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Background—Emerging and re-emerging spotted fever group (SFG) rickettsioses are
increasingly recognised worldwide as threats to public health, yet their global distribution and
associated risk burden remain poorly understood.

Methods—In this systematic review and modelling analysis, we mapped global distributions of
all confirmed species of SFG rickettsiae (SFGR) detected in animals, vectors, and human beings,
using data collected from the literature. We assessed ecological drivers for the distributions of 17
major SFGR species using machine learning algorithms, and mapped model-predicted risks.

Findings—Between Jan 1, 1906, and March 31, 2021, we found reports of 48 confirmed

SFGR species, with 66 133 human infections worldwide, with a large spatial variation across

the continents. 198 vector species were detected to carry 47 of these Rickettsia spp. (146 ticks,

24 fleas, 15 mosquitoes, six mites, four lice, two keds, and one bug). Based on model-predicted
global distributions of the 17 major SFGR species, we found five spatial clusters aggregated by
ecological similarity in terms of environmental and ecoclimatic features. Rickettsia felis is the
leading SFGR species to which 4.4 billion (95% CI 3.8-5.3 billion) people are at risk, followed by
Rickettsia conorii (3.7 billion) and Rickettsia africae (3.6 billion).

Interpretation—The wide spectrum of vectors is contributing substantially to the increasing
incidence of SFGR infections among humans. Awareness, diagnosis, and surveillance of SFGR
infections should be improved in the high-risk regions, especially in areas where human infections
are underreported.

Funding—National Key Research and Development Program of China.
Editorial note:

The Lancet Group takes a neutral position with respect to territorial claims in published maps and
institutional affiliations.

Introduction

Spotted fever group rickettsiae (SFGR) are a group of obligate intracellular bacteria
belonging to the genus Rickettsia within the family Rickettsiaceae in the order Rickettsiales.
SFGR are found worldwide, infecting a wide array of wild and domestic vertebrates mainly
through tick bites. Other hematophagous arthropods that serve as vectors include lice, mites,
mosquitoes, and fleas.12 SFGR are prevalent in nature, but human cases have mostly been
reported in the USA and Europe and surveillance of human infection is inadequate.3

The biological variety and geographical scope of recognised tick-associated rickettsiae have
dramatically increased since the 1980s, probably driven by advances in molecular diagnostic
techniques,* including identification of novel rickettsiae species by high-throughput
sequencing.® In addition to local surveillance studies on SFGR pathogens and associated
human disease burdens, systematic reviews and meta-analyses have also been done to piece
together data at larger scale, up to that of continents.1:6:7 However, a systematic study of

the spatial distribution, ecological niches, and clinical manifestations of SFGR at the global
scale has not been done. Such a study is needed for development of guidelines for diagnosis,
surveillance, and control of SFGR.
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We present a comprehensive review on the global distribution of SFGR. We used a machine-
learning approach to study the ecological niche of important SFGR species and contributions
of environmental, ecoclimatic, and biological variables at the global scale with a resolution
of 10 km x 10 km pixel.89 Using these ecological models, we mapped the risk of potential
SFGR occurrences at locations with little or no epidemiological investigationl® to guide
future field investigation and surveillance of SFG rickettsioses.

Literature search and data preparation

We searched PubMed, Web of Science, medRvix, and bioRvix for articles published
between Jan 1, 1906, and March 31, 2021, using the search terms “Spotted fever group
rickettsig’ or “spotted fever” or “SFG rickettsid’, without any language restrictions. The
search results were first screened for title or abstract, and then relevant papers underwent
full-text screening. We also searched the GenBank database with the same search terms to
identify any SFGR species that have been detected and sequenced. Studies were eligible if
they described laboratory detections of SFGR in arthropod vectors, animals, or humans,
which resulted from natural infections rather than laboratory challenges. We excluded
studies that met any of the following criteria: data without laboratory-confirmed detection
or definite species identifications of SFGR, drug or vaccine trials without geographical

or clinical information of cases, studies focusing on molecular or cellular structures and
functions or transstadial transmission of pathogens in laboratory settings but providing no
information on the origin and location of those pathogens, and full texts unavailable or their
key references cannot be found. More detailed inclusion and exclusion criteria are given in
appendix 1 (p 7). All articles were screened by two independent reviewers (Y-QS and TW).
The following types of infection events of SFGR were assembled: vectors with molecular
assay or pathogen isolation evidence, animals (livestock and wildlife) with molecular
evidence, confirmed human cases confirmed with molecular evidence or serological assay,!
and humans with serological evidence. Full details of qualified detection methods of these
infection events are given in appendix 1 (p 8) and detailed data extraction, geopaositioning
of the occurrence data, and assembling occurrence data of SFGR species and covariates are
included in appendix 1 (p 3). The details of the analysis on clinical spectrum of rickettsioses
are provided in appendix 1 (p 4).

Ecological modelling risk for SFGR occurrence

To explore the relationship between the probability of SFGR occurrences and environmental,
ecoclimatic, and biological drivers that were known or hypothesised to contribute to

the ecological suitability of SFGR,612 we compared the predictive performance of three
ecological modelling approaches including Boosted Regression Trees (BRT), Random
Forest model, and Least Absolute Shrinkage and Selection Operator logistic regression.

Full details about the original spatial resolutions, time spans, and sources of the datasets

on the 40 extracted ecological variables are provided in appendix 1 (pp 15-16). We
calculated the mean of these variables over their corresponding time spans to be used as
predictors for ecological modelling.13 We calculated the mean of data provided with a finer
resolution than the study grid (10 x 10 km) to match the desired resolution. For BRT
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modelling, pseudo-absence locations were sampled randomly within a range of 30-3000
km around the occurrence locations with a 3:1 ratio.14-1° For each occurrence location, the
range of sampling was determined by the shortest distance to other occurrence locations.
We sampled 80% training set and 20% test set via random splitting and fitted a model,
which was repeated 100 times.13:16-17 We obtained 100 models based on 100 resampled
training datasets for each target species, to which we refer as a model assembly. The
relative contributions of all predictors and the area-under-curve (AUC) of receiver operating
characteristic (ROC) curves for test sets were averaged over the 100 models in the assembly
to represent the final estimation results and predictive performance of the model assembly.
The best threshold value used for final predictions of presence or absence of a given SFGR
species at the global scale was based on the Youden index derived from the average ROC
over the 100 models in the assembly.17-18 The detailed modelling processes are shown in
appendix 1 (pp 4-5).

Clustering SFGR with similar ecological niches and their spatial distribution

To explore similarity in ecological niches among the 17 predominant SFGR species, we did
a hierarchical cluster analysis based on the Ward’s minimum variance method.1® Firstly,
we selected predictors that were influential in the final model assembly (average relative
contribution =3%) for at least one of 17 Rickettsia species. For each species, the following
three quantities associated with each ecological predictor were calculated as features for
clustering. The first quantity is the average relative contribution of this predictor in the
model assembly, which is set to zero if this predictor was not used in the final model
assembly for this Rickettsia sp. The second quantity is a measure for the difference in this
predictor between case grids (containing an occurrence of the given Rickettsiasp.) and all
grids. Specifically, we first calculated the median value of this predictor among all case
grids and quartile intervals of the predictor among all grids in the world. We then assigned
the numbers 1-4 according to which quartile interval the median lies in, eg, assign 1 (4) if
the median lies in the lowest (highest) quartile. The third quantity is the linear correlation
between the predictor and model-predicted presence probabilities of the given Rickettsia sp.
among all grids (averaged over the 100 models in the assembly). These three quantities of
all ecological predictors jointly serve as features for clustering. We created a dendrogram
to show the clustering pattern of these 17 rickettsia species, together with a thematic matrix
illustrating the features. We mapped geographical distributions of the identified clusters of
SFGR by defining the presence of each cluster as the presence of any Rickettisa spp. in that
cluster.

Role of the funding source

Results

The funder of the study had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript for publication.

We retrieved a total of 6870 unique studies, among which 5605 (81-6%) were excluded
according to the exclusion criteria (figure 1). The remaining 1265 (18-4%) articles, together
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with 300 records obtained from GenBank, constitute the final dataset for our study
(appendix 1 pp 17-18, appendix 2 and appendix 3). Of the 1565 publications included in
this study, 708 (45-2%) included rickettsia detections only in vectors, 595 (38-:0%) included
infections only in humans, and 116 (7-4%) included infections only in animals (figure 2D).
The remaining 146 publications included SFGR detections in at least two types of host,
mainly involving vectors and animals (65 [44-5%] of 146) or in vectors and humans (48
[32-9%]). The number of publications each year on SFGR has increased since the 1980s,
particularly for the detection in vectors, although with a notable setback in 2021, probably
due to the COVID-19 pandemic (figure 2A). In total, 48 SFGR species (including 17
Candidatus Rickettsiae spp.) were reported, the earliest of which was Rickettsia rickettsii
(reported in a single patient in 190620) and most were detected in or after the second half of
the 20th century. 39 (81%) of 48 Candlidatus Rickettsiae spp. were first detected in arthropod
vectors, and the rest (nine [19%]) were first detected in human beings (figure 2B). All

but one reported Rickettsia spp. (Candidatus R kellyi) were detected in vectors, 24 were
detected in humans, and 17 were detected in animals. 24 were detected only in vectors,

and Candidatus R kellyi was the only one solely detected in humans. No Rickettsia sp. was
solely detected in animals. Six Rickettsia spp. were detected in both vectors and humans
but not in animals, and 17 were found inhabiting all three types of host (figure 2C). All
Rickettsia spp. detected in both vectors and animals were also detected in humans.

Based on 834 publications involving SFGR detection in vectors, a total of 198 vector species
were reported to carry 47 SFGR, composed primarily of ticks (146 species), followed by
fleas (24 species), mosquitoes (15 species), mites (six species), lice (four species), keds
(two species), and one bug (figure 3). Among all the identified tick-borne SFGR, Rickettsia
africae was found to infect the greatest number of tick species (36 species), followed

by Rickettsia aeschlimannii (32), Rickettsia amblyommii (28), Rickettsia massiliae (26),
Rickettsia raoultii (25), Rickettsia sibirica (23), R rickettsii (21), and Rickettsia helvetica
(20). Rickettsia felis, a primarily flea-borne Rickettsia, was found to infect the most vector
species (53 species including 19 flea species), followed by R africae (37), R aeschlimannii
(33), and R helvetica (30). Full details about vectors and SFGR species they carry and SFGR
species found in two or more vector types are given in appendix 1 (pp 6, 37-38). Among
the 214 publications involving SFGR detection in animals, 43 species of wild animals (in
nine orders) and seven domestic animals were reported to have SFGR infections (figure

3). Order Rodentia had the most SFGR-carrying species and carried the greatest number

of SFGR (24 wildlife species carried eight Rickettsia spp.), followed by Chiroptera (nine
carried six), and Carnivora (three carried five). Details about animals and SFGR species
they carry are given in appendix 1 (pp 6, 39). Based on 676 publications involving SFGR
detection in humans, a total of 66 133 human cases with SFGR infections were reported
across the world, of which 19 734 cases were confirmed by molecular assays and 46 399

by serological tests (appendix 1 p 20). The most predominant species among the 24 species
associated with human infections were R rickettsii (42-2%) and R conorii (33-0%), followed
by R sibirica (8-4%), R felis (3-2%), and R japonica (3-1%; appendix 1 p 20). Details about
clinical spectrum of rickettsioses are given in appendix 1 (pp 6, 21-22).

Most confirmed SFGR rickettsioses were distributed across North America, the
Mediterranean region, and east Asia. Human infections detected by serological surveys were
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distributed over central America, southern Africa, southeast Asia, and east Asia (figure 4A).
The spatial clustering pattern of SFGR detected in vectors varied by latitude or continent
(figure 4B). SFGR detections in Amblyomma were mainly recorded in the Americas and
Africa, especially in coastal regions, whereas detections in Dermacentorand /xodes were
mainly distributed in areas at high latitudes (approximately 30°N-60°N). Although SFGR
were detected in Rhijpicephalus worldwide, those in Haemaphysalis and Hyalomma were
mainly found in Eurasia, with a few associated with Hyalomma distributed along the rim of
the Sahara Desert. In general, SFGR detections in ticks were more widely distributed than
those in other arthropod vectors. SFGR infections in wildlife were more frequently reported
in Europe and Africa, whereas those infections in livestock were reported worldwide, with a
higher frequency in dogs and cats in North America than in other domestic animals (figure
4C).

The abundance of the predominant 17 SFGR species varies substantially across the four
described continents. The greatest diversity of SFGR species was seen in Eurasia, in

which 16 SFGR species were recorded (figure 5A; appendix 1 p 40), followed by 13
species in Africa (figure 5C), ten species in the Americas (figure 5D), and two species in
Oceania (figure 5E). The continental distribution also differed among the SFGR species. R
felis was the most widely recorded, covering all four inhabitable continents, with more
observations along coastal areas. R helvetica, R raoultii, R monacensis, R conorii, R
massiliae, R aeschlimannii, R slovaca, R sibirica, Candidatus R tarasevichiae, R japonica,
and R heilongjiangensis were mainly distributed in Eurasia. R parkeri, R rickettsii, R
amblyommii, and R rhipicephaliwere mainly found in the Americas. R africae was mainly
observed in the coastal countries of Africa (figure 5F). By contrast, the distributions of the
remaining 31 non-predominant rickettsiae were more locally focused (appendix 1 p 41).

Based on the average test AUC over 100 models in the model assembly for each algorithm,
BRT and Random Forest outperformed Least Absolute Shrinkage and Selection Operator
in prediction, and for most SFGR species BRT outperformed Random Forest (11 of 17;
appendix 1 pp 42-44). Therefore, we selected BRT to do the final analysis and to map

the global distribution of SFGR. The ecological models showed accurate predictions for
all predominant SFGR species, with the average AUC of the testing ROC curves ranging
from 0-936 for R felisto 0-984 for R helvetica (table). The model-estimated drivers and
their relative contributions varied by species, but the most influential predictors were
climatic drivers. And some animal-related factors, including sheep density, horse density,
and mammalian richness, contributed substantially as well, with relative contribution more
than 10% for eight SFGR species (R africae, R heilongfiangensis, R massiliae, R raoulti,
R rhipicephali, R rickettsii, R sibirica, and R slovaca). The coverage of cropland was the
most important driver for the distribution of R massiliae. Details about the drivers and their
relative contributions to the predominant 17 SFGR are given in appendix 1 (pp 6, 23-24,
45-61). By overlaying population counts on the maps of SFGR-suitable areas, we assessed
the potential impact of major SFGR species in terms of both at-risk population size and
geographical range. R felis was predicted to affect the most people (4-4 billion, 95% CI
3.8-5-3 billion) and have the widest distribution (15-2 million km2, 12-0-20-0 million),
followed by R conorii (3-7 billion people, 2:8—4-5 billion; and 11-21 million km?2, 7-8-15.0
million), and R africae (3-6 billion people, 2-6—4-4 billion; and 9:9 million km?, 6:3-14.5
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million; table). In general, the model-predicted areas with medium to high risks of SFGR
infection are more extensive than the reported locations. Global maps overlaying recorded
and predicted distributions of SFGR are shown in appendix 1 (pp 62-84). We compared the
results of two machine learning models (BRT and Random Forest) and found that relative
contributions of the top five factors for the two models are nearly identical and the ranks are
similar (appendix 1 pp 25-26).

Based on the ecological similarity represented by environmental and ecoclimatic predictors,
the 17 SFGR species were grouped into five clusters with clear patterns of spatial
aggregation (appendix 1 p 85). R helveticaand Candidatus R tarasevichiae constitute Cluster
I, which covers regions at high latitudes (30°N-60°N) that feature low temperature and

high coverages of cropland (appendix 1 pp 68, 78, 85). R massiliae, R conorii, and R
aeschlimannii were grouped into Cluster 11, which was mainly found in South America, sub-
Saharan Africa, the Mediterranean region, central Asia, east Asia, and South Australia; and
features high temperature and precipitation, high coverages of cropland, and low elevations
(appendix 1 pp 62, 65, 70, 85). Cluster I11, composed of R japonica, R heilongjiangensis,
and R africae, shares similar distributions with Cluster Il but with additional risk areas in

the east of North America. This cluster stretches over biogeographical areas characterised by
high annual precipitation, high percentage of cropland, and high mammal richness (appendix
1 pp 63, 67, 69, 85). R monacensis, R felis, R sibirica, R raoultii, and R slovacawere
grouped into Cluster IV, which is distributed in the same regions as Cluster 111 but with

a wider scope in which the weather is warm and humid and vegetation and animals are
abundant (appendix 1 pp 66, 71, 73, 76—77, 85). Cluster \V comprises of R rickettsii, R
amblyommii, R parkeri, and R rhipicephali, which are mainly distributed in the Americas,
sub-Saharan Africa, and southeast Asia, and feature more grassland than cropland (appendix
1 pp 64, 72, 74-75, 85). Finally, we combined the species of each cluster and fitted

BRT models to assess ecological drivers for each cluster. For Cluster I, the annual mean
temperature contributed the most. The most influential contributors were precipitation of
warmest quarter for Cluster I, annual precipitation for Cluster 111, coverage of cropland for
Cluster 1V, and precipitation of coldest quarter for Cluster V (appendix 1 p 27).

Discussion

This study is, to our knowledge, the first systematic review and analysis on the global
distribution of SFGR and associated ecological drivers based on all publicly available data
up to March, 2021. The increasing research attention on SFGR has led to the accumulation
of much data that made this study possible.

Our findings highlight the crucial role of ticks as the primary reservoir and vector in the
spread of SFGR. Rickettsiae survival could rely on efficient transstadial and transovarial
transmission among ticks.12! By contrast, other arthropods including fleas, mosquitoes,
mites, lice, keds, and bugs might have less important roles in the ecology of SFGR

species. Remarkably, although most vector ticks have well defined ecological niches due

to their adaptations to local environments, some ticks have expanded their habitats in recent
decades, largely due to climate changes and human activities.2223 These dynamic changes
present new and increasing threats of tick-borne rickettsioses to humans, livestock, and wild
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animals. For example, the emergence of Ha longicornisin eight states of the USA suggests
an increasing spread, and highlights the need for close monitoring of the ticks and related
rickettsiae in these regions.24:25

The diagnosis of SFG rickettsioses is traditionally based on the patient’s history of tick

bite and a physical examination of fever, rash, and eschar. There is often no specific
presentation of the disease in its early course, making it challenging to diagnose the disease
and differentiate the etiological pathogen. Our summary of clinical symptoms by major
rickettsiae species could improve diagnosis of rickettsioses (appendix 1, pp 6, 21-22). Also,
if the attacking tick species can be identified, it is possible to narrow down the potential
pathogen (appendix 1 p 37). The species-specific distribution and risk maps presented in
this study could also be valuable to diagnosis of rickettsioses and control of rickettsiae.
Therefore, R rickettsii could be considered with priority when diagnosing suspected cases
of rickettsiae in the Americas, as could R conoriiin Europe and R africae in Africa.26 R
amblyommii, R parkeri, and R rhipicephali share a similar distribution to R rickettsiiin the
Americas indicated by cluster V, in a similar way to that of R massiliaec and R aeschlimannii
in Europe, which should also be considered when facing suspected cases. Moreover, R felis
infection should be considered the first diagnosis if the symptoms of spotted fever occurred
without history of tick exposure or field activities, as R felisis globally distributed and
transmitted by fleas.

The ecological niches for SFGR are complex. For example, R sibirica, R heflongjiangensis,
and Candidatus R tarasevichiae thrive in cooler environments, whereas others prefer a warm
temperature ranging from 10 to 30°C. It is therefore meaningful to group SFGR species by
their ecological characteristics to better understand the overall risk of rickettsia exposure

at any given place. We found five clusters of tick species that share similar ecological
niches and geographical distributions. Such clustering offers additional information for risk
assessment and field investigation. For instance, despite the low detection of R monacensis,
R sibirica, R raoultii, and R slovacain Africa (appendix 1 pp 71, 73, 76—77), they should be
targets for survey in this region because they are grouped together with R felis, which has
high prevalence of field detection and model-predicted risks.2” We predicted high risks

in Africa for 15 rickettsiae, but only 13 rickettsiae have been reported and five were

found at no more than ten locations. Given the diverse climates and an abundance of
animals and vegetations in Africa, rickettsial infections were probably under-detected in
this continent.28 Therefore, even with a comprehensive literature search, there is a high
chance of underrepresentation of low-income countries in Africa for some easily neglected
rickettsiae, such as R sibiricaand R helvetica. Although our ecological models at the global
scale might not correct for surveillance and reporting bias, they reveal potential high-risk
areas that have been neglected before, especially in low-resource countries.

Our study has several limitations. In the modelling analyses, the time range of the ecological
variables does not fully align with that of the reported SFGR occurrences. However, 99-8%
of the occurrence records of the 17 major SFGR species were collected during or after

the 1980s, similar to the time period of the ecological variables used in the modelling
analysis (climate data 1980-2018, leaf area index 1981-2019; land cover 1992-2019). We
note that the use of average ecological predictors and cumulative presence or absence
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over multiple years in our ecological modelling represents an overall assessment of long-
term, suitable environmental conditions but ignores possible temporal evolution; similarly,
averaging covariates within polygons when polygons are much larger than the model
resolution (10 x 10 km?) could lead to ecological fallacy if the covariates are distributed
highly unevenly within the polygon. The quality of field detection and reporting of SFGR
infection varies by country and region, and our analysis might be biased by paucity of
laboratory testing and reporting capacities in many low-income countries. Therefore, some
pseudo-absence locations could be false negative, ie, having undetected existing species in
the past or emerging new species in the future, which implies potentially under-estimated
risks. Furthermore, debates are ongoing about the taxonomy for some species, which could
affect the reliability of mapping and modelling for these species.

Despite the caveats mentioned above, this study provides an evidence-based, up-to-date,
global picture of the distributions and ecological drivers of SFGR, together with a
comprehensive assembly of SFGR occurrence data at the global scale for future research. In
the future, the distribution and ecology of SFGR will continue to evolve, which should be
closely monitored with data collected from properly designed field surveys of vectors and
animal hosts, improved surveillance systems of human cases, and periodic serosurveys in
healthy populations.
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Research in context
Evidence before this study

On Nov 1, 2021, we searched PubMed, Web of Science, MedRvix, and bioRvix for

all papers using the search terms (“spotted fever” [All Fields] OR “spotted fever group
Rickettsia’ [All Fields] OR “SFG Rickettsia’ [All Fields]) AND (“spatial” [All Fields]
OR *“distribution” [All Fields]) with no date or language restrictions. Among the 156
papers found, 63 focused on field studies of vectors, animals, or humans, 36 were

related to epidemiology, 36 reported genomic studies, and 21 were related to spatial
analyses of spotted fever group rickettsiae (SFGR). Among the 21 spatial analyses,

13 studies described geospatial distributions of SFGR in specific countries or smaller
areas. The other five spatial studies were done at the continent level or in a specific
ecological zone with multiple countries. The remaining three studies reported review or
meta-analyses of the global distribution of SFGR, but none involved ecological modelling
or risk mapping. Satjanadumrong and colleagues (2019) discussed the organisms causing
rickettsial spotted fever and related diseases, their arthropod vectors in Asia, and

the impact of change in land use on their spread without modelling efforts. Blanton

and colleagues (2019) updated the epidemiology, clinical manifestations, diagnosis,
treatment, and prevention of diseases caused by organisms in the genus Rickettsia but
did not summarise the data of reported human cases. To date, no study has quantified
SFGR risk at the global scale with a high geospatial resolution.

Added value of this study

In this study, we geolocated reported occurrences of SFGR at a 10 km x 10 km
resolution based on 1565 published studies on detections of SFGR in vectors, animals,
or humans between 1906 and 2021. We analysed the relationship between vectors

and rickettsiae. We mapped the spatial distributions of reported locations of different
arthropod vectors carrying SFGR and those of 48 confirmed Rickettsia spp. worldwide.
Using ecological machine-learning models, we assessed contributions of potential
environmental, ecoclimatic, and biological drivers to the spatial distributions of the 17
predominant Rickettsia spp. and predicted areas and size of the at-risk populations to
these rickettsiae. These 17 predominant Rickettsia spp. form five spatial clusters, each
representing unique combinations of environmental and ecoclimatic features.

Implications of all the available evidence

Our work offers a comprehensive and up-to-date picture of the global distributions of
SFGR. The potential risk areas of SFGR are more extensive than have been reported,
indicating the need for additional surveillance of SFG rickettsial infections, especially in
low-resource countries.

Lancet Digit Health. Author manuscript; available in PMC 2023 March 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Zhang et al. Page 12

9583 studies identified
4010 PubMed
4639 Web of science
934 bioRvix and medRvix

2713 duplicate studies

Y

6870 studies screened by title and abstract

4619 excluded
1432 spotted fever group rickettsia
(rickettsiosis) not included
569 laboratory infection
434 drug or vaccine trial
— 402 source of detected specimen unclear
634 primary focus on molecular level
research
396 transstadial transmission research in
vectors
752 reviews

v

2251 full-text studies assessed for eligibility

986 excluded
445 other studies (drug or vaccine trial,
molecular research, or transstadial
— transmission research)
426 detection technology unclear
115 information about geographic location
not mentioned

300 from GenBank with spotted fever group
rickettsiae species, included as per the —»
previous criteria

v
1565 studies included

v v v v

708 studies about 116 studies about 595 studies about 146 studies about
infection infection infection multiple research
investigation in investigation in investigation in
vectors animals humans

Figure 1:

Trial profile
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Figure 2: Publications about SFG rickettsiae in animals, vectors, and human beings (January,
1906, to March, 2021)

(A) Annual number of publications on SFGR stratified by host type. (B) Year of first
reporting for each SFGR species. Dots indicate source of first detection. (C) Chord diagram
between SFGR species and host types. (D) Overall number of publications on SFGR
detection in vectors, animals, and humans. FGR=spotted fever group rickettsiae.
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Figure 3: Numbers of vector and animal species from which each SFGR species was detected
Vectors include ticks, fleas, mosquitoes, mites, louses, keds, and bugs. Ticks are further

classified by genus. Animals include both wildlife and livestock, and wild animals are
classified into orders. The total number of distinct host species harbouring SFGR in each
host category is shown in the column header. The total number of rickettsia species detected
in each host category is shown within the matrix. SFGR=spotted fever group rickettsiae.
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Figure 4: Global distributions of SFGR detection events
(A) Humans. (B) Vectors. (C) Animals. SFGR=spotted fever group rickettsiae.
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Figure 5: Global distributions of 17 predominant SFGR species in four continents
(A) Eurasia. (B) Zoomed-in area of Europe. (C) Africa. (D) Americas. (E) Oceania. (F)

Number of detection locations (after deduplication) in four continents for each predominant
SFGR species. SFGR=spotted fever group rickettsiae.
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