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Simple Summary: Trypanosomosis is a widespread issue in animals, resulting in significant eco‑
nomic losses, particularly in Africa. In Spain, only one pathogenic species, Trypanosoma evansi, has
been identified. Since its first detection in a dromedary camel in the Canary Islands in 1997, cases of
the disease, known as Surra, have continued to be diagnosed, leading to various studies and control
efforts. Due to the lack of a comprehensive database consolidating themost relevant data on T. evansi
in Spain, the development of a national atlas was deemed necessary, with a focus on the Canary Is‑
lands. To develop the atlas, a repository was created that compiled data and documents from 1997
to 2022. Information from different sources, including georeferenced locations and blood test results,
was extracted and integrated into a comprehensive database. The analysis of 31 sources provided
99 georeferenced locations and 12,433 animal samples. Out of these samples, 601 were found to
be positive for T. evansi, mostly from dromedaries. The Card Agglutination Test for T. evansi (CATT/
T. evansi) was themost commonly used diagnosticmethod, showing a higher prevalence for all tested
animal species. The positive cases were primarily concentrated in the Canary Islands, specifically in
the eastern islands, with a few isolated cases in the province of Alicante in the Iberian Peninsula.
This atlas serves as a comprehensive overview of the history and prevalence of Surra in Spain and
provides a valuable tool for future control initiatives and research. However, further studies are still
needed to investigate potential hosts other than camelids and their associated transmission vectors.

Abstract: Trypanosomosis is a global animal issue, causing significant economic losses, particularly
in Africa. In Spain, only one pathogenic species, Trypanosoma evansi, has been identified so far. It was
first detected in a dromedary camel in the Canary Islands in 1997. Since then, numerous cases of the
disease, known as Surra, have been diagnosed, prompting various studies and efforts in control and
surveillance. Given the lack of a comprehensive database that consolidates the most relevant data in
this area, the development of a national atlas, with a focus on the Canary Islands, to incorporate all
available information on T. evansi in Spain became a necessity. For the development of the atlas, a
repository was constructed, encompassing a range of datasets and documents spanning from 1997
to 2022. Information from each source, and in particular georeferenced locations and results of blood
tests on animals, were extracted and integrated into a comprehensive database. A total of 31 sources
were analysed, providing a total of 99 georeferenced locations and 12,433 animal samples. Out of
these samples, 601 (mostly from dromedaries) were found to be positive for T. evansi. The Card
Agglutination Test for T. evansi (CATT/T. evansi), a serological test, was the most commonly used
diagnostic method, and it showed a higher prevalence for all tested animal species. Positive cases
weremainly concentrated in theCanary Islands, specifically in the eastern islands, with isolated cases
found in the province of Alicante (Iberian Peninsula). This atlas provides an overview of the history
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and occurrence of Surra in Spain, and it represents a valuable tool for future control initiatives and
for research. Still, the need for more studies remains, especially for further testing of potential hosts
other than camelids and for the examination of their potential transmission vectors.

Keywords: Spain; Canary Islands; atlas; African animal trypanosomosis; Trypanosoma spp.; T. evansi;
database; epidemiology

1. Introduction
Trypanosomes are flagellated protozoa that belong to the family Trypanosomatidae and

the genus Trypanosoma, encompassing a wide range of haemoparasitic protozoa that primar‑
ily affect vertebrates [1–5]. Several species, such as Trypanosoma brucei, T. vivax, T. congolense,
T. evansi and T. equiperdum, are able to cause disease in domestic mammals, resulting in a sub‑
stantial socio‑economic impact and decreased animal productivity globally [6–9]. Livestock
can also serve as a reservoir for human‑infective trypanosomes, such as T. brucei rhodesiense
and possibly T. brucei gambiense, significantly contributing to the transmission of sleeping
sickness in humans [8,10–13]. Atypical infections of T. evansi in humans have also been
reported [14–16].

The occurrence of Trypanosoma species in Europe has, up until now, solely been asso‑
ciated with the travel or immigration history of human patients or the introduction of in‑
fected animals [4,5,17,18]. However, there is limited information available on the epidemi‑
ological situation of trypanosomes that naturally infect mammals in Europe [4,7,19,20].

With the exception of T. equiperdum, which is sexually transmitted, these parasites
are mainly transmitted by haematophagous insects. In Africa, these are mainly Diptera
belonging to the Glossina genus, commonly known as tsetse flies, and part of the parasites’
life cycle occurs within these insects. However, one pathogenic species, T. evansi, is unique
in that it does not undergo any development or replicationwithin the tsetse flies [5,8,20,21].
Therefore, the transmission of the parasite is mechanically mediated, allowing it to extend
its vector range to species from the Stomoxys, Tabanus and Hippoboscidae genera, as well as
some species of bats (e.g., Desmodus rotundus) in certain parts of South America [1,22–24].
Additionally, other forms of transmission, such as horizontal (direct mucosal contact with
parasitised secretions), vertical (transplacental), or iatrogenic (reusing or poorly cleaning
material), have also been reported [1,3,25].

T. evansi is hypothesised to have originated from the species T. brucei, which is na‑
tive to Africa. This species diverged as a result of the loss of the maxicircle kinetoplast
DNA (kDNA), which likely restricted its biological cycle within different Glossina species.
T. evansi expanded its range through animal transportation, such as dromedaries or equids
from Africa [26]. Indeed, South America was reached through equids brought by Spanish
conquistadors [2,27]. Reviews continue to reveal the expanding geographic distribution
of T. evansi, which was originally confined to north‑western, central, and eastern Africa
but now extends to South America, Europe and Asia. Currently, T. evansi has been doc‑
umented in 17 African nations, 7 South American nations, and 4 European nations [1,2].
Furthermore, recent investigations reveal that cases of Surra have been documented in
20 Asian nations [28,29].

Griffith Evans identified this pathogenic trypanosome in mammals in 1880 [1,2]. It
can cause “Surra” disease in equids, bovids, canids, and humans, although humans may
not develop any apparent symptoms [1,27,30,31]. Atypical infections in humans have been
reported in Sri Lanka, India, Egypt, and Thailand [32]. However, it is widely accepted that
the dromedary camel is the primary host of this parasite [1,33].

In the 1990s, Surra was first reported in Spain when it was detected in a dromedary
camel in the Canary Islands [34]. The hypothesis that T. evansi was introduced to the is‑
lands from abroad is supported by the historically imported dromedaries from North
African regions such as Morocco and Mauritania for agricultural and transport‑related
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activities [35]. Following the discovery of T. evansi in the Canary Islands, several epidemio‑
logical studieswere conducted to assess the prevalence of the disease in the local dromedary
population [36].

Collaboration between the Institute of Tropical Medicine (Antwerp, Belgium) and
the University of Las Palmas de Gran Canaria (ULPGC) was undertaken to examine a
large part of the dromedary population on the islands (1012 dromedaries). From these,
745 animals (73.6%) were tested in 1999 with the Card Agglutination Test for T. evansi
(CATT/T. evansi) and 36 (4.8%) resulted positive. Seven samples also tested positive on
parasitological tests, mainly Giemsa‑stained blood smears and micro‑Haematocrit Cen‑
trifugation Technique (m‑HCT) [7,36–39]. Subsequently, in the 2000s, an antibody Ab‑
ELISA (Enzyme‑Linked ImmunoSorbent Assay) seroprevalence study was conducted on
444 samples of dromedaries from the islands of Fuerteventura, Lanzarote, Tenerife and
Gran Canaria. The results showed a prevalence of 10% in Gran Canaria, 9.7% in Lanzarote,
7.5% in Tenerife and 7.8% in Fuerteventura [37]. Treatment of positive animals with melar‑
somine (Cymelarsan®, Merial, France) resulted in seronegative results on all tested islands
except in Gran Canaria. In a study conducted on the latter island, which included around
200 animals, 5% of the sampled population tested positive in both serological and parasito‑
logical tests. In 2002, numerous abortions in dromedarieswere associatedwith the parasite,
which was identified through Giemsa‑stained blood smears and m‑HCT and treated with
melarsomine. Changes in the biochemical parameters of the affected animals were further
studied, yielding results described by Gutierrez et al. [28,29].

In 2008, T. evansi was detected in a camel and horse farm in the province of Alicante,
mainland Spain, following the importation of a dromedary from the Canary Islands six
months earlier. This animal presented clinical symptoms, includingweight loss, weakness,
and anaemia. After treating the dromedary with melarsomine, samples were taken from
the other animals on the farm. As a result, 18 animals (16 camels and 2 horses) tested
positive for CATT/T. evansi, with 12 of them (all camels) also testing positive through a
parasitological test. Consequently, the affected animals were isolated and received the
same treatment, effectively controlling the outbreak and eradicating the disease [17,40,41].
Similarly, in the department of Aveyron, France, another outbreak of T. evansi occurred in
dromedaries due to the importation of dromedaries from the Canary Islands [42].

In 2014, there was another outbreak of the disease in the same location in Gran Ca‑
naria, where eradication had not been fully achieved previously. Several hypotheses were
suggested to explain why the disease persisted, such as ineffective treatment of the ani‑
mals or the presence of a reservoir in the affected area. To investigate this, the prevalence
of the disease in domestic ruminants and equids was assessed, as well as the potential
involvement of Diptera, such as Stomoxys spp. and rodents in its transmission [43–45].
Consequently, in 2017, the Department of Agriculture, Livestock and Fisheries of the Gov‑
ernment of the Canary Islands established amonitoring and control system. This involved
a yearly sampling of the entire dromedary population on the islands and testing for CATT/
T. evansi and Polymerase Chain Reaction (PCR) of those animals positive to CATT/T. evansi.
Positive animals were isolated and, in some cases, euthanised to prevent further transmis‑
sion. The results of this programme were satisfactory, with only four animals testing posi‑
tive serologically for T. evansi and no positive cases observed via PCR as ofMarch 2022 [36].

In light of the various outbreaks of the disease reported in animals exported from the
Canary Islands, there is a potential risk of spreading the disease to other territories. In
order to better manage the existing and future information on Surra occurrence in Spain
and gain insight into the epidemiological history of the disease and the current situation in
the Canary Islands, the creation of a centralised database/information systemwas deemed
necessary. To achieve this, a national ‘atlas’ was developed to compile and organise all
available documents and data detailing the trypanosomosis caused by T. evansi since its
initial detection in Spain.

The atlas was developed by the University of Las Palmas de Gran Canaria (ULPGC)
in collaboration with the Department of Agriculture, Livestock and Fisheries of the Gov‑
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ernment of the Canary Islands. The government provided datasets collected for the pur‑
pose of controlling the incidence of this disease in dromedaries. Methodological guidance
and supportive training were provided by the Food and Agriculture Organization of the
United Nations (FAO). The tool was developed in the framework of the COMBAT project
(Controlling and Progressively Minimizing the Burden of Animal Trypanosomosis) [46],
which directly involves 21 institutions across different countries in Africa and Europe.

2. Materials and Methods
The atlas of Surra in Spain was developed by broadly following the methods devel‑

oped by the FAO for the continental atlas of African Animal Trypanosomosis (AAT) and
tsetse flies [47]. This approach has already been adapted and implemented by veterinary
authorities in various African countries, resulting in the creation of several national atlases
of AAT and tsetse occurrence [48–53]. These national databases are regarded as crucial
tools for evidence‑based planning of field interventions in the framework of the “progres‑
sive control pathway” for AAT [54].

For the Surra atlas in Spain, data were collected from multiple sources, mainly re‑
ports of investigations from different livestock farms. In these investigations, blood was
sampled from various animal species, including dromedaries, goats, sheep, cows, horses,
and donkeys. The primary purposes of these investigations were the targeting of veteri‑
nary treatment and academic research on the disease’s epidemiology, as well as ensuring
its control and monitoring since its initial detection in Gran Canaria in the 1990s.

For diagnosis, several parasitological and serological methods were utilised, includ‑
ing CATT/T. evansi (Institute of Tropical Medicine, Belgium), ELISA [55], PCR [56], Woo
technique [39], lymph node aspirate (LNA) [57], blood smears and MIT (Mice Inoculation
Test) [58].

Animal samplingswere conducted in differentways, with the initial ones beingdriven
by clinical suspicion. Subsequently, a random and representative approach was adopted
for certain studies to facilitate research, followed by an effort to cover a majority of the
animal population (particularly dromedaries) through sources derived from control and
monitoring efforts.

2.1. Data Sources and Development of the Atlas
In 2021, the process of acquiring documents and datasets related to Surra in Spain

began. Each acquired document and dataset was added to a digital repository, and then,
the most relevant information was extracted from the sources and included in a database.
The data used for the development of this atlas were generated over a period of 25 years,
from 1997 to 2022. They consist of 14 scientific publications, 7 conference proceedings,
1 PhD thesis and 4 documents of animal samples linked to the aforementioned scientific
publications. Additionally, the atlas includes five unpublished datasets collected by the
Department of Agriculture, Livestock and Fisheries of the Government of the Canary Is‑
lands. These datasetswere gathered as part of their disease control efforts, including a com‑
prehensive dromedary census on the islands conducted since 2018 [36]. All these sources
cover specific regions of the Canary Islands, mostly the eastern islands, as well as a partic‑
ular area of the Iberian Peninsula where Surra was diagnosed.

These documentsweremainly obtained in PDF andMicrosoft Excel formats, but older
documents were initially only available in hard copy, so they had to be scanned and digi‑
tised. Sourcesweremostly identified by themain author’s surname and the date of publica‑
tion or production. During this process, some papers were discarded, primarily those that
detailed experimental inoculations of T. evansi in goats, which were performed to assess
various diagnostic approaches and treatments.

The geographical coordinates of various sampling locations were obtained by utilis‑
ing various applications, such as Google Earth and the Spatial Data Infrastructure of the
Canary Islands (IDE Canarias). Localisation was completed at the level of the surveyed
farm, and this information was included in the atlas as “location”. Subsequently, maps
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indicating the presence or absence of Surra in different target regions of Spain were gen‑
erated and visualised via ArcGIS® 10.8.2 software by Environmental Systems Research
Institute, Inc. (ESRI), Redlands，CA, USA.

2.2. Data Repository and Database
Data sources were archived in a digital repository, while relevant and pertinent in‑

formation was extracted, standardised and imported into a spreadsheet file to create the
atlas database. The databasewas divided into three sheets, following the general approach
utilised by FAO for constructing the continental atlas [47]. The first sheet includes details
on the documents utilised as sources to create the atlas, the second contains the locations
and the georeferencing information required for mapping, and the third encompasses the
epidemiological data on the various surveys and Surra cases. Here below is a more de‑
tailed summary of the spreadsheet/database, while the column‑by‑column description of
the three tables is provided in Supplementary file S1.

In the first sheet, a distinct numeric code (“Source_ID”) was assigned to each docu‑
ment, which was used to identify the data extracted from it in the other sheets. Data con‑
cerning the authors of the document (“Initials”, “Main_Author” and “Authors”), as well as
its full title, country of origin, and year of publication (“Source_Name”, “Country”, “Year”)
were also included. Furthermore, the type of document (“Report_type”), the presence of
animal trypanosomosis information (“AT_Data”) and a note concerning whether the doc‑
ument is unpublished/grey literature (“Grey_document”) were included. Details such as
journal, publisher, type of access (e.g., open or restricted), and external URL and availabil‑
ity (“External_link”, “Journal”, “Publisher”, “Access”, and “Availability”) were recorded
alongside the access date and the name assigned to the file in the repository (“Accesed_on”,
“File_name”).

In the second sheet, the different locations were included for each “Source_ID” in
the first sheet. These locations were assigned unique identifiers (“Location_ID”) and were
associated with their respective “Location_name”, “Province”, “District_island”, “Munic‑
ipality”, “Geo_source” (i.e., the source of the geographical information) and “Area” (if
applicable). While the exact coordinates of the surveys and Surra cases were obtained and
entered into the database, they could not be included in this article for privacy reasons.

The last sheets link the various documents and locations from the previous sheets
through their “Source_ID” and “Location_ID” to the results of the epidemiological sur‑
veys. Each survey was identified by a unique numeric code (“Survey_ID”). The period of
sampling, including the start and end month (“Month_ST” and “Month_END”) and year
(“Year_ST” and “Year_END”) was recorded, as well as the sample size (“Sample_size”). If
available, the animal species sampledwas indicated alongside breed, age and sex (“Species_
AN”, “Breed_AN”, “Age_AN” and “Sex_AN”) and the type of farm/holding or husbandry
system (“Husb_AN”). The presence or absence of T. evansi, the number of positive animals
and prevalence (“T_evansi_Presence” and “T_evansi”) were identified. Finally, the diagnos‑
tic methods used (“Diagnostic”) were recorded, and, when applicable, the treatment given
to the animals before sampling (“Chemotherapy”).

3. Results
Between 1997 and 2022, a total of 12,433 animal samples were analysed for T. evansi,

and all results for the different diagnostic methods and the different animal species are
summarised in Table 1. Five categories of animal species were included in these samples,
with dromedary camels being the most frequently tested (63.1% of the total), followed
by equids (16.4%, primarily horses and donkeys), goats (11.3%), sheep (6.7%), and cattle
(2.5%). Furthermore, annual testing of dromedaries on certain islands was conducted as
part of the Surra control measures implemented by the Department of Agriculture, Live‑
stock and Fisheries of the Canary Islands.



Animals 2024, 14, 243 6 of 13

Table 1. Number of positive cases and prevalence for T. evansi in different species and diagnostic
methods in Spain between 1997–2022.

Diagnostic Method Animal
Species

Animal
Samples (n)

Number of
Infections (n)/
Prevalence (%)

T. evansi

CATT/T. evansi

Dromedary 5385 311 (5.77%)
Equids 1001 26 (2.59%)
Cattle 148 16 (10.81%)
Goat 687 34 (4.95%)
Sheep 393 45 (11.45%)

Subtotal 7614 432 (5.67%)

Woo technique

Dromedary 741 50 (6.75%)
Equids 1001 1 (0.09%)
Cattle 148 0 (%)
Goat 687 0 (%)
Sheep 393 0 (%)

Subtotal 2970 51 (1.72%)

Blood smear Dromedary 876 34 (3.88%)

ELISA Dromedary 444 52 (11.71%)

Lymph node aspiration Dromedary 73 2 (2.74%)

MIT Dromedary 56 1 (1.78%)

PCR

Dromedary 271 27 (9.96%)
Equids 34 2 (5.88%)
Cattle 16 0 (0%)
Goat 34 0 (0%)
Sheep 45 0 (0%)

Subtotal 400 29 (7.25%)
(MIT) Mice inoculation test; (CATT/T. evansi) Card agglutination test; (PCR) Polymerase chain reaction; (ELISA)
Enzyme‑linked immunosorbent assay; (n) Number.

Of the total number of samples, 61.2% were analysed with CATT/T. evansi method.
The second most frequently used technique was the Woo method (23.9%), followed by
blood smears (7%), ELISA (3.6%), PCR (3.2%), LNA (0.6%) and MIT (0.5%).

Regarding CATT/T. evansi, dromedaries represented themost sampled hosts (70.7%), fol‑
lowed by equids (13.1%), goats (9%), sheep (5.2%), and cattle (2%). Similarly, dromedaries
were themost commonly tested species for PCR (67.7%), followed by sheep (11.3%), equids
and goats (8.5% each) and cattle (4%). In contrast, the Woo technique was predominantly
targeted at equids (33.7%), followed by dromedaries (25%), goats (23.1%), sheep (13.2%)
and cattle (5%). Finally, for blood smear, ELISA, MIT and LNA tests, all samples were
obtained from dromedaries.

The total number of positive samples for T. evansi was 601, representing 4.8% of the
total number of samples tested. Given the significant variations in sensitivity among the
different diagnostic tests, it is necessary to specify the number of positive samples found
by each test. Specifically, for CATT/T. evansi, 72% of the positive samples were detected,
followed by 8.65% for ELISA, 8.48% for theWoo technique, 5.6% for blood smear, 4.8% for
PCR, 0.3% for LNA, and 0.17% for MIT.

Similarly, it is necessary to differentiate between each tested animal species, as the cor‑
responding number of positive samples varies considerably. For instance, the total number
of positive dromedary samples was 477 (79.5% of the total number of positives), which is
considerably higher compared to the other species. The number of positive from sheep
was 7.5%, followed by goats with 5.6%, equids with 4.8%, and cattle with 2.6%.
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All positive samples from sheep, goats and cattle were detected by CATT/T. evansi.
However, positive samples in equids and dromedaries were found using different tech‑
niques: for equids, 89.6% of the samples tested positive by CATT/T. evansi, followed by
PCRwith 7% andWoo technique with 3.4%. In dromedaries, the range of techniques used
differed even more with CATT/T. evansi yielding the highest number of positives at 65.3%,
followed by ELISA at 10.9%, Woo technique at 10.5%, blood smear at 7.1%, PCR at 5.6%
and finally lymph node aspirate and MIT at 0.4% and 0.2%, respectively.

Most of the data presented in Table 1 were collected in the context of disease control
and monitoring activities (between 2015 and 2022). A total of 7709 samples were studied
during this period, representing 62% of the total. The remaining 38% (4724 samples) are
the result of scientific investigations carried out in the framework of academic and research
activities (between 1997 and 2013) (More details in Figure 1).
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Figure 1. Depicts a time series representing three significant years: 2000, during which surveys and
sampling were initiated in the majority of the dromedary population following the first detection in
1997; 2015, when there was an outbreak of Surra in a specific area of Gran Canaria, which prompted
various epidemiological studies and formed the basis for a monitoring and control protocol estab‑
lished by the Government of the Canary Islands in subsequent years; and 2022, when themost recent
monitoring and control data identified only three positive cases of CATT/T. evansi in dromedaries in
the Canary Islands, with no positive results indicating the presence of this species through PCR
analysis. It is important to emphasise that the classification of each island as positive relies on the
confirmation of the presence of CATT/T. evansi positive animals.

A total of 99 locations from different sources have been investigated, and the exact co‑
ordinates of each one have been obtained and included in the atlas database. The majority
of these belong to the province of Las Palmas (85 locations), mainly on the islands of Gran
Canaria, Fuerteventura, and Lanzarote, followed by the province of Santa Cruz de Tenerife
(13 locations), mainly Tenerife Island, and the province of Alicante (1 location). Positive
samples were found in 19% of the surveyed locations, with the majority being located in
the province of Las Palmas (Figure 2).
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evansi were detected using the CATT/T. evansi diagnostic tool. The top region corresponds to the
Iberian Peninsula, specifically the province of Alicante in the Valencian Community. In the Au‑
tonomous Community of the Canary Islands, CATT/T. evansi positive samples were identified on the
islands of El Hierro, La Palma, La Gomera, Tenerife, Gran Canaria, Fuerteventura, and Lanzarote.

Database Completeness
A high level of completeness was achieved in this atlas. We managed to obtain a

comprehensive overview of the different cases of Surra and their location over time, aswell
as specific information on their hosts. In most cases (approximately 90% of the records),
all the required data for the atlas could be identified. For example, information on animal
sampling duration, number of samples and positive cases, diagnoses, and treatment after
diagnosis in a few cases, among others, has been obtained. Additionally, over 90% of the
locations of the different sources have been identified at the farm level, with the remaining
10% mapped at the village/location level.

4. Discussion
In the atlas on animal trypanosomosis for Spain described in this paper, only studies

and data on T. evansi were included, while atlases previously published in a few African
countries focus on nagana (i.e., Sudan [48], Kenya [53], Mali [50], Zimbabwe [49], Burkina
Faso [52] and Ethiopia [51]). This decision wasmotivated by the fact that in Spain, only the
presence of this species of trypanosome has been described, apart from the previous study
that revealed the presence of T. theileri in cattle in Spain [59]. However, it is considered
as a nonpathogenic haemoparasite. Therefore, according to the results of this study and
our knowledge, no other species causing animal trypanosomosis has ever been observed
in Spain.

The development of this atlas will allow analysis that will lead to a better understand‑
ing of the epidemiology of Surra in the Canary Islands. As mentioned previously, the first
identification of this parasite was done on the island of Gran Canaria [34]. Apart from
the outbreak diagnosed and eradicated in the province of Alicante, which originated from
the exportation of apparently healthy dromedaries carrying the disease from the Canary
Islands [17,41], the Canary Islands is the only region in Spain that has consistently reported
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cases of Surra throughout the study period. Similarly, it is noted that most cases of the dis‑
ease have been concentrated in the eastern part of the Canary Islands.

Therefore, after collecting a large number of samples throughout various studies, we
can conclude that among all potential hosts present in Spain, the dromedary, historically
with a large population in the Canary Islands, is the main host of T. evansi, with cases
appearing in other species being derived from those already present in them.

However, several limitations can be found in this atlas. For example, despite obtaining
various specific locations (mainly camel farms) where investigations for the parasite have
been conducted and positive animals have been found, the maps created and included in
this document present generalised locations, mainly due to privacy reasons.

In addition, the exact sampling location has not always been available in the specific
documents analysed. In these cases, solely island‑level inclusion of the farm’s locationwas
feasible within the atlas database. This allows us to highlight the importance of knowing
and documenting specific locations in future studies, with the aim of having themaximum
possible information in this regard.

Sampling has predominantly focused on dromedaries, one of the various species that
could potentially serve as hosts for T. evansi, given their high vulnerability [20] and the oc‑
currence of Surra cases in the Canary Islands. However, although studies with other pos‑
sible hosts have beenmainly conducted in academic circles [44,60], it is imperative to carry
out exhaustive research in other species (especially those from areas close to dromedary
populations or regions with historical records of positive animals) to obtain a representa‑
tive sample that aligns with the studied dromedaries.

Regarding the diagnostic samples used, the most utilised method to detect animals
positive for Surra has been CATT/T. evansi. This diagnostic method primarily detects a
specific antigen of T. evansi, specifically the A variant [7,61]. However, the literature de‑
scribes the existence of a B variant that lacks this specific antigen, raising controversy over
the use of CATT/T. evansi as the primary detection method [62]. In some studies, PCR
was subsequently performed to confirm the presence of the parasite in animals that tested
positive with this assay. However, without complementary tests such as parasitological
techniques (Woo technique, blood smear examination, etc.), there is a possibility that the B
variant may be present. This should be considered and investigated in future studies to en‑
sure an accurate determination of the presence or absence of T. evansi in the samples. The
correct detection of these pathogenic trypanosomes is becoming increasingly important, as
despite not being currently classified as a zoonosis due to its asymptomatic nature, several
studies suggest that it could potentially be considered as one [32,63]. Another important
limitation to consider is the absence of sample collection and entomological studies. Due
to the mechanical nature of T. evansi transmission, it is crucial to identify various vectors
responsible for sustaining and propagating the disease [36]. Only Rodriguez et al. [43]
reported the presence of Stomoxys calcitrans as a potential primary vector in Surra trans‑
mission in the Canary Islands. However, this hypothesis remains unverified due to the
absence of genetic tests for confirmation.

5. Conclusions
Given the lack of a comprehensive database on the occurrence of Surra and other

pathogenic trypanosomes in Spain, this study represents a milestone in understanding the
disease and its distribution in space and time. Not only does it provide insight into the
events to date, but it also serves as a tool for disease control in the future.

It is necessary to continue obtaining more data from animals and new entomological
samplings in order to achieve a better understanding of the disease in Spain and theCanary
Islands. By using new data and publications from these future investigations, the atlas of
trypanosomosis in Spain will be continually updated and improved. The upcoming in‑
clusion of entomological study results from different islands in the Canary Archipelago,
where Surra has been present in the past, is a good example of the usefulness of the at‑
las as a tool for disease control and monitoring. Additionally, this atlas will allow us to
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target a comprehensive study of trypanosomosis in other animal species, different from
the dromedary, that are susceptible to Surra, aiming to fill in the current information gaps.
This atlas intends to be a useful tool for the official animal health authorities, primarily in
the Canary Islands, to improvemonitoring and control activities, mainly through risk anal‑
ysis and consideration of at‑risk herds on the different islands. Furthermore, in the case of
new disease outbreaks, this atlas can provide information and guidance for implementing
proper prophylaxis and control measures in affected regions of Spain.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ani14020243/s1, File S1: Structure of the database.

Author Contributions: Conceptualization, M.T.T.‑J., G.C. and J.A.C.; methodology, A.M.H., M.T.T.‑J.,
G.C. and J.A.C.; software, A.M.H., M.P., G.C. and J.A.C.; validation, M.T.T.‑J., G.C. and J.A.C.; for‑
mal analysis, A.M.H., M.T.T.‑J. and J.A.C.; investigation, A.M.H., M.T.T.‑J., M.G.‑M., M.M.D., S.M.M.
and J.A.C.; resources, A.M.H., M.M.D., S.M.M. and J.A.C.; data curation, A.M.H., M.T.T.‑J., M.P.,
G.C. and J.A.C.; writing—original draft preparation, A.M.H., M.T.T.‑J. and J.A.C.; writing—review
and editing, A.M.H., M.T.T.‑J., G.C. and J.A.C.; visualization, A.M.H., M.T.T.‑J., M.G.‑M., M.M.D.,
S.M.M., M.P., G.C. and J.A.C.; supervision, M.T.T.‑J. and J.A.C.; project administration, M.T.T.‑J. and
J.A.C.; funding acquisition, M.T.T.‑J., G.C. and J.A.C. All authors have read and agreed to the pub‑
lished version of the manuscript.

Funding: This research was financially supported by the European Union’s Horizon 2020 research
and innovation programme under the grant agreement number [101000467] (COntrolling and pro‑
gressively Minimizing the Burden of Animal Trypanosomosis [COMBAT]). The funders had no role
in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
Adrián Melián has a grant from the predoctoral program for the training of research personnel of
the Autonomous Community of the Canary Islands (TESIS2022010062).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Experimental Animal studies have not been used for the present manuscript, so ethical ap‑
proval by the ULPGC Experimental Animal Committee was not required.

Data Availability Statement: Most of the dataset supporting the conclusions of this article is in‑
cluded within the article. The datasets not included in this study are available upon request from
the corresponding author.

Acknowledgments: In loving memory of Professor Carlos Gutiérrez, who led all the clinical and
research activities related to the present manuscript from 1997 to 2019, for which we are eternally
grateful. You will always be in our hearts. The authors would also like to thank members of the
participating institutions who are contributing to the ongoing implementation of this atlas. Partic‑
ularly, the authors would like to thank the Department of Agriculture, Livestock and Fisheries of
the Government of the Canary Islands for providing official data on animal trypanosomosis. Also,
to the Food and Agriculture Organization of the United Nations (FAO), which contributed to the
paper and participates in the COMBAT project in the framework of the Programme Against African
Trypanosomosis (PAAT).

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the de‑
sign of the study, in the collection, analyses, or interpretation of data, in thewriting of themanuscript,
or in the decision to publish the results.

References
1. Desquesnes, M.; Dargantes, A.; Lai, D.H.; Lun, Z.R.; Holzmuller, P.; Jittapalapong, S. Trypanosoma evansi and Surra: A Re‑

view and Perspectives on Transmission, Epidemiology and Control, Impact, and Zoonotic Aspects. Biomed. Res. Int. 2013,
2013, 321237. [CrossRef] [PubMed]

2. Aregawi, W.G.; Agga, G.E.; Abdi, R.D.; Büscher, P. Systematic Review and Meta‑Analysis on the Global Distribution, Host
Range, and Prevalence of Trypanosoma evansi. Parasites Vectors 2019, 12, 67. [CrossRef] [PubMed]

3. Habila, N.; Inuwa, M.H.; Aimola, I.A.; Udeh, M.U.; Haruna, E. Pathogenic Mechanisms of Trypanosoma evansi Infections. Res.
Vet. Sci. 2012, 93, 13–17. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ani14020243/s1
https://www.mdpi.com/article/10.3390/ani14020243/s1
https://doi.org/10.1155/2013/321237
https://www.ncbi.nlm.nih.gov/pubmed/24151595
https://doi.org/10.1186/s13071-019-3311-4
https://www.ncbi.nlm.nih.gov/pubmed/30704516
https://doi.org/10.1016/j.rvsc.2011.08.011
https://www.ncbi.nlm.nih.gov/pubmed/21940025


Animals 2024, 14, 243 11 of 13

4. Magri, A.; Galuppi, R.; Fioravanti, M. Autochthonous Trypanosoma Spp. In European Mammals: A Brief Journey amongst the
Neglected Trypanosomes. Pathogens 2021, 10, 334. [CrossRef] [PubMed]

5. Kaufer, A.; Ellis, J.; Stark, D.; Barratt, J. The Evolution of Trypanosomatid Taxonomy. Parasites Vectors 2017, 10, 287. [CrossRef]
[PubMed]

6. Morrison, L.J.; Steketee, P.C.; Tettey, M.D.; Matthews, K.R. Pathogenicity and Virulence of African Trypanosomes: From Labo‑
ratory Models to Clinically Relevant Hosts. Virulence 2023, 14, 2150445. [CrossRef] [PubMed]

7. Desquesnes, M.; Gonzatti, M.; Sazmand, A.; Thévenon, S.; Bossard, G.; Boulangé, A.; Gimonneau, G.; Truc, P.; Herder, S.;
Ravel, S.; et al. A Review on the Diagnosis of Animal Trypanosomoses. Parasites Vectors 2022, 15, 64. [CrossRef]

8. Kasozi, K.I.; Zirintunda, G.; Ssempijja, F.; Buyinza, B.; Alzahrani, K.J.; Matama, K.; Nakimbugwe, H.N.; Alkazmi, L.;
Onanyang, D.; Bogere, P.; et al. Epidemiology of Trypanosomiasis in Wildlife—Implications for Humans at the Wildlife
Interface in Africa. Front. Vet. Sci. 2021, 8, 621699. [CrossRef]

9. Fetene, E.; Leta, S.; Regassa, F.; Büscher, P. Global Distribution, Host Range and Prevalence of Trypanosoma vivax: A Systematic
Review and Meta‑Analysis. Parasites Vectors 2021, 14, 80. [CrossRef]

10. Matovu, E.; Mugasa, C.M.; Waiswa, P.; Kitibwa, A.; Boobo, A.; Ndung’u, J.M. Haemoparasitic Infections in Cattle from a Try‑
panosoma brucei rhodesiense Sleeping Sickness Endemic District of Eastern Uganda. Trop. Med. Infect. Dis. 2020, 5, 24. [CrossRef]

11. Von Wissmann, B.; Fyfe, J.; Picozzi, K.; Hamill, L.; Waiswa, C.; Welburn, S.C. Quantifying the Association between Bovine and
Human Trypanosomiasis in Newly Affected Sleeping Sickness Areas of Uganda. PLoS Negl. Trop. Dis. 2014, 8, e2931. [CrossRef]
[PubMed]

12. Büscher, P.; Cecchi, G.; Jamonneau, V.; Priotto, G. Human African Trypanosomiasis. Lancet 2017, 390, 2397–2409. [CrossRef]
[PubMed]

13. Brun, R.; Schumacher, R.; Schmid, C.; Kunz, C.; Burri, C. The Phenomenon of Treatment Failures in Human African Trypanoso‑
miasis. Trop. Med. Int. Health 2001, 6, 906–914. [CrossRef] [PubMed]

14. Lun, Z.R.; Reid, S.A.; Lai, D.H.; Li, F.J. Atypical Human Trypanosomiasis: A Neglected Disease or Just an Unlucky Accident?
Trends Parasitol. 2009, 25, 107–108. [CrossRef] [PubMed]

15. Truc, P.; Büscher, P.; Cuny, G.; Gonzatti, M.I.; Jannin, J.; Joshi, P.; Juyal, P.; Lun, Z.R.; Mattioli, R.; Pays, E.; et al. Atypical Human
Infections by Animal Trypanosomes. PLoS Negl. Trop. Dis. 2013, 7, e2256. [CrossRef] [PubMed]

16. Kumar, R.; Gupta, S.; Bhutia, W.D.; Vaid, R.K.; Kumar, S. Atypical Human Trypanosomosis: Potentially Emerging Disease with
Lack of Understanding. Zoonoses Public. Health 2022, 69, 259–276. [CrossRef] [PubMed]

17. Tamarit, A.; Gutierrez, C.; Arroyo, R.; Jimenez, V.; Zagalá, G.; Bosch, I.; Sirvent, J.; Alberola, J.; Alonso, I.; Caballero, C. Try‑
panosoma evansi Infection in Mainland Spain. Vet. Parasitol. 2010, 167, 74–76. [CrossRef]

18. Franco, J.R.; Cecchi, G.; Priotto, G.; Paone, M.; Ebeja, A.K.; Simarro, P.P.; Diarra, A.; Sankara, D.; Zhao, W.; Dagne, D.A. Human
African Trypanosomiasis Cases Diagnosed in Non‑Endemic Countries (2011–2020). PLoS Negl. Trop. Dis. 2022, 16, e0010885.
[CrossRef]

19. Kapo, N.; Goletić, T.; Škapur, V.; Softić, A.; Goletić, Š.; Omeragić, J. Epidemiology of Animal Trypanosomiasis. In Trypanosoma—
Recent Advances and New Perspectives; El‑Ashram, S., Alouffi, A., Mohamed, D., Eds.; IntechOpen Limited: London, UK, 2023.
[CrossRef]

20. Desquesnes, M.; Holzmuller, P.; Lai, D.H.; Dargantes, A.; Lun, Z.R.; Jittaplapong, S. Trypanosoma evansi and Surra: A Review and
Perspectives on Origin, History, Distribution, Taxonomy, Morphology, Hosts, and Pathogenic Effects. Biomed. Res. Int. 2013,
2013, 194176. [CrossRef]

21. Magez, S.; Radwanska, M. African Trypanosomiasis and Antibodies: Implications for Vaccination, Therapy and Diagnosis. Fu‑
ture Microbiol. 2009, 4, 1075–1087. [CrossRef]

22. Otto, M.A.; da Silva, A.S.; Gressler, L.T.; Farret, M.H.; Tavares, K.C.S.; Zanette, R.A.; Miletti, L.C.; Monteiro, S.G. Susceptibility
of Trypanosoma evansi to Human Blood and Plasma in Infected Mice. Vet. Parasitol. 2010, 168, 1–4. [CrossRef]

23. Baldacchino, F.; Muenworn, V.; Desquesnes, M.; Desoli, F.; Charoenviriyaphap, T.; Duvallet, G. Transmission of Pathogens by
Stomoxys Flies (Diptera, Muscidae): A Review. Parasite 2013, 20, 2013026. [CrossRef] [PubMed]

24. Desquesnes, M. Livestock Trypanosomoses and Their Vectors in Latin America; OIE (World Organisation for Animal Health): Paris,
France, 2004; ISBN 929044634X.

25. Herrera, H.M.; Dávila, A.M.R.; Norek, A.; Abreu, U.G.; Souza, S.S.; D’Andrea, P.S.; Jansen, A.M. Enzootiology of Trypanosoma
evansi in Pantanal, Brazil. Vet. Parasitol. 2004, 125, 263–275. [CrossRef]

26. Ereqat, S.; Nasereddin, A.; Al‑Jawabreh, A.; Al‑Jawabreh, H.; Al‑Laham, N.; Abdeen, Z. Prevalence of Trypanosoma evansi in
Livestock in Palestine. Parasites Vectors 2020, 13, 21. [CrossRef] [PubMed]

27. Steverding, D. The Spreading of Parasites by Human Migratory Activities. Virulence 2020, 11, 1177. [CrossRef] [PubMed]
28. Gutierrez, C.; Corbera, J.A.; Juste, M.C.; Doreste, F.; Morales, I. An Outbreak of Abortions and High Neonatal Mortality Associ‑

ated with Trypanosoma evansi Infection in Dromedary Camels in the Canary Islands. Vet. Parasitol. 2005, 130, 163–168. [CrossRef]
29. Gutierrez, C.; Corbera, J.A.; Juste,M.C.; Doreste, F.; Morales, I. Clinical, Hematological, and Biochemical Findings in anOutbreak

of Abortion and Neonatal Mortality Associated with Trypanosoma evansi Infection in Dromedary Camels. Ann. N. Y. Acad. Sci.
2006, 1081, 325–327. [CrossRef]

https://doi.org/10.3390/pathogens10030334
https://www.ncbi.nlm.nih.gov/pubmed/33805748
https://doi.org/10.1186/s13071-017-2204-7
https://www.ncbi.nlm.nih.gov/pubmed/28595622
https://doi.org/10.1080/21505594.2022.2150445
https://www.ncbi.nlm.nih.gov/pubmed/36419235
https://doi.org/10.1186/s13071-022-05190-1
https://doi.org/10.3389/fvets.2021.621699
https://doi.org/10.1186/s13071-021-04584-x
https://doi.org/10.3390/tropicalmed5010024
https://doi.org/10.1371/journal.pntd.0002931
https://www.ncbi.nlm.nih.gov/pubmed/24901845
https://doi.org/10.1016/S0140-6736(17)31510-6
https://www.ncbi.nlm.nih.gov/pubmed/28673422
https://doi.org/10.1046/j.1365-3156.2001.00775.x
https://www.ncbi.nlm.nih.gov/pubmed/11703845
https://doi.org/10.1016/j.pt.2008.12.001
https://www.ncbi.nlm.nih.gov/pubmed/19162551
https://doi.org/10.1371/journal.pntd.0002256
https://www.ncbi.nlm.nih.gov/pubmed/24069464
https://doi.org/10.1111/zph.12945
https://www.ncbi.nlm.nih.gov/pubmed/35355422
https://doi.org/10.1016/j.vetpar.2009.09.050
https://doi.org/10.1371/journal.pntd.0010885
https://doi.org/10.5772/INTECHOPEN.113794
https://doi.org/10.1155/2013/194176
https://doi.org/10.2217/fmb.09.65
https://doi.org/10.1016/j.vetpar.2009.10.020
https://doi.org/10.1051/parasite/2013026
https://www.ncbi.nlm.nih.gov/pubmed/23985165
https://doi.org/10.1016/j.vetpar.2004.07.013
https://doi.org/10.1186/s13071-020-3894-9
https://www.ncbi.nlm.nih.gov/pubmed/31931864
https://doi.org/10.1080/21505594.2020.1809963
https://www.ncbi.nlm.nih.gov/pubmed/32862777
https://doi.org/10.1016/j.vetpar.2005.02.009
https://doi.org/10.1196/annals.1373.044


Animals 2024, 14, 243 12 of 13

30. Van Vinh Chau, N.; Buu Chau, L.; Desquesnes, M.; Herder, S.; Phu Huong Lan, N.; Campbell, J.I.; Van Cuong, N.; Yimming, B.;
Chalermwong, P.; Jittapalapong, S.; et al. A Clinical and Epidemiological Investigation of the First Reported Human Infection
with the Zoonotic Parasite Trypanosoma evansi in Southeast Asia. Clin. Infect. Dis. 2016, 62, 1002. [CrossRef]

31. Sawitri, D.H.; Wardhana, A.H.; Sadikin, M.; Wibowo, H. Detection of Surra (Trypanosomiasis) Positivity in Humans in an
Outbreak Area of Indonesia. Med. J. Indones. 2019, 28, 196–202. [CrossRef]

32. Sazmand, A.; Joachim, A.; Otranto, D. Zoonotic Parasites of Dromedary Camels: So Important, so Ignored. Parasites Vectors 2019,
12, 610. [CrossRef]

33. Boushaki, D.; Adel, A.; Dia, M.L.; Büscher, P.; Madani, H.; Brihoum, B.A.; Sadaoui, H.; Bouayed, N.; Kechemir Issad, N. Epidemi‑
ological Investigations on Trypanosoma evansi Infection in Dromedary Camels in the South of Algeria. Heliyon 2019, 5, e02086.
[CrossRef] [PubMed]

34. Gutierrez, C.; Montoya‑Alonso, J.A.; Padrón, M.; Corbera, J.A.; Juste, M.C. Descripción de Un Caso de Tripanosomosis En El
Dromedario Por T. evansi En Canarias. Med. Vet. 1998, 15, 356–357.

35. Morera Pérez, M. La Tradición Del Camello En Canarias. Anu. Estud. Atlánticos 1991, 37, 167–204.
36. Tejedor‑Junco, M.T.; Melián Henríquez, A.; Peláez Puerto, P.; Dolores Ramos, M.; González‑Martín, M.; Morales Doreste, M.;

Gimonneau, G.; Desquesnes, M.; Martín Martel, S.; Corbera, J.A. Surveillance and Control of Trypanosoma evansi in the Canary
Islands: A Descriptive Analysis. Acta Trop. 2023, 246, 106990. [CrossRef] [PubMed]

37. Molina, J.M.; Ruiz, A.; Juste, M.C.; Corbera, J.A.; Amador, R.; Gutiérrez, C. Seroprevalence of Trypanosoma evansi in Dromedaries
(Camelus dromedarius) from the Canary Islands (Spain) Using an Antibody Ab‑ELISA. Prev. Vet. Med. 2000, 47, 53–59. [CrossRef]

38. Woo, P.T. Evaluation of the Haematocrit Centrifuge and Other Techniques for the Field Diagnosis of Human Trypanosomiasis
and Filariasis. Acta Trop. 1971, 28, 298–303. [PubMed]

39. Woo, P.T. The Haematocrit Centrifuge for the Detection of Trypanosomes in Blood. Can. J. Zool. 1969, 47, 921–923. [CrossRef]
40. Tamarit, A.; Tejedor‑Junco,M.T.; González,M.; Alberola, J.; Gutierrez, C.Morphological andBiometrical Features ofTrypanosoma

evansi Isolates from an Outbreak in Mainland Spain. Vet. Parasitol. 2011, 177, 152–156. [CrossRef]
41. Gutiérrez, C.; Tamarit, A.; González‑Martín, M.; Tejedor‑Junco, M.T. Control and Eventual Eradication of Trypanosoma evansi In‑

fection in Dromedary Camels after an Episodic Outbreak inMainland Spain: An Example in a Non‑Endemic Area. Vet. Parasitol.
2014, 204, 153–157. [CrossRef]

42. Desquesnes, M.; Bossard, G.; Patrel, D.; Herder, S.; Patout, O.; Lepetitcolin, E.; Thevenon, S.; Berthier, D.; Pavlovic, D.;
Brucidou, R.; et al. First Outbreak of Trypanosoma evansi in Camels in Metropolitan France. Vet. Record 2008, 162, 750–752.
[CrossRef]

43. Rodríguez, N.F.; Tejedor‑Junco, M.T.; González‑Martín, M.; Gutierrez, C. Stomoxys calcitrans as Possible Vector of Trypanosoma
evansi among Camels in an Affected Area of the Canary Islands, Spain. Rev. Soc. Bras. Med. Trop. 2014, 47, 510–512. [CrossRef]
[PubMed]

44. Rodríguez, N.F.; Tejedor‑Junco, M.T.; González‑Martín, M.; Doreste, F.; Gutierrez, C. Trypanosoma evansiAssessment in Equines:
A Study in One Decade in an Endemic Area of the Canary Islands, Spain. J. Equine Vet. Sci. 2013, 33, 406–409. [CrossRef]

45. Rodríguez, N.F.; Tejedor‑Junco, M.T.; Hernández‑Trujillo, Y.; González, M.; Gutiérrez, C. The Role of Wild Rodents in the Trans‑
mission of Trypanosoma evansi Infection in an Endemic Area of the Canary Islands (Spain). Vet. Parasitol. 2010, 174, 323–327.
[CrossRef] [PubMed]

46. Boulangé, A.; Lejon, V.; Berthier, D.; Thévenon, S.; Gimonneau, G.; Desquesnes, M.; Abah, S.; Agboho, P.; Chilongo, K.; Gebre, T.;
et al. The COMBAT Project: Controlling and Progressively Minimizing the Burden of Vector‑Borne Animal Trypanosomosis in
Africa [version 2; peer review: 3 approved]. Open Res. Eur. 2022, 2, 67. [CrossRef]

47. Cecchi, G.; Paone, M.; Feldmann, U.; Vreysen, M.J.; Diall, O.; Mattioli, R.C. Assembling a Geospatial Database of Tsetse‑
Transmitted Animal Trypanosomosis for Africa. Parasites Vectors 2014, 7, 39. [CrossRef] [PubMed]

48. Ahmed, S.K.; Rahman, A.H.; Hassan, M.A.; Salih, S.E.M.; Paone, M.; Cecchi, G. An Atlas of Tsetse and Bovine Trypanosomosis
in Sudan. Parasites Vectors 2016, 9, 194. [CrossRef]

49. Shereni, W.; Neves, L.; Argilés, R.; Nyakupinda, L.; Cecchi, G. An Atlas of Tsetse and Animal African Trypanosomiasis in
Zimbabwe. Parasites Vectors 2021, 14, 50. [CrossRef]

50. Diarra, B.; Diarra, M.; Diall, O.; Bass, B.; Sanogo, Y.; Coulibaly, E.; Sylla, M.; Zhao, W.; Paone, M.; Cecchi, G. A National Atlas of
Tsetse and African Animal Trypanosomosis in Mali. Parasites Vectors 2019, 12, 466. [CrossRef]

51. Gebre, T.; Kapitano, B.; Beyene, D.; Alemu, D.; Beshir, A.; Worku, Z.; Kifle, T.; Selamu, A.; Debas, E.; Kalsa, A.; et al. TheNational
Atlas of Tsetse Flies and African Animal Trypanosomosis in Ethiopia. Parasites Vectors 2022, 15, 491. [CrossRef]

52. Percoma, L.; Rayaissé, J.B.; Gimonneau, G.; Bengaly, Z.; Pooda, S.H.; Pagabeleguem, S.; Ganaba, R.; Sow, A.; Argilés, R.;
Bouyer, J.; et al. An Atlas to Support the Progressive Control of Tsetse‑Transmitted Animal Trypanosomosis in Burkina Faso.
Parasites Vectors 2022, 15, 72. [CrossRef]

53. Ngari, N.N.; Gamba, D.O.; Olet, P.A.; Zhao, W.; Paone, M.; Cecchi, G. Developing a National Atlas to Support the Progressive
Control of Tsetse‑Transmitted Animal Trypanosomosis in Kenya. Parasites Vectors 2020, 13, 286. [CrossRef] [PubMed]

54. Diall, O.; Cecchi, G.; Wanda, G.; Argilés‑Herrero, R.; Vreysen, M.J.B.; Cattoli, G.; Viljoen, G.J.; Mattioli, R.; Bouyer, J. Developing
a Progressive Control Pathway for African Animal Trypanosomosis. Trends Parasitol. 2017, 33, 499–509. [CrossRef] [PubMed]

https://doi.org/10.1093/cid/ciw052
https://doi.org/10.13181/mji.v28i2.1767
https://doi.org/10.1186/s13071-019-3863-3
https://doi.org/10.1016/j.heliyon.2019.e02086
https://www.ncbi.nlm.nih.gov/pubmed/31372547
https://doi.org/10.1016/j.actatropica.2023.106990
https://www.ncbi.nlm.nih.gov/pubmed/37479160
https://doi.org/10.1016/S0167-5877(00)00157-4
https://www.ncbi.nlm.nih.gov/pubmed/4400769
https://doi.org/10.1139/z69-150
https://doi.org/10.1016/j.vetpar.2010.11.044
https://doi.org/10.1016/j.vetpar.2014.05.004
https://doi.org/10.1136/vr.162.23.750
https://doi.org/10.1590/0037-8682-0210-2013
https://www.ncbi.nlm.nih.gov/pubmed/25229294
https://doi.org/10.1016/j.jevs.2012.07.018
https://doi.org/10.1016/j.vetpar.2010.09.001
https://www.ncbi.nlm.nih.gov/pubmed/20888126
https://doi.org/10.12688/OPENRESEUROPE.14759.2
https://doi.org/10.1186/1756-3305-7-39
https://www.ncbi.nlm.nih.gov/pubmed/24447638
https://doi.org/10.1186/s13071-016-1485-6
https://doi.org/10.1186/s13071-020-04555-8
https://doi.org/10.1186/s13071-019-3721-3
https://doi.org/10.1186/s13071-022-05617-9
https://doi.org/10.1186/s13071-021-05131-4
https://doi.org/10.1186/s13071-020-04156-5
https://www.ncbi.nlm.nih.gov/pubmed/32503681
https://doi.org/10.1016/j.pt.2017.02.005
https://www.ncbi.nlm.nih.gov/pubmed/28456474


Animals 2024, 14, 243 13 of 13

55. Desquesnes, M.; Bossard, G.; Thévenon, S.; Patrel, D.; Ravel, S.; Pavlovic, D.; Herder, S.; Patout, O.; Lepetitcolin, E.;
Hollzmuller, P.; et al. Development and Application of an Antibody‑ELISA to Follow up a Trypanosoma evansi Outbreak
in a Dromedary Camel Herd in France. Vet. Parasitol. 2009, 162, 214–220. [CrossRef] [PubMed]

56. Chansiri, K.; Khuchareontaworn, S.; Nopporn, S. PCR‑ELISA for Diagnosis of Trypanosoma evansi in Animals and Vector. Mol.
Cell Probes 2002, 16, 173–177. [CrossRef] [PubMed]

57. Chappuis, F.; Loutan, L.; Simarro, P.; Lejon, V.; Büscher, P. Options for Field Diagnosis of Human African Trypanosomiasis.
Clin. Microbiol. Rev. 2005, 18, 133. [CrossRef] [PubMed]

58. Reid, S.A.; Husein, A.; Copeman, D.B. Evaluation and Improvement of Parasitological Tests for Trypanosoma evansi Infection. Vet.
Parasitol. 2001, 102, 291–297. [CrossRef]

59. Villa, A.; Gutierrez, C.; Gracia, E.; Moreno, B.; Chacón, G.; Sanz, P.V.; Büscher, P.; Touratier, L. Presence of Trypanosoma theileri
in Spanish Cattle. Ann. N. Y Acad. Sci. 2008, 1149, 352–354. [CrossRef]

60. Rodríguez, N.F.; Tejedor‑Junco, M.T.; González‑Martín, M.; Santana del Pino, A.; Gutiérrez, C. Cross‑Sectional Study on Preva‑
lence of Trypanosoma evansi Infection in Domestic Ruminants in an Endemic Area of the Canary Islands (Spain). Prev. Vet. Med.
2012, 105, 144–148. [CrossRef]

61. Cuypers, B.; Van Den Broeck, F.; Van Reet, N.; Meehan, C.J.; Cauchard, J.; Wilkes, J.M.; Claes, F.; Goddeeris, B.; Birhanu, H.;
Dujardin, J.C.; et al. Genome‑Wide SNP Analysis Reveals Distinct Origins of Trypanosoma evansi and Trypanosoma equiperdum.
Genome Biol. Evol. 2017, 9, 1990–1997. [CrossRef]

62. Birhanu, H.; Gebrehiwot, T.; Goddeeris, B.M.; Büscher, P.; Van Reet, N. New Trypanosoma evansi Type B Isolates from Ethiopian
Dromedary Camels. PLoS Negl. Trop. Dis. 2016, 10, e0004556. [CrossRef]

63. Sengupta, P.P.; Jacob, S.S.; Chandu, A.G.S.; Das, S. Silent Trypanosoma evansi Infection in Humans from India Revealed by Sero‑
logical andMolecular Surveys andCharacterized byVariable Surface Glycoprotein Gene Sequences. Acta Trop. 2022, 229, 106369.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au‑
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.vetpar.2009.03.033
https://www.ncbi.nlm.nih.gov/pubmed/19372008
https://doi.org/10.1006/mcpr.2002.0412
https://www.ncbi.nlm.nih.gov/pubmed/12144767
https://doi.org/10.1128/CMR.18.1.133-146.2005
https://www.ncbi.nlm.nih.gov/pubmed/15653823
https://doi.org/10.1016/S0304-4017(01)00539-8
https://doi.org/10.1196/annals.1428.016
https://doi.org/10.1016/j.prevetmed.2012.02.006
https://doi.org/10.1093/gbe/evx102
https://doi.org/10.1371/journal.pntd.0004556
https://doi.org/10.1016/j.actatropica.2022.106369
https://www.ncbi.nlm.nih.gov/pubmed/35157840

	Introduction 
	Materials and Methods 
	Data Sources and Development of the Atlas 
	Data Repository and Database 

	Results 
	Discussion 
	Conclusions 
	References

