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Abstract 

Background  Phylogeny, combined with trait-based measures, offers insights into parasite sharing among hosts. 
However, the specific traits that mediate transmission and the aspects of host community diversity that most 
effectively explain parasite infection rates remain unclear, even for the Bartonella genus, a vector-borne bacteria 
that causes persistent blood infections in vertebrates.

Methods  This study investigated the association between rodent host traits and Bartonella infection, as well 
as how rodent community diversity affects the odds of infection in the Atlantic Forest, using generalized 
linear models. Additionally, we assessed how host traits and phylogenetic similarities influence Bartonella 
infection among mammal species in Brazil. To this end, rodents were sampled from ten municipalities in Rio de 
Janeiro, southeastern Brazil. Then, we calculated several diversity indices for each community, including Rényi’s 
diversity profiles, Fisher’s alpha, Rao’s quadratic entropy (RaoQ), Functional Diversity (FDis), Functional Richness 
(FRic), and Functional Evenness (FEve). Finally, we compiled a network encompassing all known interactions 
between mammal species and Bartonella lineages recorded in Brazil.

Results  We found no significant relationship between diversity indices and the odds of Bartonella infection in rodent 
communities. Furthermore, there was no statistical support for the influence of individual-level traits (e.g., body 
length, sex, and age) or species-level ecological traits (e.g., locomotor habitat, dietary guild, and activity period) 
on Bartonella infection in rodents. A country-scale analysis, considering all mammal species, revealed no effect of host 
traits or phylogeny on Bartonella infection.

Conclusions  This study highlighted wild mammals that share Bartonella lineages with livestock, synanthropic, 
and domestic animals, underscoring the complexity of their maintenance cycle within the One Health framework. 
A key question arising from our findings is whether molecular host–cell interactions outweigh host body mass 
and ecological traits in influencing Bartonella infection, potentially opening new avenues for understanding host–
parasite relationships and infection ecology.
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Background
Host evolutionary history, combined with trait-based 
measures, is associated with parasite spread among hosts 
[1, 2]. Variations in host traits modulate vector exposure, 
parasite encounters, and pathogen spread within local 
host communities [3–5]. Therefore, functional diversity 
measures, which encompass the variety and distribution 
of ecological, morphological, and physiological traits 
within a community, can serve as an adequate proxy for 
the structural role of host communities [6, 7]. However, it 
remains unclear whether and which functional diversity 
indices can serve as an indicator of infection rates [5, 6, 
8–10].

The Bartonella genus consists of facultative intracellular 
alphaproteobacteria and vector-borne pathogens that can 
cause persistent hemotropic infections in their vertebrate 
hosts [11]. From an ecological perspective, Bartonella 
infects a broad diversity of host species, with varying 
levels of specificity across host phylogeny. Even host-
specific species, such as B. henselae, which are commonly 
found in domestic cats, have also been identified in 
dogs and wild mammals in Brazil [12, 13]. Furthermore, 
these bacteria have been detected in various mammalian 
orders and ectoparasites worldwide, including Argentina 
[14], Chile [15], Colombia [16], Israel [17], the USA [18], 
Italy [19], Thailand [20], Japan, Russia, Korea, and Taiwan 
[21].

Bartonella spp. exhibit a phylogenetic pattern 
that separates them into lineages, each displaying a 
distribution of virulence factors that contribute to their 
persistence and pathogenicity [22]. These virulence 
factors show evolutionary patterns in host specificity, 
with certain lineages closely associated with specific 
mammal orders, such as lineage 2 with ruminants and 
lineage 4 with rodents [22–24]. Thus, these bacteria 
provide a suitable system for studying disease–diversity 
relationships.

Rodent species are frequently reported as hosts 
for many zoonotic agents [25] and also harbor a high 
diversity of Bartonella species [15, 26, 27]. Certain traits 
of rodent species, such as age at sexual maturity, short 
gestation periods, and large litter sizes, traits associated 
with fast life history strategies, can influence the risk of 
infection by zoonotic agents [25, 28]. Therefore, a trait 
profile approach to known Bartonella host species may 
allow us to forecast which species are likely to act as 
reservoirs for these bacteria.

In this context, the aim of this study was threefold. 
First, data on Bartonella infection in rodent 
communities were used to (i) investigate which host 
traits at the individual level are most associated with 
the odds of Bartonella infection and (ii) examine how 

community diversity affects the odds of infection 
in Atlantic Forest areas. Second, for host species of 
different mammalian orders that occur in Brazil, (iii) 
our objective was to assess whether the probability 
of Bartonella infection is influenced by traits and 
phylogenetic similarities between these host species.

In the individual and species-level analyses, we 
hypothesized that infection would be more frequent 
among hosts with similar traits. Morphological 
traits such as body length, body mass, and tail length 
are related to individual age and lifetime exposure 
to parasites [29, 30]; therefore, we expected these 
individual measures to be positively related to infection 
probability. Furthermore, since male rodents tend to 
increase their mobility during reproductive periods and 
may experience hormone-induced immunosuppression 
[31], we anticipated that males would have a higher 
probability of Bartonella infection compared with 
females. We also hypothesized that scansorial or semi-
scansorial locomotor habitats and an invertebrate diet 
would increase the probability of infection, as these 
traits increase the likelihood of encountering a vector 
[32, 33]. Finally, because activity period is associated 
with resource sharing and is evolutionarily related to 
other ecological traits such as foraging strata [34], we 
expected cathemeral rodents, which are active both 
day and night, to face a higher risk of exposure due to 
overlap activity periods with vectors and other hosts.

In the community analysis, we expected that at 
greater functional divergence [i.e., Functional Evenness 
index (FEve)], which may be associated with a reduced 
abundance of highly competent species, would result in 
lower odds of Bartonella infection. Conversely, higher 
functional diversity [that is, Functional Diversity (FDis), 
Functional Richness (FRic), and Rao’s quadraticentropy 
(RaoQ) indices] was expected to increase the chance of 
Bartonella infection by enhancing trait diversity and 
the abundance of potential host species. Definitions of 
these functional diversity indices are provided in the 
Methods subsection titled Host community structure.

Finally, considering that Bartonella lineages have 
functional factors related to pathogenicity [22], we also 
aimed to examine whether host traits at the species 
level influence the sharing of Bartonella lineages 
among hosts of different mammalian orders. By 
integrating analyses across these scales, we can achieve 
a comprehensive understanding of how individual- 
or species-level traits, community diversity, and 
phylogenetic relationships affect parasite infection [6, 
7]. This integrated approach facilitates the development 
of more effective monitoring, management, and control 
strategies tailored to specific ecological contexts and 
host community structures [35].
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Methods
Two distinct datasets were used to investigate our 
hypotheses on three scales: individual, community, and 
species. For the first set of analyses, we used data from 
several rodent communities sampled across the Brazilian 
Atlantic Forest, including individual-level information 
on life history traits and Bartonella infection. This biome 
was chosen due to the higher prevalence of these bacteria 
in rodents compared with other Brazilian biomes [36]. 
For the second set of analyses, we expanded the scale to 
include all other mammalian orders occurring in Brazil. 
Consequently, we analyzed traits at the species level 
and Bartonella infection, as there is no individual-level 
database available.

Study area and rodent community data source
We used geo-located data from previous studies on 
individual rodents, infected or not with Bartonella, in ten 
municipalities in the state of Rio de Janeiro, southeastern 
Brazil (see Fig. 1) [37, 38]. Additional data were gathered 
from a research project on the biodiversity of Atlantic 

Forest, covering rodent captures from 2004 to 2019 in the 
same areas. A unified dataset was compiled, containing 
information on 398 rodent individuals. Rodent 
species were identified by morphological examination, 
karyotyping, and molecular analyses by experts from 
the Laboratory of Biodiversity and Parasitology of Wild 
Mammal Reservoirs, following the methodology outlined 
by D’Andrea et  al. [39]. The number of individuals 
sampled in each community ranged from 12 to 138, with 
3–8 rodent species. All procedures involving rodents 
were approved in advance by the Institutional Ethics 
Committee of Animal Research at the Oswaldo Cruz 
Foundation under the license number LW39/14.

Bartonella was detected using polymerase chain 
reaction (PCR) methods and DNA sequencing. Bacterial 
DNA was extracted from liver and spleen samples and 
screened by PCR targeting the gltA, rpoB, ftsZ, and 
groEL genes. In total, 32 rodent individuals with the 
Bartonella gene were detected, with the number of 
infected individuals in each community ranging from 0 
to 8. Detailed information on the study area, sampling 

Rio de Janeiro state
South America

Rio de Janeiro municipalities

Figure 1  Study areas for wild rodents in the state of Rio de Janeiro, Brazil (2004–2019)
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methods, and molecular assays can be found in Rozental 
et al. [37] and Gonçalves-Oliveira et al. [38].

Host trait data
Data on morphological and ecological traits associated 
with host life history were obtained from our database, 
the EltonTraits database [40], and from Paglia et al. [41]. 
The morphological data from our database were used for 
individual-level analyses, while for species-level analyses, 
we used the body mass available in EltonTraits and Paglia. 
Missing data on species-level traits were estimated using 
mode values (the most commonly occurring value) from 
closely related species within the same genus, except for 
body mass, which was estimated using the mean value of 
the genus. The estimated data are indicated in the data 
file at figshare [42]: https://​doi.​org/https://​doi.​org/​10.​
6084/​m9.​figsh​are.​25838​281. An overview of the scale of 
factors for each trait and the number of replications can 
be found in the Table 1.

Host community structure
Diversity indices representing different aspects of 
community structure and composition were calculated 
for each rodent community using Rényi’s diversity 
profiles, Fisher’s alpha [43], Rao’s quadratic entropy 
[44], FDis [45], FRic, and FEve [46]. The Rényi diversity 
profile is a technique for ordering diversity [47] that 
produces curves indicating the richness and evenness of 
each community. Fisher’s alpha is a scale-independent 

biodiversity indicator based on the curvature of the 
species abundance distribution. Rao’s quadratic entropy 
is a dissimilarity metric used within a functional space 
that measures the abundance-weighted sum of pairwise 
functional distances between all species. FDis is another 
dissimilarity metric that incorporates the abundance-
weighted distance of species trait values from the 
community centroid. FRic measures the volume of the 
multidimensional space occupied by all species, while 
FEve assesses the regularity of the trait distribution and 
relative species abundance. All diversity metrics were 
calculated using the packages Vegan [48], BiodiversityR 
[49], and FD [50] available in R version 4.1.0 [51].

Brazilian mammal host and Bartonella lineage network
We compiled a second dataset using existing GenBank 
data. All metadata for Bartonella sequences, including 
host name, gene, locality, GenBank accession number, 
and reference, where the host species was identified, 
were downloaded. This information was obtained using 
Geneious software from the NCBI database [52], and all 
Bartonella sequences recorded in Brazil were recovered. 
For sequences with no scientific host name provided, 
we obtained information on Bartonella hosts from the 
articles in which the sequences were published (available 
in the Data Sources section). Data on all mammal species 
that tested negative for Bartonella DNA were also 
gathered from these articles.

Table 1  Overview of the scale at which key parameters were measured and their respective replication

Individual hosts are subsamples that contribute to the precision of the estimates at the species level but are not independent replicates. Therefore, we included the 
species name as a random effect in the statistical models to avoid pseudoreplication. Further details on the data used in the models can be found in the Additional 
file: Table S1, and the raw data is available on figshare [40]: https://​doi.​org/​10.​6084/​m9.​figsh​are.​25838​281

Scale of inference for the chance of 
infection by the Bartonella bacteria

Scale at which the 
factor of interest is 
applied

Number of replicates at the appropriate scale

Rodent communities Communities Eight communities for each diversity index

Rodent individuals Species Body length: 17 species

Rodent individuals Species Tail length/body length: 17 species

Rodent individuals Species Age: 16 adult, 8 young

Rodent individuals Species Sex: 14 feminine, 15 masculine

Rodent individuals Species Locomotor habitat: 1 scansorial, 3 semi-scansorial, 15 ground, 1 semi-aquatic, 2 arboreal

Rodent individuals Species Dietary guild: 8 insectivore, 13 herbivore, 2 omnivore

Rodent individuals Species Activity period: 3 diurnal, 11 nocturnal, 9 cathemeral

Rodent species Species Body mass: 17 species

Rodent species Species Locomotor habitat: 1 scansorial, 2 semi-scansorial, 11 ground, 1 semi-aquatic, 2 arboreal

Rodent species Species Dietary guild: 5 insectivore, 11 herbivore, 1 omnivore

Rodent species Species Activity period: 2 diurnal, 9 nocturnal, 6 cathemeral

Mammal species Species Body mass: 108 species

Mammal species Species Dietary guild: 27 insectivore, 55 herbivore, 18 omnivore, 8 carnivore

Mammal species Species Activity period: 12 diurnal, 76 nocturnal, 20 cathemeral

https://doi.org/
https://doi.org/10.6084/m9.figshare.25838281
https://doi.org/10.6084/m9.figshare.25838281
https://doi.org/10.6084/m9.figshare.25838281
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In the present study, the term “genotype” refers 
specifically to the variant forms of the partial sequences 
of the genes gltA, rpoB, ftsZ, groEL, nuoG, ITS, pap31, 
16S, ribC, and htrA carried by Bartonella bacteria. 
Bartonella genotypes were classified into lineages 
on the basis of the phylogenies available in the peer-
reviewed literature from which the sequences were 
published (see the Data Sources section). Specifically, 
Bartonella genotypes closely related to species that 
occur in Brazil, such as Bartonella coopersplainsensis, 
B.  bovis, B.  clarridgeiae, B.  rochalimae, B.  quintana, 
B.  henselae, B.  koehlerae, and B.  vinsonii, were 
classified into lineages as indicated by Wagner and 
Dehio [22]. This classification facilitates the analysis 
of how Bartonella lineages are shared among hosts, 
as these lineages exhibit patterns of distribution of 
virulence factors that affect their pathogenicity and 
host adaptation [22].

Host phylogenetic distance
At the rodent individual scale, we used phylogenetic 
distances estimated from the Atlantic Forest non-
volant small mammal tree [53]. We incorporated 
cytochrome B sequences from three rodent species 
not included in this tree to complete the final 
phylogenetic distance matrix. Sequence alignment and 
pairwise distances for each species were calculated 
using the maximum likelihood method with 500 
bootstrap replications, assuming Gamma distribution 
with invariant sites and a very strong branch swap 
filter in MEGA© software (www.​megas​oftwa​re.​net). 
The phylogenetic tree was built using the Kimura 
2-parameter method, which is commonly used 
for estimating genetic distances and phylogenetic 
relationships [54].

At the species scale, we used the cophenetic.philo 
function of the ape package [55] to calculate the 
phylogenetic distances between Brazilian mammal 
species with PCR-positive or negative Bartonella 
detections. We sampled 10,000 equally plausible 
mammal phylogenetic trees from the posterior 
distribution published by Upham et  al. [56], covering 
108 species. We then created a rooted consensus 
tree using TreeAnnotator v1.10, summarizing it with 
a burn-in of the first 1000 trees and a cutoff of 0.7 
posterior probability. The most representative tree was 
rooted at the midpoint of the clusters. One mammal 
species detected with Bartonella, Bubalus bubalis 
(Cetartiodactyla), was absent from the supertree, as 
were two species that tested negative for Bartonella 
DNA: Aotus infulatus (Primates) and Sphiggurus 
villosus (Rodentia).

Statistical analyses
Diversity indices and odds of Bartonella infection for each 
community
To investigate whether the odds of Bartonella infection 
were affected by the functional diversity of the host 
community, we used generalized linear models (GLM) 
from the package lme4 [57] with a binomial family and 
a logit link function. The significance of the model was 
evaluated by simulating a null model to test the absence 
of an effect of functional diversity indices on Bartonella 
infection and evaluated using analysis of variance 
(ANOVA) at the probability level of 0.05.

Rodent traits as predictors of Bartonella infection
To assess whether rodent sex, age, body length, dietary 
guild, locomotor habitat, and activity period may drive 
Bartonella infection, we used data from all individuals 
sampled in the ten communities. Note that, because 
body length and tail length are highly correlated (Pearson 
correlation coefficient, r = 0.7, P < 0.05), we evaluated 
whether the ratio of these two variables would be a 
better predictor than body length alone. Conversely, the 
Spearman correlations between age, sex, and body length 
were statistically not significant. The exotic synanthropic 
species Rattus rattus and Mus musculus were excluded 
from this analysis.

To test whether host traits influenced infection status 
while accounting for rodent phylogenetic relatedness, 
candidate phylogenetic generalized linear mixed models 
(GLMM) were fitted using the brms package with default 
priors and infection status as a Bernoulli-distributed 
response. The identity of rodent species and the 
phylogenetic covariance matrix were included as random 
effects [58]. Four chains of 10,000 iterations each were 
run with a burn-in period of 5000 and thinned every 
10 steps, resulting in a total of 4000 samples. GLMMs 
were compared using leave-one-out cross-validation 
(LOOIC), and goodness of fit was assessed with Bayesian 
R2, which includes the total modeled variance attributed 
to fixed effects [59, 60]. Fixed effects [means and 95% 
highest density intervals (HDI)] were estimated from 
the posterior distributions of each predictor in the best 
phylogenetic GLMM.

Network analysis of all PCR‑positive hosts for Bartonella 
in Brazil
To highlight species notable for sharing multiple 
lineages, we created a bipartite network in which the 
nodes represent mammalian host species from different 
orders or Bartonella lineages, and the edges among 
the nodes represent associations between host species 
and Bartonella lineages. We calculated the degree 

http://www.megasoftware.net
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centrality (number of edges connected to a node) and the 
betweenness centrality (number of shortest paths passing 
through a node) using the igraph package [61]. These 
measures describe each host’s role in sharing Bartonella 
lineages. For instance, hosts with high degree centrality 
play a significant role in spreading parasite diversity, 
while hosts with high betweenness centrality act as 
bridges between different groups of hosts, particularly 
if they have greater contact with other hosts due to 
similarities in their ecological traits.

The GLMs were fitted to examine whether the host 
trait patterns affected the host centralities in the network. 
We used different statistical methods to analyze network 
centrality measures. For degree centrality, we applied 
a GLM assuming a Poisson distribution of the data. For 
betweenness centrality, we transformed the data using a 
logit function and then used a GLM assuming a normal 
distribution (Gaussian errors).

Trait and phylogenetic similarities as predictors
The effects of host ecological and evolutionary similarity 
on interaction patterns were evaluated using multiple 
regression on distance matrices [62] with the ecodist 
package [63]. We examined how phylogenetically similar 
hosts or those with similar traits share Bartonella 
compared with dissimilar ones. Three pairwise matrices 
were created for rodents sampled from the Atlantic 
Forest, which were tested for the detection of Bartonella 
DNA: phylogenetic distance, trait profile distance, and a 
distance matrix for positivity. The same three pairwise 
matrices were also created for all mammals tested 
for the detection of Bartonella DNA in Brazil. The 
distance matrix for positivity, derived from the presence 
or absence of Bartonella in each host species, was 
constructed using Jaccard’s qualitative index [64].

Data source and R code
A list of data and R code used in the study are provided 
at figshare [42]: https://​doi.​org/https://​doi.​org/​10.​6084/​
m9.​figsh​are.​25838​281. A list of all included studies can be 
found in the Data Sources section.

Results
Structures of the rodent community and the chances 
of infection with Bartonella
Six host species with Bartonella DNA were detected 
in eight of the ten analyzed communities, as follows: 
Akodon cursor (87 individuals caught, 75 tested, 15 PCR 
positive), Akodon montensis (21 caught, 3 tested, 2 PCR 
positive), Delomys dorsalis (62 caught, 14 tested, 3 PCR 
positive), Euryoryzomys russatus (9 caught, 7 tested, 
6 PCR positive), Nectomys squamipes (33 caught, 30 
tested, 3 PCR positive), and Oxymycterus dasytrichus (20 

caught, 14 tested, 3 PCR positive). A summary of the data 
collected used in our models is provided in the Additional 
file: Table  S1. The Rényi diversity profile (Additional 
file: Fig. S1) showed that the communities’ richness 
indices (alpha = 0), Shannon (alpha = 1), and Simpson 
(alpha = 2) had overlapping confidence intervals, making 
comparison using classical diversity metrics difficult.

Using data from eight study sites, our findings show 
that Fisher’s alpha ranged between 1.64 and 2.52, and 
functional diversity varied among communities as 
follows: FRic (0.007–0.26), FEve (0.41–0.91), RaoQ (0.05–
0.17), and FDis (0.17–0.41). Our models did not indicate 
significant relationship between functional diversity 
and the chances of Bartonella infection in the rodent 
communities investigated (Additional file: Table S2).

Host trait: predictors at the individual level
The best phylogenetic GLMM was fitted with binary 
data on the presence or absence of Bartonella as 
dependent variable, with dietary guild and activity 
period as fixed effects. We excluded the locomotor 
habitat from the models due to overfitting. The 
complete ranking of the candidate models is shown in 
the Additional file: Table S3. We observed a weak effect 
of the dietary guild and the activity period on the odds 
of Bartonella infection in Atlantic Forest rodents, with 
this effect characterized by considerable uncertainty, 
as indicated by the credible interval overlapping 
zero (Fig.  2). There was no statistical support for the 
influence of individual-level morphological traits or 

Cathemeral Herbivorous

Diurnal

Nocturnal

Insectivorous

Omnivorous

Rodent identity

Rodent phylogeny

−10 0 10 20 30
Log−Odds

Figure 2  Predictors of Bartonella infection in rodent. The graph 
illustrates the effect of the dietary guild and the activity period 
on the odds of Bartonella infection in Atlantic Forest rodents. 
The uncertainty of these effects is represented by the width 
of the credible interval. Posterior means of the odds of Bartonella 
infection are shown, with 80% HDI (thick segments) and 95% HDI 
(thinner outer lines) from the most parsimonious phylogenetic 
GLMM. The reference levels for the chances of Bartonella infection are 
cathemeral and herbivorous rodents

https://doi.org/
https://doi.org/10.6084/m9.figshare.25838281
https://doi.org/10.6084/m9.figshare.25838281
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species-level ecological traits on Bartonella infection, 
after accounting for species identity and phylogeny as 
random effects (Additional file: Table S3, Fig. 2).

Influence of traits and phylogenetic distance at the species 
level
Although we expected that trait and phylogenetic 
similarities would increase opportunities for contact 
with susceptible species and thus enhance Bartonella 
infection, no significant effect was detected at the 
species level (Additional file: Table  S4). This finding 
remained consistent when considering phylogenetic 
proximity in the Bartonella infection patterns among 
all mammal hosts listed for Brazil (Additional file: 
Table S4).

Brazilian host‑Bartonella lineage network
Considering Bartonella lineages instead of genotypes 
allowed us to explore a broader aspect of the association 
between these proteobacteria and its hosts. In general, 
Bartonella was detected in at least one species of 
six mammal orders in Brazil, with the bacteria most 
commonly found in rodent and bat species. The 
Bartonella lineage could not be determined for eight bat 
species and three rodent species. This network illustrates 
which Bartonella lineages have more widespread 
host distributions, and the network node properties 
suggest that the Chiroptera order likely plays a major 
role in sharing the Bartonella lineage with other host 
orders, due to its higher betweenness centrality. The 
degree centrality was highest for the common vampire 
bat (Desmodus rotundus; H14) and the hairy-hegged 
vampire bat (Diphylla ecaudata; H15), the cursor 
grass mouse (A.  cursor; H1), the great fruit-eating bat 
(Artibeus lituratus; H6), the domestic dog (Canis lupus 
familiaris; H11), and the domestic cat (Felis catus; H19), 
indicating that these host species interacted with two 
Bartonella lineages in the host–parasite network (Fig. 3). 
Seba’s short-tailed bat (Carollia perspicillata; H12) and 
white-lined broad-nosed bat (Platyrrhinus lineatus; 
H36) also presented the highest degree (3) and the 
betweenness centrality values (Additional file: Table S5). 
Although host traits were not associated with network 
centralities (see Additional file: Tables S6-S7), bats 
with higher centrality had overlapped activity periods 
with A.  cursor, and domestic dogs and cats, since these 
species are nocturnal and cathemeral. D.  rotundus and 
D.  ecaudata are carnivorous, similar to domestic host 
species. C.  perspicillata, P.  lineatus, and A.  lituratus 
are herbivorous, but like A.  cursor, they also include 
invertebrates in their diet.

Discussion
In Brazil, eco-epidemiological studies on Bartonella 
infection in rodents have been mainly concentrated in 
the Atlantic Forest region [36–38]. Here, we anticipated 
that the functional diversity of rodent communities 
sampled across the Atlantic Forest would affect the odds 
of Bartonella infection. However, variations in functional 
diversity measures—namely FRic, FEve, RaoQ, and 
FDis—did not explain the odds of Bartonella infection 
in these rodent communities. This could be due to the 
high functional redundancy found in non-volant small 
mammal communities with more than five species in 
the Atlantic Forest [53]. With several species exhibiting 
similar trait values, the impact of functional diversity on 
transmission dynamics may be mitigated, as multiple 
species can fulfill similar ecological roles. Another 
hypothesis is that the density of host populations and 
their contact rates with vectors play a more critical role in 
Bartonella transmission than community structure itself. 
This indicates that control measures should prioritize 
reducing humans-vector contact rather than focusing 
solely on community composition.

Other components of community diversity, such as 
species richness and Shannon index, have previously 
been linked to the prevalence of Bartonella infections 
in various regions of the USA [65]. However, it was 
unclear whether these indices accounted for the different 
sampling efforts across the analyzed communities, which 
is crucial for inter-site biodiversity comparisons. In our 
study, we included the sampling effort as a covariate 
in a GLM model and found no association between 
species richness or the Shannon index and the chances 
of Bartonella infection. Additionally, our findings may 
be influenced by environmental factors that were not 
account in our analyses, as well as the presence of vectors. 
Vectors is a key determinant in the spread of Bartonella 
within host communities [66]. Environmental factors, 
such as temperature and humidity, also influence the 
abundance of fleas [67]. Therefore, more comprehensive 
studies that integrate environmental parameters with 
vector presence are essential to elucidate the prevalence 
of Bartonella in host communities.

In this study, we anticipated that cathemeral and 
insectivorous hosts would be associated with increased 
Bartonella infection. However, we found no statistical 
support for the influence of morphological and 
ecological traits on Bartonella infection in rodents. 
These expected relationships may be obscured by the 
complex interactions between host behaviour, vector 
activity, and habitat use. Host exposure is related to 
encounter rates between hosts and vectors. Fleas that 
transmit Bartonella are most active during the daytime 
[68], making cathemeral (partially daytime) and diurnal 
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(fully daytime) hosts more susceptible to infection. 
Additionally, while oral transmission of Bartonella 
in rodents is less effective in causing bacteremia [69], 
insectivorous rodent species may have increased 
exposure to Bartonella vectors in their foraging 
habitats. For instance, ticks are commonly found 
ectoparasites in environments where insectivorous 
rodents live, such as forests and grasslands [32, 33]. 
Therefore, surveillance efforts should also consider 
the diversity of habitats that rodents inhabit, 
including natural, altered, and agricultural areas, as 

these environments can affect both vector and host 
populations.

Regarding the interaction network between mammal 
host species and Bartonella lineages, lineage 4 (L4) 
appears to spread among a diverse range of hosts 
compared with other lineages. This suggests that 
L4 has a broad potential to infect hosts that are 
phylogenetically distant and occupy different ecological 
niches. While Bartonella genotypes often cluster by 
mammal taxonomic orders [70], this can obscure high 
host specificity when investigating at the lineage level, 

Figure 3  Bipartite network of interactions between mammal species (circles) and Bartonella lineages (squares) found in Brazil. One node represents 
a lineage with no phylogenetic tree classification (LX) identified in seven host species reported in the studies used to build the interaction 
network. Lineage 4 (L4) is the most promiscuous, detected in 36 of the 45 mammal species known as hosts of Bartonella in Brazil. Lineage 2 (L2) 
has been detected in six species, including two ruminants and four bats. Canis lupus familiaris (H11), Felis catus (H19), and Akodon cursor (H1) 
share L3 and L4. Carollia perspicillata (H12) and Desmodus rotundus (H14), Diphylla ecaudata (H15), and Platyrrhinus lineatus (H36) share L2 and L4. 
Other host species share L4, as follows: H2. Akodon montensis; H3. Akodon sp.; H4. Anoura caudifer; H5. Artibeus fimbriatus; H6. Artibeus lituratus; H7. 
Artibeus obscurus; H8. Artibeus planirostris; H9. Bos taurus; H10. Bubalus bubalis; H13. Delomys dorsalis; H16. Euphractus sexcinctus; H17. Euryoryzomys 
macconnelli; H18. Euryoryzomys russatus; H20. Glossophaga soricina; H21. Hylaeamys megacephalus; H22. Leopardus geoffroyi; H23. Marmosops 
ocellatus; H24. Myotis izecksohni; H25. Myotis riparius; H26. Myotis sp.; H27. Neacomys spinosus; H28. Necromys lasiurus; H29. Nectomys squamipes; 
H30. Oecomys mamorae; H31. Oligoryzomys nigripes; H32. Oxymycterus dasytrichus; H33. Oxymycterus nasutus; H34. Phyllostomus discolor; H35. 
Phyllostomus sp.; H37. Proechimys gardneri; H38. Rattus norvegicus; H39. Rattus rattus; H40. Rhipidomys macrurus; H41. Sturnira lilium; H42. Tamandua 
tetradactyla; H43. Thrichomys fosteri; H44. Thrichomys laurentius; H45. Uroderma bilobatum. Three sequences were not used in the network, as their 
lineage classifications were either not found in the primary article or because the host’s scientific name was not reported, namely KY356756 (host 
not reported), MG878887, and MG878888 (Glossophaga soricina as host)
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where genotypes closely related to a particular lineage 
are grouped together. The specificity of Bartonella 
genotypes suggests greater biological restrictions at this 
level, but the classification of lineages, as described by 
Wagner and Dehio [22], reveals important patterns in 
the distribution of pathogenicity-related virulence factors 
among lineages. It is worth noting that the unknown 
Bartonella lineages (represented in the network as LX) 
may not constitute a single lineage and may not fit into 
known lineages. In Brazil, most Bartonella infection 
records are at the genotype level, with limited strain 
isolation or species delimitation. This limits our ability to 
classify Bartonella species and trace ecological drivers in 
mammal hosts. Additionally, some hosts and vectors can 
harbor multiple genotypes, and strains may recombine, 
affecting genetic similarity among genotypes [71].

Our network analyses aimed to characterize the 
centrality of mammal species in the sharing of Bartonella 
lineages recorded in Brazil. Some bat species share 
Bartonella lineages with cattle and other bats (see, e.g., 
[72, 73]), while synanthropic rodent species and domestic 
animals share two Bartonella lineages (L3 and L4). The 
results highlight key rodent and bat species that should 
be targeted in eco-epidemiological studies due to their 
propensity to circulate among domestic animals  and 
share their habitats.

Our findings also suggest that bats may possess traits 
not examined in this study that make them more prone 
to various Bartonella lineages. It is possible that other 
ecological traits, such as occupying a greater diversity 
of roosting habitats, increase the risk of Bartonella 
exposure between bat species [74]. Although Bartonella 
lineages encompass a diverse array of species and 
genotypes, these bacteria are functionally convergent, 
possessing factors related to pathogenicity and the 
capacity to infect host cells [75]. For instance, specific 
sets of Bep repertoires have adapted to three different 
Bartonella lineages, demonstrating remarkable host 
adaptation [22]. Consequently, factors such as body mass 
and ecological traits of the host may have a weaker effect 
on Bartonella infections compared with molecular–host 
cell interactions.

Conclusions
Understanding the transmission pathways that drive 
Bartonella infection has significant methodological 
and zoonotic disease management implications. In 
Brazil, a continental-sized country, the number of 
host communities investigated for these bacteria is 
still very limited. Functional diversity indices require 
uniformity in comparative data. Although there was 
no sufficient statistical support to establish trait-based 
indices, analyses in different biomes should assess the 

effect of these diversity indices on pathogen infection. 
The absence of accurate specimen identification and 
inventory data, such as sampling effort and information 
on all hosts tested for the detection of Bartonella, 
including those negative for the pathogen, complicates 
meta-analyses at the scale of host communities. 
Consequently, study programs focusing on the role of 
host trait diversity in modulating pathogen infection 
could provide a semi-quantitative tool for indicator-
based surveillance, species management, and control 
strategies. Regarding all mammal species, no effect of 
host traits and phylogeny was observed on the sharing 
of Bartonella lineage. An open question is whether 
molecular–host cell interactions play a more significant 
role in infection dynamics than host body mass and 
ecological traits. Identifying key species in Bartonella 
transmission will help guide policies in the human and 
animal health sectors by informing cross-sectional 
surveillance efforts. This work highlights wild host 
species that share Bartonella lineages with livestock, 
synanthropic rodent species, and domestic animals, 
underscoring the complexity of the maintenance cycle of 
these proteobacteria within the One Health framework.
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