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Highlights
e Severe Visceral Leishmaniasis (VL) with non-ulcerated cutaneous leishmaniasis.

e A Crithidia-related parasite was isolated from bone marrow aspirate and spleen.
e Whole-genome sequencing of clinical isolates suggested a novel parasite species.

e Clinical implications of this trypanosomatid co-infection remain unknown in VL.
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Abstract

We report a refractory and relapsed visceral leishmaniasis case in a child male patient followed
from 2016 to 2020, whose clinical isolates from multiple relapses were analyzed at genome level.
To the best of our knowledge, it is the first report that both visceral leishmaniasis and non-ulcerated
cutaneous leishmaniasis have concomitantly manifested in the same patient. Importantly, sequence
analysis revealed that the patient was co-infected with Leishmania infantum and a Crithidia-related
parasite, which was previously found in a fatal case of visceral leishmaniasis from the same

endemic region.

Keywords

Leishmania infantum, Crithidia sp, trypanosomatid co-infection, visceral leishmaniasis (VL), non-

ulcerated cutaneous leishmaniasis (NUCL), whole-genome sequencing analysis.

In the Americas, Brazil is the most affected country by Visceral Leishmaniasis (VL), the
most serious form of Leishmaniases, which can be lethal if left untreated or misdiagnosed [1].
Leishmania infantum is the causative species, however amplicon-based next-generation sequencing
has revealed that VL patients can be co-infected with multiple Leishmania species and even with
Trypanosoma [2]. Since 1980’s there have been occasional reports of monoxenous-trypanosomatid
infection in humans, which have typically been associated with immunosuppression. Recently, there
has been an increase in reported cases of such infections, both in immunocompromised and some
immunocompetent individuals, involving co-infection of Leishmania with supposedly monoxenous
trypanosomatids [3]. In Brazil, in 2019, Crithidia-related parasites were reported for the first time in

humans, with specimens being isolated from a fatal case of visceral leishmaniasis in Sergipe (SE)
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[4]. This discovery thereby provides evidence to indicate that these trypanosomatid species may be
associated with severe VL. Here, we describe isolation of the same Crithidia-related species from a
further human patient with severe VL in the same area. The patient presented with multiple
relapses, clinical complications, and a rare cutaneous manifestation concomitant with the visceral
disease. In this article, we present a case study of a male child who suffered from refractory and
relapsed VL from 2016 to 2020, with an emphasis on the genome sequencing-based analysis of

clinical isolates.

In 2016, a 9-year-old male from Aracaju, SE, was admitted to the University Hospital of the
Federal University of Sergipe (HUUFS-SE) with severe symptoms indicative of VL. Figure 1A
depicts a timeline of the key events in this case (details of which are presented in the Supplemental
Material). By 2020, the patient had been hospitalized five times with VL, during which time he
undergone treatment and met the criteria for hospital discharge. During his third and fourth
admissions, parasite strains were isolated from his bone marrow (LVH117) and spleen (LVH120),
respectively, and during the fourth period of hospitalization, he underwent splenectomy to resolve
the hypersplenism (Supplementary Figure S1) and removal of a probable parasite reservoir. In
2020, in addition to the VL symptoms, he developed non-ulcerative papular skin lesions (Figure
S2). LVHI161 and LVH161a parasite strains were isolated from his bone marrow and skin biopsies,
respectively. Four clinical isolates obtained during his several relapses were cultivated to obtain
cultured isolates, and his tissue samples were cryopreserved. These cultures and samples were
subsequently used for nucleic acid isolation, and all available samples were sequenced for detection
of the small subunit ribosomal ribonucleic acid (SSU rRNA) taxonomic marker. Phylogenetic
analyses indicated that both polyclonal and clonal cultures of parasites isolated in 2017 (LVH117
and LVH120) were more closely related to monoxenous Leishmaniinae members, such as Crithidia,
than to the L. donovani complex. These parasites were similar to the clinical isolates

(LVH60/LVHG60a; hereafter referred to as Crithidia-like parasites) obtained from a fatal case
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involving a patient from the same geographical region [4] (Figure S3). However, SSU sequences
detected in samples from patient bone marrow collected in 2017 (BMVL), LVH161 (bone marrow,

2020), and LVH161a (skin, 2020) isolate cultures closely clustered with L. infantum.

Genomic DNAs obtained from cultured isolates, their clones, and C. fasciculata (TCCO39E
strain) were sequenced using an [llumina platform, and phylogenomic analysis was performed using
the TOMM method [5]. The findings using this phylogenomic approach were found to be consistent
with those obtained based on SSU marker analysis, with LVH117-C1 (clone 1, from bone
marrow/2017) and LVH120-C4 (clone 4, from spleen/2017) cultured isolates being clustered with
LVH60, LVH60a, and C. fasciculata, whereas the LVH161 and LVH161a isolates were placed in

the same cluster with L. infantum and L. donovani (Figure 1B).

To enhance the previously obtained genome assembly of Crithidia-like species [4], Oxford
Nanopore technology (ONT) was used to perform whole-genome sequencing of the LVH60a-C1
clone. Genome assembly of the LVH60a-C1 parasite strain yielded 38 contigs with a predicted
genome size of ~34.4 Mb. This assembly was used as a reference genome for the Crithidia-like
species, enabling further genome analysis. Whole-genome pairwise alignment between LVH60a-C1
and C. fasciculata revealed high linearity, with an average nucleotide identity (ANI) of ~93.5%, as

calculated using MUMmer [6] (Figure 1C).

Although there is no threshold ANI value on which to base classification of
trypanosomatids at the species levels, the observed values of ANI within cultured isolates of the L.
donovani complex are over 99% [7]. Compared with the reference genomes, dermotropic and
viscerotropic species of Leishmania have ANI values of ~94% (Table S8), whereas Crithidia-like
isolates have ANI values ranging between 85.8% and 97.3%. ANI values within isolates of the
same species are >96.43%, whereas that between Crithidia and Leishmania was ~87% (Figure 1D;

Tables S8 and S9). These findings accordingly provide evidence to indicate the potential existence
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of a novel species within the genus Crithidia, although further population genomics analysis is

needed to determine interbreeding and separate species.

Short read mapping to reference genomes confirmed these findings, revealing that
LVHI117, LVH120, and their respective clones have a percentage alignment >98% compared with
that of the Crithidia-like LVH60a-C1 reference genome, which was reduced to 73.7% when
mapped to the C. fasciculata reference genome (Figure 1D; Table S10). LVH161 and LVH161a-N1
isolates showed mapping percentages >95% with L. infantum-JPCMS, thereby confirming that
isolates obtained during the final relapse period are those of Leishmania infantum, which is endemic

to Brazil.

To detect and quantify L. infantum and Crithidia-like parasites in cultured isolates and
patient samples, we used an in-house quantitative PCR (qPCR) assay using species-specific primers
(Supplemental Material). Using this assay, L. infantum was detected in bone marrow and skin
biopsy samples collected during the fifth relapse (2020). Although no tissue samples were collected
during the first and second hospital admissions (2016), the earliest passage cultures from the third
and fourth relapses (2017) tested positive for Crithidia-like species. The LVH117 clinical isolate
cultured from the first passage (Figure 1E) contained both parasites. On the basis of these findings
and those obtained from SSU-rRNA marker analysis, we concluded that the patient was co-infected
in 2017 with Crithidia-like and L. infantum parasites. In the LVH120 isolate obtained from the
spleen (culture at the third passage), only Crithidia-like parasites were detected. Nevertheless, given
that Crithidia-like parasites might potentially outgrow the more fastidious Leishmania, we should

not overlook the possibility of co-infection of the spleen with both parasites.

Leishmania infantum is occasionally associated with papular, nodular, or ulcerated lesions
[8]. Although non-ulcerated cutaneous leishmaniasis is observed in patients after VL treatment
(cured patients) or without previous VL symptoms, the case reported herein is considered unique, in

that the patient experienced both VL and non-ulcerated cutaneous leishmaniasis during his fifth
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remission. The patient was also co-infected with a Crithidia-related parasite, which appears to be an
isolate of the same species involved in a fatal case of VL [4]. This raises concerns regarding the
emergence of a novel cryptic parasite species within Crithidia genus. Although the transmission
routes or possible vectors for Crithidia-like parasites are unknown, previous studies have detected
Crithidia sp. in sandflies, which are known vectors of a range of pathogens [9], and Crithidia and

Leishmania have been co-detected in non-phlebotomine vectors [10].

Data availability

The whole-genome sequencing data and genome assembly of Crithidia-like LVH60a-C1
parasite have been deposited in the NCBI BioProject database
https://www.ncbi.nlm.nih.gov/bioproject/) under accession number PRINA940846 (Reviewer
link for peer review:
https://dataview.ncbi.nlm.nih.gov/object/PRINA9408467reviewer=1afbteko9ahl5bmih31q9tb
tkd). The SSU rRNA amplicons have been deposited in GenBank/NCBI under accession

numbers 0Q581228-0Q581240.
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Figure 1. VL case report analysis. (A) Timeline of the patient’s admissions depicting parasite
isolations. (B) Phylogenomic analysis of Leishmaniinae parasites. Clinical isolates are highlighted
with coloured icons. (C) Nucmer dot plot displaying the whole-genome alignment of chromosome
between LVH60a-C1 Crithidia-like and C. fasciculata-C{Cl. ANI: average nucleotide identity. (D)
Clustered heatmaps showing the percentage of ANI and read mapping values for the genomes of
clinical isolates against reference genomes. (E) qPCR-based detection of parasites in parasite

cultures and patient tissue samples.
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Graphical abstract

Severe visceral leishmaniasis (VL) case report showing co-infection of Leishmania and Crithidia
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