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Abstract

Despite several reports worldwide documenting the presence of Rickettsia asembonensis in samples derived from
ectoparasites, animals and more recently humans, genomic information of these specimens remains scarce, and when
available, is usually limited to small genomic fragments of limited value. We generated complete sequences for two
conserved (17-kDa antigen gene and gltA) and three variable (sca4, ompB and ompA) genes in five R. asembonensis
DNA samples detected in cat and dog fleas in Peru. Complete gene sequences were used to conduct multi-locus
sequence typing and phylogenetic analyses to assess diversity and infer relationships among strains and other
reference sequences. The 17-kDa antigen gene was highly conserved across Rickettsia species. Of the variable genes
ompB was the most variable, but this diversity was not captured through phylogenetics alone even when efforts were
made to maximize potential diversity in terms of flea species, animal host and location. Through a combination of de
novo and reference-based genome assembly we identified a 75 bp insertion in ompA that encodes a 25 aa repetitive
motif found in other Rickettsia species, but not present in the original prototype strain from Kenya. R. asembonensis
has only recently been shown to be a bona-fide human pathogen. As such, and compounded by a lack of available
genomic information, it remains understudied. Our work directly addresses the lack of genomic information available
worldwide for the study of these novel Rickettsia species and specifically contributes to our understanding of the
diversity and molecular epidemiology of R. asembonensis in Peru.
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Introduction

R ickettsia asembonensis is a new Rickettsia species that
belongs to the R. felis-like group of organisms (RFLOs)

within the Transitional Group of Rickettsia (Maina et al. 2018).
In recent years several new Rickettsia species, including
R. asembonensis, have been identified in ectoparasites and
described as emerging pathogens with world-wide distribution
(Maina et al. 2018, Bitencourth et al. 2019, Blanton et al.
2019a, Kho et al. 2019, Moonga et al. 2019, Nziza et al. 2019,

Schott et al. 2019, Betancourt-Ruiz et al. 2020, Eremeeva et al.
2020, Nataraj et al. 2020). The majority of these novel patho-
gens were initially identified in ectoparasites that are common
transmission vectors for several human infectious diseases.

Given their ectoparasite hosts, and given a close phylo-
genetic relationship to other Rickettsia species known to in-
fect humans, such as R. felis (Perez-Osorio et al. 2008), it was
expected that several of these novel pathogens would also
turn out to be bona-fide human pathogens. In the case of
R. asembonensis, confirmation arrived late in 2018, when
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Peruvian researchers reported the presence of R. asembo-
nensis in human samples derived from patients suffering
from nonspecific acute febrile illness, between 2009 and
2012, in multiple Peruvian cities with historical evidence of
rickettsial disease (Palacios-Salvatierra et al. 2018).

In that respect, it is likely that R. asembonensis is an
emergent flea-borne pathogen in multiple areas of Peru, where
rickettsial infections frequently go underdiagnosed and un-
derreported, both because of an overlap in clinical symptoms
caused by other emerging pathogens and because of a general
lack of molecular tools for diagnosis and characterization of
rickettsial strains (Blair et al. 2004a, Forshey et al. 2010,
Kocher et al. 2017, Palacios-Salvatierra et al. 2017, Ricapa-
Antay et al. 2018, Salmon-Mulanovich et al. 2019).

R. asembonensis was first isolated from fleas collected in
Kenya and characterized by multilocus sequence typing (MLST)
(Jiang et al. 2013). Since then, we have witnessed an explosion of
reports that documented the presence of R. asembonensis in a
variety of sample types around the world. In a few cases, these
reports have been accompanied by genomic information that
supports the existence of multiple highly similar strains (Maina
et al. 2018). One such highly similar, yet distinct, RFLO is
Rickettsia sp. strain RF2125, which was first detected in ecto-
parasites of domestic animals collected in Thailand between
2001 and 2002, and subsequently detected in a human sample
from Malaysia in 2016 (Parola et al. 2003, Kho et al. 2016).
Despite sporadic reports, complete sequence data for RFLOs,
and for R. asembonensis in particular, have remained scarce.

We previously reported MLST characterization of five
complete genes from the first Peruvian R. asembonensis
strain, identified in an ectoparasite collected from a domestic
animal in the city of Iquitos in the Peruvian Amazon (Loyola
et al. 2018). Since then, we have identified multiple addi-
tional ectoparasites that have also tested positive for
R. asembonensis in a separate study conducted in Puerto
Maldonado, a different Amazonian city in Peru (Salmon-
Mulanovich et al. 2019). In this study, we report complete
sequences for five genes used in MLST characterization of
five independent R. asembonensis DNA samples, and we
assess their diversity among other Peruvian R. asembonensis.

Given that to date, only the original Kenyan and the first
Peruvian DNA specimens have reported enough complete ge-
nomic information of the type needed to carry out full MLST
characterizations and phylogenetic analyses based on complete
genes, this report represents a significant contribution toward
addressing the scarcity of genomic information available to
study these novel pathogens. As additional complete Rickettsia
DNA sequences become available from other parts of the
world, we will be able to better understand the global evolu-
tionary relationships among Rickettsia species in general, and
in pathogenic species such as R. asembonensis in particular.

Materials and Methods

Ectoparasite selection

We previously detected R. asembonensis in ectoparasites
from domestic and peridomestic animals from Iquitos (3�44¢S,
73�15¢W) and Puerto Maldonado (12�36¢S, 69�11¢W) in Peru
(Kocher et al. 2016, Salmon-Mulanovich et al. 2019). All
samples described in this study were derived from those two
studies, where ectoparasites had been previously confirmed as
Rickettsia-positive by a quantitative real-time PCR (qPCR)

assay (Rick17b) that targets the conserved 17-kDa surface
antigen gene, and confirmed as R. asembonensis-positive by a
species-specific qPCR assay (Rasemb) that targets a portion of
the variable ompB gene (Jiang et al. 2012, 2013).

For this study, we selected five ectoparasite DNA samples
that were Rick17b and Rasemb positive after considering and
maximizing diversity for the available variables at play,
which included geographical location (Iquitos and Puerto
Maldonado), host type (cats and dogs), and ectoparasite type
(Ctenocephalides felis and Ctenocephalides canis) (Table 1).
All specimens selected for analysis were collected under
studies approved by NAMRU-6’s Institutional Review Board
and Institutional Animal Care and Use Committee in com-
pliance with all applicable regulations.

NGS library preparation and sequencing

Genomic DNA was extracted individually from ectoparasites
halves by mechanical disruption and used to prepare Ion Torrent
and/or Ion Proton NGS libraries following the manufacturer’s
directions as previously described (Kocher et al. 2016, Loyola
et al. 2018). Libraries were sequenced on PI v.2 chips using ion
PI Hi-Q sequencing 200 kits (ThermoFisher, A26433). In some
instances, libraries were sequenced more than once.

Bioinformatics processing

Before the analyses, raw shot-gun sequencing data from
individual sample codes sequenced multiple times were first
merged into a single file using SamTools (Li et al. 2009).
Merged, sequencing data were then quality trimmed and fil-
tered (<Q20) using PRINSEQ-lite v0.20.4 (Schmieder et al.
2011) and sequencing adapters were removed using Cutadapt
v1.15 (Martin 2011). Preprocessed reads were initially de novo
assembled into contigs with MEGAHIT V1.1.3 (Li et al. 2015).

Given that multiple contigs were generated during the de
novo assembly process, these were subsequently reference-
mapped with Bowtie2 v2.3.4.1 (Langmead et al. 2012) to the
five open reading frames (ORFs) of interest: the conserved 17-
kDa antigen gene, the conserved citrate synthase gene (gltA),
the variable outer membrane protein A gene (ompA), the var-
iable outer membrane protein B gene (ompB), and the variable
surface cell antigen 4 gene (sca4). Raw reads were also
reference-mapped to the five ORFs of interest and the resulting
consensus sequences compared to those generated by de novo
assembly. For reference mapping, we used reference sequences
previously reported for the first R. asembonensis strain VGD7

Table 1. Source Characteristics

of the Five Rickettsia asembonensis

DNA Specimens Used for Multilocus

Sequence Typing Characterization

Specimen
name City Host Ectoparasite

8294D3 Iquitos Canis lupus
familiaris (Dog)

Ct. canis

8556D1 Canis lupus
familiaris (Dog)

Ct. canis

VGC2 Felis catus (Cat) Ct. felis

LER197 Puerto
Maldonado

Canis lupus
familiaris (Dog)

Ct. canis

LER205 Felis catus (Cat) Ct. felis
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isolated from an ectoparasite collected in Peru (Accession
numbers KY650696-KY650700).

When discrepancies were identified between the consensus
sequences generated by de novo assembly versus reference-
assembly, as in the in/del reported for ompA, the consensus
sequence generated via de novo assembly was given priority.
All new consensus sequences generated as part of this study
have been deposited in GenBank (Accession numbers
MK923720-MK92374).

MLST and phylogenetic analysis

MLST analysis was independently performed at the nucleo-
tide and amino acid levels for all five genes of interest from each
R. asembonensis DNA against both the Peruvian R. asembo-
nensis reference sample VGD7 and the Kenyan R. asembo-
nensis reference strain NMRCii (JWSW01000078.1). Given
the 75 nt in/del detected in ompA, this gene was further analyzed
to explore functional domains along the full ORF (https://www
.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml). Validated reference
Rickettsia species of the transitional group (Gillespie et al. 2012)
(R. akari, R. australis, R. felis, and members of the RFLO) were
downloaded from GenBank (Table 2).

Given that complete ORFs of the ompB gene were not
available from public repositories for all the Rickettsia
specimens of interest, we used partial ORFs (4263 nt, 86% of
complete ORF) for phylogenetic analysis. Sequences were
aligned using MUSCLE and trees were generated using the
maximum likelihood algorithm with 2000 bootstrap repli-
cates in Mega 10.0.5 (Edgar 2004, Kumar et al. 2018). The
analysis, which included genetic distances, was calculated
using a General Time Reversible Gamma Distributed model.

Results

We have characterized five R. asembonensis DNA speci-
mens initially detected in ectoparasites collected from domestic

Table 2. Reference Sequences of Rickettsia

Species Used in the ompB Phylogenetic Analysis

Rickettsia species Nucleotides
Accession
number

R. asembonensis type
strain NMRCii

4947 JWSW01000078

R. asembonensis
strain VGD7

4947 KY650699.1

R. akari strain Hartford 4977 CP000847.1
R. akari strain Kaplan 4900 AF123707.1
R. australis strain Cutlack 4935 CP003338.1
R. australis strain Phillips 4903 AF123709.1
R. felis 5225 AF182279.1
R. felis strain Ar3 5180 GQ385243.1
R. felis strain URRWXcal2 4965 CP000053.1
R. helvetica strain AS819 4848 MF163037.1
R. helvetica strain C9P9 4850 AF123725.1
R. helvetica strain Komi 4833 KP866151.1
R. helvetica strain

Novosibirsk-08-5
4850 KU310591.1

R. hoogstraalii
strain RCCE3

5077 EF629536.1

R. senegalensis strain
Cf_US_0036D

4290 KT304219.1

R. senegalensis
strain PU01-02

4858 KF666470.1
T
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dogs and cats in Iquitos and Puerto Maldonado in Peru
(Table 1). We used genomic information derived from next-
generation sequencing data to assemble complete ORFs for two
conserved (17-kDa antigen gene [480 nt] and gltA [1314 nt])
and three variable (ompA [5151 nt], ompB [4947 nt], and sca4
[3033 nt]) genes from each specimen. MLST analyses revealed
a high degree of conservation for most genes (Table 3). For the
17-kDa antigen gene, we detected no mutations at either the
nucleotide or amino acid levels between the five strains char-
acterized here and both the Peruvian (VGD7) and Kenyan
(NMRCii) reference strains used in the analysis.

For gltA, we detected no mutations among Peruvian speci-
mens, but three mutations between Peruvian and the Kenyan
type strain; two silent mutations at nucleotide positions 138 and
537, and one missense mutation at position 868 encoding a
conservative lysine-to-glutamic acid substitution. Similarly, for
sca4, we detected no mutations among Peruvian specimens, but
five mutations between Peruvian and Kenyan specimens; one
silent mutation at nucleotide position 807 and four missense
mutations at positions 383, 1824, 2260, and 2492, encoding one
conservative substitution (glutamine-to-histidine at 1824) and
three nonconservative substitutions (leucine-to-proline at 383,
arginine-to-glycine at 2260, and isoleucine-to-threonine at 2492).

For ompB, we detected three mutations between the five
DNA specimens characterized here and both the Peruvian and
Kenyan specimens at positions 715, 1488, and 2791, with one
additional mutation at position 24 in sample 8556D1 only. Of
these, two were silent mutations and the other two encoded
semiconservative amino acid substitutions; one glycine-to-
serine change at position 715 and a serine-to-glycine change at
position 2791.

For ompA, we detected five mutations between Peruvian
and Kenyan specimens; one silent mutation at nucleotide
position 828 and four missense mutations at positions 484,
828, 3913, 4435, and 4955, encoding one conservative sub-
stitution (leucine-to-valine at position 4435), one semicon-
servative substitution (valine-to-alanine at position 4955),

and two nonconservative substitutions (tyrosine-to-aspartic
acid at position 484 and arginine-to-glycine at position 3913).

We also identified a 75-nucleotide insertion that encodes 25
amino acids not present in either the Peruvian (VGD7) or Kenyan
(NMRCii) R. asembonensis reference strains. The insertion,
which begins at position 926 and ends at position 1000, encodes a
putative functional motif located in the FhaB region of the pro-
tein that is also present in other Rickettsia strains (Fig. 1). When
translated BLASTp against all available Rickettsiaceae se-
quences, the query returns highly similar and significant (70.0–
72.0%, e-value = 2e-6) matches to motifs repeated three times
across the R. helvetica ompA gene (GenBank access: WP_010
421025), and less similar matches to motifs found in two other
R. asembonensis strains (GenBank access: WP_041079521 and
AQZ41247, 62.5%, e-value = 5e-4) and one R. asiatica (58.0–
70.0%, e-value = 2e-6, GenBank access: WP_147143626).

Presence of this insertion in all specimens characterized here
but not in the original Peruvian reference strain (VGD7) was
surprising, raising the possibility of an artifact introduced during
genomic data assembly. However, the fact that we used a bioin-
formatics approach that combines de novo assembly followed by
reference-based assembly limits the opportunities for error. In-
stead, we discovered that sequences of the original Peruvian
R. asembonensis strain VGD7 (Loyola et al. 2018) were assem-
bled using reference-based assembly only. That assembly was
carried out with the Kenyan strain as reference, which does not
contain the insertion, resulting in the omission of 75 nucleotides
from the gene ORF. This was later verified through a reassembly
of VGD7 raw data using the dual approach described here.

In summary, when assembled using de novo-based meth-
ods, followed by reference-based methods, all Peruvian
R. asembonensis specimens return ORFs that contain the
75-nucleotide insertion.

To further characterize the strains from Iquitos and Puerto
Maldonado, we conducted phylogenetic analysis using the
variable ompB gene, which has been previously used as a
sequence-specific species detection target and to infer

FIG. 1. Schematic representation of the ompA gene, including the insertion/deletion, found in the FhaB domain of the
protein at amino acid positions 309 to 333. (a) Zoom-in view of an alignment of five sequences over the FhaB domain
region of ompA. The Rickettsia asembonensis consensus sequence represents strains 8294D3, 8556D1, VGC2, LER197, and
LER205 described in this work, which share 100% identity at nucleotide and amino acid levels over the region represented.
The insertion is not present in the NMRCii reference strain from Kenya, and it was missed in the Peruvian strain VGD7
when it was first reported. However, the reported insertion is present as a motif in the R. helvetica and R. asiatica ompA
gene with a high degree of conservation (conserved amino acids shown in blue and variable amino acids shown in red). (b)
Zoom-out view of the complete ompA gene, with various functional domains color coded according to the legend.
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phylogenetic relationships among members of the RFLO group
(Jiang et al. 2013, Mediannikov et al. 2015, Maina et al. 2018,
Blanton et al. 2019b). Although reference sequences are
available for multiple Rickettsiaceae, validated reference se-
quences are limited in number and length, particularly for the
transitional group and for RFLOs (Table 3). Nevertheless, we
were able to access enough references of sufficient length to
conduct phylogenetic analysis using 86% (4263 nt) of the ompB
ORF (Fig. 2). The analysis confirms that the five R. asembo-
nensis specimens characterized here are closely related to the
original Kenyan and Peruvian R. asembonensis type strains.

Discussion

Since its initial discovery in 2013 in samples from Kenya,
R. asembonensis has been reported worldwide and with in-
creasing frequency (Maina et al. 2018). In South America,
R. asembonensis has been documented in samples from Brazil
(Silva et al. 2017, Bitencourth et al. 2019, Schott et al. 2019),
Chile (Cevidanes et al. 2018), Colombia (Faccini-Martinez
et al. 2016, Betancourt-Ruiz et al. 2020), Ecuador (Oteo et al.
2014), and Peru (Kocher et al. 2016, Palacios-Salvatierra et al.
2017, Salmon-Mulanovich et al. 2019). The first identification
of R. asembonensis in Peru occurred 3 years after its discovery
in Kenya, in ectoparasite samples collected in Iquitos (Kocher
et al. 2016), and thereafter, it was also found in archived
samples collected between 2010 and 2011 in Loreto and
Madre de Dios (Salmon-Mulanovich et al. 2019).

In 2018, we published the first sequences of complete genes
from a Peruvian R. asembonensis via MLST characterization of

a single sample from Iquitos (Loyola et al. 2018). At that point,
only the original Kenyan strain had been fully sequenced, so
despite our contribution with one additional characterization,
the availability of useful genomic information continued to be
limited despite multiple detections worldwide. By the end of
2018, researchers at the National Institutes of Health of Peru,
published a report describing R. asembonensis in human sam-
ples (Palacios-Salvatierra et al. 2018). In our view, this high-
lighted even further an urgent need to generate gene sequences
to study these novel emerging pathogens.

Genomic information is an essential tool that enables us to
develop appropriate diagnostics, to infer phylogenetic rela-
tionships, and to link potential genetic variations to pathoge-
nicity. Genus-specific genes that are highly conserved, such as
the 17-kDa antigen gene and gltA for example, are frequently
used as targets for generic diagnostics based on PCR because
they can easily identify a number of Rickettsia species with
high specificity (Anderson et al. 1989, Roux et al. 1997, Jiang
et al. 2012). Our MLST analysis confirmed that the 17-kDa
antigen gene is conserved, as expected, as the sequences an-
alyzed here were identical among the five specimens described
herein and the Peruvian and Kenyan DNA specimens used as
references. The gltA gene was also very highly conserved,
although less so, as we detected three mutations between the
Peruvian specimens and the Kenyan strain NMRCii.

Nevertheless, only one of these three mutations encoded an
amino acid change, which was a conservative substitution.
Based on these findings, we confirm that the 17-kDa antigen
gene is a conserved gene useful for generic screenings of

FIG. 2. Phylogenetic analysis of R. asembonensis specimens using the variable ompB gene. The analysis included 4263
nucleotides (82.8%) of the complete open reading frame of the ompB gene. It was carried out using the maximum likelihood
method based on the General Time Reversible Gamma distributed model. Scale bars represent the number of substitutions
per site. R. hoogstraalii and R. helvetica strains were included as outgroups.
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diverse Rickettsia species and that gltA is also highly con-
served, although less so, and therefore potentially useful for the
reconstruction of evolutionary relationship of diverse Rick-
ettsia species, including novel ones such as R. asembonensis.

Genes such as sca4, ompA, and ompB, which encode cell
surface antigens that are involved in a variety of cell processes,
including adhesion, cell-to-cell spread, and induction of the
adaptive immune response, tend to be more diverse, subject to
positive selective pressure probably driven by hosts, and prone to
recombination (Li et al. 1998, Diaz-Montero et al. 2001, Feng
et al. 2004, Blanc et al. 2005, Jiggins 2006, Hillman et al., 2013,
Sahni et al. 2013, Gillespie et al. 2015, and Lamason et al. 2016).
As such, their sequences can be used to differentiate closely
related Rickettsia species, and even strains, and infer their ge-
netic relationships (Blanc et al. 2005, Maina et al. 2018).

Our MLST analysis revealed that sca4 was the most con-
served of the three variable genes analyzed, with no muta-
tions among Peruvian specimens, but five mutations between
the Peruvian strains and the Kenyan reference strain. In the
case of ompB, we detected differences even within Peruvian
specimens only, as one of the four mutations detected was
only identified in sample 8556D1. Given the variability ob-
served in this gene, we used the five ompB sequences char-
acterized here by MLST, together with other reference
sequences, to carry out phylogenetic analysis that confirmed
that the Peruvian strains are closely related, but distinct from
the original Kenyan R. asembonensis strain, and that all of
them belong to the RFLO group of organisms.

In the case of ompA, we detected the same five point
mutations, previously reported for the VGD7 strain (Loyola
et al. 2018), between the Peruvian strains characterized here
and the original Kenyan reference strain. However, we also
detected a 75 nucleotide insertion. This insertion is not
present in the Kenyan reference strain, and was not reported
for the first Peruvian (VGD7) strain characterized. Upon
careful analysis of all the genomic data available for all
Peruvian strains, including a reanalysis of the original VGD7
data, we realized that VGD7 sequence data had been as-
sembled only by reference assembly to the Kenyan strain,
which does not contain the 75 nucleotide insertion, resulting
in omission of 25 amino acids from the coding sequence. This
has since been corrected, through a combination of de novo
assembly first, followed by reference-based assembly.

This correction was submitted to GenBank (Accession
number: KY650698). With that approach, we have confirmed
that the 75-nucleotide insertion is present in all Peruvian
R. asembonensis specimens, but absent from the original Ken-
yan strain. One limitation of this study is a lack of additional
corroboration of the insertion using an independent method
such as Sanger sequencing or PCR. We would have liked to
carry out such experiments, but we were unable to do so because
the genomic DNA from the original samples was completely
used up in the preparation of multiple NGS libraries. Others
have reported that molecular techniques such as Sanger have an
almost perfect agreement with NGS data for the identification
and validation of in/dels (Beck et al. 2016, Arteche-López et al.
2021), suggesting that Sanger sequencing may not provide
additional value in the validation of in/dels detected by NGS.

In this work the original samples were made into individual
sequencing libraries and individually sequenced multiple
times, which is essentially the equivalent of carrying out in-
dependent verification experiments. The insertion was detected

in every case provided that the analysis included a de novo
assembly step. In/dels and transversions have been reported in
ompA in both R. rickettsia (Clark et al. 2015) and R. felis
(Zavala-Castro et al. 2005) using comparative analyses of
Ricketssia strains based on NGS data alone as we have done
here. Furthermore, given that the insertion we report was
consistently found in all ompA genes from Peruvian R. asem-
bonensis samples, including in the reanalysis of the original
VGD7 strain, and given that the insertion is a triplet-encoding
sequence highly similar to motifs found in other Rickettsia
species, suggests that the insertion is real and not the product of
a sequencing artifact.

The insertion is located within the FhaB domain of the ompA
protein, and corresponds to a repetitive motif found in R. hel-
vetica and R. asiatica. The ompA gene, or remnants of such in the
form of a pseudogene, is present in all recognized Rickettsia
species of the spotted fever and transitional groups, including R.
felis and other RFLOs, and may have evolved under positive
selection (Li et al. 1998, Jiggins 2006, Gillespie et al. 2015,
Lamason et al. 2016). Evidence of major insertion/deletion
events and recombination in Rickettsia species is rare in com-
parison to evidence of point mutations (Fuerst et al. 1990, Jiggins
2006, Gillespie et al. 2012, Clark et al. 2015, Akter et al. 2017).

However, some of these events have been reported, including
a deletion in the ompA gene that occurred after several passages
of a well-characterized R. rickettsii strain maintained in culture
(Matsumoto et al. 1996), an insertion of 891 bp in the ompA
gene or R. rickettsii (Clark et al. 2015), and various in/dels and
transversions in the ompA gene of R. felis (Zavala-Castro et al.
2005). We hypothesize that these types of changes could be
used to study the selective pressures that promote genetic in-
sertion/deletion events, as well as to carefully infer evolution of
Rickettsia species between geographically distant regions.

Conclusions

In Peru, rickettsial infections remain a neglected problem
because they are underdiagnosed and underreported despite
being endemic to the region. A number of Rickettsia species
have been identified locally, including R. asembonensis, R. felis,
‘‘Candidatus R. andeanae,’’ Rickettsia bellii, and Rickettsia
parkeri (Blair et al. 2004b, Jiang et al. 2005, Ogrzewalska et al.
2012, Flores-Mendoza et al. 2013, Palacios-Salvatierra et al.
2017, Loyola et al. 2018), and yet, their distribution remains
poorly understood. Complete genomic information on these
diverse Rickettsia species is required to address their evolution
and molecular epidemiology, particularly for recently discov-
ered pathogenic strains such as R. asembonensis.

The MLST characterization described here, which in-
cludes complete genes from five R. asembonensis DNA
samples, derived from distinct ectoparasites collected in
different regions of Peru at different times, contributes
valuable genomic information that is currently available in
very limited supply, and that is required to expand our un-
derstanding of the molecular epidemiology of these patho-
gens in the region and around the world.
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