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Towards global multi-host bacterial genomic epidemiology
Hacia una epidemiologia gendmica bacteriana global y multihospedador
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Abstract

Whole Genome Sequencing (WGS) is now the gold standard for high-resolution
molecular epidemiology of bacteria. There are several approaches to analyse
WGS data, from genome phylogenies or core genome MLST schemes, to Average
Nucleotide Identity analysis, Pangenome analysis, and even to molecular dating
analysis. These approaches have advanced the genomic epidemiology of bacterial
pathogens thoroughly. Yet, a few important sampling challenges remain. First,
the strong bias towards clinical surveillance, yet many of the so-called “human
pathogens”are also found in other hosts. Secondly, the very patchy distribution of
countries with the proper funding to conduct WGS, with many countries having
hardly any isolates sequenced. Finally, many studies just focus on antibiotic-
resistant isolates, overlooking the diversity hosted by the antibiotic-susceptible
isolates. Thus, ideally, future studies should conduct global multi-host bacterial
genomic epidemiology despite the antibiotic phenotype of the isolates.
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Resumen

La secuenciacion del genoma completo (WGS, por sus siglas en inglés) constituye
actualmente el estandar de oro para la epidemiologia molecular bacteriana de
alta resolucion. Existen diversos enfoques para analizar los datos de WGS, que
van desde las filogenias gendémicas o los esquemas de tipificacién de secuencias
multilocus (MLST) del genoma central (core genome en inglés), hasta el analisis
de la Identidad Promedio de Nucleétidos (ANI, por sus siglas en ingles), el andlisis
del pangenoma e incluso el analisis de datacion molecular. Estos métodos han
impulsado considerablemente la epidemiologia gendmica de los patdégenos
bacterianos. No obstante, persisten algunos desafios importantes en materia de
muestreo. En primer lugar, existe un marcado sesgo hacia la vigilancia clinica, a
pesar de que muchos de los denominados "patégenos humanos" se encuentran
también en otros hospedadores. En segundo lugar, la distribucion es muy
desigual en cuanto a los paises que cuentan con la financiaciéon adecuada para
realizar WGS, ya que en muchos de ellos apenas se han secuenciado aislados. Por
ultimo, muchos estudios se centran exclusivamente en aislados resistentes a los
antibidticos, pasando por alto la diversidad presente en los aislados sensibles a
los mismos. Por consiguiente, lo ideal seria que los estudios futuros abordaran
la epidemiologia gendmica bacteriana a escala global y abarcando multiples
hospedadores, independientemente del fenotipo de resistencia a los antibidticos
de los aislados.

Palabras Clave: Epidemiologia gendmica, Patégenos del grupo ESKAPE,
Genotipado Molécular genotyping, Epidemiologia molecular, Una Salud, LMICs.
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Main text

Whole Genome Sequencing (WGS) has significantly moved
forward the field of bacterial molecular epidemiology.
Clearly, the high level of genetic resolution of WGS has made it
the most suitable option for conducting bacterial molecular
epidemiology. Currently, there are several approaches to
make sense of the WGS data and determine the genomic
epidemiology of the pathogen under study. The two most
used approaches for analysing WGS data of (pathogenic)
bacteria are core phylogenies and core genome MLST
(cgMLST) schemes. The former consists of constructing
phylogenies on the core genome orsome partofit. Where the
core genome is all those genomic regions present in all the
isolates/taxa/OTUs considered. This strategy has been very
useful for inferring transmission dynamics at very different
scales, both at temporal and geographic dimensions. For
instance, recently, the transmission dynamics of a polyclonal
dissemination of Acinetobacter baumannii in a Paraguayan
hospital were established (Bello-Lopez et al., 2025).
Considering a broader geographic scale, in another study,
a core phylogenomic analysis was employed to determine
the dissemination of a high-risk clone of Pseudomonas
aeruginosa circulating in Chilean hospitals (Opazo-Capurro
et al., 2024). The second most employed approach, cgMLST
schemes, is an extension of the traditional MLST, which
scales to the genome level, and instead of considering just
7 loci, the idea is to consider the loci belonging to the core
genome. Similar to the former approach, cgMLST has been
very productive in studying the dissemination of bacterial
pathogens at different scales. This strategy was very useful
to study the genetic relationships of extensively drug-
resistant isolates of A. baumannii in a Mexican hospital
(Moreno-Manjon et al., 2023). At the other extreme, i. e,
going beyond the species level, a recent cgMLST scheme
has been implemented to determine lineages of the species
complex Borrelia burgdoferi sensu lato (Hepner et al., 2025).
In addition, some researchers also use population structure
analyses to delineate bacterial populations. For example, a
population structure analysis was essential to infer the trans-
Atlantic transmission of the Lyme disease agent Borrelia
burgdorferi sensu stricto (Castillo-Ramirez et al. 2025). Very
recently, Average Nucleotide Identity (ANI) based definitions
of intra-species units have been implemented for bacteria
(Castillo-Ramirez, 2024; Raghuram et al., 2024; Viver et al.,
2024). Some studies have even conducted molecular dating
analysis to establish the emergence of clones or lineages for
important pathogens, like A. baumannii and Staphylococcus
aureus (Challagundla et al., 2018; Frisch et al., 2018; Grafa-
Miraglia et al., 2020; Mateo-Estrada et al., 2021). For instance,
a few years ago, a study dated the introduction of several
important lineages of A. baumannii in a Mexican hospital
(Mateo-Estrada et al., 2021). Finally, pangenome analyses
have been extremely useful to fully appreciate the diversity
of gene families (Tettelin and Medini, 2020), not least those
related with virulence and/or resistance phenotypes. In this
regard, a recent study paying attention to the pangenome
of non-human isolates of A. baumannii shows that these
isolates have vast diversity of antibiotic resistance genes
(Aguilar-Vera et al., 2026).

Q SOUTH HEALTH /

Bacterial genomic epidemiology

Clearly, bacterial genomic epidemiology is coming of
age. Yet, some important issues must still be addressed.
A major issue is the slanted sampling, where most of our
surveillance is in (human) clinical settings. Most genomic
epidemiology studies only consider human (clinical)
isolates. It is important to mention that many bacteria can
dwell in several hosts (or be found in different sources).
Actually, several ESKAPE pathogens are well known for
their ability to inhabit multiple hosts (Castillo-Ramirez
et al., 2025; Muloi et al., 2022; Roy et al., 2024). Hence, a
multi-host genomic epidemiology might be a more natural
way to try to understand the transmission of many of the
reputed “human pathogens”. Of note, this completely goes
along with the One Health ethos, which considers that
the health of humans is interconnected with both animal
and environmental health. Given the underdeveloped
environmental and human health infrastructure in some
low- and middle-income countries (LMICs), they are natural
places to really carry out One Health surveillance, and this
type of surveillance should be enhanced. However, rather
than delegating the leading roles of the future multi-host
epidemiology studies to principal investigators (Pls) from
the Global North, we must ensure that the Pls from LMICs
lead such projects and avoid parachute science. This
would undoubtedly strengthen science in those countries,
curtailing dependence on scientificinstitutions in the Global
North. Another issue affecting many genomic epidemiology
studies for many bacteria is that, due to a lack of funding
and resources, there is a patchy sampling distribution,
considering the geographic origin of the isolates included.
Clearly, LMICs also need to play a vital role in extending the
geographic sampling of many pathogens. Here again, we
must ensure that the Pls from LMICs have the lead roles to
avoid colonial science. Finally, many genomic epidemiology
studies concentrate on just antibiotic-resistant isolates,
which is an oversight, as this overlooks the diversity within
the antibiotic-susceptible isolates. In this context, it is
relevant to mention that antibiotic-susceptible isolates can
be important carriers of not only mobile genetic elements
but also virulence factors, which also contribute to the
evolution and persistence of bacterial pathogens. Thus,
this type of isolates should also be included in our genomic
surveillance efforts. There is no doubt that LMICs are bound
to play a significant role in approaching the global multi-
host genomic epidemiology of the ESKAPE pathogens.

In conclusion, getting worldwide and multi-host WGS data
sets is bound to improve our inferences of the transmission
dynamics of many bacteria, pathogenic and non-pathogenic
alike. However, we really want to make sure that LMICs play
a major role in this endeavour.
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