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ABSTRACT

Objective: To consolidate and compile current knowledge on Rickettsiosis in Mexico.
Materials and Methods: An exhaustive literature search was conducted in specialized
databases up to September 2025. The systematic review resulted in the inclusion of 72
published articles.

Results: Fourteen species of Rickettsia were recorded in Mexico. These species are grouped
into four main phylogenetic groups: Basal Group (BG), Typhus Group (TG), Transitional
Group (TRG), and Spotted Fever Group (SFG). Rickettsiae have been associated with 26
arthropod species (14 hard ticks, 3 soft ticks, 2 lice, and 7 fleas) and 17 mammal species.
Rickettsia prowazekii (Agent of Epidemic Typhus): Recorded in 21 Mexican states, making
it the species with the widest distribution. Reported vertebrate hosts include Homo sapiens,
and it has been detected in vectors such as Pediculus humanus humanus. Rickettsia typhi
(Murine Typhus Agent): Recorded in 18 states. Hosts include rodents (Mus musculus and
Rattus rattus) and vectors such as the cat flea (Ctenocephalides felis felis). Rickettsia rickettsii
(RMSF Agent): Recorded in 12 states. Limited Distribution Species: Species detected in only
one state include Rickettsia bellii, Rickettsia lusitaniae, Rickettsia rhipicephali, and
Candidatus Rickettsia andeanae.

Discussion: This work represents an effort to consolidate the dispersed knowledge on
rickettsiosis in Mexico. The reemergence and persistence of rickettsiosis with high lethality
underscores the urgent need for a "One Health" strategy that integrates social, veterinary, and
medical actions. The methodological challenge of distinguishing Rickettsia rickettsii from
less pathogenic SFG species using generic PCR is significant and requires the strict adoption
of advanced molecular taxonomic protocols. Research must advance the accurate
characterization of these pathogens to effectively guide public health policies and mitigate the
risk of these emerging and re-emerging diseases in Mexico.
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1. Introduction.

Rickettsiae are prokaryotic microorganisms of the family Rickettsiaceae,
order Rickettsiales. They are obligate intracellular bacteria transmitted by
arthropod vectors and cause diseases of medical and veterinary importance,
including emerging and re-emerging diseases worldwide (1).

Since the isolation of the first member of the genus Rickettsia in 1906, named
Rickettsia rickettsii, from a human patient in Montana, USA, at least 15
species have been recognized as relevant pathogens of medical and veterinary
importance. These are transmitted by various hematophagous arthropods, such
as ticks, fleas, and lice, to diverse species of terrestrial vertebrates, including
humans (2). The genus Rickettsia comprises 35 valid species of intracellular
coccobacilli bacteria capable of infecting various eukaryotic taxa (2).

In Mexico, 14 species of Rickettsia have been described, which have been
associated with 26 species of arthropods (14 hard ticks, 3 soft ticks, 2 sucking
lice, and 7 fleas) and 17 species of mammals distributed across 30 Mexican
states (2). Ticks (Acari: Ixodida) are the main transmission vector described
in Mexico. They are obligate hematophagous mites that parasitize all classes
of vertebrates, from birds and reptiles to mammals, including humans, and
have a worldwide distribution, serving as key vectors for a wide variety of
bacterial, viral, and parasitic pathogens (3,4).

These arthropods can acquire the infection through four different routes: 1)
horizontal transmission, when an uninfected arthropod feeds on a vertebrate
infected with active bacteremia; 2) transovarial maintenance, in which the
pathogen is transmitted from the female to her offspring during
embryogenesis; And finally, 3) co-feeding transmission, which occurs when
the pathogen is transmitted between vectors that feed in close proximity to one
another on the same host at the same time, potentially infecting each other
even if the host does not present with bacteremia. (2)

Despite the high relevance of these bacteria as pathogens (5), the role of
Rickettsia as a component of biodiversity in Mexico is a field of study about
which little is known. This is mainly due to the fact that most available studies
are geographically dispersed, and some of the oldest reports, published at the
beginning of the 20th century, are in local bulletins or journals that are difficult
to access, and also due to the scarcity of research conducted in our country on
human patients (5,6).
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This systematic review's primary objective is to consolidate and expand
current knowledge on members of the genus Rickettsia in Mexico and update
their taxonomy to 2020. It sought to establish host-parasite relationships and
determine the precise geographic distribution of each Rickettsia species
present in the country (5). Furthermore, it integrated crucial information on
other tick-borne pathogens and addresses the challenges of the reemergence
of Rocky Mountain Spotted Rickettsiosis (RMSF) in Mexico, as well as its
taxonomic and diagnostic implications at the molecular level.

2. Review Objectives

1. Inventory and Taxonomy: To gather and summarize the information
available up to September 2025 on Rickettsia species present in Mexico, their
geographic distribution, hosts, and vectors, and to perform the first
phylogenetic reconstruction analysis of the available sequences of Mexican
rickettsiae.

2. Epidemiology of Rickettsiosis: To evaluate the epidemiology of
rickettsiosis, including the characterization of outbreaks and the identification
of key risk factors and vectors, throughout Mexico.

3. Vectors of Rickettsiosis: To analyze the potential distribution of Ixodes
scapularis, the competent vector in the transboundary region between Texas
and Mexico and the rest of Mexican territory, and to report tick-borne
infections in that area. 4. Diagnostic Standardization: Discuss the need for
strict molecular standards for species identification within the genus
Rickettsia, including the classic Fournier criteria and whole-genome
sequencing (WGS) proposals, to overcome the limitations of generic detection
methods.

3. Materials and Methods
3.1. Search Strategy and Inclusion Criteria

A comprehensive literature search was conducted in specialized databases
such as Web of Science, Biological Sciences, Cochrane Library, BioOne,
Google Scholar, Medline, PubMed, and Scopus up to September 2025.

Keywords: A combination of Spanish and English terms was used, including
‘Rickettsia’, ‘Mexico’, ‘Rickettsiosis’, ‘Tick-borne diseases’, ‘Typhus’,
‘Spotted fever’, ‘Tick-borne pathogens’, ‘Emerging diseases’, and ‘Vector-
borne diseases’.
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Inclusion Criteria: References without language restrictions were included,
provided they strictly met two specifications:

1. Geographic and Host: Studies on arthropods and mammals (including
human cases) that occur and were sampled or detected within Mexico and in
the rest of the world.

2. Methodological: Identification of Rickettsia species (at least to the genus
level) through the implementation of a presumptive/confirmatory serological
or molecular test.

Exclusions: Thirteen references were excluded for not providing a serological
or molecular technique for Rickettsia identification. Additionally, studies
involving experimental infections were excluded. All studies eligible for
descriptive analysis were retained, including case reports, case series, reviews,
cross-sectional studies, cohort studies, and prevalence studies.

3.2. Data Extraction and Taxonomic Analysis

For each included study, the following data were meticulously recorded: (I)
Rickettsia species, (II) detection method (e.g., isolation, molecular biology,
serology), (III) accession numbers and molecular sequences deposited in
GenBank (if available), (IV) disease caused, (V) complete taxonomic
classification of the arthropod or mammalian host, (VI) number of positive
animals per species, (VII) year of collection, and (VIII) locality (longitude and
latitude).

To ensure taxonomic accuracy in the compilation, tick names were updated
following Guglielmone et al. (2010), and mammal names following Wilson
and Reeder (2005) and Ramirez-Pulido et al. (2014).

3.3. Molecular Phylogenetic Analysis

The first phylogenetic reconstruction was performed using Mexican
Rickettsia sequences available in GenBank (5,19). Seventy-one sequences
from four different genes were retrieved: gltA (citrate synthase, 20 sequences),
htrA (18 sequences), ompB (17 sequences), and ompA (16 sequences) (19).

Global alignments were performed for each gene using the ClustalW
algorithm in MEGA 6.0 (18). The optimal nucleotide substitution model was
selected based on the lowest corrected Akaike Information Criterion (AICc).
Subsequently, a Maximum Likelihood (ML) phylogenetic tree was generated
for each gene using 10,000 bootstrap replicates.
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The specific models used for tree reconstruction were:

* gltA (384 bp): Three-parameter Tamura model (T93) with Gamma (+QG)
distribution.

* htrA (434 bp): Three-parameter Tamura model (T93) with invariant sites
(+1).

* ompA (486 bp): General Time Reversible (GTR) model with Gamma
distribution (+G).

* ompB (765 bp): General Time Reversible (GTR) model with Gamma
distribution (+G) and invariant sites (+I).

3.4. Methods for Characterizing Specific Pathogens

* RMSF in Mexicali: Clinical and epidemiological data from all RMSF cases
reported to ISESALUD in the Mexicali metropolitan area and the Mexicali
Valley during the period 2009-2019 were analyzed. The definition of a
probable case used by the National Directorate of Epidemiology (DGE) is:
any person of any age who presents with fever (>38.5°C) and >2 signs or
symptoms (e.g., headache, myalgia, rash, etc.) plus >1 epidemiological
criterion (e.g., history of tick bite or contact with an infested dog) in the two
weeks prior to the onset of illness. Molecular diagnosis of PCR-confirmed
cases was performed using assays specific to the genus Rickettsia.

* Modeling of Ixodes scapularis: To predict the potential distribution of I.
scapularis in the Mexico-U.S. border region, unique presence locations were
compiled from the literature and fieldwork. Environmental variables were
used to build the model (MaxEnt), and it was evaluated using the Receiver
Operating Characteristics (ROC) curve, calculating the Area Under the Curve
(AUC).

4. Results
4.1. Literature Review and Historical Efforts

The systematic review resulted in the inclusion of 72 articles published up to
the search deadline (September 2025). 44% of the articles were published in
English and 36% in Spanish. Rickettsial research in Mexico has shown two
historical peaks in production:

1. First Period (1930s and 1940s): 21 studies were published, mainly focused
on the first three reported Rickettsia species.
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2. Second Period (2000s onward): This is the most productive period, with 47
published studies, and it continues to the present.

4.2. Biological Diversity and Geographic Distribution of Rickettsia

A total of 14 Rickettsia species (including Candidatus species) have been
recorded in Mexico. These species are grouped into four main phylogenetic
groups: Basal Group (BG), Typhus Group (TG), Transitional Group (TRG),
and Spotted Fever Group (SFG). Rickettsiae have been associated with 26
arthropod species (14 hard ticks, 3 soft ticks, 2 lice, and 7 fleas) and 17
mammal species.

Rickettsia Species with the Widest Geographic Distribution:

1. Rickettsia prowazekii (Agent of Epidemic Typhus): Recorded in 21
Mexican states, making it the species with the widest distribution. Reported
vertebrate hosts include Homo sapiens, and it has been detected in vectors
such as Pediculus humanus humanus.

2. Rickettsia typhi (Murine Typhus Agent): Recorded in 18 states. Hosts
include rodents (Mus musculus and Rattus rattus) and vectors such as the cat
flea (Ctenocephalides felis felis).

3. Rickettsia rickettsii (RMSF Agent): Recorded in 12 states, including
Sonora, Baja California, Sinaloa, and Yucatan.

Species with Limited Distribution: Species detected in only one state include
Rickettsia bellii, Rickettsia lusitaniae, Rickettsia rhipicephali, and Candidatus
Rickettsia andeanae. For example, R. lusitaniae was associated with soft ticks
(Ornithodoros yumatensis and Ornithodoros sp.) in Yucatan.

SFG of Clinical and Veterinary Relevance:

* R. rickettsii: Its reported vectors are diverse, highlighting the role of
Rhipicephalus sanguineus s.l., as well as Amblyomma americanum, A.
maculatum, A. mixtum (reinstated name), A. parvum, Dermacentor nitens and
D. variabilis.

* R. parkeri: Detected in ticks Dermacentor parumapertus and R. sanguineus
s.l. in six states. In South America, a strain of this bacteria, R. parkeri strain
Atlantic Rainforest, causes human rickettsiosis of lower virulence, with
bedsores, and has been detected in Amblyomma ovale ticks in Colombia.

* R. massiliae: Found in Rhipicephalus sanguineus s.l. in Baja California and
Chihuahua.
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4.3. Epidemiology of Rhino-San Francisco (RSF) in the Border Region
(2009-2019)

RSF is a highly lethal infectious disease. The reemergence of RSF in Sonora
and Baja California in the early 21st century is strongly linked to the presence
of large populations of stray dogs infested with the brown dog tick (R.
sanguineus s.l.) in impoverished neighborhoods.

Mexicali Outbreak: Analysis of cases in the metropolitan area and the
Mexicali Valley (2009-2019) showed that the epidemic has persisted, with a
high number of probable and confirmed cases.

* Diagnosis: Although the molecular assay used for case confirmation in
Mexicali is specific to the genus Rickettsia, the extreme severity and
consistent epidemiological and environmental evidence implicating R.
sanguineus s.l. as the main vector strongly suggest that most PCR-confirmed
cases were R. rickettsii infections.

* Case Fatality Rate and Risk Factors: Historically, case fatality rates have
been very high (e.g., 80% in the Sinaloa and Sonora outbreaks between 1918
and 1943). Family-borne rickettsiosis (FRBD) has been characterized by
affecting family groups, with children and women being particularly
susceptible in some studies.

4.4. Detection of Rickettsia and Vector Distribution (Ixodes and Amblyomma)
4.4.1. Rickettsiosis in the Northeast

Modeling the distribution of Ixodes scapularis, the main vector of
Rickettsiosis in the U.S., in the Texas-Mexico border region suggests a
continuous suitable habitat extending into northern Mexico (Tamaulipas,
Nuevo Ledn, Coahuila).

* Vector Infection: Of the 661 ticks collected in Mexico, only 35 were
identified as I. scapularis. Of these, 12 were infected with Borrelia burgdorferi.
The infected ticks were found predominantly in four rural locations in the San
Josesito district of Nuevo Ledn, and one location in Tampico, Tamaulipas.

* Environmental Factors: The environmental factors that most contributed to
the distribution pattern of I. scapularis were isothermal activity (20.0%),
precipitation during the wettest quarter (18.1%), and the maximum
temperature of the warmest month (14.6%). These factors confirm the close
relationship of the species with temperature and humidity.
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4.4.2. Richness of Hard Ticks in Mexico

The recent taxonomic update of the genera Ixodes and Amblyomma in Mexico
(based on publications from 2007 to April 2023) shows high richness:

* Genus Ixodes: A total of 28 species are distributed. They are primarily
associated with mammals (15 families) and birds (7 families). The most
frequently parasitized mammal families are Cricetidae (15%), Canidae, and
Procyonidae.

* Genus Amblyomma: 25 species are distributed. These species parasitize 13
families of amphibians and reptiles, seven of birds, and 21 of mammals. A.
mixtum and Amblyomma dissimile were reported with the highest number of
hosts.

* Taxonomic Challenges: The complexity of resolving taxonomic identity
remains for species such as Ixodes affinis, whose populations in
Mexico/Belize are molecularly distinct from those in South America. The
presence of other species such as Ixodes cookei and Ixodes scapularis in
Neotropical regions of Mexico is considered provisional or requires
confirmation with fresh material.

5. Discussion and Analytical Synthesis
5.1. Methodological Challenges in Rickettsial Detection and Classification

The great biological diversity of rickettsiae in Mexico (14 species)
significantly complicates clinical diagnosis and epidemiological surveillance.
The coexistence of pathogenic species (R. rickettsii) with less virulent (R.
parkeri) or non-pathogenic species requires species-level identification, which
is often not achieved with generic molecular methods.

5.1.1. Limitations of PCR Based on Conserved Genes

Initial molecular detection of Rickettsia is frequently based on genes such as
citrate synthase (gltA) or the 17 kDa protein. However, the gltA gene is highly
conserved within the genus, which can result in the amplification of conserved
regions from related species, hindering the accurate differentiation between R.
rickettsii and other species of the SFG, such as R. parkeri.

This explains the occurrence of unusual Rickettsia—host/vector associations
reported in Mexico, such as the detection of R. rickettsii in Amblyomma
maculatum. These atypical detections likely represent the amplification of a
nonspecific SFG pathogen or a typing error.
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5.1.2. Taxonomic Standardization and the Need for Advanced Sequencing

It is essential that the sequences of Mexican rickettsiae be deposited in
GenBank to facilitate local and regional systematic and epidemiological
analyses. For taxonomic identification, it is imperative to use genotyping
methods that accurately discriminate between species.

* Fournier Criteria (MLST): The classic, internationally recognized Fournier
proposal requires the sequencing of at least five genes (16S rRNA, gltA,
ompA, ompB, and the D gene) for the accurate classification of new
rickettsiae. The nucleotide similarity thresholds required to classify an isolate
as an approved species are strict: at least 99.8% for rrs (16S rRNA) and 99.9%
for gltA.

* WGS Criteria: The most sensitive and accurate approach for classification is
the phased implementation of whole-genome sequencing (WGS). This
method uses dDDH thresholds > 92.3% and/or OrthoANI > 99.19 for species
demarcation, allowing for more robust classification than MLST methods.
Next-generation sequencing (NGS) has proven useful for the diagnosis of
rickettsial diseases.

5.2. Clinical and Strategic Implications of Reemergence

The RMSF epidemic in northern Mexico, with its high case fatality rates,
reflects a serious public health problem exacerbated by socio-environmental
factors.

* Surveillance and Detection: In the clinical setting, molecular detection of
SFGR is more sensitive in skin biopsy samples (37.5%) than in blood (3.9%).
PCR of an eschar biopsy (tache noire) can be useful for detecting SFGR
Rickettsiae and can be performed as early as 24 hours after a tick bite.

* One Health Approach: Outbreaks of rifampicin-related fecal infestations
(RRF) are persistent and deadly, linked to the interaction between dogs, ticks
(R. sanguineus s.1.), and the human environment in vulnerable communities.
To mitigate the epidemiological risk, it is crucial to implement an integrated
strategy that addresses social, environmental, veterinary, and medical factors.
Inaction has severe economic and human consequences, with estimated costs
exceeding US$13 million for similar outbreaks in the US, likely
underestimating the true costs, especially those of long-term rehabilitation.
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* Cellular Invasion: Pathogenesis studies have revealed that pathogenic and
non-pathogenic rickettsiae (R. typhi, R. rickettsii, and R. montanensis) utilize
bacterial phosphatidylserine (PS) to bind to the pherocytic receptor CD300f
on macrophages (M®), facilitating their invasion and colonization.
Macrophages are the first defense cells that rickettsiae encounter at the
inoculation site and are key mediators for the elimination or dissemination of
the pathogen.

5.3. Risk of Lyme Borreliosis in the Mexican Context

The detection of B. burgdorferi infecting I. scapularis in northeastern Mexico
confirms the existence of a risk of Lyme borreliosis in the transboundary
region. The distribution pattern of I. scapularis suggests a continuous
ecological corridor influenced by climatic factors (temperature and
precipitation).

The taxonomic classification of vectors should continue, especially in the
genera Ixodes and Amblyomma, due to difficulties in morphological
identification and the need to re-examine the type material of several species
with atypical or uncertain distributions (e.g., I. cookei, I. scapularis in
Oaxaca). The high tick richness (28 species of Ixodes and 25 of Amblyomma),
and the diversity of associated hosts (amphibians, reptiles, birds, and 21
mammal families for Amblyomma), demonstrate the ecological complexity of
zoonotic cycles in Mexico, requiring ongoing study to achieve a full
understanding of their classification, distribution, and phylogenetic
relationships.

6. Conclusion

This work represents an effort to consolidate the dispersed knowledge on
rickettsiosis in Mexico. The biological inventory is substantial, with 14
Rickettsia species in key tick vectors in the border region. The reemergence
and persistence of rickettsial fever in the north, with high lethality,
underscores the urgent need for a "One Health" strategy that integrates social,
veterinary, and medical actions.

The methodological challenge of distinguishing Rickettsia rickettsii from less
pathogenic SFG species using generic PCR is significant and requires the
strict adoption of advanced molecular taxonomic protocols (Fournier and
WGS criteria). Research must advance the accurate characterization of these
pathogens to effectively guide public health policies and mitigate the risk of
these emerging and re-emerging diseases in Mexico.
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