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Phlebotomine sand flies are vectors of Leishmania spp., Bartonella bacilliformis, and
several arboviruses worldwide. In Mexico, the presence of Bartonella species is
associated sporadically with arthropods and little is known on the diversity of insects
that could be incriminated with its transmission. The aim of this study was to perform a
molecular detection of Bartonella DNA in sand fly species collected in northeastern
Mexico. Sand flies were collected at the states of Nuevo Leon and Tamaulipas from
June to August 2010, using 16 light traps per night. Sand fly species were morphologically
identified, and for Bartonella detection, we amplified ~378 bp of the citrate synthase gene
(gltA). DNA sequences were compared in a phylogenetic reconstruction based on
maximum likelihood. A total of 532 specimens from seven sand fly species were
morphologically identified, where 11 specimens from Tamaulipas tested positive for the
presence of a new lineage of Bartonella sp. associated with Psathyromyia shannoni and
Lutzomyia cruciata. This work represents the second record of Bartonella-associated with
sand flies outside of the endemic area of Carrion’s disease. More studies are necessary to
understand their life cycle, transmission dynamics, and their relationship with sand
fly species.
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INTRODUCTION

The phlebotomine sand flies (Diptera: Psychodidae: Phlebotominae) are insects of great relevance
due to their role as vectors of several emerging and reemerging diseases caused by pathogens such as
Leishmania, Bartonella bacilliformis, and some arboviruses worldwide (1).

The bacterium Bartonella bacilliformis is an endemic species of the Andean valleys of Peru,
Colombia, and Ecuador and considered the causal agent of the Carrion’s disease or human
ersin.org November 2021 | Volume 2 | Article 7808081
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bartonellosis, which is transmitted by several sand fly species (2).
The genus Bartonella encompasses approximately 33 species of
Gram-negative, facultative intracellular, and hemotropic
bacteria, which can cause chronic intraerythrocytic infections
in their hosts. These bacteria are transmitted by several taxa of
hematophagous arthropods (fleas, sucking lice, and sand flies)
worldwide (3–5). These pathogenic species are highly prevalent
and can cause severe infection patterns, which could be related to
the increasing number of emerging and reemerging diseases.
Thus, it is important to elucidate the possible transmission routes
to combat transmission and infections (3, 5).

In Mexico, Bartonella species have been reported in 10 states,
and the record of new genetic lineages associated with louse,
fleas, and rodents has increased over the last years (6, 7). Yet,
studies of this bacterium associated with arthropods have been
conducted sporadically and little is known on the insects
involved in its transmission (8–10). Recently, our group
reported the first study of Bartonella sp. in sand flies from the
state of Veracruz, which is outside of the known endemic zone
(11). Due to the relevance of the finding, more studies were
warranted to detect this bacterium in sand flies and to elucidate
whether it could be of relevance in the transmission of these
pathogens in the country.

Until now, 54 sand fly species have been reported in Mexico,
with Chiapas, Quintana Roo, Campeche, Yucatan, and Veracruz
being the states with the highest number of species. Yet, the
analysis for Bartonella detection was generally not performed
(11, 12). The aim of this study was to perform a molecular
detection and to determine the prevalence of Bartonella species
in phlebotomine sand flies collected in the states of Nuevo Leon
and Tamaulipas, Mexico.
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MATERIAL AND METHODS

Study Area and Sampling Collection
The study sites were located in Santiago and Cadereyta Jiménez
of the state of Nuevo Leon and in Gómez Farıás of the state of
Tamaulipas (Figure 1). In the municipality of Santiago, the mean
annual temperature is 20.9°C, with a mean annual precipitation
of 1,015 mm. Its vegetation is characterized by pine and oak trees
(e.g., Quercus rysophylla, Quercus laeta, Pinus teocote, and Pinus
pseudostrobus). In contrast, in the municipality of Cadereyta
Jiménez, the climate is a dry, warm steppe with an average
annual temperature of 23°C and an average annual rainfall of
601–800 mm. The sampling place consisted of areas of
abandoned crops, secondary vegetation (herbaceous and
grasses), and primary vegetation composed of species of
Prosopis glandulosa, Acacia farnesiana, Ehretia anacua, and
Pithecellobium ebano. The municipality of Gómez Farıás is
located in a transition zone in the state of Tamaulipas, where
notable neotropical and Nearctic biotic elements overlap. It has a
warm sub-humid climate and an average annual temperature of
25°C, with precipitation ranging from 1,558 to 1,778 mm. It is
characterized by a tropical deciduous and sub-deciduous forest,
with the predominance of Mangifera indica, Ceiba pentandra,
Brosimum alicastrum, and Mirandaceltis monoica (13).

Sand flies were collected during three consecutive nights from
June to August 2010. Sampling was carried out from 18:00 to
07:00 h, using 16 incandescent light traps (model 512; John W.
Hock Co., Gainesville, FL, USA) per night. A transect of 300 m,
with at least a 25-m distance between each trap, was used. Traps
were hung from trees or branches, approximately 1.5 m above
the ground. The specimens were collected daily and were killed
FIGURE 1 | Map showing the study areas of Nuevo Leon and Tamaulipas. The diamond, circle, and triangle depict the municipalities.
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using ether vapors. The collected sand fly specimens were sorted
from other insects, preserved in vials containing 70% ethanol,
and kept at 4°C until their molecular analysis.

Identification of Sand Fly Species
The sand flies were mounted on microscope glass slides using
Euparal® medium (BioQuip Products, Rancho Dominguez, CA,
USA). The collected female sand flies were dissected, to separate
the head from the rest of the body, while the last segments of the
abdomen were also severed and preserved for later species
identification. Male sand flies were slide-mounted laterally, the
head was placed on the side, and the species were identified using
morphological characters. Phlebotomine sand fly species were
classified according to the classification proposal by Galati (14)
and the abbreviation system proposed by Marcondes (15). All
the sand fly specimens were deposited in the collection of the
Laboratorio de Entomologı ́a Médica of the Universidad
Autónoma de Nuevo León (UANL) (codes: RECL-NL-20-06-
2010; RECL-NL-28-07-2010; RECL-NL-27-08-2010).

DNA Extraction and Polymerase
Chain Reaction
Genomic DNA was extracted from the thorax and abdomen of
each specimen analyzed, using the phenol chloroform isoamyl
alcohol technique (16). For detection of Bartonella species, we
amplified a segment of ~378 bp of the citrate synthase (gltA)
gene, using the primers BhCS871.p and BhCS1137.n (17). The
polymerase chain reactions (PCRs) were performed under the
following conditions: initial denaturation at 95°C for 3 min,
followed by 35 cycles at 95°C for 30 s, 51°C for 30 s, 72°C for 30 s,
and a final extension at 72°C for 7 min (18). The reaction mixture
was prepared in a final volume of 25 µl containing 12.5 µl
GoTaq® Green Master Mix 2X Promega Corporation (Madison,
WI, USA), 1 µl of each primer (100 ng each), 10 µl DNA template
(~50 ng), and 0.5 µl nuclease-free water. For the positive control,
we used DNA of Bartonella vinsonni obtained from Hoplopleura
hirsuta (GenBank code KP9972050.1). The negative control
consisted of ultrapure water instead of DNA. The amplified
products were analyzed by electrophoresis in 1.5% agarose gels
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stained with SYTO™ (Invitrogen, CA, USA). Positive PCR
products were sequenced at the Laboratorio Nacional de
Biodiversidad (Laboratorio de Secuenciación Genómica de la
Biodiversidad y de la Salud, Instituto de Biologıá, UNAM).

Molecular Analysis
The electropherograms were visualized and edited in the Chromas
software. Each sequence was compared with available sequences in
the GenBank database using the BLASTn tool as a preliminary
confirmation of Bartonella amplification. The DNA sequences
were aligned with other reference sequences of Bartonella species
deposited in GenBank using MEGA version 6.0. We made a
phylogenetic reconstruction based on the maximum likelihood
(ML) inference method in MEGA 6.0 with 1,000 non-parametric
bootstraps, using the Tamura three-parameter model (T92) +
gamma distribution and a BIC score of 3295.044. All alignment
sites with less than 95% site coverage were eliminated from the
analysis. We used sequences of Rickettsia rickettsii (KJ588069.1) as
outgroup. The genetic distances were calculated inMEGA 6.0. The
obtained sequences were deposited in GenBank under the
following accession numbers MZ832303–MZ832304.
RESULTS

Specimens Collected
A total of 532 specimens from seven sand fly species were
morphologically identified (Table 1). Psathyromyia shannoni
and Lutzomyia cruciata were the most abundant species in the
municipality of Gómez Farıás in the state of Tamaulipas, Mexico,
whereas for the state of Nuevo Leon, Psathyromyia texana was the
most abundant species in the municipality Cadereyta Jiménez, and
Lutzomyia diabolica in the municipally of Santiago. Only a total of
81 sand fly specimens were available for individual analysis by
PCR (13 from Nuevo Leon and 68 from Tamaulipas) (Table 1).

Bartonella DNA Detection
A total of 11 specimens from Gómez Farıás, Tamaulipas, Mexico,
collected in July 2010, tested positive for Bartonella DNA using
TABLE 1 | Sand fly species collected in two states located at north of Mexico and Bartonella DNA detection.

Species Tamaulipas Nuevo Leon DNAa Gómez Farıás

Gómez Farıás Cadereyta Jiménez Santiago Bartonella
July August June

♀ ♂ ♀ ♂ ♀ ♂

Dampfomyia (Dampfomyia) anthophora 0 1 4 0 0 0 1 0/1
Psathyromyia (Psathyromyia) cratifer 5 2 0 0 0 0 1 0/1
Lutzomyia (Tricholateralis) cruciata 96 0 0 0 0 0 39 3/39 (7.7%)
Lutzomyia (Tricholateralis) diabolica 0 0 0 0 10 14 2 0/2
Psathyromyia (Psathyromyia) shannoni 69 306 0 0 0 1 27 8/27 (29.6%)
Psathyromyia (Forattiniella) texana 1 0 4 6 0 0 5 0/5
Micropygomyia (Coquillettimyia) vindicator 0 0 2 7 0 0 2 0/2
sp. 2 0 2 0 0 0 4 0/4
7 species 173 309 12 13 10 15 81 11/81 (13.6%)
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the gltA gene (Table 1). The positive specimens were identified as
Pa. shannoni (8/27 prevalence 29.62%) and Lu. cruciata (3/39
prevalence 7.7%). Although the 11 specimens were positive for
Bartonella DNA, we only obtained three complete sequences to
carry out the phylogenetic analysis (Figure 2).

The gltA sequences obtained in this study were 94% similar
between each other and exhibited a 95% similarity with
sequences of Bartonella sp. of Rattus tanezumi flavipectus from
China (FJ589054.1 and FJ492799.1) and 93% of similarity with
Bartonella sp. of Lutzomyia sp. from Veracruz, Mexico
(MN325839.1 and MN325838.1). The ML analysis revealed the
presence of a putative new lineage of a Bartonella sp., associated
with Pa. shannoni and Lu. cruciata, with a bootstrap support
value of 83%. According to the genetic distances, the nucleotides
showed 89% similarities with the sequences of uncultivated
Bartonella from Mexico and 92% with the sequences from
China. Based on the proposal that Bartonella species can be
classified as new, if they exhibit less than ≥96.0% nucleotide
similarity using the gltA gene with other validated species (19),
the Bartonella detected in the current study represents a new
lineage, although complementary studies are necessary.

This lineage is related to other Bartonella species associated
with rodents and humans such as B. grahamii, B. elizabethae, and
B. rattimassiliensis (Figure 2). According to the analysis, there
are probably three haplotypes (one associated with Lu. cruciata
and two with Pa. shannoni) of this new lineage of Bartonella sp.
DISCUSSION

Apart from the Andean valleys, the detection of Bartonella
species in sand flies from other parts of the American
Continent is not recorded frequently. It could be possible that
Frontiers in Tropical Diseases | www.frontiersin.org 4
climate changes may extend the distribution area of sand fly
species and thereby also increase the spread of Bartonella (5). A
recent study conducted in the state of Veracruz, Mexico, showed
that this bacterium was related with sand fly species outside of
the known endemic areas (11). Our current work now adds
further evidence of this association and also shows the first
record of a new strain of Bartonella sp. in the sand fly species Lu.
cruciata and Pa. shannoni from Tamaulipas, Mexico.

These sand fly species have anthropophilic habits that are
relevant due to their role as vectors of Leishmania spp., and their
high abundance and dominance throughout the Gulf and
Caribbean of Mexico (12, 13). In this study, the dominance of
Pa. shannoni and Lu. cruciata over the other sand fly species was
possibly related with the climatic conditions and the type of
vegetation of Gómez Farıás, Tamaulipas, due to its being a
transition zone of the Neotropical and Nearctic biotic
provinces. The field work was carried out during the summer,
with previous light rains, reporting an average temperature of
25°C and 88% average relative humidity. This characteristic
agrees with previous records from Chiapas and Quintana Roo,
which showed a positive correlation with the abundance of some
sand fly species and these ranges of temperature (<25°C) and
humidity (>88%) (20, 21). However, it is advisable to carry out a
systematic study in an annual cycle to prove the population
dynamic patterns of the phlebotomine sand fly assemblage and
thus correlate with the type of vegetation and climatic variables,
as well as identify their blood meal preferences to elucidate
possible routes of transmission of Bartonella sp. in Gómez Farıás,
Tamaulipas. Moreover, it is noteworthy that the same sand fly
specimens analyzed in the current study had been previously
examined for Leishmania DNA showing negative results (13).
Due to the possibility of coinfection between both parasites
(Bartonella and Leishmania), future studies should take into
FIGURE 2 | Maximum likelihood analysis for the gltA gene amplified from Bartonella sp. The diamond highlights the sequences generated in this study, and the
triangle highlights other Bartonella species present in Mexico.
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https://www.frontiersin.org/journals/tropical-diseases
http://www.frontiersin.org/
https://www.frontiersin.org/journals/tropical-diseases#articles


Lozano-Sardaneta et al. Bartonella sp. in Sand Flies From Mexico
account the interactions between sand fly species, their
pathogens, their hosts, and the environment.

According to sequences obtained, the new strains of an
uncultivated Bartonella sp. that we now report are similar to
the sequences of Bartonella species detected in sand flies
from Veracruz, Mexico (MN325839.1) and rats from China
(FJ589054.1) (Figure 2). The identity of the obtained sequences
and the phylogenetic analysis suggested that it could be a
Bartonella species related to rodents or humans, such as
B. grahamii and B. elizabethae. The prevalence of Bartonella sp.
in this study was 13.58% (11/81), which could be considered high
when compared with other areas (11, 22, 23). Nonetheless, more
studies on this bacterium in arthropods and vertebrates are
necessary, in order to understand their life cycle and their
relationship with sand fly species.

With this report, the number of known sand fly species
harboring Bartonella increases to five: Pintomyia verrucarum,
Lutzomyia noguchii, Lu. peruensis, Lu. Cruciata, and Pa.
shannoni (23). However, at present we do not have sufficient
evidence to confirm whether Lu. cruciata or Pa. shannoni are
competent vectors for the transmission of this pathogen, since
the detection of Bartonella spp. in arthropods using PCR does
not represent a confirmation of their vector competence (5).
Since Bartonella spp. parasitizes the blood stream or erythrocytes
of the infected hosts, their dissemination is facilitated through
the blood meal ingestion by several hematophagous arthropods
(5, 24, 25), as occurs when sand flies feed on infected blood from
a vertebrate host (24).

The record of new sand flies species related to Bartonella
sp. is not unexpected, since other studies have suggested that
more sand fly species could be potential vectors of this
bacterium in endemic and non-endemic areas (5, 22, 24). It
is noteworthy that the 16 Bartonella species that have been
confirmed as pathogenic were found to be ubiquitously
distributed, whereas species adapted to a single host usually
lack pathogenicity. It is therefore is likely that the Bartonella
species associated with sand flies are not necessarily
pathogenic to their host (25).

We now showed that a higher diversity of Bartonella lineages
(pathogenic or non-pathogenic) is to be expected in Mexico,
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than previously reported (4), of which some could be related only
with sand fly species. This information is very important, since
still missing confirm their possible role as vectors of this
bacterium in Mexico, to thereby avoid possible chronic or
asymptomatic infections caused by this pathogen (5). To
enable future classifications of new lineages of Bartonella
species associated with sand flies, the parameters proposed by
LaScola et al. (19) are recommended, as our study showed.
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