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27 Abstract

28

29 Background

30 Irregular migration across Central America and Mexico has increased in recent years, 

31 exposing migrants to various health risks, including vector-borne diseases such as 

32 leishmaniasis. The migration corridor from South America, through the Darién Gap, to 

33 northern Mexico traverses multiple leishmaniasis-endemic regions with active Leishmania 

34 spp. transmission, where environmental exposure during migrant´s transit may increase the 

35 risk of infection.

36 Methodology / Principal Findings

37 From 2023 to 2025, clinical and epidemiological data were collected from 365 migrants 

38 transiting through Mexico, including a subset of individuals with clinical suspicion of 

39 cutaneous leishmaniasis (CL). Migrants were evaluated at two shelters in northern 

40 Mexico and at the Centro de Medicina Tropical (CMT) of the Universidad Nacional 

41 Autonoma de Mexico (UNAM). Diagnostic testing included serology and polymerase 

42 chain reaction (PCR) for species identification. Sociodemographic data, country of 

43 origin, and migration routes were documented. A complementary literature review was 
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44 conducted to map the geographic distribution of sand fly vectors along migratory 

45 pathways.

46 A total of 26 leishmaniasis clinical cases were identified, namely a 7.1% prevalence 

47 (95%-CI = 4.6-9.9%). Most individuals originated from Venezuela (n = 12), Honduras (n 

48 = 3), and Mexico (n = 3), with additional cases from Haiti and the Czech Republic. Six 

49 participants did not disclose their country of origin but reported traveling from South 

50 America. Polymerase chain reaction confirmed active infections with Leishmania 

51 (Viannia) panamensis (7 cases) and Leishmania (Viannia) braziliensis (1 case), both 

52 detected among Venezuelan migrants. Additional PCR-positive cases were classified 

53 within the Viannia subgenus. 

54 Conclusions/Significance 

55 These findings underscore the urgent need for tailored surveillance strategies and 

56 integrated cross-border healthcare interventions to address migrant populations, who may 

57 also contribute to the introduction of Leishmania species into Mexico, including those 

58 belonging to the Viannia subgenus. The presence of competent sand fly vectors along 

59 migration routes heightens the risk of transmission to both migrants and local resident 

60 communities.

61

62 Key-words: Lehismaniasis, migrants, Mexico, sand flies. 

63

64 Author Summary

65
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66 Leishmaniasis is a neglected tropical disease transmitted by sand flies which remains a 

67 major public health concern in many parts of Mexico, Central, and South America. In recent 

68 years, irregular migration from South America to northern Mexico has increased, exposing 

69 migrants to endemic disease risks. Here, clinical and epidemiological data from migrants 

70 transiting Mexico between 2023 and 2025 were examined, and 26 cases of cutaneous 

71 leishmaniasis were identified. Species-level identification confirmed infections with L. (V.) 

72 panamensis and L. (V.) braziliensis, underscoring the importance of precise diagnosis to 

73 help guide treatment and clinical follow-up of migrants. The presence of competent sand fly 

74 vectors along migration routes further highlights the vulnerability of the migrant population. 

75 These findings emphasize the urgent need for active surveillance and integrated healthcare 

76 strategies to protect both migrant and local populations, while also considering social and 

77 ecological factors. Addressing leishmaniasis in an integrated context requires coordinated 

78 medical and educational interventions to prevent transmission, reduce disease burden, and 

79 support vulnerable communities.

80

81 Introduction

82

83 Migration in Latin America has intensified in the last 20 years driven mainly by war, 

84 violence, armed conflict, poverty, political instability, and environmental change (1). The 

85 countries contributing the highest number of migrants include Venezuela, Honduras, 

86 Guatemala, Ecuador, Haiti, Cuba, Colombia, and El Salvador, with many individuals 

87 crossing Mexico in route to the United States. The principal route of migrants from South 
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88 American passes through the Darién Gap between Colombia and Panama, a region with 

89 high transmission of leishmaniasis (1,2).

90

91 Leishmaniasis is a parasitic disease caused by a protozoan of the genus Leishmania 

92 and transmitted by the bite of female sand flies (Diptera: Psychodidae: Phlebotominae) (3). 

93 Globally, 21 Leishmania species are known to infect humans (4). In Latin America, 

94 infections are mainly caused by species of the subgenus Leishmania (L. mexicana, L. 

95 amazonensis, and L. infantum), and the subgenus Viannia [L. (V.)  braziliensis, L. (V.) 

96 guyanensis, L. (V.) panamensis, and L. (V.) peruviana] (4,5). All of these species can cause 

97 cutaneous leishmaniasis (CL) (4), while L. (V.) braziliensis, L. (V.) panamensis, and L. (V.) 

98 guyanensis may also cause mucocutaneous leishmaniasis (6).

99

100 Currently, over 1,060 sand fly species have been described worldwide of which 556 

101 occur in the Americas; 48.7 % of these are found in Brazil. If added to sand fly species from 

102 countries of Amazon areas such as Bolivia, Colombia, Ecuador, French Guiana, and 

103 Venezuela, they account for 95.2%. In Panama and Mexico, 71% and 75% of the known 

104 species, respectively, have been recorded (7). Some species have wide distributions such 

105 as Psychodopygus panamensis, Lutzomyia gomezi, and Nyssomyia ylephiletor, which are 

106 considered vectors of L. (V.) braziliensis and L. (V.) panamensis (8-12). The present study 

107 assesses leishmaniasis cases among migrants at two destination sites in Mexico from 2022 

108 to 2025. In addition, a mini-review of literature on sand fly vector species involved in the 

109 transmission of Leishmania spp. relevant to migrant populations is presented.

110
111
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112 Materials and methods

113

114 The study area and migrant populations 

115

116 This study comprised two groups. The first one included 339 migrants evaluated at 

117 two shelters in Reynosa, Tamaulipas, Mexico (“Casa del Migrante Nuestra Señora de 

118 Guadalupe” and “Senda de Vida”) from July 2022 to October 2023. The second group 

119 consisted of 26 individuals with cutaneous leishmaniasis (CL), who were referred to the 

120 Centro de Medicina Tropical (CMT) in the Facultad de Medicina of the Universidad 

121 Nacional Autonoma de Mexico (UNAM) during 2024. 

122

123 Participants were eligible if they met the sole inclusion criterion of being adult 

124 migrants aged 18 years and older. Each participant completed a structured questionnaire 

125 for collecting his/her data, clinical history, and their knowledge about vector-borne 

126 diseases. The questionnaire comprised 46 variables, including demographic data such as 

127 full name, date of birth, country of origin, gender, height, weight, age, duration of stay at the 

128 shelter, and countries and time periods spent traveling from their point of origin to 

129 destination in Reynosa. In addition, the questionnaire assessed knowledge about arthropod 

130 vectors, vector-borne diseases, and the preventive measures used to avoid infection. The 

131 study protocol was approved by the Ethics Committee of the Escuela Nacional de Medicina 

132 y Homeopatia of the Instituto Politécnico Nacional (Reference number: IRB No. 

133 CBE/006/2020). All adult participants provided written informed consent prior to enrollment.

134
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135 Samples for leishmaniasis diagnosis

136

137 The diagnosis of cutaneous leishmaniasis was based on epidemiological and clinical 

138 history, combined with the detection of the parasite through skin scraping, culture or 

139 molecular identification of parasite DNA. Leishmania species were identified by polymerase 

140 chain reaction (PCR) followed by DNA sequencing. Diagnostic approaches varied across 

141 study populations: in migrants examined at the CMT in Mexico city, molecular methods 

142 were used to detect Leishmania DNA, whereas migrants assessed at shelters in Reynosa 

143 underwent only serological testing with ELISA for anti-Leishmania antibodies.

144

145 For serological testing, venous blood was collected using a 21G needle (BD 

146 Vacutainer) and serum separator tubes (6.0 mL, BD Vacutainer). Samples were maintained 

147 on ice, centrifuged at 2,000 rpm for 15 minutes at -5°C and serum aliquots were stored in 

148 1.5 mL Eppendorf tubes at -70°C until analysis. 

149

150 The in-house ELISA was performed using Leishmania mexicana promastigote lysate 

151 as antigen on 96-well plates. After blocking with casein, patient sera (1:100) were added in 

152 triplicate, followed by incubation with an HRP-conjugated anti-human antibody mixture (IgA, 

153 IgG, IgM, κ, and λ). Detection was carried out with TMB substrate, and absorbance was 

154 read at 450 nm. The cut-off was defined as the negative control mean plus three standard 

155 deviations. Results were classified as positive (≥10% above cut-off), negative (≤10% below 

156 cut-off), or indeterminate (within ±10% of cut-off).

157
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158 DNA extraction, PCR, and sequencing

159

160 DNA was extracted from parasite cultures obtained from cutaneous ulcers samples 

161 using the DNEasy Blood & Tissue Kit (QIAGEN Inc., Hilden, Germany), following 

162 manufacturer’s instructions. A ~400 bp fragment of the ITS2 region was amplified with 

163 primers LGITSF2 (GCATGCCATATTCTCAGTGTC) and LGITSR2 

164 (GGCCAACGCGAAGTTGAATTC), as previously described for Leishmania species 

165 identification (13). The PCR was performed using the AmpliTaq Gold™ DNA Polymerase 

166 LD kit (Applied Biosystems, Foster City, CA, USA). Amplicons were purified and sequenced 

167 bidirectionally using the BigDye™ Terminator v3.1 Cycle Sequencing Kit on a 3500 Genetic 

168 Analyzer (Applied Biosystems). Sequence analysis of PCR positive products was 

169 conducted at the Instituto de Diagnostico y Referencia Epidemiologicos of the Secretaria de 

170 Salud in Mexico city.

171

172 Literature-based compilation of vector and parasite distribution

173

174 To contextualize the epidemiological relevance of Leishmania species identified in 

175 migrant patients, a literature mini-review was conducted. Data on phlebotomine sand flies 

176 associated with Leishmania transmission were compiled for endemic areas along migratory 

177 routes, including Panama (Darién Gap), Guatemala, Belize, and southern Mexico (Chiapas 

178 and Quintana Roo).

179
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180 Peer-reviewed scientific articles and official public health reports were reviewed to 

181 identify vector species implicated in the transmission of L. (V.) panamensis and L. (V.) 

182 braziliensis in each country (8, 9, 14-18). The data were then used to map vector 

183 distributions and depict the potential exposure to Leishmania vectors along different regions 

184 of the migratory routes. The map was generated using QGIS v3.28.2. Free administrative-

185 boundary GIS data for Mexico were obtained from the Instituto Nacional de Estadística y 

186 Geografía (INEGI; https://www.inegi.org.mx/app/mapas/). Satellite imagery and base maps 

187 available in QGIS, as well as Google Maps (https://www.google.com/maps) were used as 

188 visual references. 

189

190 Statistical Analysis

191 Descriptive statistical analyses were performed using Microsoft Excel of Windows to 

192 calculate prevalence of infection (number of positive individuals/total examined x 100), 

193 percentage of migrants per nationality and gender (number of individuals per 

194 country/total migrant population x 100), median of age, and range. The proportion of 

195 individuals harboring anti-Lehismania antibodies was calculated as the number of 

196 positive individuals divided by the total number examined and expressed as a 

197 percentage. The method of Armitage and Berry (1994) was used to estimate the 95% 

198 exact confidence intervals (CI) surrounding the point seroprevalence (19).

199

200 Results

201
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202 A total of 339 migrants were surveyed from July 2022 to October 2023 at the “Casa 

203 del Migrante Nuestra Señora de Guadalupe” and “Senda de Vida” shelters in Reynosa. 

204 Participants originated primarily from Honduras (25%), Haiti (20%), Mexico (19%), and 

205 Venezuela (17%), with a smaller proportion from El Salvador (8%), Colombia (4%), 

206 Guatemala (4%), Cuba (1%), Nicaragua (1%), Ecuador (0.6%), Dominican Republic 

207 (0.2%), and Brazil (0.2%). The median age of migrants was of 31 years old (range: 25 to 49 

208 years old), with females comprising 63% of the total sample. However, among Venezuelan 

209 migrants, the proportion of males was higher than that of females (Figure 1).

210

211 Perceptions of vector exposure, health risk awareness, and social vulnerability 

212 among migrants during transit

213

214 A total of 339 migrants responded to questions regarding exposure to arthropod 

215 vectors, awareness of vector-borne diseases, and experiences of social vulnerability 

216 during transit (Figure 2). Overall, 65% reported contact with mosquitoes during their 

217 journey, and 71% were aware of mosquito-borne diseases. In contrast, only 36% 

218 recognized kissing bugs, whereas 86% recognized ticks. Regarding access to 

219 healthcare, 60% reported having knowledge of health services during transit. Notably, 

220 35% of migrants reported experiencing discriminatory events during their journey.

221

222 Migrants diagnosed with leishmaniasis during transit through Mexico

223
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224 Overall, 26 clinical cases of leishmaniasis were identified among 365 migrants 

225 examined between 2023 and 2025, corresponding to a prevalence of 7.1% (95%-CI = 

226 4.6-9.9%; Table 1). Of these, 23 clinical cases involved migrants transiting through 

227 Mexico in route to the United States. Two additional cases recorded in Mexico city and 

228 one from the Czech Republic in 2024 were infected during their stays in Peru and Costa 

229 Rica. Twelve patients were positive for Leishmania by ELISA, representing a 

230 seroprevalence of 3.6% (95%-CI = 1.8%-5.7%) of a total of 339 migrants examined in 

231 Reynosa shelters. These cases corresponded to individuals from Venezuela, Honduras, 

232 Haiti, and Mexico. The remaining 14 of the 26 migrants (53%; 95%-CI = 35%-71%) 

233 were diagnosed using different methods, including parasite isolation for DNA extraction, 

234 PCR, and sequencing. Molecular analysis confirmed infections with Leishmania (V.) 

235 braziliensis and L. (V.) panamensis. Half of the cases were positive for L. (V.) 

236 panamensis (n= 7), predominantly among Venezuelan migrants; 43% were classified 

237 within the Viannia complex without species-level resolution; and 7% were infected as L. 

238 (V.) braziliensis (Table 1). The remaining leishmaniasis cases, only diagnosed by 

239 ELISA, could not be attributed to a given species.

240

241 Migratory route to the United States and contact with sand flies

242

243 Most Venezuelan and Caribbean migrants reported a migratory route crossing 

244 seven countries: Panama, Costa Rica, Nicaragua, El Salvador, Honduras, Guatemala, 

245 and Mexico. The Darién Gap in Panama was consistently identified as the most difficult 

246 and dangerous section of the journey. This rainforest region harbors a high biodiversity, 
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247 where migrants are potentially exposed to multiple biting insects, including sand fly 

248 vectors for L. (V.) panamensis and L. (V.) braziliensis (Figure 3). 

249

250 Species of sand flies that transmit Leishmania (V.) braziliensis and L. (V.) 

251 panamensis 

252

253 Lehismania (V.) panamensis is the predominant species in Panama and can be 

254 transmitted by at least by five sand fly species.  In contrast, L. (V.) braziliensis is the 

255 predominant species in Guatemala and can be transmitted by four sand fly species 

256 (Table 2). However, only few studies for L. (V.) braziliensis in Belize and similarly limited 

257 data are available for the border states of Mexico (Chiapas y Quintana Roo). 

258 Interestingly, Lu. gomezi, Ny. ylephiletor, Ps. panamensis, Pi. ovallesi, and Lu. 

259 hartmanni show a wider distribution across Central America extending into Mexico 

260 (Table 2).

261
262 Discussion
263
264
265 This is the first comprehensive cross-sectional study of leishmaniasis of migrants 

266 in transit route from the America southern hemisphere to northern Mexico, crossing 

267 Central America.  During the 2023–2025 period of this study, a higher proportion of 

268 migrant females was observed. This is concordant with data from the International 

269 Organization for Migration (20), which reported that during 2020, the gender distribution 

270 among individuals emigrating from Latin American and Caribbean countries to northern 

271 latitudes showed a predominance of females (20). The overrepresentation of females in 
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272 our sample examined may be explained by several contextual social factors, including 

273 domestic violence, femicide, gang territorial control, and the weakening of state 

274 institutions reported in many South and Central American and Caribbean countries. 

275 These factors have contributed to an increase in forced female migration, often 

276 accompanied by dependent minors (21). 

277

278 The median age of migrants by country in this study also falls within the 25-to-49-

279 years old age group, suggesting that most are of working age and likely seeking better 

280 economic opportunities. Overall, the working-age range among migrants generally 

281 spans from 18 to 64 years (22). 

282

283 Regarding knowledge about arthropod vector and the diseases they transmit, 

284 and social vulnerability, the 66.7% of the respondents reported frequent insect bites, 

285 and 39.5% indicated that they knew where to seek medical attention if they became ill. 

286 On average, migrants reported spending about one week in the Darién region, a 

287 duration that has remained consistent over the years, typically ranging from 5 to 15 

288 days (23). After crossing the Darién, migrants continued their journey northward to the 

289 United States in seek of asylum. Knowledge about disease arthropod vectors varied 

290 among respondents: while 70.5% recognized mosquito-borne diseases, only 35.6% 

291 were able to identify triatomine bugs (“kissing bugs”), in contrast to 86% who were able 

292 to recognized ticks. In addition, 34.8% of migrants reported experiencing discrimination. 

293 This not only affects psychosocial well-being but may also have direct health 

294 implications, including potential immunological effects (24, 25). 
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295

296 It is worth noting that of 12 ELISA-positive individuals out of 339 examined for 

297 Leishmania (namely, a seroprevalence of 3.6%; 95%-CI = 1.8%-5.7%), none showed 

298 active leishmaniasis clinical lesions. The presence of anti-Leishmania antibodies 

299 possibly reflects previous past exposure to the parasite or it indicates subclinical 

300 infections (26). It is noteworthy that most Venezuelan migrants passing through the 

301 Darién who attended the CMT of the UNAM, showed active lesions. All lesions were 

302 clinically suspicious for leishmaniasis, and several diagnostic tests were performed. 

303 Thus, from a sample of 26 migrants examined, 14 were positive for Leishmania 

304 (prevalence of 53%; 95%-CI = 35%-71%). Species identification was carried out by 

305 sequencing, which revealed that most patients were infected with L. (V.) panamensis, 

306 while only few cases involved L. (V.) braziliensis. Several species within the Viannia 

307 complex have been recorded in Panama, with L. (V.) panamensis being the dominant 

308 species (27). 

309

310 Lehismaniasis (V.) panamensis is primarily distributed across Panama, 

311 Colombia, and Costa Rica. In contrast, L. (V.) braziliensis has a broader geographic 

312 range, predominating in South America (Brazil, Peru, Bolivia, Colombia, and 

313 Venezuela), although it has also been identified in parts of Central America (28).

314

315 Nyssomyia (Nyssomyia) trapidoi, Ps. panamensis and Ny. ylephiletor are the 

316 sand fly vectors associated with transmission of both L. (V.) braziliensis and L. (V.) 

317 panamensis (29-32). Currently, Lu. gomezi and Lu. hartmanni are associated with L. 
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318 (V.) panamensis (10, 11), while Pi. ovallesi is associated with L. (V.) braziliensis (33). In 

319 Mexico, five vector species have been reported as capable of transmitting L. (V.) 

320 braziliensis (8). 

321

322 Both L. (V.) panamensis and L. (V.) braziliensis are primarily associated with 

323 cutaneous leishmaniasis, characterized by chronic ulcerative lesions. However, L. (V.) 

324 braziliensis has also been strongly linked to mucocutaneous leishmaniasis (MCL), a 

325 rare but more severe clinical manifestation, with L. (V.) panamensis occasionally 

326 implicated as well (34-36). 

327

328 The identification of these parasite species among migrant populations highlights 

329 the need for integrated epidemiological surveillance in both transit and destination 

330 areas, given the potential for introduction of pathogenic species in new regions. 

331 Furthermore, the clinical challenges to achieve a timely diagnosis and treatment remain 

332 a priority.

333

334 Taken together, these findings underscore the importance of integrating 

335 entomological and epidemiological surveillance within the migratory route analysis to 

336 advance further understanding of leishmaniasis dynamics in regions of South and 

337 Central America and Mexico. The convergence of competent vector species with 

338 susceptible vulnerable at-risk populations, such as migrants in transit, travelers, field 

339 workers, and military personnel, creates a complex epidemiological landscape and 
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340 environment that requires a coordinated, multidisciplinary, and regionally informed 

341 epidemiological approach.

342

343 Conclusions

344

345 The findings of this study confirm the presence of L. (V.) panamensis and L. (V.) 

346 braziliensis infections in migrants transiting through Mexico to the US from 2023 to 

347 2024. Accurate species identification is crucial to help guide appropriate treatment and 

348 follow-up, reduce the risk of progression to mucocutaneous leishmaniasis (MCL), and 

349 advocate disease risks by supporting patient education on disease prevention and care.

350 This study provides important evidence on the role of human migration in the 

351 epidemiology of leishmaniasis and underscores the need for an intersectoral integrated 

352 approach that incorporates social determinants of health alongside ecological and 

353 mobility-related factors. Integrating these dimensions is essential for the development of 

354 effective, sustainable, and regionally informed public health policies.

355
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370
371
372 Figure legends
373
374

375 Figure 1. Country of origin and age group of the migrants (n=339) examined from 2022 

376 to 2023 at the “Casa del Migrante” in Reynosa, México.

377
378

379 Figure 2. Number of migrant respondents and their responses regarding arthropod 

380 vectors and the diseases they transmit, social vulnerability (specifically discrimination), 

381 and vector exposure during transit. A total of 339 respondents from 2022 to 2023 

382 participated at “Casa del Migrante Nuestra Señora de Guadalupe” and “Senda de Vida” 

383 in Reynosa, México.

384
385

386 Figure 3. Migratory route from Venezuela to the U.S. border and potential exposure to 

387 Leishmania vectors. Triangular markers indicate the distribution of the six anthropophilic 

388 sand fly species that transmit L. (V.) braziliensis and L. (V.) panamensis: ▲ Nyssomyia 
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389 trapidoi, ▲ Ny. ylephiletor, ▲ Psychodopygus panamensis, ▲ Pintomyia ovallesi, ▲ 

390 Lutzomyia Hartmanni, and ▲ Lu. gomezi.  The red line indicates the possible migratory 

391 routes followed by migrants. It is worth noting that the sampling sites were located at the 

392 “Casa del Migrante in Reynosa” in northestern Mexico, and in Mexico City (marked with 

393 green stars). The red asterisk shows the Darién Gap.
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