elevated parasitaemia and destructive mucosal
inflammation.®>'29 LRV2 from L. aethiopica also mod-
ulates the host immune response, leading to a TLR3-de-
pendent hyperinflammatory response.!” Additionally,
LRVI can be shed via exosomes and this process may
also govern Leishmania virulence.?'*> Interestingly,
LRVI and LRV2 may elicit different responses in vari-
ous Leishmania species.®

While dsRNA viruses have been detected in various
Leishmania spp., their prevalence varies among isolates of
a given species.”> In the New World, LRV1s are predomi-
nant in clinical isolates from Bolivia, Colombia, Ecuador,

Km

0 2.500 5.000 10.000

French Guiana, Peru, and Suriname,>2¢2"2® while being
rare in southeastern Brazil.®3” LRV2 has been detected
in Central Asian and Middle Eastern countries, with a
higher prevalence in L. major compared to other suscep-
tible species.!31%9 Interestingly, LRV2-positive strains
have not yet been detected in the New World, despite the
presence of certain Old-World species of the subgenus
Leishmania, known to be virus-positive in Asia. This sug-
gests the independent co-evolution of LRV1 and LRV2
with their hosts in the New and Old Worlds, respectively.
©1036) Tn this work, we analysed L. (L.) infantum strains
from Brazil and Honduras for the presence of LRV2.

MATERIALS AND METHODS

Parasite culture, DNA and RNA isolation, and com-
plementary DNA (cDNA) synthesis - A panel compris-
ing 71 strains of L. infantum, including World Health
Organization reference strains and field isolates (Fig. 1,
Table), was initially cultured in M199 medium supple-
mented with 10% foetal bovine serum (FBS) (Thermo
Fisher Scientific, Waltham, USA), penicillin (200 u/mL),
and streptomycin (200 pg/mL) (all from Merck, Darm-
stadt, Germany) at 25°C for one to three weeks. DNA
was extracted from 5x107 cells using the PureGene
Core Kit A (Qiagen, Hilden, Germany). The Asp70 gene
was amplified and digested with Haelll to confirm the
parasite’s identity®” [Supplementary data (Figure)].

Fig. 1: origin (Honduras and Brazil) and number of New World strains of Leishmania infantum analysed in this study for the presence of Leish-
mania RNA virus 2 (LRV2). Brazilian states marked in orange indicate LRV2 positive strains.
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for the presence of Leishmania RNA virus 2 (LRV2)

Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 1718, 2023

TABLE

3/8

Sample Country (State) Clinical form LRV2
MHOM/BR/2001/HP-EMO Brazil (Espirito Santo) VL +
MCAN/BR/2004/CUR268 Brazil (Minas Gerais) CVL +
MHOM/HN/2017/AM-65 Honduras (Valle) NUCL -
MHOM/HN/2017/AM-73 Honduras (Valle) NUCL -
MHOM/HN/2018/AMA-161 Honduras (Valle) NUCL -
MHOM/HN/2018/AMA-614 Honduras (Valle) NUCL -
MHOM/HN/2019/AMA-900 Honduras (Valle) NUCL -
MHOM/HN/2019/AMA-901 Honduras (Valle) NUCL -
MHOM/HN/2019/AMA-902 Honduras (Valle) NUCL -
MHOM/HN/2019/AMA-904 Honduras (Valle) NUCL -
MHOM/HN/2020/LV-3 Honduras (Lempira) VL -
MCAN/BR/1999/JP15 Brazil (Minas Gerais) CVL -
MCAN/BR/2016/52 Brazil (Minas Gerais) CVL -
MCAN/BR/2016/57 Brazil (Minas Gerais) CVL -
MCAN/BR/2016/90 Brazil (Minas Gerais) CVL -
MCAN/BR/2016/91 Brazil (Minas Gerais) CVL -
MCAN/BR/2016/121 Brazil (Minas Gerais) CVL -
MCAN/BR/2016/138 Brazil (Minas Gerais) CVL -
MCAN/BR/2016/140 Brazil (Minas Gerais) CVL -
MCAN/BR/2016/164 Brazil (Minas Gerais) CVL -
MCAN/BR/2016/177 Brazil (Minas Gerais) CVL -
MHOM/BR/2019/RdAM-JV] Brazil (Minas Gerais) VL -
MHOM/BR/1974/PP75 Brazil (Bahia) VL -
MHOM/BR/1989/Ba262 Brazil (Bahia) VL -
MFEL/BR/2018/CAT1 Brazil (Bahia) FVL -
MHOM/BR/1987/HCO-1 Brazil (Espirito Santo) VL -
MHOM/BR/1970/BH46 Brazil (Minas Gerais) VL -
Isolate 75 (UFMG) Brazil (Minas Gerais) CVL -
Isolate 76 (UFMG) Brazil (Minas Gerais) CVL -
Isolate 82 (UFMG) Brazil (Minas Gerais) CVL -
Isolate 83 (UFMG) Brazil (Minas Gerais) CVL -
Isolate 84 (UFMG) Brazil (Minas Gerais) CVL -
Isolate 94 (UFMG) Brazil (Minas Gerais) CVL -
Isolate 97 (UFMG) Brazil (Minas Gerais) CVL -
Isolate 99 (UFMG) Brazil (Minas Gerais) CVL -
Isolate 107 (UFMG) Brazil (Minas Gerais) CVL -
Isolate 88 (UFMG) Brazil (Minas Gerais) CVL -
Isolate 101 (UFMGQG) Brazil (Minas Gerais) CVL -
Isolate 106 (UFMG) Brazil (Minas Gerais) CVL -
MCAN/BR/2019/RR 545 Brazil (Minas Gerais) CVL -
MCAN/BR/2019/RR546 Brazil (Minas Gerais) CVL -
MCAN/BR/2019/RR547 Brazil (Minas Gerais) CVL -
MCAN/BR/2019/RR548 Brazil (Minas Gerais) CVL -



4|8  Felipe Dutra-Régo et al.

Sample Country (State) Clinical form LRV2
MCAN/BR/2019/RR549 Brazil (Minas Gerais) CVL -
MCAN/BR/2019/RR500 Brazil (Minas Gerais) CVL -
MCAN/BR/2019/RR501 Brazil (Minas Gerais) CVL -
MCAN/BR/2019/RR516 Brazil (Minas Gerais) CVL -
MCAN/BR/2019/RR515 Brazil (Minas Gerais) CVL -
MCAN/BR/2019/RR510 Brazil (Minas Gerais) CVL -
MCAN/BR/2019/RR507 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-DIV-01 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-DIV-02 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-BRU-19 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-BRU-20 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-BRU-22 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-BRU-25 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-36 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-37 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-39 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-40 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-41 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-42 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSIJ-ITA-44 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-46 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-47 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-49 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-50 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-54 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-55 Brazil (Minas Gerais) CVL -
MCAN/BR/2014/UFSJ-ITA-5 Brazil (Minas Gerais) CVL -
MCAN/BR/2004/CUR211 Brazil (Minas Gerais) CVL -

NUCL: non-ulcerated cutaneous leishmaniasis; VL: visceral leishmaniasis; CVL: canine visceral leishmaniasis; FVL: feline
visceral leishmaniasis; +: LRV2 positive strain; -: LRV2 negative strain.

RNA was isolated from 1 x 10® cells using the Trizol
method according to the manufacturer’s protocol (Ther-
mo Fisher Scientific). One hundred ng of each RNA
sample was treated with DNAse I prior to complemen-
tary DNA (cDNA) synthesis. Reverse transcription was
performed using the Super Script I11- First Strand Syn-
thesis Kit (Invitrogen), with random hexamer primers
according to the manufacturer’s specifications.

Detection of Leishmania RNA virus 2 and sequenc-
ing - Semi-nested reverse transcription-polymerase chain
reaction (RT-PCR) was performed to target the RNA-
dependent RNA polymerase (RdRp) gene. In the first
stage, a 526 bp fragment was amplified using the primers
LRVF-HR (5-TGTAACCCACATAAACAGTGTGC-3")
and LRVR-HR (5-ATTTCATCCAGCTTGACTGGG
-3"). In the second stage, a 315-bp internal fragment
of RdRp was amplified using the primers LRVF2-HR
(5-AGGACAATCCAATAGGTCGTGT-3') and LRVR-

HR.®? To ensure ¢cDNA integrity, B-tubulin locus was
used as a positive control. It was amplified using the
primers bTUBf (5-ACTGGATCCATGCGTGAGATC-
GTTTCCTGCC-3') and BtubR (5-GACAGATCTCAT-
CAAGCACGGAGTCGATCAGC-3")."D In all experi-
ments, cDNA from the reference LRV2-positive strain of
L. major (MHOM/SU/1973/5-ASKH) was used as a posi-
tive control. PCR products were purified and sequenced
according to the manufacturers’ protocols.

Sequence analysis and phylogenetic inference - Par-
tial RdRp sequences obtained from the positive isolates
(HP-EMO, 305 nt and CUR268, 293 nt) were used as
queries in BLASTN searches against the NCBI nt da-
tabase, resulting in 52 LRV2 sequences. These were
aligned iteratively using an MAFFT v. 7.511 program
(g-INS-i algorithm).®® The alignment was used directly
(without trimming) for phylogenetic inference using an
IQTree2 program with an automatically selected model



(GTF + F + 1 + G4) and 1,000 thorough bootstrap rep-
licas for statistical support.®” The LRV2 from Ethiopia
were chosen as the closest outgroup based on previous
studies.*» Tree rendering was done using MEGA11.49
The RdRp sequences obtained in this study were depos-
ited in the GenBank database under accession numbers
OR208212 and OR208213.

RESULTS

Out of the 71 samples analysed, two L. infantum iso-
lates (CUR-268 and HP-EMO) were found to be posi-
tive for the 315 bp fragment at the 3"-end of RdRp using
semi-nested RT-PCR analysis (Fig. 2). The resulting se-
quences showed a high degree of similarity to previously
described LRV?2 isolates from various regions in Asia
(Fig. 3). Specifically, the sequences of both isolates were
identical to LRV2 isolated from L. tropica in Turkey (iso-
late LRV2/EPO1/TR/Lt01), with only a single nucleotide
substitution compared to LRV2 from L. infantum in Iran
(isolate LRV2/IR/2014/HM-1). A slightly higher degree of
divergence (2-7 substitutions) was observed when com-
pared with LRV2 sequences from Uzbekistan.® Phyloge-
netic analysis placed both isolates within the Asian clade
of LRV2. However, due to the lack of complete genomic
sequences for most isolates, it is challenging to determine
the precise relationships between the viruses within this
clade. All strains tested positive for B-tubulin (Fig. 2).

DISCUSSION

Endosymbiotic double-stranded RNA viruses (dsR-
NA) have been identified in various protistan parasites
and the presence of LRVs in Leishmania spp. is con-
sidered one of the major factors associated with the
severity of leishmaniasis.®**) In this study, we report
the first detection of two putative LRV2 strains of L.
infantum in Brazil. These strains were isolated from
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cases of VL in dogs and humans in the states of Minas
Gerais and Espirito Santo, respectively, in southeastern
Brazil. Until now, LRV2 has been detected in L. ae-
thiopica,"V, L. major,?'=3 Old World L. infantum®? and
L. tropica.*? This finding represents the first report of
LRV2 in the New World.

Our analysis revealed only two LRV2-positive strains
(2.8%) out of 71 samples analysed. The low frequency
of LRV2 detection could be influenced by a variety of
factors, including the potential impact of successive in
vitro passages on the presence and stability of the en-
dosymbiotic virus.?*#4% In this study, a panel of L. in-
fantum strains was used to assess the presence of LRV2,
and this may have contributed to the limited detection
of the endosymbiotic virus. However, the low frequency
observed in our study is in line with the overall preva-
lence of LRV in Brazil, suggesting that LRV2 is indeed
less common in this region. LRV1 is more frequently
found in the Amazon Basin (Northern region) and less
common in the other regions.*** In southeastern Bra-
zil, only a few cases of LRV1 have been documented,
including biopsies of patients with cutaneous leishmani-
asis in the municipality of Caratinga, Minas Gerais“®
and in Rio de Janeiro.(%4”

In our study, the Brazilian LRV2 isolates showed a
high degree of similarity with LRV2 isolates from vari-
ous parts of Asia. However, it is important to interpret this
result with caution due to the relatively small size of the
amplified fragment (~300 bp). Therefore, a comprehen-
sive analysis of the whole genome would be desirable, to
determine the phylogenetic relationships accurately. We
believe that our study contributes to the understanding
of the geographical distribution of LRV2s in Leishmania
(Leishmania) and provides new avenues for investigat-
ing the evolutionary relationships between LRV-infected
Leishmania parasites and their vertebrate hosts.

A Semi-Nested RT PCR - RdRp B
1st Round 2nd Round B-Tubulin
MM (bp) 1 2 3 4 5 MM (bp) 1 2 3 4 5 MM (bp) 1 2 3 4 5
NC NC NC
—
— - —
= = |
500 g - 200 — 800 g
-—— - - - - C— - -
400 w— 300 — oo —
300 200 -
200
100 s— 100
100

Fig. 2: detection of Leishmania RNA virus 2 (LRV2) in L. infantum isolates by targeting the RNA-dependent RNA polymerase (RdRp) encod-
ing gene. (A) 526 bp and 315 bp amplicons from the first and second round, respectively, of semi-nested amplification. (B) 396 bp product of
the B-tubulin encoding gene reverse transcription-polymerase chain reaction (RT-PCR) assessing the integrity of cDNA synthesis. Lanes: MM,
molecular weight marker (100 bp); 1, LRV2+ strain of L. major (MHOM/SU/1973/5-ASKH); 2 and 3, L. infantum strains positive for LRV2
(MCAN/BR/2004/CUR268 and MHOM/BR/2001/HP-EMO, respectively); 4 and 5, L. infantum negative strains for LRV2 (MHOM/BR/1970/
BH46 and MHOM/BR/1989/Ba262, respectively); NC, non-template control.
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k — - 1 KP054244.1 Leishmania RNA virus 2 - 1 isolate LRV2/IR/2014/HM-1
0.20 substitutions/site MT629919.1 Leishmania RNA virus 2 isolate LRV2/IR/ISF/13
ON807241.1 Leishmania RNA virus 2 - 1 isolate LRV-No.2
ON807243.1 Leishmania RNA virus 2 - 1 isolate LRV-No.4
ON807244.1 Leishmania RNA virus 2 - 1 isolate LRV-No.5
— U32108.1 Leishmania RNA virus 2-1
— MK246762.1 Leishmania RNA virus 2 - 1 isolate LRV2/CBU17/TR/Lm03
- MK246761.1 Leishmania RNA virus 2 - 1 isolate LRV2/CBU18/TR/Lm02
MK246754.1 Leishmania RNA virus 2 - 1 isolate LRV2/EP20/TR/Lt02
- MK246760.1 Leishmania RNA virus 2 - 1 isolate LRV2/CBU33/TR/Lm01

Iran/lraq

Turkmenistan

Turkey

HCUR 268
HP EMO|

9

53 Uzbekistan

Iran

Iran

Iran

Iran

ONB807242.1 Leishmania RNA virus 2 - 1 isolate LRV-No.3
- MK246753.1 Leishmania RNA virus 2 - 1 isolate LRV2/EP01/TR/Lt01

MT268293.1 Leishmania RNA virus 2 isolate LRV2/IR/GOL/711
MNO013358.1 Leishmania RNA virus 2 - 1 isolate MHOM/IR/18/LRV2-170
MT629920.1 Leishmania RNA virus 2 isolate LRV2/IR/ISF/14 Iran
0] KP054245.1 Leishmania RNA virus 2 - 1 isolate LRV2/IR/2014/HM-2
89! MT629921.1 Leishmania RNA virus 2 isolate LRV2/IR/ISF/19

- MNO013357.1 Leishmania RNA virus 2 - 1 isolate MHOM/IR/19/LRV2-10
L MZ926702.1 Leishmania RNA virus 2 strain LRV2-LmjUzb2M

MZ926705.1 Leishmania RNA virus 2 strain LRV2-LmjUzb44tg
ONB807240.1 Leishmania RNA virus 2 - 1 isolate LRV-No.1

s 100] MT268282.1 Leishmania RNA virus 2 isolate LRV2/IR/GOL/864
MT629922.1 Leishmania RNA virus 2 isolate LRV2/IR/ISF/22

Uzbekistan

| Uzbekistan
|lIraq

Iran

Y —)ER i o2

Fig. 3: phylogenetic tree based on nucleotide sequences of Leishmania RNA virus 2 (LRV2) viruses isolated in different countries. Clades
were collapsed for better visibility with the number of samples indicated in brackets. Numbers at branches are thorough bootstrap supports,
values smaller than 75 were hidden, dots indicate absolute support (100). Sequences reported in this study are highlighted in black. LRV2
virus isolated from L. infantum in Iran is highlighted in grey. Branches with triple crossing were contracted three times of their actual length.

Tree was rooted on mid-point.
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