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Canine leishmaniosis (CanL), caused by the protozoan Leishmania infantum and trans-
mitted primarily by phlebotomine sand flies, poses significant challenges for zoonotic
disease management [1], with dogs serving as reservoirs, facilitating transmission to hu-
mans [2]. Host exposure to sand fly vectors, as well as ticks carrying other pathogens, in-
creases the risk of co-infection with Leishmania, Borrelia, and Babesia [3]. These co-infections
may exacerbate CanL progression due to synergistic interactions between pathogens that
manipulate host immune responses [3].

The dynamics of zoonotic diseases are increasingly influenced by the overlapping
habitats of vectors such as sand flies and ticks [4—6]. Climate change and habitat alterations
are driving these vectors into new territories [7,8], creating conditions in which ticks (carry-
ing Borrelia and Babesia) and sand flies (carrying Leishmania) can coexist [9-15]. This overlap
enhances the likelihood of hosts, particularly dogs, becoming co-infected with multiple
pathogens [9-16]. Pathogen interactions during co-infections—synergistic, antagonistic, or
neutral—affect virulence, pathogenicity, and colonization success [17,18], affecting disease
progression, and ultimately the risk of human infection [11,19].

A recent study by Pess6a-Pereira et al. [4] highlights how Borrelia burgdorferi, the
agent of Lyme disease, exacerbates Leishmania infection in co-infected dogs. This study
underscores the broader implications of co-infections involving vector-borne pathogens
with overlapping hosts and/or vectors. Babesia, a protozoan parasite transmitted by ticks,
causes babesiosis [20] and has been reported in co-infections with Leishmania in dogs [3,9,21].
Similarly, in humans, co-infection with Babesia and Borrelia worsens the clinical course of
both Lyme disease and babesiosis [22]. Given these findings, it raises the possibility that co-
infection with Borrelia might similarly affect dogs with Leishmania, potentially enhancing CanLL
progression. This hypothesis is supported by the study of Pessda-Pereira et al. [4], which
showed that Borrelia co-infection increases Leishmania survival in macrophages by altering
immune responses. Combined immune modulation by Borrelia, Leishmania, and Babesin—each
employing different mechanisms to evade or manipulate host defenses [3]—could amplify
disease severity and complicate treatment.

Despite their structural differences and distinct pathogenesis mechanisms, bacteria
and protozoa can establish ecological interactions within biological systems [23,24]. In
terrestrial (e.g., soil) or aquatic ecosystems, bacterial communities can interfere with proto-
zoan colonization or predation, often fostering antagonistic relationships [23-25]. These
antagonisms arise through intracellular mechanisms (e.g., survival and replication within

Pathogens 2025, 14, 36

https://doi.org/10.3390/pathogens14010036


https://doi.org/10.3390/pathogens14010036
https://doi.org/10.3390/pathogens14010036
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com
https://orcid.org/0000-0002-6926-2194
https://orcid.org/0000-0002-1056-8439
https://orcid.org/0000-0002-8660-730X
https://doi.org/10.3390/pathogens14010036
https://www.mdpi.com/article/10.3390/pathogens14010036?type=check_update&version=1

Pathogens 2025, 14, 36 20f4

protozoan cells) or extracellular adaptations (e.g., altered cell morphology, increased motil-
ity, or biofilm formation) [26], as well as the production of bacteriocins with antiprotozoal
activity [27]. However, these interactions differ significantly when subjected to the biology,
physiology, and immune pressures of hosts and vectors.

During co-infections in hosts or vectors, pathogens may interact at various stages
of their life cycles, targeting the same cells or eliciting overlapping immune responses.
For instance, shared immune cell tropism between vector-borne bacteria and protozoa or
the modulation of immune functions, such as macrophage activity, can allow bacterial
infections to enhance protozoal infections [11]. This overlap enables Borrelia, Leishmania,
and Babesia to exploit host immune systems, exacerbating disease severity. For instance,
Borrelia promotes a skewed Th17 immune response that is inflammatory but insufficient
for clearance [28], Leishmania inhibits macrophage reactive oxygen species (ROS) produc-
tion [29], and Babesia suppresses adaptive immunity against Borrelia, worsening Lyme
disease severity [30]. Together, these immune evasion strategies create a feedback loop of
suppression, chronic infection, and increased zoonotic risk.

The proactive monitoring of co-infections in regions with vector overlap is vital. The
surveillance of multi-pathogen exposure in dogs and wildlife can provide an early warning
of zoonotic threats, aiding veterinarians and public health officials in mitigating risks. Dogs
are sentinel hosts in zoonotic disease ecology [31], moving between environments shared
with humans and wildlife. Co-infections in dogs highlight potential spillover risks to hu-
mans [19,32], especially in regions where expanding tick and sand fly populations overlap.

Managing co-infections involving Leishmania, Borrelia, and Babesia necessitates an
integrated, multi-vector approach targeting both sand fly and tick populations. Effective
measures, such as vector control, habitat management, and innovative immune-modulating
therapies that address the compounded effects of co-infections, are crucial to mitigating
disease severity in dogs and reducing zoonotic transmission risks. The study by Pess6a-
Pereira et al. [4] highlights the critical implications of co-infections among vector-borne
pathogens that share vectors and hosts, emphasizing how these interactions accelerate
disease progression and complicate treatment. In an era of shifting ecological boundaries,
understanding these pathogen interactions within hosts like dogs is vital for anticipating
and mitigating zoonotic risks. By integrating vector control strategies, expanding pathogen
surveillance in dogs and wildlife, and advancing targeted treatment approaches for co-
infected hosts, we can better manage the complex dynamics of vector-borne diseases. This
holistic approach is essential to protecting the health of both animal populations and the
human communities with whom they share their environments.

Conflicts of Interest: The authors declare no conflicts of interest.
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