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Summary
Background Tungiasis is a neglected tropical disease (NTD) found in Sub-Saharan Africa and Latin America.
Despite the high frequency in marginalized populations, little information is available on the geography and esti-
mates of the population at risk in endemic regions. Here we used a geostatistical model to map the potential geo-
graphic distribution of areas suitable for tungiasis transmission in Latin America and estimated the at-risk
population.

Methods We developed an ecological niche model (ENM) using tungiasis occurrence records and remotely sensed
environmental and socioeconomic data. The potential geographic distribution was then compared to the current
population distribution of the region to derive the total population living in urban and rural areas.

Findings We identified a total of 138 records of occurrences of tungiasis in Latin America, ranging from Mexico to
Argentina; 27 reports were not included in the modeling, due to missing detailed geographic information. The
occurrences with detailed geographic information (n = 112) included 17 countries in Latin America and the Carib-
bean. The locations were in environments that primarily consisted of forests (29%), croplands (16�5%), and shrub-
lands (10�9%). We predicted environmentally suitable areas for tungiasis transmission in 45 countries. The
estimated human population living in these areas is 450,546,547 with urban centers accounting for 347,007,103 and
rural areas 103,539,444. Countries with significant ecological suitability and documented occurrences include Brazil,
Colombia, Mexico, Argentina, Bolivia, Ecuador, French Guyana, Guatemala, Haiti, Paraguay, Peru, Trinidad and
Tobago, and Venezuela.

Interpretation This is the first study mapping the potential distribution of tungiasis in Latin America, evidencing
the need for population-based studies and elaboration of integrated control measures.

Funding This project was supported in part by an appointment to the Research Participation Program at the Centers
for Disease Control and Prevention administered by the Oak Ridge Institute for Science and Education through an
interagency agreement between the U.S. Department of Energy and the Centers for Disease Control and Prevention.
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Introduction
Tungiasis, a neglected tropical disease (NTD), is a para-
sitic skin disease caused by the sand flea Tunga pene-
trans, endemic to resource-poor communities
throughout Latin America, sub-Saharan Africa, and the
Caribbean. The disease is widespread in Latin America
and the Caribbean, but reliable data on disease occur-
rence are not available on the national level.1 Several
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cross-sectional studies have evidenced high prevalence
and severe morbidity in underprivileged communities
in human and animal populations, such as in Brazil,
Colombia, Haiti, and Trinidad and Tobago.2-6 In
endemic areas, the disease occurs focally, predomi-
nantly in urban slum areas, rural communities, fishing
villages, and indigenous communities.1,4,7

The use of geographic information systems (GIS)
can provide estimations on the spatial patterns of dis-
ease risk to facilitate effective public health interven-
tions at multiple scales of analysis. Although limited in
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Research in context

Evidence before current study

Tungiasis is a neglected tropical disease (NTDs) com-
mon among low-socioeconomic status populations
with poor access to health resources. Despite the long
history of the disease in Latin America, the Caribbean
and sub-Saharan Africa, the literature on tungiasis from
a geographic perspective is limited. A previous study
has mapped and compiled disease occurrence data at a
broad scale across sub-Saharan Africa; however, to date,
the literature does not include studies applying similar
methodologies for Latin America.

Added value of the current study

In total, 138 occurrence records were compiled in Latin
America and the Caribbean, and an ecological niche
model (ENM) was developed to map the relative suit-
ability of tungiasis in relation to environmental and
socioeconomic covariates. 45 countries were identified
to harbor environmentally suitable regions for potential
tungiasis distribution. The total population living in suit-
able areas was estimated at 450 million.

Implications of all the available evidence

Delineating areas of high disease transmission risk can facil-
itate and guide public health interventions and define
focus areas for tungiasis studies and disease control.
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scope, recent literature incorporating GIS for studies on
tungiasis has helped spread awareness of the disease and
knowledge of its potential geographic distribution.8,9 One
such method, Ecological Niche Modeling (ENM), is an
essential tool to predict potential species distributions in
relation to environmental constraints and has gained con-
siderable traction as the primary method employed for
disease mapping studies.10 Previously, the ENM approach
has been applied to predict tungiasis distribution on the
African continent,8 but there are no systematic data on
suitable areas for tungiasis transmission in Latin America
and the Caribbean. To fill this gap, in this study, the
potential spatial distribution of tungiasis in Latin America
was mapped using occurrence data and a range of envi-
ronmental and socioeconomic data. In addition to the
study from Africa, we included occurrences from addi-
tional sources such as grey literature and Masters and
Ph.D. theses and considered the date range, as tungiasis
distribution and environmental conditions have changed
considerably over time.
Methods

Study Area and Occurrence Records
The model calibration region or M region11 included
South America, excluding the southern half of the
continent, Central America, Mexico, and the Caribbean
(Figure 1). The M region, based on the BAM Frame-
work,11 represents the hypothesized accessible area
available to a T. penetrans during its biogeographic his-
tory. There were no occurrence reports from the most
southern region of the continent, and given the climatic
conditions, tungiasis is not to be expected to occur in
this region. Tungiasis occurrence records were collected
from literature sources spanning a temporal period
from 1896 − 2021(please see supplemental materials).
Tungiasis weas defined as the presence of at least one
embedded tunga flea. In these records, diagnosis was
mostly done clinically, and in some cases histopatholog-
ical sections were done.

The search of these records was conducted in
English, French, Portuguese and Spanish in Google
(www.google.com), Google Scholar (https://scholar.goo
gle.com/), PubMed (https://pubmed.ncbi.nlm.nih.gov/
), Lilacs (https://lilacs.bvsalud.org/en/), Scielo (https://
www.scielo.br/) and from regional Masters and Ph.D.
theses, grey literature and news reports, including all
countries, dependencies and other territories in Latin
America and the Caribbean. Search terms included, for
example, “tungiasis Brazil”, “tungiasis Peru”, “tungiasis
animals”. All types of studies (case reports, case series,
population-based studies etc.) were included. No time
range or article type limits were applied. Additionally,
these data were supplemented with species data for T.
penetrans from the Global Biodiversity Information
Facility (GBIF) (https://www.gbif.org/).12 To account
for spatial autocorrelation in the occurrence records and
to ensure independent records, the SDM toolbox exten-
sion13 in ArcGIS 10¢8¢1 (ESRI. ArcGIS desktop: release
10.8. Environmental Systems Research Institute, CA,
USA) was implemented with a 30-kilometer distance
threshold. As a result, the final cleaned dataset featured
91 occurrence locations.
Environmental Data Description and Analysis
Gridded monthly climate and climatic water balance
estimates were obtained from the TerraClimate (http://
www.climatologylab.org/terraclimate.html) dataset
(1981-2010) at a »4 km resolution.14 Supplementing
the TerraClimate data were mean elevation (»5 km)
data15 and remotely sensed high-resolution cloud cover
observations at a»1 km resolution.16 These open-source
data were obtained from the EarthEnv data repository
(https://www.earthenv.org/). In addition, soil coverages
representing the distribution of sand, clay, silt, and soil
pH were downloaded at a 5-kilometer resolution (5-cm
depth, g/100 (w%)) from the International Soil Refer-
ence and Information Centre (ISRIC) (https://soilgrids.
org/).

Previous studies on the relationship between soil
and tungiasis prevalence are limited in scope; however,
work from Nagy,17 Chadee,6 Winter,18 and Nyangacha
www.thelancet.com Vol 5 Month January, 2022
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Figure 1. A. Model calibration area (M region) and tungiasis occurrence reports with geographic details identified, stratified by date range (n = 138) (1896-2021). B. Countries with reported
data in Latin America and the Caribbean. A
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and colleagues9 have documented the apparent associa-
tion between sandy, clay soils and the depth at which T.
penetrans eggs (surface), larvae (2-5 cm) and pupae are
found in the soil. Additionally, included were biweekly
AVHRR (advanced very-high-resolution radiometer)
Normalized Difference Vegetation Index (NDVI) data
from 2000 − 2014 at a 1 km resolution from Clark Labs
(Clark University) (https://clarklabs.org/), and the 8-day
MODIS mean land surface temperature values (LST)
(»1 km) (2000-2012) obtained from the WorldGrids
data archive.19 Landcover data representing the distribu-
tion of croplands, forests, shrublands, and herbaceous
vegetations (»1 km) were obtained from the Global
Landcover Network Share database (GLC-Share) (1998-
2012) (http://www.fao.org/geonetwork/srv/en/main.
home) managed by the Food and Agricultural Organiza-
tion of the United Nations (FAO). Additionally, to
account for distance to water bodies in Latin America,
we included a 250-meter resolution raster (https://
www.arcgis.com/home/item.html?id=46cbfa5a
c94743e4933b6896f1dcecfd).

The density of livestock accounted for the risk to
humans in close contact with animals;20 these were
the density of goats,21 and pigs. 21 These data were
obtained from the Food and Agricultural Organiza-
tion of the United Nations (FAO) Gridded Livestock
of the World (v2¢01) database at a »1 km resolution
(livestock.geo-wiki.org). Socioeconomic variables
included accessibility to cities22 and nighttime lights
satellite imagery, which represented a poverty proxy23

(https://ngdc.noaa.gov/eog/dmsp/downloadV4compo
sites.html). To ensure a uniform geographic extent
and cell size, all variables were resampled at a 4 km
resolution. Finally, a principal component analysis
(PCA) was carried out in ArcGIS 10¢8¢1 (ESRI. Arc-
GIS desktop: release 10.8. Environmental Systems
Research Institute, CA, USA), on the selected varia-
bles to account for dimensionality and multicollinear-
ity in our dataset. Following the PCA analysis, the
first 8 principal components were retained, which
summarized 99% of the overall variance. Addition-
ally, a biplot was produced to visually summarize the
loadings of the variables (vectors) and their contribu-
tions to the first two PC’s. (Figure 2) The complete
list of covariates (n = 29) is detailed in Table 1.
Maxent Modeling and Population Estimate in Suitable
Areas
The potential geographic distribution of tungiasis was
modeled with the maximum entropy algorithm imple-
mented (Maxent) with the R package (R Studio team
PBC; 2020), ‘maxnet’ v.0.1.4.24 Maxent provides an esti-
mate for the geographic extent of a species by identify-
ing the distribution with 'maximum entropy' subject to
the constraints from the environmental conditions at
the site of occurrence locations.24
Before modeling, we tuned our data by varying the
level of 'regularization' to the optimal level of model
complexity (flexibility of modeled response) with the R
package (R Studio team PBC; 2020) ENMeval v¢2¢0¢025

found in the ENM application Wallace.26 Here, we var-
ied our regularization multipliers (RM) from 0¢5 to 5¢0,
at increments of 0¢5 (0¢5, 1, 1¢5, 2, 2¢5, 3, 3¢5, 4, 4¢5, 5)
with 5 different feature class (FC) combinations (L, LQ,
H, LQH, LQHP; L = linear, Q = Quadratic, H = hinge,
and P = product) (total = 50 candidate models; 10
RM £ 5 FC), and specified a ‘block’ spatial partition
(k = 4) method. The best combination of FC's and RM's
was selected based on the lowest (< 0) corrected Akaike
information criterion (AICc) (delta. AICc).29 Additional
settings specified 10,000 background points, cloglog
output type (inhomogeneous Poisson process), and the
10th percentile training presence threshold.

The final model was evaluated with the partial
receiver operating characteristics (pROC)27 approach at
a 5% error rate (E = 0¢05) using the Niche Analyst
(NicheA) software28 (http://nichea.sourceforge.net/).
The pROC approach avoids some of the potential down-
falls of the traditional AUC (area under the curve) statis-
tic and allows for differential weighting of model
omission and commission errors.27 The total population
residing in urban and rural areas was estimated by over-
laying the binary raster (10th percentile training pres-
ence) with the 2020 WorldPop (https://www.worldpop.
org/) gridded population (»1 km resolution) surface,
estimating the total number of individuals per pixel
value and the Global Rural-Urban Mapping Project
(GRUMP) v1 (CIESIN) (https://sedac.ciesin.columbia.
edu/data/collection/grump-v1) Columbia University
(New York, NY, USA).

Role of the funding source: The funder of the study
had no role in study design, data analysis, data interpre-
tation, or writing of the manuscript.
Results
We identified a total of 138 records of occurrences of
tungiasis from 22 countries in Latin America and the
Caribbean (1896-2021, Figure 1) that were screened for
suitability and fully evaluated (see the complete list in
supplementary material). A total of 26 reports were not
included in the modeling due to missing detailed geo-
graphic information, and we ended up for analysis with
112 manuscripts that came from 17 Latin American and
Caribbean countries. These included reports from sev-
eral countries from which no other reports were avail-
able, specifically Costa Rica, Dominican Republic,
Guyana, Panama, and Suriname. From South America,
we identified reports from all countries except for Chile
and Uruguay. From 2011 to 2021, 64 locations were
georeferenced, with an additional 51 records from
2000-2010. Records from 1896 to 1998, comparatively
speaking, were limited, with only 23 documented over
www.thelancet.com Vol 5 Month January, 2022
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Figure 2. PCA Biplot PC1 (32%); PC2 (14%). Variables of significance to PC1 and PC2 include: maximum temperature (23), minimum
temperature (24), vapor pressure (26), land surface temperature (LST), NDVI (11), soil pH (20), wind speed (28), climate water deficit
(6), downward surface shortwave radiation (22), potential evapotranspiration (13), vapor pressure deficit (27), precipitation (25), soil
moisture (21), tree covered area (13), runoff (15), cloud cover (16). Biplot created with the software, Niche Analyst (NicheA): http://
nichea.sourceforge.net/.
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102 years. In total, 82% of all records were documented
from 2000-2021. Figure 3 depicts the number of
records and the temporal range of occurrence records.
The majority were documented in Brazil, Colombia,
Argentina, Venezuela, Mexico, Paraguay, Guatemala,
Peru, and Haiti. The locations were in environments
that primarily consisted of forests (29%), croplands
(16¢47), and shrublands (10¢91%) at a mean elevation of
380 meters. The average maximum and minimum tem-
peratures for the month were 29¢ 8 C8 and 19¢4 C8,
while the average monthly precipitation was
156¢76 mm.

The maxent model with the lowest corrected Akaike
information criterion (AICc) featured linear (L),
www.thelancet.com Vol 5 Month January, 2022
quadratic (Q), and hinge (H) features and a RM = 1.5
(delta. AICc = 0) (see appendix for corresponding
response plots). The partial ROC test found that the
median distribution model performed significantly bet-
ter than random based on the partial AUC (E = 0¢05) of
0¢86, and a ratio of observed to null expectations which
were above 1 (1¢60) (P <0¢01)30. The potential distribu-
tion of tungiasis-suitable areas is presented in Figure 4.
A total of 45 countries were identified to harbor environ-
mentally suitable regions for potential tungiasis distri-
bution. Countries with significant ecological suitability
and documented occurrences include Brazil, Colombia,
Mexico, Argentina, Bolivia, Ecuador, French Guyana,
Guatemala, Haiti, Paraguay, Peru, Trinidad and
5
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Variable Spatial Resolution Source Units Average

Actual Evapotranspiration (aet) (monthly total) »4 km TerraClimate mm 93�13
Climate Water Deficit (def) (monthly total) »4 km TerraClimate mm 23�82
Potential Evapotranspiration (pet) (monthly total) »4 km TerraClimate mm 116�95
Precipitation (ppt) (monthly total) »4 km TerraClimate mm 156�76
Runoff (q) (monthly total) »4 km TerraClimate mm 65�34
Soil Moisture (soil) (total end of the month) »4 km TerraClimate mm 101�25
Downward Surface Shortwave Radiation (srad) »4 km TerraClimate w/m2 194�14
Max Temperature (tmax) (average for the month) »4 km TerraClimate C8 29�8
Min Temperature (tmin) (average for the month) »4 km TerraClimate C8 19�4
Vapor Pressure (vap) (average for the month) »4 km TerraClimate kPa 2�40
Wind Speed (ws) (average for the month) »4 km TerraClimate m/s 2�18
Vapor Pressure Deficit (vpd) average for the month) »4 km TerraClimate kpa 0�84
Cloud Cover (mean annual) »1 km EarthEnv % 6129

Elevation (mean) »5 km EarthEnv Meters 380

Cropland »1 km (GLC-SHARE) - FAO % 16�47
Shrubland »1 km (GLC-SHARE) - FAO % 10�91
Tree Covered Area »1 km (GLC-SHARE) - FAO % 29

Herbaceous »1 km (GLC-SHARE) - FAO % 0�93
Normalized Difference Vegetation Index (NDVI) (2000−2014) »1 km Clark Labs (Clark University) NDVI (.001) 5�6
Land Surface Temperature (LST) »1 km WorldGrids C8 18�77
Sand (0−5 cm) »5 km ISRIC g/100 (w%) 49�19
Silt (0−5 cm) »5 km ISRIC g/100 (w%) 20�66
Clay (0−5 cm) »5 km ISRIC g/100 (w%) 26�04
Soil pH (0−5 cm) »5 km ISRIC g/100 (w%) 5�2
Goat Density »1 km FAO head/km2 4�37
Pig Density »1 km FAO head/km2 12�70
Accessibility to Cities »5 km Malaria Atlas Project minutes 710�86
Night-time Lights »1 km NOAA - -

Distance to Water 250 m ESRI km 41�29

Table 1: Environmental variables included in ecological niche modeling.
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Tobago, and Venezuela. Areas of high suitability are
located virtually along the entire Brazilian coastline,
from Fortaleza in the north to the far south cities of
Porto Alegre and Curitiba. Inland portions of suitability
are present in central and southern Brazil, Peru, Ecua-
dor, subtropical northern Argentina, Uruguay, and low-
land regions in Bolivia. Suitability is found throughout
the Amazon Basin, particularly in the vicinity of major
tributaries of the Amazon River. In Colombia, the
Andean natural region and portions of the Caribbean
lowlands were identified as potentially suitable. Suitabil-
ity in Mexico is confined to the Gulf Coastal Plain, the
Central Plateau, Southern Sierra Madre region, and the
Yucatan Peninsula; Most of the West Indies, particu-
larly Cuba, Jamacia, Haiti, the Dominican Republic, Tri-
nidad and Tobago, and the Lesser Antilles were
identified as environmentally suitable, as was Vene-
zuela, Guyana, Suriname, and French Guiana.

The estimated human population living in these
environmentally suitable areas is according to the 10th

percentile training presence threshold (value = 0.327) is
450,546,547, with urban centers accounting for
347,007,103 and rural areas 103,539,444. The thresh-
olded model omitted all regions in the study area with
suitability values lower than values for the lowest 10%
of occurrences. Thus, many non-omitted values are
found in heavily populated corridors in eastern and
southern Brazil, where the bulk of the occurrence data
were recorded (Figure 5).

As the environmental and social conditions and
urbanization changed significantly over time in the
region, we stratified the occurrence records by time
range (Figure 6). Thus, the historical records before
1970 included in the model came from Mexico and Bra-
zil − countries with endemic tungiasis still today. Simi-
larly, occurrence reports 1970 -1999 came from
endemic countries with recently published occurrences,
namely Argentina, Brazil, French Guiana, Paraguay,
and Venezuela, except for Costa Rica, which was not
included in the model due to missing detailed geo-
graphic information, and Trinidad & Tobago with latest
reports from 1998.
www.thelancet.com Vol 5 Month January, 2022



Figure 3. Temporal range of occurrence records (n = 138) (BR = Brazil; COL = Colombia; ARG = Argentina; VENZ = Venezuela; MEX = Mexico; PARA = Paraguay; GUAT = Guatemala; HAT = Haiti;
FG = French Guiana; EC = Ecuador; TT = Trinidad and Tobago; SUR = Suriname; PAN = Panama; HOND = Honduras; GUY = Guyana; ES = El Salvador; DR = Dominican Republic; CU = Cuba;
CR = Costa Rica; BO = Bolivia; BRB = Barbados)
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Figure 4. Potential distribution of tungiasis in Latin America (1896-2021) based on a Maxent model with LQH FC's and a RM of 1.5 (delta. AICc = 0).
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Discussion
For the first time, this study mapped the potential distri-
bution of tungiasis in Latin America and the Caribbean
and delineated potential disease transmission risk areas.
We predicted suitability in 45 countries; some have no
known documented human or animal cases; these with-
out any reports include Jamaica, Belize, Nicaragua,
Puerto Rico, Uruguay, and small island nations and ter-
ritories in the Lesser Antilles. Interestingly, our model
has predicted suitable areas in those countries from
which reports were available but not included in the
analysis, as no detailed geographic locations of occur-
rences were available (Costa Rica, Dominican Republic,
Guyana, Panama, and Suriname). A total of 450 million
people are currently living in suitable areas, 347 million
in urban and 103 million in rural areas. However, as
tungiasis is a focal disease, not all populations may be
at high risk of acquiring the disease, even if residing in
environmentally suitable areas. We compiled all avail-
able records of occurrences of tungiasis dated 1896-
2021. The multiple periods represented here give signif-
icant insight into the increased awareness of the disease
starting at the beginning of the 21st century from 2000-
2010. By the second decade of the century (2011-2021),
the number of studies in Latin America increased more
than in the previous decade, pointing to again positive
steps in recognizing the burden of the disease in the sci-
entific literature. 82% of the data were documented
from 2000-2021, accounting for 114 records. Most of
the records were in Brazil, Colombia, Argentina, Vene-
zuela, Mexico, Paraguay, Guatemala, Peru, and Haiti,
which were identified as having a high degree of relative
suitability according to the Maxent model. Our results
provided further insights into the large discrepancy in
data collection on tungiasis from 1896 − 1998, where
only 23 records were documented for 102 years com-
pared to 2011- 2021, when 47% of all data were georefer-
enced. Despite the tremendous environmental and
social changes in Latin America since the last century,
we maintained these occurrence records in the model,
as they were mainly from rural areas in countries where
tungiasis today is still common or from countries with
similar characteristics.

This study shows that geographic information sys-
tems (GIS) coupled with an ecological niche modeling
(ENM) approach can map the spatial relationship
between occurrence locations and environmental covari-
ates which can further serve as a foundation for estimat-
ing the at-risk population. These approaches coupled
with multidisciplinary One Health control strategies
under the umbrella of the Pan American Health Orga-
nization (PAHO/WHO) may lessen the burden of the
disease in communities facing extreme poverty and
underdevelopment. Like recent work by Deka8 in sub-
Saharan Africa, this study represents a positive step
towards greater awareness of the disease and its impact
on human lives and can guide resource allocation and
www.thelancet.com Vol 5 Month January, 2022
outreach work in at-risk communities throughout Latin
America and the Caribbean. In addition to the previous
study from sub-Saharan Africa and for the sake of a
more complete and robust analysis, here we performed
a more comprehensive search of reports of occurrences
by investigating additional sources, grey literature, Mas-
ters and Ph.D. thesis, and lay media reports, and strati-
fied the data by time period.

Environmental suitability does not necessarily reflect
the distribution of disease, as there are many other fac-
tors related to transmission and endemicity, such as the
presence of resource-poor communities/slums, cultural
habits (e.g., walking barefooted in indigenous commu-
nities, sitting/resting on the ground, pet holding practi-
ces), free-roaming pigs vs. confined pigs, urban vs.,
rural (e.g., rats and stray dogs as important reservoirs in
urban areas, sylvatic/synanthropic animals in rural
areas). On the other hand, increasing urbanization may
reduce the occurrence of tungiasis considerably, espe-
cially in rural areas, as recently described in a long-term
follow-up from Nigeria.7 All these aspects need to be
considered for effective control within a One Health
Approach to attain sustainable control.7,29 Furthermore,
tungiasis occurrence needs to be differentiated from the
occurrence of severe disease leading to significant
sequels. For example, in some tourist areas, tungiasis
represents a mild concern for travelers, but people suf-
fer greatly from the disease in resource-poor communi-
ties in hinterland areas.

Additionally, of concern is the threat of continued cli-
mate change, the increased geographic range of vector-
borne pathogens, and their diseases. Due to the sea-
sonal variation in the occurrence of T. penetrans, cli-
mate change could change transmission dynamics and
increase the severity of outbreaks due to prolonged and
severe dry seasons in endemic areas. The impacts of cli-
mate change will likely significantly impact populations
in low-resource settings like those most impacted by
NTDs.30 In addition, increasing contact of populations
with sylvatic animals, an important reservoir, must be
considered when planning control measures.

Our study has some limitations. First, it is essential
to remember that tungiasis has a focal distribution that
is strongly linked to poverty, socioeconomic status, and
scale. For example, the disease burden may be very high
in slums that are only a few hundred meters from upper
strata areas of high income, where the disease is entirely
unknown. Second, the model presented here does not
measure prevalence or incidence and only correlates
ecological similarities between occurrence locations;
thus, this ecological macro approach does not reflect the
risk of the entire population (450 million). Our model
incorporated historical and contemporary literature in
the data collection process. It needs to be recognized
that there are uncertainties associated with these data,
especially for the oldest records included in our work, as
the relative location only was included instead of more
9



Figure 5. Binary transformation based on the 10th percentile training presence threshold (presence - yellow). Red dots represent the occurrence locations (n = 112) with geographic identi-
fiers.
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Figure 6. Geographic distribution of occurrence data from 1896-2021, stratified by time period.
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accurate geographic coordinates of cities, towns, or vil-
lages. There are also probably additional endemic areas
that have not been included in our analysis, as no
records were available.

In summary, our study provides for the first time an
evidence-based approach for mapping the potential
environmental distribution of tungiasis in Latin Amer-
ica and the Caribbean, evidencing the need for popula-
tion-based studies with a focus on the detected suitable
areas and elaboration of integrative control measures.
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