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Abstract 

American cutaneous leishmaniasis (CL) is a severely understudied and neglected 

“disease of poverty” widespread throughout Peru. Transmission dynamics of CL are 

complex, requiring sandfly vectors and mammalian reservoir hosts to maintain the 

pathogen in a local environment whereby incidental hosts (people) can become infected. 

We employed a One-Health approach to understand CL transmission in rapidly 

changing region of northern Peru. We describe the characteristics of 529 CL positive 

patients from four participating clinics. Using conditional logistic regression, we 

assessed risk factors of CL for residents of small urban areas through a matched case-

control study with 63 patients who had visited one of the same clinics for CL (cases) or 

other medical reasons (controls). We later enrolled 343 households as part of a 

community based study occurring in 15 urban and rural areas of Soritor.  We found 256 

positive humans (n = 914) as tested via the Montenegro Skin Test; we found 11 positive 

dogs (n = 236) via an immunofluorescence antibody test. Our results suggest that most- 

if not all- of CL transmission is occurring in rural areas and that urban women and 

urban children engage in many high risk activities typically attributed to men. We find 

evidence that prevalence of past infection is highest among rural residents and men. We 

believe dogs are unlikely Leishmania reservoirs in either rural or urban settings. It 

remains unknown if the high number of MST positive children in rural areas is a result 

of peridomestic or intradomestic transmission. 
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1. Introduction  

1.1 The leishmaniases  

The leishmaniases are a group of neglected tropical diseases found in Asia, 

Africa, southern Europe and the Americas.  Leishmaniasis is caused by obligate, 

intracellular, protozoan Leishmania parasites which spread between mammal hosts and 

to incidental hosts via the bite of an infected female Phlebotomine sandfly. 

Leishmaniasis typically manifests in three main forms: visceral, cutaneous, and muco-

cutaneous. The World Health Organization estimates than 350 people live in at risk 

areas.  Approximately, 1 million people are infected worldwide annually, causing 

roughly 30,000 deaths.[1]  In South America all three forms of disease exist. Visceral 

leishmaniasis is mostly concentrated in northeast Brazil, which reports over 97% of cases 

in the New World.[2] CL and muco-CL are more widespread, endemic in every country 

except Chile and Uruguay. CL is found in the low-land tropical jungle regions, high 

altitude tropical forest zones, inter-Andean valleys, and Andean highlands. 

1.2 The impact of American cutaneous leishmaniasis in New World 

communities 

American cutaneous leishmaniasis (CL) is a physically, economically, and 

psychologically burdensome “disease of poverty”.[2] Accounting for unreported 

infections - estimated to be 2-40 times greater than the reported burden - CL likely 

infects well over 55,000 people annually in this region.[3] CL causes ulcerative skin 
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lesions and localized swelling at the site of an infectious bite from a female 

Phlebotomine sandfly.[4] In some cases, a more severe form of CL, muco-CL (MCL), can 

develop and spread to the nose, mouth, or throat causing extensive facial scaring and 

disfigurement.[4] CL treatment is physically painful and costs upwards of $300.00 per 

regimen, requiring millions of dollars from governments to pay for infected individuals 

in rural, impoverished settings.[5]  In addition to these costs, lack of access to or mistrust 

of health services can lead to dangerous and painful home remedies as alternative 

treatment options, including applying acid or gasoline to skin lesions or burning the 

area with a hot branding iron.[6] The psychological burden of developing skin lesions 

and facial disfigurement has been associated with low self-esteem, spousal 

abandonment, and reduced employment opportunities.[7]  

1.3 The complexity of Leishmania transmission dynamics  

The epidemiology of CL is complex; the Phlebotomine sandfly species and the 

Leishmania parasites present in a region can vary widely as can the animal reservoir 

hosts and the human-environment dynamics surrounding transmission. As a severely 

understudied disease, there remain many unknowns surrounding Leishmania vectors, 

parasites, and reservoirs in the New World. Researchers have identified over 500 sandfly 

species in South America; at least 35 of which are known vectors of CL.[8] In Peru, 

specifically, at least 7 sandfly species are proven Leishmania vectors.[9] Many others 

sandflies known to exist in Peru have been found to transmit parasites in the 
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neighboring countries of Brazil, Ecuador, and Colombia. The geographic distribution of 

each species can vary widely – with some species of sandfly preferring the humid, low-

land jungle regions, while others the Andean highlands. Similarly, of the 6 or more 

Leishmania species present in Peru, only a coarse understanding of the ecological and 

geographical areas where they circulate exists. Typically, the highland areas (> 9000 ft. 

above sea level) is home to Leishmania (Viannia) peruviana, whereas L. (V.) braziliensis 

circulates in the low-land jungle areas. In the transition zones between these two 

regions, L. (V.) guyanensis, and L. (V.) lainsoni, have been reported.[10] Like the vectors 

and parasites, the mammal reservoirs of infection are not well described. Known 

reservoir hosts include species of opossums, rodents, bats, and even primates.[11] 

Though some animal reservoirs have been identified for some Leishmania species, for 

others there remain no known animal hosts. Humans are believed to be dead-end hosts 

for New World CL. 

1.4 Impact of environmental change on the epidemiology of 

cutaneous leishmaniasis 

Deforestation and occupational choice also alter the human-vector interface by 

creating ecotones, or transitional areas, that increase contact between Leishmania carrying 

vectors, potential reservoirs, and susceptible humans. Evidence from the Amazon 

regions of northeastern and central-west Brazil have shown that various Phlebotomine 

species historically found in forested areas – including those known to transmit CL - are 
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now being found on forest margins near human activity, such as farms.[12, 13] Evidence 

from Phlebotomine populations in Argentina supports the idea that even small scale 

changes to an area has the potential to increase the abundance of known vectors of L. 

braziliensis. These studies suggest that Phlebotomine populations are capable of actively 

adapting to environmental modifications. Lastly, evidence from a 19-month prospective 

study in a cacao and coffee growing region in Colombia - an area where primary forest 

has been replaced by coffee and cacao crops – showed increased numbers of CL cases in 

women and children compared to men. This study conclude that this shift in burden 

was likely due to the shift in vectors towards the peridomestic environment.[14] Shifts in 

transmission are not innocuous as they can disproportionately affect children, women, 

and older adults who remain immunologically naïve to the parasite. 

1.4 Using One-Health as a model for studying cutaneous 

leishmaniasis  

Humans, animals and the environment are inextricably linked; the interactions 

between them are becoming ever more important for human well-being. It is estimated 

that 60% of human infections originated in or are spread by animals and up to 75% of 

new or emerging diseases are of zoonotic origin.[15] Thus, population growth and 

expansion into new geographic areas, increased trade and ease of travel, and 

environmental degradation and climate change all increase the likelihood of (novel) 

human-animal interaction, disease spillover, and rapid pathogen spread.[16] While basic 
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public health measures and clinical medicine are useful in reducing disease and 

maintaining human and animal well-being, at times they are not sufficiently tooled to 

address the complexity surrounding a particular issue.[17] Currently, no vaccine is 

available to prevent Leishmania transmission, thus, personal protective measures like 

sleeping under a bed-net, wearing long-sleeves and pants, and fumigating homes with 

insecticides are some of the few methods currently available to reduce infection risk. 

There remains a need to define and monitor risk factors of Leishmania exposure that may 

inform future intervention efforts as well as to identify likely transmission hotspots 

where authorities could focus their efforts and limited resources to maximize their effect 

in reducing the burden of CL. 

1.6 Project aims 

Our project seeks to employ a One-Health approach to better understand the 

human, vector and reservoir transmission dynamics in a highly deforested, high-altitude 

tropical forest region of Peru. 

Aim 1: To identify risk factors for clinical CL infection in residents of 

agriculturally supportive urban centers. 

Aim 2: To understand Leishmania exposure and its connection to clinical cases for 

urban and rural residents. 

Aim 3: To determine the role of domestic dogs in the transmission of Leishmania 

(Viannia) species.   



 

6 

2. Risk Factors for Cutaneous Leishmaniasis in a High-

Altitude Forest Region of Peru 

2.1 Background 

American cutaneous leishmaniasis (CL) remains a significant threat in the New 

World.[18, 19, 20, 21] In 2018, the World Health Organization reported over 36,000 cases 

in South America, three-quarters of which occurred in just three countries: Brazil, 

Colombia, and Peru.[18, 22] Actual CL case numbers are believed to be much higher 

than reported figures due to a number of factors, including the lack of healthcare access, 

poor diagnostics in health clinics, self-treatment or spontaneous healing of skin lesions, 

and incomplete reporting from health facilities.[23, 24] In Peru, for example, around 

7,500 CL cases are reported annually[22]; though, an estimated 17,000 to 30,000 people 

are believed to develop clinical symptoms each year.[18] CL causes ulcerative, scarring 

skin lesions that take weeks to months to heal.[4]   

Over the past 25 years, research from across South America has demonstrated 

that urbanization and deforestation can alter CL disease dynamics, shifting risk into 

more settled spaces as wild mammal reservoirs and Phlebotomine sandfly vectors adapt 

to altered landscapes.[25, 26, 27]  As a result - given age and gender behavioral and 

occupational norms - shifts in transmission towards communities and peridomestic 

spaces can disproportionately increase risk for women, children, and older adults.[28] 

For example, data from northeast Argentina (elev. 182 m) suggest that individuals living 
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in homes near ponds, woodlands, plantations, secondary vegetation, and agricultural 

areas have an increased risk for CL, regardless of age or sex.[29]  In the Andean foothills 

of Colombia (elev. 400 – 1200 m), intradomestic or peridomestic transmission is believed 

to have occurred in areas where cacao and coffee plantations recently replaced primary 

forest. Here, the average age of infection among the population was just 7.7 years old. 

The prospective study found no increased risk between sexes.[14] In northeastern Brazil 

(elev. 500–800 m), researchers reported a high density of potential sandfly vector species 

within and near homes; they also found individuals living along urban-rural interfaces 

in newly developed areas to be at increased risk of developing CL. Once again, the CL 

burden fell relatively equally on women, children, and men.[30] Though each of these 

studies represent different human-environment fronts, the authors conclude that CL 

affects women and children at disproportionate or atypical rates due to domestic or 

peridomestic transmission.  

Considering the limited number of epidemiological CL studies published in 

recent years,[31, 32] much of our understanding of CL risk factors in the Americas is 

informed by decades old research or on conclusions based on the demographic 

information of care-seeking CL patients. While each provide great value to our 

understanding of this neglected disease, neither is sufficient to understand the current 

epidemiology of CL in a given area, particularly as it relates to shifts in transmission or 

behavioral risk factors. Thus, we sought to clarify CL risk factors for individuals living 
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in or near typical, small urban areas within an agriculturally dependent, highly 

deforested, high-altitude forest region of Peru.  In this paper, we describe the age-sex 

spatial distribution of CL cases over 10 years for individuals who accessed one of four 

CL diagnostic and treatment centers. We report specific CL risk factors associated with 

intradomestic (within the home), peridomestic (outside but near to homes), and non-

domestic (in forested or agricultural areas) transmission obtained from a clinic-based, 

1:2 matched case-to-control study for patients visiting these four facilities. And, we 

estimate the population attributable fraction (PAF) attributed to the main risk factor for 

our study population.   

2.2 Methods and materials 

2.2.1 Study area 

This study was conducted outside of the Alto Mayo Protected Forest spanning 

Moyobamba and Rioja Provinces of the Department of San Martin, Peru (Fig. 1). The 

Alto Mayo is situated on the eastern slope of Andes Mountains and is a high altitude 

Amazon forest zone (elevation 800 – 1200 m). This region is known for its high 

production of coffee, cacao, and rice. Due to agricultural expansion, Moyobamba and 

Rioja Provinces have lost 56,571 ha and 21,509 ha of forest, respectively, from 2001 – 

2016.[33]  

Our study focused on patients seeking medical care at health centers in four 

areas: Soritor (population 14,310; elevation 856 m), Yuracyacu (3428; 812 m), Pueblo 
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Libre (2785; 856 m), and El Valle de la Conquista (1676; 799 m). These communities act as 

commercial centers to the numerous small, rural farming communities scattered across 

the landscape. The health centers in these communities serve as CL diagnostic and 

treatment centers in the region, referral centers for smaller, more basic, health posts in 

select farming communities, and the referring health centers to the larger hospitals in the 

provincial capitals of Rioja and Moyobamba. Communities were selected in 

collaboration with the regional health directorate based on anecdotal reports that many 

women and children were reporting to clinics with CL infections. We note that while 

each community was classified as urban at the time of study by the Peruvian census 

bureau, the roads remain mostly unpaved; domestic animals, including chicken and 

pigs, roam freely in the yards or gardens of residents; and small orchards of bananas, 

papaya, cacao, etc. surround the mostly wooden and corrugated iron homes. 
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Figure 1: Rioja and Moyobamba Provincial Regions comprise the area known as the 

Alto Mayo. 

 

2.2.2 Case registries and case definition  

To assess demographic characteristics of CL patients from the participating 

clinics, we digitized up to 10 years of data from each clinic’s CL case-registries. These 

registries record basic information from every individual seeking medical care for a 

suspected CL lesion. Information recorded includes age, sex, date of visit, community of 

residence, and CL test result. For a patient to be listed as CL positive, a nurse at each 
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facility would have performed a slide smear of each suspected CL lesion or skin ulcer. A 

trained laboratory technician at each clinic would have then determined the CL test 

results based on the visualization of Leishmania spp. parasites via microscopy of the slide 

smear. 

2.2.3 Case-control study design  

We conducted a 1:2, matched case-control study from July to August 2016. 

Eligible participants were those who, after January 1st, 2014, had received a positive CL 

diagnosis (cases) at one of the participating clinics or had visited one of them for other 

medical reasons (controls). The study consisted of one 30-min in-home interview of 

study participants by a trained field worker. The standard questionnaire assessed 

participants’ general demographic information, brief health histories, occupational 

behaviors, and current living conditions. Accounting for the variable latency period 

between CL infection and clinical presentation of disease (2 weeks – 9 months; mean 8 

weeks),[34] field workers conducting interviews instructed all participants to focus their 

responses to the 9 months of activity prior to their visiting the clinic. Field workers 

recorded the latitude and longitude of each household following the interview using a 

handheld global positioning system (GPS) device (accuracy ± 3 m). Participation in the 

study was voluntary and all participants (or their guardians) consented prior to 

enrollment. 
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2.2.4 Case and control eligibility  

All individuals diagnosed as CL positive via slide smear between January 2014 

and August 2016 were screened for participation. Potential controls were identified from 

these same clinics’ general (non-CL) health registries. Potential controls were defined as 

individuals presenting to the clinic during the eligibility period with no active CL 

lesions, no history of past CL (self-reported during interview) and no active skin 

infections. The last criterion was to prevent patients with undiagnosed CL from 

becoming controls. We determined that all cases and controls living greater than 6 km 

from the health center to be ineligible as they, and other residents of their community, 

typically seek care at small health posts nearer their homes for non-CL related health 

needs. 

2.2.5 Matching procedure  

Prior to the study’s start, we defined three matching criteria: (1) sex; (2) age; and 

(3) date of clinic visit. Collectively, these criteria ensure cases and controls have similar 

propensities of disease and time periods of recall.  Age matching was initially defined by 

age category. For persons <16 years (school age or younger), cases and controls were 

matched within 3 years of age. For persons 16-65 (working age) and >65 (retirement or 

old age), cases and controls were matched within 5 years of age.  In addition, initial 

matching by date of clinic visit occurred if cases and controls were seen in a clinic within 

30 days of each other. However, due to the small number of patients visiting health 
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clinics for non-CL reasons, once enrollment began we relaxed two criteria to ensure 

more cases could be paired with at least one control. Age criteria were changed to match 

cases and controls within 10 and 5 years of age for adults and children, respectively, or if 

they fell within the same age categories previously defined. Date of clinic visit criteria 

were changed to ± 100 days (Figure 15 - Appendix A). For logistical reasons, cases and 

their matched controls were recruited from the same clinic. The matched analysis treats 

this operational decision no differently than our a priori decision to match on age, sex, or 

date of clinic visit. 

2.2.6 Case and control ascertainment  

Once potential participants were identified from the registries, our field team 

visited their last known addresses to recruit them for participation. Participation was 

completely voluntary and no interviews were conducted without having received a 

signed consent form from participants (or their guardians). If a control could not be 

located, whenever possible, another potential control was selected from the health 

registry and sought out for recruitment. Enrollment of cases and controls is summarized 

in Fig. 3. 

2.2.7 Data analysis  

Considering our 1:2 matched design, we required a minimum of 20 matched 

groups to detect a difference in odds of 4.00 between cases and controls or 30 matched 

groups to detect a difference in odds of 3.00. 
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Variables examined as possible CL risk factors were categorized as 

intradomestic, peridomestic, or non-domestic (Table 1). Forested areas were identified 

using CLASlite software[35] with August 2016 Landsat 8 imagery (30 m resolution).  

Straight line distances between participants homes and geospatial variables of interest 

were obtained using ArcGIS software[35]  from shapefiles provided by the local 

municipalities and the Landsat raster data.  

Analyses included bivariable and multivariable conditional logistic 

regression.[36]  Variables marginally important (p ≤ 0.10) in the bivariable analysis were 

included in the multivariable analysis. The final model was fit using forward stepwise 

regression. We set the model inclusion criteria at p ≤ 0.20. Prevalence of exposure in the 

control group was used to estimate population attributable fractions for the 

predominant risk factor. Power calculations and analysis were carried out using Stata’s 

power mcc, clogit, stepwise, and punafcc functions. [36, 37] 

2.2.8 Ethical approval  

The study was reviewed and approved by the Universidad Peruana Cayetano 

Heredia research ethics committee (SIDISI #66647). 

2.3 Results  

2.3.1 Clinic registries  

Between 2007 and 2016, a total of 529 confirmed CL positives were recorded in 

the available CL registries of the four participating clinics (Fig. 2). Data availability and 
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completeness varied greatly by year and clinic: Pueblo Libre: 01/2007-07/2016; Soritor: 

01/09 – 07/2016; Yuracyacu and El Valle de la Conquista (shared registry): 05/2010 – 

07/2016, 2013 missing. Of the recorded data, 39.3% of cases occurred in the <16 age 

group, 18.1% occurred in women of working age, and 39.5% occurred in working aged 

men. Only 3.1% of reported cases occurred in the >65 age group. Five males had missing 

age data. The relative proportion of cases attributed to age-sex groups remained 

relatively consistent between years despite large differences in the number of cases 

recorded and available for digitization.   
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Figure 2: Age-sex distribution of CL cases in four clinics located in 

Moyobamba and Rioja provinces , Peru, Jan. 2007 - July 2016.  

 

2.3.2 Case-control  

Of the 93 cases with complete age and sex information listed in the registries 

beginning January 2014, 39 cases were identified by local nursing staff as ineligible or 

unavailable for study because they either resided in communities where non-CL related 

care was available or they had moved away from the area. Of the 54 cases that remained, 

we conducted interviews with 32 from July 1st – Aug 20th, 2016. We interviewed 64 

controls during this time.  We excluded eight cases and 20 controls from the final 

analysis for reasons outlined in Fig. 3.  Final analysis included 24 cases and 39 controls, 

including nine 1:1 case-to-control matching groups and fifteen 1:2 case-to-control 
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matching groups. Of the cases included in the analysis, 29% were female and 71% were 

male; 16% of participants were under <16, 16% were over 65, 8% were women of 

working age and 58% were men of working age. Cases and controls identified in the 

registries were interviewed in no particular order.  In some instances, a control was 

interviewed before their matched case, which explains why controls with no cases may 

have been interviewed but later dropped from analysis. 
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Figure 3: Study enrollment flow chart.  
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2.3.3 Bivariable analysis  

We examined factors associated with intradomestic (Table 1), peridomestic 

(Table 2), and non-domestic CL transmission (Table 3). We found that visiting an 

agricultural field (OR = 8.79, 95% CI: 1.09– 70.80, p = 0.041), sleeping in or near an 

agricultural field (OR = 3.844, 95% CI: 1.20 – 12.34, p = 0.024), and sleeping in or near a 

coffee field (OR = 4.41, 95% CI: 1.12 – 16.41, p = 0.027) were all behaviors strongly 

associated with CL infection in the bivariable analysis. Living in a home that was not 

fumigated during the study period was marginally important (OR = 4.30, 95% CI: 0.87–

88.74, p = 0.073) as was living in a household outside the urban boundary (OR = 2.976, 

95% CI: 0.885–9.99, p = 0.078). No other intradomestic, peridomestic, or non-domestic 

risk factors were important at an alpha level of 0.10. 
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Table 1: Crude odds ratios (OR) for the association between Leishmania spp. infection and variables associated with 

intradomestic transmission , Alto Mayo, Peru, 2014-2016. 

Variables 
Cases Controls 

Crude OR 
  

95% CI p-value 
No. %  No. %   

Permanent opening in 

housing structure     
 

  
 

    

No 6 25 14 36 1.00        

Yes 18 75 25 64 1.57  0.49 - 5.02  0.444 

Number of rooms             

1 room 5 21 7 18 1.00        

>= 2 rooms  19 79 32 82 0.81  0.223 - 2.91  0.742 

Type of floor             

Soil or wood 7 29 16 43 1.00        

Cement 17 71 21 57 2.38  0.717 - 8.01  0.161 

Type of wall             

 Cement or brick 16 67 33 85 1.00        

 Wood 8 33 6 15 2.64  0.755 - 9.24  0.129 

Bednet             

No 1 4 3 8 1.00        

Yes 23 96 36 92 2.18  0.222 - 21.55  0.503 

Living in a non-fumigated 

home     
 

  
 

    

No 12 52 26 74 1.00        

Yes 11 48 9 26 4.30  0.872 - 88.74  0.073 

Type of roof             

Corrugated iron 22 92 31 79 1.00        

Cement 2 8 8 21 0.40  0.079 - 21.40  0.073 
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Table 2: Crude odds ratios (OR) for the association between Leishmania spp. infection and variables associated with 

peridomestic transmission , Alto Mayo, Peru, 2014-2016. 

Variables 
Cases Controls 

Crude OR 
  

95% CI p-value 
No. %  No. %   

Dog Ownership             

No 10 42 12 31 1.00        

Yes 14 58 27 69 0.72  0.268 - 1.91  0.504 

Home located within 250 m of forest cover             

No 16 76 33 85 1.00        

Yes 5 24 6 15 1.33  0.372 - 4.73  0.663 

Home located within 250 m of River             

No 20 95 37 95 1.00        

Yes 1 5 2 5 0.62  0.055 - 7.00  0.697 

Home located within 250 m of main road             

No 20 95 35 90 1.00        

Yes 1 5 4 10 0.37  0.04 - 3.35  0.373 

Home located outside urban zone             

No 12 50 29 74 1.00        

Yes 12 50 10 26 2.98  0.886 - 9.99  0.078 
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Table 3: Crude odds ratios (OR) for the association between Leishmania spp. infection and variables associated with non-

domestic transmission , Alto Mayo, Peru, 2014-201 

 

 

Variables 
CASES CONTROLS 

Crude OR 
  

95% CI p-value 
No. %  No. %   

Visiting an agricultural plot             

No 1 4 12 31 1.00        

Yes 23 96 27 69 8.79  1.09 - 70.80  0.041 

Coffee field exposure             

No 7 29 18 46 1.00        

Yes 17 71 21 54 2.41  0.69 - 8.37  0.168 

Sleep near-to coffee field             

No 14 58 34 87 1.00        

Yes 10 42 5 13 4.41  1.12 - 16.41  0.027 

Sleeps near-to agricultural plot             

No 13 54 33 85 1.00        

Yes 11 46 6 15 3.84  1.20 - 12.34  0.024 

Exposed to insecticides on agricultural 

plot     
 

  
 

    

No 5 23 11 37 1.00        

Yes 17 77 19 63 1.32   0.42 - 4.42   0.633 
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2.3.4 Multivariable analysis  

For the multivariable analysis, we conducted a forward stepwise conditional 

logistic regression with the variables significant or marginally important (p ≤ 0.10) in the 

bivariable analysis: living in a non-fumigated home; visiting an agricultural plot, 

sleeping in or near a coffee field, sleeping in or near an agricultural field, and living 

outside the urban boundary.  Due to the collinearity between those sleeping in an 

agricultural field and those sleeping in a coffee field, we chose to only include the 

former in the final model.  We found that sleeping in or very near an agricultural field 

remained significantly associated with CL transmission (p = 0.025). Living in a non-

fumigated home remained marginally important (p = 0.062). Living outside the urban 

area and visiting agricultural fields were eliminated from the final model as they did not 

meet the established threshold (p ≤ 0.20). Population Attributable Fraction (PAF) 

estimates indicate that by eliminating the risk of sleeping in or near agricultural plots, 

38.3% (95% CI: 23.3 – 50.4%) of CL infections within the study’s catchment area would 

be prevented. We estimated that 80.1% (95% CI: 18.1 – 95.2) of the infections from the 

case-control study could be attributed, in part, to this risk factor. 

Table 4: Adjusted odds ratios (OR) for the association between Leishmania spp. 

infection and select variables , Alto Mayo, Peru 2014-2016. 

Variable Adj. OR 95% CI p-value 

Sleeps in/near an agricultural plot 5.04 1.22 - 20.82     0.025 

Living in a non-fumigated home 5.35 0.92 - 31.10     0.062 
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2.3.5 Survey results  

Our survey results indicate that 25% of females and 28% of males reported 

sleeping in an agricultural plot, including 27% of those aged < 16, 27% of those of 

working age, and 28% of those above 65 years old. Furthermore, 79.4% of our sample 

reported visiting an agricultural area during the 9 months prior to their clinic visit, 

including all but one case. This individual reported no family ties to agriculture or rural 

communities and reported no reason to leave her town in the past 2 years.  Cases 

reported 35 CL lesions located on the face (5), upper arm area (4), lower arm area or 

hands (8), inner thigh (1), and lower leg area or feet (17). 

2.4 Discussion  

We demonstrated that woman and children living in or near small population 

centers in the Alto Mayo region of Peru exhibit similar propensities to engage in high 

risk CL activities as working age men. While the distribution of cases across age and sex 

reported at the health facility was suggestive of shifting CL risk towards the more 

populated areas, our matched case-control results indicate that those sleeping in or near 

agricultural fields are at greatest risk of CL infection. Our conclusion that transmission is 

most likely to occur away from the urban areas is further supported by the large 

difference between the total number of cases reported in the case registries and the 

number of cases reported for individuals living within 6 km of the town centers.  This 
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study highlights the importance of looking beyond demographic information obtained 

from clinic data to define CL risk in an endemic region.  

That a larger proportion (62%) of CL infections could not be prevented by 

eliminating the risks associated with sleeping in or near agricultural plots (as our PAF 

estimates suggest) signals that other behaviors may be contributing to or mitigating the 

CL burden in our study area. Over three-quarters of participants reported visiting the 

agricultural areas; whereas about one-quarter reported staying overnight. Considering 

sandflies typically bite between 19:00 and 6:00, infections may also be occurring outside 

of typical sleeping hours. [38, 39] Thus, efforts to reduce infections should go beyond 

increasing bednet usage and improving sleeping structures for those in the fields; they 

should encompass educational campaigns that encourage all individuals to keep 

exposed skin covered while in agricultural settings especially in the evening, nighttime, 

and early-morning hours. The high percentage of cases (96%) and controls (92%) who 

slept under a bednet the night before their interview it notable. Uniformly high bednet 

usage would reduce transmission while masking some of the effect of fumigation if 

intradomestic transmission was occurring. Given the marginal importance of living in 

an unfumigated home in our bivariable and multivariable analyses - combined with 

what we learned from our interviews - we cannot rule out that transmission might occur 

in or near any of our participating communities; though, we believe urban transmission 
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would represent only a small fraction of all transmission and would most likely occur at 

the urban periphery.   

To the best of our knowledge, this is the first study of CL risk factors from a 

high-altitude forest region in Peru.[31] Our findings share similarities with other studies 

from Latin America. In the mid-1990s, Llanos and Davies work from the Andean 

Highlands found that CL increased risk in those sleeping in temporary crop shelters and 

performing nighttime agricultural activities like crop irrigation.[27, 40]  More generally, 

numerous studies have found associations between CL and coffee and cacao 

farming.[41, 42, 43, 44, 45] Our study results differed from studies described in the 

introduction that found evidence of intradomestic or peridomestic transmission in 

highly deforested zones where women and children made up a plurality of cases. Our 

results underscore the need for more regular epidemiological study to define risk 

behaviors and monitor changes over time. Even in areas where CL disproportionately 

affects working aged men, analyses stratified by age or sex may be necessary to better 

understand shared risk factors across population groups. Classification and regression 

tree (CART) analyses could help define risk profiles for those not belonging to the 

predominant risk group.  

Our study had limitations.  The study occurred in a time of when few cases were 

reporting to the clinic which limited our sample size. It is unclear if the low case counts 

were due to low transmission or low treatment seeking behavior. Because of our clinic-
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based design, our results do not inform us about populations that do not seek out, lack 

access to, or have distrust of public health care providers. The study also took place in 

an area with high emigration, likely biasing our sample towards less migratory 

individuals.  As a result of the limited sample size, the confidence intervals of the 

variables we examined were large. This limited our ability to draw stronger conclusions 

about risk factors or to differentiate between risk factors with more precision. While our 

matched study design allowed us to examine risk factors beyond age and sex, by 

performing a matched analysis we were unable to explain, statistically, how age and sex 

interact with the other covariates of interest. Furthermore, other endemic areas have 

reported that up to 30% of those exposed to Leishmania do not develop infection [14, 46, 

47, 48] and that up to 50% of those tested for CL are falsely determined to be 

negative.[49, 50] Thus, our pool of potential cases may have represented a population 

more prone to develop CL infections or whose infections were more severe; our pool of 

controls may have included individuals with past exposure that were never diagnosed 

or never developed symptoms. Inclusion of any non-susceptible individuals as controls 

would have biased our results towards the null. It remains unknown what percentage of 

the population in this area would have some level of acquired immunity to CL due to 

past infection, how the risk factors for infection differ in the more rural communities, or 

even which species of Leishmania exist and are causing infections in the region.  
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2.5 Conclusion 

Despite the limitations, it is clear that women and children may be 

underappreciated as a CL risk group, especially in areas with agriculturally dependent 

economies. Curbing transmission in non-domestic spaces may be limited to decreasing 

exposure to sandflies in agricultural areas. If deforestation and agricultural expansion 

continues, these small, but growing, population centers may see increased case numbers 

in the coming years as a result of CL transmission shifting towards domesticated spaces; 

economic forces driving the activities of men, women, and children into non-domestic 

spaces; or both. 
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3. Montenegro Skin Test Positivity and Clinical CL in 

Urban and Rural Communities of Soritor, Peru 

3.1 Background 

American cutaneous leishmaniasis (CL) is a physically, economically, and 

psychologically burdensome parasitic disease found across wide swaths of the 

Americas. In Peru – where our study takes place - an estimated 74% of the country is 

considered CL endemic.[51] Infections range from the lowland tropical forests to the 

high altitude areas of the Andes Mountains. Annually, around 7500 cases are reported 

countrywide.[22] At least five of the 20+ New World Leishmania species have been 

identified in Peru, including Leishmania (Viannia) braziliensis; L. (V.) peruviana, L. (V.) 

guyaensis, L. (V.) amazonensis, and L. (V.) laisoni. Numerous hybrid species have also been 

reported.[10] CL causes ulcerative scarring lesions that can take months to heal. Muco-

CL, a severe and disfiguring manifestation of disease, can be deadly if not treated.[4] 

The standard intravenous treatments, which are offered for free in public clinics, can 

cost governments upwards of $300.00 per case.[5] Due to the long, 10-20 day treatment 

regimens and limited numbers of CL treatment facilities, accessing care has been 

associated with lost wages, reduced job opportunities and missed schooling.[52] 

Stigmatizing scars, especially on the face and head, have been associated with spousal 

abuse, partner abandonment, and low-self-esteem.[6, 7, 53] CL remains a severely 

understudied and neglected.[54]  
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The literature that exist from the past 25 years has documented efforts and gains 

made towards improvements in our understanding of CL diagnostics, therapeutics and 

treatment; significantly less attention has been given to more basic epidemiological 

questions in terms of who is at risk of CL and why. As a result, much of our recent 

understanding of the CL risk groups are extrapolated from anecdotal reports, decades 

old research, and clinic based studies. While each provide unique insight on 

epidemiological trends, the conclusions we can draw from them are based on a limited 

subset of the at-risk and infected population. For individuals to be captured in a clinic’s 

registry, they must be infected, develop clinic symptoms, seek out and access a CL 

diagnostic center, and receive a positive diagnosis. While the likelihood of each 

occurring varies by context, evidence from literature suggest that up to 30% of those 

exposed to the Leishmania parasite never develop clinical symptoms of disease;[14, 46, 

47, 48] that low care seeking behavior and lack of access to health clinics lead to severe, 

2-40 fold, undercounts of clinically symptomatic infections [3], and that false-negative 

diagnoses occur nearly 50% of the time.[49, 50] Furthermore, studies based on case-

based data require that nominal case data are captured in the appropriate health 

registries once an individual tests positive, that these data exist can be digitized, that 

past patients can be located for participation if necessary (requiring additional levels of 

information to be available at the health facilities), and that targeted individuals consent 

to participation. In a recent clinic based case control study, our team was able to locate 
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and receive consent from just 62% of the our target sample, not accounting for any lost 

or inaccurately recorded patient records.[55]  In Fig. 4, we expand on a surveillance 

cascade adapted from the malaria literature to highlight how issues around care seeking, 

diagnosis, treatment, and study design can bias our interpretation of data towards those 

most likely to develop clinical infection and seek care.[56] Strengthening our 

understanding CL transmission we study not just those captured by the formal health 

sector, but identifying those exposed, or infected, within the larger population at risk.  

For nearly a century doctors and scientists have used also the Montenegro Skin 

Test (MST), also known as the Leishmanin Skin Test, to identify Leishmania exposed 

individuals, to confirm patient diagnoses, or monitor community risk.[57, 58, 59] While 

the standard diagnostic used to identify active CL patients in clinics throughout South 

America remains visualization of Leishmania parasites via a slide smear of suspected 

lesions, the MST serves as a low-cost (2-5 USD), highly specific (>92%) and highly 

sensitive (>95%) alternative which is especially useful when parasite densities are low or 

when identifying asymptomatic or past infections.[60] Once used more widely 

throughout South America, to our knowledge only Eid et al. (2018) have deployed this 

diagnostic tool at the community level in the past two decades despite increasing 

evidence the epidemiology of CL is changing as a result of climate change, population 

growth and increasing deforestation and agricultural production. [19, 28, 30, 61, 62]  
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This study builds on a 2016 clinic-based study conducted by our team to identify 

CL risk factors for residents of four small urban areas of Alto Mayo region of Peru 

(Chapter 2). There, we reported that women and children from urban communities 

showed equal propensities to engage in high risk behaviors traditionally attributed to 

working aged men, including visiting and overnighting in agricultural areas. We also 

found that individuals who overnight in or near agricultural plots were 5x more likely to 

develop CL than their age and gender matched controls.[55]  Unfortunately, the study 

design did not allow for consideration of rural residents despite strong evidence that the 

majority of infections were occurring outside urban centers. In this paper, we describe a 

2017 community based study exploring MST positivity and clinical CL in urban and 

rural communities throughout the Soritor, Peru. 
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Figure 4: Considerations around CL care seeking, diagnosis, treatment, and study 

designcan bias our understanding towards those most likely to develop clinical 

infection and seek out care.  

 

3.2 Materials and methods 

3.2.1 Study area 

Our study took place within the district of Soritor (pop. 33,851) (hereby referred 

to as Soritor) in the Alto Mayo Region of San Martin, Peru (Fig. 5). San Martin ranks 1st 

in Peru for oil palm, cacao, and rice production and 3rd in coffee production following a 
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huge boom in agricultural industry since 2000.[63] As a result of agricultural and 

settlement expansion, Soritor has lost nearly 21% of its forested areas since 2001.[33] 

Soritor consists of 2 urban zones, Soritor-town (pop. 14310) and San Marcos (pop. 

>1350), that serve as the commercial centers for the smaller, more numerous rural 

farming communities scattered throughout the district. 

 

 

Figure 5: Participating communities in the district of Soritor, Peru.  
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3.2.2 Preparation of Leishmania antigen for the Montenegro Skin Test 

To prepare the Leishmania antigen, we used the protocol put forth by 

Alimohammadian et al. (1993), with certain modifications described here.[64] The 

antigen was prepared from L. (V.) guyanenesis promastigotes (provided by Dr. Llanos-

Cuentas from the IMTAvH-UPCH). Promastigotes were grown in RPMI medium 

supplemented with 20% SFB and penicillin / streptomycin and L-glutamine at 25°C + 

1°C and harvested at the log phase of growth (5 – 6 days). The parasites were treated 

with 0.1% thimerosal for 30 min and centrifuged at 4000g for an additional 30 min.  Then 

they were recovered and washed times with PBS (pH 7.2 – 7.4), centrifuging to 4000g for 

30 min each time.  Finally, the antigen was re-suspended in PBS containing 0.01% 

thimerosal, aliquoted into 5 ml vials to a concentration of the was 30 ug/ml. Vials were 

kept at 2-8°C until used. Safety tests were carried out to check the sterility of the product 

before the antigen was delivered to the field site. 

3.2.3 Community and neighborhood selection  

To select the rural communities from which to enroll participants, we applied 

probability proportional to size sampling techniques to two unique lists of communities 

pre-sorted by longitude (to ensure fair spatial representation across the district). One list 

included all rural communities (<55 HH) and the other included all semi-rural 

communities (75-105 HH).  The final result was two ordered lists of communities within 
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Soritor from which the field team would visit sequentially to enroll HHs and 

participants until our supply of Leishmania antigen had been used.  

To identify city blocks from the urban areas from which we would enroll 

participants, we used R software to randomly select pre-numbered neighborhoods from 

cadastral maps provided by the municipalities. For Soritor-town, we selected 4 non-

adjacent blocks from each of 3 different city zones: Zone 1, center of Soritor-town and 

market area where people live above the many businesses; Zone 2, established 

neighborhoods surrounding Zone 1 with fewer businesses and more tree cover; and 

Zone 3, newly established neighborhoods on the periphery of town. For the much 

smaller community of San Marcos we selected 6 non-adjacent blocks.   

3.2.4 Household and individual enrollment  

For selected urban blocks and rural communities, trained field worker went 

door-to-door to households (HH) to explain the study and enroll participants. 

Enrollment occurred on at least two evenings in each community or neighborhood. All 

individuals aged 6-66 were eligible for participation; though children aged 6-18 were 

only enrolled if at least one of their parents or guardians participated. Upon receiving 

written consent from participants (or their guardians), participants were asked about a 

series of topics from a standard questionnaire, including information related to 

demographics, migration history, and past history of CL.  
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Following the interview, trained field-workers, nurses or nurse-techs from the 

local area, cleaned the participants forearm with alcohol and administered the 

Montenegro Skin Test (MST). The MST consisted of a 0.1 ml subdermal inoculation of 

antigen on the forearm. Approximately 48 later, field workers returned to examine the 

forearm of each participant. When an induration was present, field workers outlined the 

area using a ball-point pen.[65] They then placed a piece of alcohol dampened paper 

over the outlined area to transfer the ink to the paper for data validation. The average of 

the semi-major and semi-minor axes of the induration was recorded as the induration 

size. We considered indurations ≥ 5 mm to be positive.[60]   

3.2.5 Other data sources  

As part of Lana et al. (2021), we obtained and digitized age and gender 

information from clinical case data for patients visiting the clinic from Jan 2011 – Aug 

2016.[55] Population data for the 2017 Peruvian Census were obtained via written 

request to the National Institute of Statistics and Informatics (Instituto Nacional de 

Estadística e Informática (INEI)) in Lima, Peru. 

3.2.6 Statistical analyses 

We calculated the prevalence of MST+ reactions for each community as well as 5-

year age clusters for four unique strata of individuals – rural men; rural women; urban 

men; and urban women. Using non-linear least squares estimation, we conducted 8 

separate piece-wise regressions (2 per stratum) to determine age (treated as a continuous 
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input) in which a significant slope change in predicted risk for each of our groups.[66] 

Specifically, we ran one regression per stratum on participants of all ages. After we 

identified the break-point, we ran a second regression on the “longest” subset of data 

with the to identify an additional breakpoint. We estimated MST positivity prevalence 

ratios (PR) and their 95% confidence intervals for select variables using Stata’s binreg 

function using robust standard errors clustered on household. binreg fits generalized 

linear models for binary outcomes.[36] We considered p ≤ 0.05 to be significant for all 

analyses. 

3.2.7 Ethical approval  

The study was reviewed and approved by the ethical review board at the 

Universidad Peruana Cayetano Heredia in Lima, Peru (SIDISI #66647 & SIDISI #100898). 

It was conducted with written permission from the regional health directorate (DIRESA 

– EXP1767949) in partnership with the Soritor Health Center. 

3.3 Results  

We enrolled a total of 928 individuals from 343 households in 15 communities 

and tested them for past L. (V.) spp. infection via the MST. Of those tested, 14 (1.5%) 

were lost-to-follow-up in the 48 hours after MST application.  Mean age of participants 

was 27.5 (SD 15.7), ranging from 21.1 to 32.2 across communities. Our sample was 43% 

male. More than half (51.32%) of the participants were born in provinces other than San 

Martin province, including Cajamarca (32.97%), Piura (9.01%), Amazonas (6.70%), and 
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Lambayeque (1.32%) (Fig. 5). The proportion of participants born outside San Martin 

increased with age: 11% of children aged 6-10 were born outside San Martin compared 

to 20, 42, 64, 86, and 90% among those aged 11-15, 16-25, 26-35, 36-46, and 46-65, 

respectively.  

In total, 264 participants (28.9%) tested positive at the 5 mm induration 

threshold, including 14.2% of the urban sample (n = 266), 32.3% of the semi-rural sample 

(n = 322), and 37.4% of the rural sample (n = 326). Community prevalence for MST+ 

individuals ranged from 11.4 – 51.2% (Table 1). Given the estimated prevalence for 

residents in the semi-rural communities differed little from those in the rural 

communities, we grouped semi-rural communities with rural communities for the 

remainder of the analyses.   
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Table 5: Prevalence of Montenegro Skin Test positivity for participating communities from Soritor, Peru (Aug – Nov 2017) 

Community 

Type 
Community 

Total 

Household

sb 

Participatin

g 

Households 

Participatin

g People 
% Male 

Mean 

Age  

MST + 

Reactions 

MST + 

Prevalence 

(%) 

95% CIa 

Rural La Lima 39 14 29 51.7 32.4 15 51.7 32.5 70.6 

Rural La Primavera 31 12 39 48.7 23.0 15 38.5 23.4 55.4 

Rural El Libano 56 12 41 43.9 21.3 10 24.4 12.4 40.3 

Rural Limabamba 46 19 53 43.4 25.8 19 35.8 23.1 50.2 

Rural Los Claveles 33 16 37 43.2 30.0 11 29.7 15.9 47.0 

Rural Nuevo Valle 24 10 24 54.2 30.3 10 41.7 22.1 63.4 

Rural Pomalca 22 17 44 43.2 31.2 16 36.4 22.4 52.2 

Rural Santa Rosa 43 14 31 45.2 31.2 15 48.4 30.2 66.9 

Rural Selva Alegre 41 12 28 39.3 28.1 11 39.3 21.5 59.4 

Semi-rural Doncel 104 20 52 42.3 26.0 20 38.5 25.3 53.0 

Semi-rural Jorge Chavez 75 28 104 44.2 24.2 25 24.0 16.2 33.4 

Semi-rural Lucero 55 33 100 39.0 25.8 40 40.0 30.3 50.3 

Semi-rural 
Nuevo 

Horizonte 
80 27 66 53.0 28.0 19 28.8 18.3 41.3 

Urban San Marcos >150 26 73 45.2 28.7 16 21.9 13.1 33.1 

Urban Soritor >1000 83 193 37.3 29.5 22 11.4 7.3 16.7 

                                                                              Total            343  914  43.2 28.9 264 27.5 26.0 31.9 
a Clopper-Pearson binomial confidence intervals for proportions 
b  Includes households that have since been abandoned and households multiple kilometers away from the center of the community that may have not been 

enrolled due to logistical issues 
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We created split-violin plots of induration size to make inference on how the amount of 

exposure varied by gender and age in different community types. Rural adults showed 

the greatest range of exposure, including three women with induration measurements of 

29, 34, and 49 mm. Urban adults showed a higher density of wheal sizes above their 

median values but no inconclusive (< 5 mm) reactions. The mean value of all adults were 

consistent across strata in a Kruskal-Wallis equality-of-populations rank test (p = 0.242). 

In general, rural women and men aged <16 (shown in orange) had smaller indurations 

compared to their adult counterparts as measured by a two sample t-test with equal 

variances (women, p < 0.001; men, p = 0.049). Only two non-zero reactions (both 4.0 mm) 

were identified in urban residents aged <16. 
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Figure 6: Split-violin plot of all non-zero indurations for four gender-community type 

strata.  Dashed line represents the 5 mm cut-off we used to differentiate Leishmania 

exposed individuals (n = 264) from Leishmania non-exposed individuals with a non-

zero induration (n = 18) 

 

We plotted the prevalence of MST positivity by age-group, gender, and 

community type (Fig. 7).  In general, rural men aged 26 and older represented the 

highest positivity compared to urban men, rural females. and urban women of 

comparable ages. Of the 94 children aged 6-15 tested in urban environments, 0 tested 

positive, whereas 29 of the 233 (12.4%) rural children aged 6-15, including 18 of 101 

(17.8%) rural boys and 11 of 132 (8.3%) rural girls, tested positive. The youngest urban 
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man and urban woman to test positive were 17 and 25 years old, respectively.  The 

youngest rural boy and girl to test positive were each 7 years old. 

 

 

Figure 7: Montenegro Skin Positivity in participants of 4 distinct risk groups 

in Soritor, Peru (Aug – Nov 2017).Age-groups (plotted at mid-point): 6-10, 11-15, 16-20, 

21-25, 26-35, 36-45, 46-55, and 56-66. 

 

We plotted the predicted MST positivity by age and estimated two age 

breakpoints for which the slope of predicted MST+ showed significant change (Fig. 8).  

We found 19-20 years old to be a significant year for rural individuals (men and women) 
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and urban men. Furthermore, we tested the interaction between age and gender for the 

predicted MST+ values for all participants of the three age-risk segments. We found a 

significant interaction between age and gender for individuals aged < 16, driven mainly 

by low positivity in urban females (p = 0.048) . We found no significant age-gender 

interaction for the other two segments, including the third segment where predicted 

prevalence of rural women and urban men began to decline after ages 30 and 34, 

respectively, whereas the predicted prevalence continued to increase for rural men and 

urban women at around age 23 and 27, respectively. 
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Figure 8: Predicted Montenegro Skin Test prevalence and age-break points for 

participants in Soritor, Peru (Aug – Nov 2017).  

 

Next we plotted the proportion of registered cases and MST positives 

represented by each 5-year age block compared to the total population aged 5-64 (Fig. 9). 

Figs. 9A and 9B also use total combined population as the comparison. MST estimates 

were age-gender standardized to the 2017 census data (shown in black) to account for 

biases introduced in enrollment.  We found that female cases registered at the Soritor 

clinic from 2011-2016 were under represented compared to their census representation 

by an average of 1.4%. This is suggestive of relatively constant risk across age and less 
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risk in women than men (who made up 49.6% of the population aged 5-64). Male cases 

were over represented as cases compared to their census representation by an average of 

5.2% for those aged 10-29.  Male cases trended closer to the population estimates 

beginning around age 40. For age-groups 5-9 through 20-24, cases are overrepresented 

compared to MST by 6.2% in men and 3.0% in women. This trend reversed beginning 

with the 25-29 age group. 
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Figure 9: Proportion of clinical cases and Montenegro Skin Test positive participants 

by 5-year age group. 
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Lastly, we calculated the bivariable prevalence ratios for our entire study 

population and four unique strata to show the association between various demographic 

variables and L. (V.) spp. exposure (Table 6). Males and individuals those living in rural 

communities were 1.6x and 2.4x more likely to have a positive MST reaction than female 

or urban participants, respectively. Risk of past exposure increased with age.  That age 

increased the likelihood of past exposure stayed consistent across all 4 strata, whereas 

being a migrant remained significant or marginally important in all four strata (rural 

male, p = 0.000; rural female, p = 0.000; urban women, p = 0.015; urban males, p = 0.059). 

We found for rural women that living in their current home for >3 years to be associated 

with 2.5x higher exposure risk (p = 0.005), and the association between small household 

size remained significant (p < 0.001) for rural, males only. Education level of the head of 

household was not associated with increased MST positivity for any of the defined risk 

groups.  Given the that the results of a positive test can be long-lasting (>30 years), we 

chose not to explore variables related to current behaviors (i.e. use of bednet the night 

before, current occupation, etc.) for this cross-sectional study. 
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Table 6: Prevalence Ratios (PR) for the association between Leishmania (Viannia) spp. exposure and various demographic 

variables for participants in Soritor, Peru (Aug – Nov 2017) 

Variable 
All   Rural, male   Rural, female   Urban, male   Urban, female 

PR s.e. p  PR s.e. p   PR s.e. p   PR s.e. p   PR s.e. p 

Gender                                

Female (n = 519)   Ref.                             

Male (n = 395) 1.58 0.15 0.000                             

Community Type                                

Urban (n = 266)   Ref.                             

Rural (n = 648) 2.44 0.45 0.000                             

Age (years)                    

6-15 (n = 313)   Ref.    Ref.    Ref.  empty    empty 

16 - 30 (n = 135) 2.64 0.63 0.000  1.95 0.59 0.027  2.64 1.09 0.019      Ref.    Ref. 

31 - 65 (n = 466) 4.68 0.87 0.000  3.61 0.87 0.000  5.32 1.62 0.000  0.93 0.48 .880  0.42 0.29 0.213  

Education of Household 

Head* 
                   

≤ Primary (n = 587)   Ref.    Ref.    Ref.    Ref.    Ref. 

≥ Secondary (n = 318) 0.77 0.11 0.054  0.96 0.15 0.807  0.95 0.18 0.767  0.46 0.24 0.133  0.47 0.21 0.095 

Born Outside San 

Martin*  
                   

No (n = 443)   Ref.    Ref.    Ref.    Ref.    Ref. 

Yes (n = 467) 1.95 0.22 0.000  1.68 0.25 0.000  1.88 0.34 0.000  2.15 0.87 0.059  3.57 1.86 0.015 

Time living in this house*                    

<3 years (170)   Ref.    Ref.    Ref.    Ref.    Ref. 

3+ (738) 1.41 0.24 0.046  1.18 0.23 0.384  2.47 0.80 0.005  1.12 0.66 0.851  0.53 0.23 0.149 

Number of people in HH                    

1-2 (n = 69)   Ref.    Ref.    Ref.    Ref.    Ref. 

3-4 (n = 419) 0.61 0.10 0.002  0.59 0.09 0.001  0.81 0.27 0.524  0.25 0.16 0.032  0.99 0.72 0.993 

5+ (n = 426) 0.66 0.11 0.010   0.50 0.08 0.000   0.85 0.28 0.613   0.83 0.48 0.752   0.83 0.61 0.804 

* Missing information for a small number (< 10) of the 914 participants with an MST resul
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3.4 Discussion 

We report on the largest community-based CL study in the Amazon basin in 

over 20 years and the first in Peru from a high altitude tropical forest region. We find 

that most or all of CL transmission is occurring outside of the urban areas and away 

from the urban periphery. Our conclusion is supported by the high number of rural 

youth testing positive and lack of any positive tests among urban youth.  We believe 

that the relatively high number of children registered as CL cases in Soritor is driven by 

their over representation in the community, their comparatively low immunity, and a 

high risk of exposure in rural boys. We offer new evidence to support the hypothesis 

that high underlying immunity in adult populations contributes to the over-

representation of children as clinical cases compared to the more likely and highly 

exposed adults of working age. Our results suggest that inferences based on routinely 

collected surveillance data and clinic based study designs can be improved when 

supplemented with temporally congruous census and immunological data.  

We had other expected and unexpected findings. As we hypothesized, rural 

residents demonstrated an increase likelihood of a MST positive result and had higher 

levels of past exposure as inferred by induration size. Furthermore, rural males showed 

increasingly higher prevalence of exposure than rural females, urban males and urban 

females, respectively. Given length of time an individual will remain positive, we 

expected risk to increase with age; however, we did not anticipate that MST prevalence 
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would level off or decrease around 30 years old for urban men and rural women. While 

evidence suggests the MST reactivity can begin to wane over time, we would expect to 

see the plateau to be much older than 30 years old. We hypothesize that by around age 

30, most urban men and rural women who will be exposed in their lifetime would have 

been so already. Historically, CL has been considered an occupational disease, which is 

supported by our finding that individuals in their mid-to-late-20, especially males and 

those living in rural agriculturally based communities made up over 15% of MST 

positives and nearly 11% of all registered cases. That risk increases with in urban males 

around the age they finish school also suggests they are exposed when they spend less 

time in school (and presumably more time working). This finding suggests that risk 

behaviors increasing the likelihood of exposure are exceptionally high for this 

demographic. The most consistent finding across strata in our bivariate analysis was that 

migrants were at an increased risk of testing MST positive. That our bivariate results 

varied so much by gender-community strata highlight the nuances in CL transmission 

across a population. Lastly, while MST has been suggested in the past  in the past as a 

way to monitor community risk,[57] there was no shortage of child cases that would fail 

to signal a similar alarm. Rather, we demonstrate the utility of the MST in assessing 

adult populations with moderate to high levels of past exposure where cases may be 

underrepresented compared to census counts and perceived risk.  
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Our study had limitations. Unpublished data from our team suggest at least 

three species are circulating in this area: L. (V.) braziliensis, L. (V.) guayensis and a L. (V.) 

braziliensis-peruviana hybrid species. Unfortunately, the MST does not distinguish which 

specie or species of Leishmania an individual has been exposed.  Thus, we were unable to 

explore how prevalence of past exposure may change by species or make inference on 

the geographic distribution of parasite species across the district. Furthermore, MST 

sensitivity and specificity can vary. The MST will cross-react with Trypanosome 

infections, like Chagas; it can also return false-negatives if an individual is immuno-

compromised. Fortunately, Soritor is Chagas free and levels of HIV and TB are low 

(<.0001%).[67, 68]. Because infected individuals will remain MST positive for decades, 

the MST is not a useful tool in distinguishing between past and current infections.  For 

this reason, we chose not to explore variables related to current behaviors. We were 

unable to stratify the census and cases by urban status. We expect if we could have we 

would have seen a more pronounced inverse relationship between MST and clinical 

cases for rural participants compared to urban participants. We used non-linear least 

squares estimation with prevalence data bound between 0 and 1.  This would have 

caused us to overestimated the slope for youth, especially urban youth. Case data we 

used came from a 7-year period compared to the single time snapshot of census and 

MST data. There is some evidence in the literature to suggest that sex differences can 
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also affect the host response to certain pathogens, but it is unclear if this would affect 

our interpretation that males are at increased risk of exposure (as shown by the MST).   

3.5 Conclusion  

CL is a dynamic, understudied disease of poverty. Reliance on case-based data 

limit our understanding to those most likely to develop infection and access care. We 

find MST results can help elucidate exposure risk and identify high risk groups while 

also providing context to existing surveillance data. Our results indicate Leishmania 

exposure is highest among rural residents and men. It remains unknown if the high 

number of MST positive children in rural areas is a result of peridomestic or 

intradomestic transmission. Given the differences in representation among between 

cases and MST positive individuals suggest that repeat or routine testing within the 

same study population would help differentiate between risk factors for lifetime 

exposure and current exposure. In doing so, we could better explain what drives the 

nuanced differentiate between men and women and urban and rural residents of all 

ages.   
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4. Dogs Unlikely Reservoir for Leishmania (Viannia) spp. 

in Human Altered, High-altitude Amazon Forest Regions 

4.1 Background 

American cutaneous leishmaniasis (CL) is a zoonotic and vector-borne disease of 

the New World caused by Leishmania (Viannia) spp. Transmission dynamics of CL are 

complex, requiring Phlebotomine sandfly vectors and mammalian reservoir hosts to 

maintain the pathogen in a local environment whereby incidental hosts can become 

infected. Throughout South America, L. (V.) infects well over 50,000 people annually[69] 

and an unquantified, but substantial, number of feral and domestic dogs (Canis 

familiaris). Yet unlike L. (L.) infantum – the etiologic agent of  Old World cutaneous 

leishmaniasis and New World visceral leishmaniasis for which dogs serve as main 

reservoirs - the role of domestic dogs in the transmission of L. (V.) spp. is less clear.[70] 

Over the past century, researchers have questioned whether dogs are important L. (V.) 

spp. reservoirs[71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84], whether dogs play little 

to no role in human L. (V.) spp. infections[80, 85, 86, 87, 88, 89, 90], and even whether 

humans may be a source for canine CL caused by  L. (V.) spp.[71, 82, 91, 92]  The 

designation of a dog as a primary or secondary reservoir or as an incidental host has 

important implications for public health and animal well-being.  

Historically, researchers and public health officials have considered CL to be an 

occupational disease that primarily affects able-bodied men (and their dogs[93]) 
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working in remote, non-domestic environments (primarily in lowland jungle areas)[94]; 

however, CL is certainly not unique to low elevation tropical forests, nor are the CL 

transmission dynamics static. In the Andean Highlands of Peru, for example, not only 

does L. (V.) peruviana infect humans and dogs, it is the most commonly cited – and still 

debated - L. (V.) species for which dogs are considered a main reservoir.[91]  

Furthermore, deforestation caused by urbanization and agriculture and settlement 

expansion across Latin America has been linked to peridomestic and urban transmission 

of other L. (V.) spp.[14, 29, 30]  These documented shifts in transmission have occurred 

across a variety of environments and have given rise to new hypotheses suggesting that 

dogs (and other domestic or synanthropic mammals) are most likely to assume 

predominant reservoir role in localized areas where they experience increased exposure 

to vectors and wild mammals that have adapted to the human altered landscapes.[61] 

This has yet to be shown empirically. 

Much of the uncertainty surrounding the dog’s L. (V.) reservoir role is due to the 

preponderance of geographically disparate and circumstantially derived evidence that - 

by definition - is unable to account for the unique confluence of behavioral, 

environmental and ecological factors constraining and enabling local pathogen 

transmission.[70, 85, 95]  Silva et al. (2005) argue the identification of a reservoir in a 

defined area can be achieved with much higher confidence when evaluating potential 

reservoirs with spatially and temporally congruous data using eco-epidemiological and 
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molecular criteria (Table 7).[96] Previous publications have addressed some of these 

criteria for dogs as potential reservoir hosts for L. (V.) spp. while also highlighting where 

uncertainties or limitations remain. For example, numerous studies have reported 

temporal and spatial overlap of human and dog cases.[76, 97, 98, 99, 100, 101] Some of 

these same studies identified the same L. (V.) spp. species in dogs and humans living in 

close proximity.[71, 99, 100] While these data may implicate dogs as L. (V.)  reservoirs, 

one cannot rule out that both humans and dogs were incidental hosts sharing a common 

exposure to sandflies and other wild (or domestic) mammalian reservoirs. Several 

studies have evaluated prevalence of L. (V.) exposure (antibodies) and infections 

(presence of pathogen) in dogs. Though dogs show varying degrees of susceptibility to 

asymptomatic and clinical CL infections, low parasite levels in the skin, blood, or both, 

of naturally infected dogs casts some doubt on their ability to infect sandflies at a rate 

supportive of sustained transmission.[97, 98, 102, 103]  Lastly, the likelihood that a wild 

or domestic host is infected and passes the parasite to feeding sandflies is influenced the 

host’s (and sandflies) lifespan and infection duration; though, few studies from CL 

endemic zones exist that estimate these important parameters.[102, 104] Combined, the 

age structure of a population and prevalence of infection of in the host, inform estimates 

of the force of infection and R-naught values that help us explain transmission 

dynamics.  In Table 7, we outline the criteria described by Silva et al. (2005).[96] We 
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include contributions from Chaves et al. (2007) and others regarding key justifications 

and important limitations when evaluating potential reservoirs for CL.[96, 105]   

This study is part of a larger, One-Health project investigating how CL circulates 

among humans, domestic dogs, wildlife, and sandflies in a high-altitude tropical forest 

region of South America. Over the past two decades, our study area has lost nearly 21% 

of its forest cover, 90% of which is due to small (<5 ha) fragmented losses consistent with 

smallholder agricultural plots.[33]  Since 2016, our team has identified at least three L. 

(V.) spp. circulating in humans in the area: L. (V.) braziliensis, L. (V.) guyaensis, and a L 

(V.) braziliensis-peruviana hybrid (unpublished). L. (V.) At least L. (V.) braziliensis, L. (V.) 

guyaensis and a L. (V.) braziliensis – L. (V.) guyaensis hybrid have been shown to naturally 

infect dogs in other parts of South America. [106, 107, 108] Our work has documented a 

high number of infections in rural residents.[55]  Furthermore, we have found nearly 

20% of rural children aged 6-16 tested positive via Montenegro Skin Test in 2017 

suggestive of communitywide exposure to the Leishmania parasite (Chapter 2).  In this 

paper, we applied an established set of criteria to evaluate the potential reservoir role of 

domestic dogs in the transmission of L. (V.) spp. in the district of Soritor, Peru.   
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Table 7: Criteria to evaluate animals as a reservoir host and considerations for American cutaneous leishmaniasis  

 Criteria Justifications Limitations  

1 Geographic and 

temporal overlap 

between vectors and 

hosts 

CL is a vector-borne disease that requires a sandfly ingest 

amastigotes from infected reservoir and inject promastigotes into 

human ~1-2 weeks later.   Sandflies have limited lifetime flight range 

(~< 300 m) and limited adult lifespans (~2 -3 weeks).  

 

 

Co-occurrence of human and suspected reservoir can be random; and determination 

may require comprehensive sampling of all host species. Co-occurrences of infection 

does not guarantee a biological interaction between the all sandflies species and all 

hosts.  

2 Infection prevalence 

higher than 20% in 

reservoir species 

Parasites must be maintained in a system within a mammalian host 

(as opposed to short-lived sandflies). Low prevalence of infection in 

hosts increases chance of parasite die-out or the reliance of other 

reservoirs in the system to help maintain parasite populations.  

Twenty percent is an arbitrary number. Prevalence likely varies by season due to 

vector fluctuations, and possibly, changes to the composition of reservoirs through 

time. Precise prevalence estimates are no easy to obtain given measurement errors in 

tests and difficulties understanding the true population of reservoir species 

(especially for non-domestic reservoirs).   

 

3 Survival of reservoirs 

for long enough to 

guarantee parasite 

transmission 

The longer the lifespan of a reservoir host, the higher likelihood of 

being infected and transmitting infection to other feeding sandflies. 

Short lifespan could indicate high replacement of non-infected 

individuals into a population or a declining population - neither 

favors sustained or long-term transmission of the parasite.  

Estimates of R-naught can be derived from estimates of life 

expectancy at birth and age-specific prevalence.  

 

Estimations of life expectancy require underlying knowledge of age structure of host 

population. Longitudinal studies difficult for non-domestic hosts. Age is not easily 

estimated and often unknown by animal owners.  Death rates may not be constant 

over time (i.e. seasonal variation or differences in death rates due to exogenous 

events) or across age groups (i.e. high death rate in young but lower rates in those 

that survive to adulthood). Age distribution of reservoirs may change over time.     

 

4 The maintenance of 

parasites in skin 

lesions and/or blood 

of reservoirs at 

densities high enough 

to infect vectors 

Low density infections lower the likelihood sandflies will be 

infected. Low parasite densities would require higher biting rates to 

maintain similar level of infected sandflies.   

Social and biological constraints could warrant high density of parasites meaningless 

(i.e. propensities of sandflies to bite on humans versus other animals; certain 

parasites are better adapted to certain reservoirs or sandflies, etc.) Parameter is 

limited by the length of time these densities are high enough to be infectious (which 

can be limited, in part, by lifespan – Criteria 3). Few studies exist that determine 

entomological inoculation rate of sandflies on non-human hosts.  

 

5 Presence of the same 

parasite in reservoirs 

and humans sharing 

geographies 

Multiple species of Leishmania can circulate in the same general area 

at the same time; coincidence infections in reservoir and host does 

not guarantee same pathogen species are causing infections. Not all 

Leishmania spp. known to infect humans have been found to infect 

all other reservoir species. This may be a biological property of the 

parasite, vector, or host.  

 

 

Co-incident infection of the same species could be random (originating from one or 

many sources); Understanding transmission potential of reservoir to vector and then 

vector to human is necessary (but not sufficient). Genetic analysis of parasites 

obtained from two different hosts can corroborate circumstantial evidence.  
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4.2 Methods and materials  

4.2.1 Enrollment and data collectionDescriptions of study site and methods for 

selecting communities and households from which dogs were enrolled are described 

elsewhere (Chapter 2). Briefly, we enrolled 343 households from two urban, five semi-

rural, and nine rural communities as part of a longitudinal human and dog CL risk 

study in the district of Soritor, San Martin, Peru (Fig. 10). To select the rural communities 

from which to enroll participants, all communities in Soritor pre-sorted by longitude (to 

ensure fair spatial representation across the district) and selected by probability 

proportional to size. Two lists were formed – one included all rural communities (<55 

households) in the district and the other included all semi-rural communities (75-105 

households).  Households in the urban areas were selected randomly by block from 

three zones: within the city center, surrounding the city center, and at the urban 

periphery. All households with at least one participating adult were eligible for 

inclusion. Dog ownership was not a criterion for enrollment into the larger study.  

Round 1 (R1): Between September and November 2017, we requested consent to 

enroll dogs 8 weeks or older from participating households. If the owner granted 

consent, the field team administered a survey for each participating dog. Next, a trained 

field worker obtained up to 3 mL of whole blood via a cephalic vein (front leg) puncture. 

A small portion of each blood sample was placed directly on filter paper, dried, and 

stored at ambient temperature. The remaining blood was placed in a serum separator 



 

60 

tube and remained on ice for no longer than four hours before we deposited the tubes in 

a refrigerator kept between 2-4 degrees Celsius (C).  Blood samples were centrifuged the 

following morning at 3000 RPM for up to 12 minutes. The serum was placed in cryovials 

and frozen at -20 C until it was shipped on dry ice to the NC State College of Veterinary 

Medicine Vector-borne Diagnostics Laboratory and stored at -80 C until serological and 

parasitic analysis (Criteria 2 and 4, respectively).  Dogs were briefly examined for the 

presence of skin lesions following the blood draw. GPS locations were recorded for all 

participating households. No dogs were enrolled from El Libano due to logistical 

reasons.  

Round 2 (R2): Between July – September 2018, our field team revisited all 

enrolled, dog-owning households to obtain an additional blood sample from each 

participating dog. The field team obtained, stored, and shipped R2 samples using the 

same protocols as R1. When dogs were not present, the team recorded information from 

the owners about each dog’s whereabouts or the circumstances surrounding their death, 

including date, if known.  

4.2.2 Vector identification (Criteria 1)We worked with entomologists from the 

San Martin Regional Reference Laboratory to collect and identify sandflies in or near 

seven communities across the study region. In July 2017, we deployed four Centers for 

Disease Control and Prevention (CDC) light traps from 18:00 – 6:00 for five nights each 

in one urban (Soritor), two semi-rural (Jorge Chavez and Doncel), and two rural 
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communities (Selva Alegre and Santa Rosa). Specifically, two CDC traps were placed 

within the community and two up to 500 m outside the community in a field or forested 

area. In August and November of 2018, additional CDC collections were completed in 

one semi-rural community (Lucero, three trap nights) and one forested area 

approximately 1 km south of San Marcos (four trap nights). Sandflies were processed 

and stored in the field and later identified using the key of Young and Duncan (1994) at 

the Regional Reference Laboratory in Tarapoto, Peru. [109]  
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Figure 10: Participating communities in the district of Soritor, San Martin, Peru. 

Elevation of participating communities ranges from 800-1200 meters above sea level. 

 

4.2.3 Canine immunofluorescent antibody test (Criteria 

2)Immunofluorescent antibody (IFA) test slides were prepared with cultured L. (V.) 

guyanenesis promastigotes, previously isolated as described by Perez et al. (1994).[110] 

Perez et al. originally reported this isolate as L. (V.) peruviana but it was later determined 

to be L. (V.) guyanenesis. This was also confirmed through molecular analysis of several 
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gene targets performed in our laboratory (data not shown). Canine sera preparation and 

IFA testing methods are previously described by Gin et al. (2021).[111]   

4.2.4 Host (Dog) survival, force of infection, and R-naught (Criteria 3)We 

estimated life expectancy at birth (L), and the force of infection using two methods 

under differing assumptions. For the first method, we constructed a static, or vertical, 

survival schedule based off the age of enrollment as reported by dog owners and the 

calculated the probability a dog at birth would survive to each subsequent age. Using 

loess (or lowess) regression, we created a line of best fit for the pseudo-survival data. 

The sum of the pseudo-survival probabilities provides an estimated life expectancy (Eq. 

1).  This method assumes that our cross-sectional cohort is representative of the 

population, that the age structure is stable from one generation to the next, and the 

population size remains relatively stationary over time.  Detailed information about this 

method can be found in Chaves (2018) and Calzada et al. (2015).[102, 112]   

 

𝐸𝑞. 1             𝑒0 =  ∑ 𝑙

∞

0

(𝑎)  

 
For the second method, we calculated the cohort’s mortality rate (δ) using our 

longitudinal follow-up information and estimated date of death for the dogs that died 

between R1 and R2. In Eqs. 2 and 3, nt+m is the number of dogs that died between study 

rounds, Nt is the total number of dogs not lost-to-follow-up in R2, m is the total months of 
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follow-up for all dead dogs, and 12 is the number of months in a year.[104, 113] This 

method assumes that the hazard of death is constant across time and dog age.  

 

   𝐸𝑞. 2              𝛿 =  − ln (1 −
𝑛𝑡+𝑚

𝑁𝑡
) ∗

12

(𝑚
𝑛𝑡+𝑚⁄ )

 

 

   𝐸𝑞. 3              𝑒0 =
1

𝛿
  

 

Using maximum likelihood estimation, we calculated the force of infection, 

lambda (λ), from the R1 age (a) and serological prevalence (P) data (Eq. 4). R code can be 

found in Calzada et al. (2015). 

 
               𝐸𝑞. 4               𝑃 = 1 − 𝑒−𝜆(𝑎) 

 

 

𝐸𝑞. 5               𝑅0 =  
�̃�0

∑ 𝑒−𝜆𝑎𝑙(𝑎)∞
0

 

4.2.5 Canine parasitological diagnosis (Criteria 4 and 5)4.2.5.1 DNA 

extraction from blood clot 

Clotted whole blood was manually broken down with a scalpel followed by 

overnight incubation at 56°C in Qiagen ATL and proteinase K buffer. DNA was 

extracted from dissolved clot material using a QIAsymphony® SP robot (QIAGEN, 

Valencia, CA, USA) and QIAsymphony® DNA Mini Kit (QIAGEN, Valencia, CA, USA; 

catalog no. 931236). Extracted DNA was quantified by spectrophotometry using 

NanoDrop ND-1000 and identification of potential PCR inhibitors assayed with 

quantitative PCR (qPCR) amplification of the glyceraldehyde 3-phosphate 
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dehydrogenase (GAPDH) gene on canine genomic DNA. [114] The DNA was stored at -

20°C prior to additional qPCR assay analyses. 

4.2.5.2 DNA extraction from dried blood spot on filter paper 

Blood spots were processed as described in Wihokhoen et al. (2016). [115] 

4.2.5.3 Polymerase chain reaction  

To screen DNA samples for Leishmania, primers were used that amplified a ~118 

bp region within the conserved sequence of the minicircle, kDNA. Primers included: 

Leish KIN F4 (5’ GGG TAG GGG CGT TCT GC 3’) and Leish KIN R4 (5’ CMC TAT WTT 

ACA CCA ACC CC 3’). Amplification reactions were performed in a CFX96™ Real-

Time Detection System combined with C1000™ Thermal Cycler (Bio-Rad, USA) and 

contained 12.5 µl SYBR®Green Supermix (Bio-Rad, Hercules, USA), 5 µl DNA template, 

forward and revers primers at 0.15µM and 0.2 µM final concentration, respectively, and 

molecular grade water to a final volume of 25 µl. Thermocycler conditions consisted of 

an initial denaturation step at 98˚C for 3 minutes, followed by 40 cycles at 98˚C for 15 

seconds, 62.5˚C for 15 seconds and 72˚C for 15 seconds. Melting temperature (Tm) 

measurements were made between 65-90˚C at 0.5 second intervals where positive L. (V.) 

guyanensis and L. (L.) infantum melting temperature included 82˚C or 83.5 ˚C, 

respectively. All qPCRs included a positive controls consisting of L. (L.) infantum or L. 

(V.) guyanensis DNA. 
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4.2.6 Ethical approval  

This study was evaluated and approved by two Universidad Peruana Cayetano 

Heredia ethical review boards, including the Comité Institucional de Ética en Investigación 

(CIEI) and the Comité Institucional de Ética en Investigación para el uso de Animales (CIEA) 

(SIDISI 100898). It was conducted with permission from the Regional Health Directorate 

(DIRESA – EXP1767949) in partnership with the Regional Reference Laboratory and the 

Soritor Health Center. 

4.3 Results  

Nearly half (162) of the 334 enrolled households from the parent study had at 

least 1 dog participating in the canine study, 138 households (41.5%) reported owning 

no dogs, and 32 (9.6%) households owned dogs that were not enrolled. A total of 236 

dogs were enrolled; 158 (66%) were male and 78 (33%) were female. Though dogs 

belonged to specific households, owners reported that 81% of dogs were free to roam at 

all times, 3% of dogs were let out to roam during the daytime hours only, and 16% of 

dogs were kept inside the home and yard day and night. Note that we enrolled dogs 

belonging to the same homes as the humans enrolled in the parent CL study to ensure 

geographic (Fig. 10) and temporal (Fig. 11) overlap between the hosts (Criteria 1).    
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Figure 11: Montenegro Skin Tests (humans) and blood samples (dogs) 

obtained at enrollment and follow-up. 

 

In R1, 9 of 236 dogs (3.81%) tested positive via IFA (Table 8).  Of the 119 R1 negative 

dogs retested in R2, only 2 tested positive. No communities met the 20% prevalence 

threshold established in Criteria 2. Community prevalence of L. (V.) antibody estimates 

in dogs from R1 ranged from 0.0 – 17.6%, with eight communities reporting zero 

positive dogs. Of the 2 dogs that tested positive in R2, 1 came from a community with 0 

positive dogs in R1 and the other from a community with1 positive dog in R1.  In total, 7 
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(50%) communities reported no positive dogs in R1 or R2, representing 79 (33%) of the 

canine sample.  

 

Table 8: Immunofluorescent antibody test results of participating dogs from 

the district of Soritor, Peru, Aug – Nov 2017 & Aug – Oct 2018.   

Community 

Type 
Community 

Round 1   Round 2a R1 

Titer 

R2 

Titer Neg Pos Prev (%)   Neg Pos 

Rural 

La Lima 19 0 0.0  7 0 -  -  

Limabamba 17 0 0.0  12 0 - - 

Los 

Claveles 13 0 0.0  7 1 
- 1:256 

Nuevo 

Valle 6 0 0.0  2 0 
- - 

Pomalca 18 1 5.3  12 1 1:128 1:512 

Primavera 11 0 0.0  3 0 - - 

Santa Rosa 11 0 0.0  4 0 - - 

Selva 

Alegre 6 0 0.0   3 0 
- - 

Semi-Rural 

Doncel 14 3 17.6  3 0 

1:128; 

1:512; 

1:2048 

- 

Jorge 

Chaves 30 1 3.2  15 0 
1:128 - 

Lucero 22 2 8.3  18 0 

1:128; 

1:1024 
- 

Nuevo 

Horizonte 9 0 0.0   3 0 
- - 

Urban 
San Marcos 9 1 10.0  7 0 1:512 - 

Soritor 42 1 2.3   21 0 1:256 - 

Total 227 9 3.8   117 2   
a Round 1 positive dogs not included 

 



 

69 

To understand how canine infections overlapped with human infections, we 

plotted the prevalence of MST positivity for humans residing within increasing 

distances from the nine homes of the R1 positive dogs (Fig. 12). The prevalence of past 

human infection in positive dog households was 45%. The prevalence of human 

infection remained similar for everyone we tested residing within 50m of the positive 

dogs’ homes. Beyond 50 m, human prevalence decreased, with no discernable changes 

between 200 m and 1 km (only data through 400 m are shown). The prevalence of 

infection for those living within 50 m of a positive dog (47%) compared to those living 

200-400 m from a positive dog (28%) was significantly higher (p < 0.007) in a two-sample 

test of proportions (Stata version 14.2, function prtest).[36]   
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Figure 12: Prevalence of Round 1 Montenegro Skin Test for humans aged 6-65 

residing within various distances from the homes of the nine Round 1 serologically 

positive dogs. 

 

Our sandfly collections demonstrate geographic and temporal overlap with 

potential hosts with at least eight different sandfly species in our intra-community and 

forested collection sites (Fig. 13). We found a high proportion of suspected or putative 

sandfly vectors in both settings. Specifically, at least six Lutzomyia species (subfamily 

Phlebotominae) identified in the forested setting have been found to be naturally 

infected with L. (V.) spp. in other regions, compared at least seven Lutzomyia spp. species 

captured in the community setting. Lu. shawi made up a significant proportion (29%) of 
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the forested catches but was not found within the community; Lu. yulli yulli and Lu. 

urbiguitalis were only found within the community. Lu. yulli yulli made up (46.3%) of the 

total community collections. 

 

Figure 13: Abundance of Lutzomyia spp. sandflies in two collection sites 

within Soritor District, Peru (Aug- Nov 2018). 

Our age at enrollment plot demonstrates the pyramidal age structure (Fig. 14A) 

of our canine sample. From the cross-sectional age data and the pseudo-survival 

probabilities, we estimated that 76% of dogs aged 0-1 live past 1 year. Only 40% and 30% 

dogs lived past 3 and 5 years, respectively (Fig. 14B). We calculated the life expectancy 

at birth to be 3.50 years (Eq. 1).    
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To better understand mortality, we plotted estimated ages of all dogs at time of 

death (Fig. 14C). Between R1 and R2, 46 dogs died were reported as dead, including 2 

R1 positives, 41 were lost to follow-up, 24 were confirmed alive but no R2 sample was 

obtained, and 125 had repeat blood samples. Dead dogs contributed 252.8 (95% CI 214.8 

– 290.7) follow-up months to the study. We calculated the average life expectancy based 

on the longitudinal data to be 1.70 years (95% CI 1.45 – 1.96) (Eq. 2).  

Given the two life expectancy estimates, we estimate R0 to be between 0.93 and 

0.95 (Eq. 5), indicative of a disease that is not endemically established in the host 

population.  Overall, we recorded nine R1 positives for dogs with a mean age of 38 

months; we recorded two new positives in R2 for dogs with follow-up days of 272 and 

330 days. The low force of infection and short lifespan suggest a small number of dogs 

will be infected in their lifetimes. (Criteria 3).    
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Figure 14: Age, pseudo-survival and observed mortality of canine participants. 

 

We found no evidence of high parasite densities in our population (Criteria 4). Of 

the 17 IFA positive samples obtained in R1 (9) and R2(8), we were unable to isolate 

Leishmania DNA from the blood clot and the dried blood spot using PCR. We found no 

overt lesions or ulcers during field examinations from which to obtain a skin scraping to 

determine if the parasite species infecting dogs were the same species we identified in 

human samples (Criteria 5). 
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4.4 Discussion  

This study is the first to report on Leishmania infection in dogs from a high 

altitude, tropical forest region in Peru. We find dogs are unlikely L. (V.) spp. reservoirs 

in this region. Despite strong overlap between dogs and humans and an abundance of 

possible sandfly vectors in the area, our conclusion is supported by a preponderance of 

eco-epidemiological and molecular evidence including the low seroprevalence of 

Leishmania antibodies in dogs, the lack of PCR evidence of L. (V.) spp. parasites in the 

blood of the IFA positive dogs, and the dog’s short life expectancy at birth.  These data 

highlight that policies advocating for the culling[116] or treating[117] infected dogs 

should not be implemented as a public health strategy to reduced human CL infections. 

Families should not be discouraged from owning dogs in an effort to reduce human CL 

risk.  

Given our negative findings, our study provides no strong evidence that 

supports the hypothesis that dogs in highly deforested settings are more likely to 

become reservoirs; though, questions remain as to what may explain the differences in 

infection rates across participating communities. For example, semi-rural dogs 

represented one-third of the sample, yet made up two-thirds of R1 infections; whereas 

dogs from the smallest communities made up 43% of the sample and only provided 1 

infection. Overall, three of the four semi-rural communities had IFA positive dogs (all in 

R1) compared to two of the eight rural communities and both urban communities. These 
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findings suggest underlying and unknown ecological differences between community 

sites may defining transmission differently in each setting. Of note, semi-rural dogs 

were less likely to die between study rounds (8% death rate compared to 24% and 21% 

for urban and rural dogs, respectively) despite similar mean ages at enrollment across 

community types. That Human MST prevalence was higher near to the homes of 

infected dogs suggests that 1) transmission risk may higher near the homes of infected 

dogs (though not necessarily because of the dogs) or (2) that people living near each 

other have exhibit similar behaviors that predispose them to infection. If the latter, dogs 

may simply be differentially exposed to Leishmania based on a propensity to move about 

with their owners or other unmeasured risk factors. The relatively high baseline of 

human MST positives in the parent study (27% study wide) compared to the low 

positivity of dogs (<4%) open the possibility, among other things, that dogs are not as 

easily infected by sandflies in the area as humans, that dogs are not preferentially fed 

upon by infected sandflies, or that humans have simply had much more time to be 

infected. Dogs and human certainly differ in when and where they move, thus, there 

exists an opportunity to use activity and movement information from both to better 

understand potential wild mammal reservoirs.  Our results do not explore whether 

humans may be acting as a reservoir for canine infections; though, the lack of any active 

infections found from the 914 humans participating in the parent study and strong 

evidence that sandflies are most likely infected by humans when feeding on suspected 
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lesions, suggest a low pathogenic parasite to which dogs and humans are exposed via 

other, still unidentified, reservoirs.  

Our results show notable similarities and differences from related studies in 

Latin America. In general, we found fewer positive dogs than we expected, including 

just 2 of 119 dogs that seroconverted between study rounds. Reithinger et al. (2003) 

reported 9% seroconversion in an area of Huanuco, Peru, endemic for L. (V.) braziliensis 

and L. (V.) peruviana;[104] Marco et al. (2001) reported nearly 19% seroconverion in 

northeastern Argentina.[97] Furthermore, we found no evidence of L (V.) parasites in 

the blood of IFA positive dogs, a finding shown elsewhere.[102]  Of note, Reithinger et 

al. (2003) was able to identify parasite in 7.6% of asymptomatic dogs by PCR suggesting 

parasite dissemination can occur beyond the dermal area of the infection site. This is 

further evidenced by report of unspeciated L. (V.) parasites being found in the blood, 

conjunctiva, ovaries, and lung tissue of two highland Peruvian.[83] While relatively little 

work has been done regarding sandfly canine feeding behavior, it has been 

demonstrated that sandflies are most likely infected while feeding on lesions of an 

infected dog.[118] Canine life expectancy estimates are also limited in the New World. 

Using mortality data, we estimated a  lifespan (1.70 years) well below the estimate of 

3.04 years reported by Reithinger et al. (2003) using  data obtained from a longitudinal 

study.[104] Our cross-sectional life expectancy at birth calculation was more similar to 

Calzada et al. (2015) who reported a life expectancy at birth of 3.41 years for a cohort of 
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Panamanian dogs.[102]   Our estimate based on cross-sectional data is likely an over-

estimate given we did not enroll any dogs under 2 months of age (thereby 

undercounting the number of dogs in the youngest age category and over inflating 

survival rates of all subsequent age groups).. Assuming our sample was missing 10% of 

the dogs 0 -1, our predicted life expectancy at birth would have dropped to 3.2 years.   

Our study had other limitations not yet described. While our overall study area 

was small (< 100 km2), elevation, land cover, land usage varied between communities as 

did human and dog densities. It is unclear the degree to which variation in these factors 

affected vector and/or mammal populations from site to site or their space-time overlap 

with people and dogs. Other than Criteria 2 (community prevalence >20%), our study 

treated the entire district as one, open population possibly confounding site-specific 

behavioral, environmental and ecological influences affecting local transmission 

dynamics. Considering we did not enroll new dogs in R2, we were unable to determine 

community prevalence at R2 for comparison purposes with our R1 estimates. 

Furthermore, we determined dogs to be positive based on their IFA results. IFA 

sensitivity can vary and has been shown to identify fewer infections than enzyme-linked 

immunosorbent assay (ELISA) methods.[102] More generally, serological tests are 

imperfect as dogs have been shown to lose their antibody response over time, not 

develop a response to infection, or to cross-react with other Trypanosoma infections (our 

study region is not considered Chagas endemic). False negative tests would have caused 
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us to underestimate the prevalence of infection, the force of infection, and the average 

time to infection. We experienced a high rate of loss to follow up between R1 and R2 

(17%). Our inability to find some owners (or their dogs) during follow-up illustrates the 

variation in mobility and behavior among participants. Since we did not identify any 

active infections we could not determine if dogs were more likely to be infected by 

certain Leishmania species; nor could we estimate average duration of infection to make 

inference in how long an infected dog could be infectious to feeding sandflies. 

Additionally, were unable to identify any sandflies captured in July 2017 due to 

improper storage reducing our ability to better understand the local sandfly ecology. We 

have yet to test our sandflies for Leishmania parasites due to laboratory delays in Peru 

due to COVID-19 pandemic. Positive sandfly pools would indicate which species of 

Leishmania exist nearest communities with infected dogs. Ultimately, the declaration of a 

reservoir species must take into account additional factors we did not capture including 

information on other potential reservoirs species (Table 7 – Limitations); however, the 

criteria we explored reduced the risk of relying on too little information to prematurely 

incriminate or dismiss dogs as a likely reservoir. 

4.5 Conclusion  

Dogs are important part of societies, providing companionship and security to 

their human families and communities.  That dogs may simply be incidental or dead 

hosts – like humans – is not insignificant. Our results they confirm there is no need to 



 

79 

target dogs for interventions or discourage animal ownership in an effort to reduce 

human CL disease risk. The results of our study underscore the complexity in 

controlling or reducing human infections for sylvatic and multi-host pathogens where 

reservoirs are unknown. To make strides towards improving human and canine 

wellbeing, there remains a need to identify mammal reservoirs, as well as to better 

understand how the space-time overlap of humans, dogs, wild mammals and sandflies 

drives Leishmania transmission. 
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5. Conclusion  

5.1 Key findings 

This research aimed to understand transmission dynamics of cutaneous 

leishmaniasis in a rapidly changing, high altitude tropical forest region of Peru. We 

conclude that most- if not all- of Leishmania transmission is occurring outside of the 

small urban areas that serve as commercial centers to the agriculturally reliant rural 

communities. Our results shed new light on the activities of women and children living 

in urban areas of agriculturally productive regions. Additionally, we offer new evidence 

to support the hypothesis that high underlying immunity in adult populations 

contributes to the over-representation of children as clinical cases. Our results 

demonstrate that inferences based on routinely collected surveillance data can be flawed 

and that more routine epidemiological studies are required to fully understand this 

dynamic and neglected disease. 

5.2 Other findings and unanswered questions 

Our project began with the working hypothesis that the high amount of 

deforestation occurring across the district created conditions that would lead to 

peridomestic and, possibly, urban transmission. The hypothesis seemed more plausible 

given the atypical distribution of CL cases being reported to regional surveillance 

officers, i.e. far fewer working aged than the 70% typically reported in CL endemic 

regions of South America where sylvatic transmission is predominant. Through our 
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case-control study, we found that urban residents were more likely to be infected and 

develop CL when overnighting in agricultural field.  We also found that all urban 

residents – including women and children – show a high propensity to visit rural 

agricultural areas.  We were unable to assess risk factors for rural residents due to 

differences in care seeking behavior between patients visiting a limited number of CL 

diagnostic centers and those visiting one of numerous health-posts for non-CL needs. 

Thus, we conducted a community based study to better understand differences in 

Leishmania exposure for urban and rural residents and their dogs. Despite strong overlap 

between dogs and humans and an abundance of possible sandfly vectors in rural 

communities and forested areas, we demonstrate that dogs are unlikely L. (V.) spp. 

reservoirs in this region. We reported a high number of rural youth testing positive and 

lack of any positive tests among urban youth. We believe that the relatively high 

number of children registered as CL cases in Soritor is driven by their over 

representation in the community, their comparatively low immunity, and an elevated 

risk of exposure in rural boys. This study confirmed our findings from the case-control 

study that most or all of CL transmission is occurring outside of the urban areas and 

away from the urban periphery. Given our data were cross-sectional, we were unable to 

identify behavioral risk factors that explain difference in MST positivity within our 

sample. We also could not answer whether transmission is occurring within rural 

communities or remains confined to the non-domestic spaces that surround them.  
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This study is part of a larger, One-Health project investigating how CL circulates 

among humans, domestic dogs, wildlife, and sandflies in a high-altitude tropical forest 

region of South America. Additional data collected by our team in 2017 and 2018 will 

complement this body of work. For example, in 2018 we conducted a follow-up study of 

the people testing MST negative in 2017. Results from this analysis will allow us to 

better define behavioral and socio-economic risk factors for people recently (within 1 

year) exposed to the Leishmania parasite. The dog blood obtained in 2017 has been tested 

for other vector borne infections, allowing us to shed light on canine exposure to sandfly 

and other vector-borne infections, including possible Leishmania co-infections. That same 

year, our team deployed wildlife trail cameras in over 90 locations and also trapped and 

obtained biological samples from nearly 300 small rodents, opossums, and bats. These 

results will help us to describe how humans, domestic animals and wild mammals 

overlap in space and time, as well as to make inference on possible Leishmania reservoirs 

in the area. Lastly, our work provided a baseline sample from which immunologists in 

Peru have been able to follow up with two groups of MST positive individuals: those 

that were exposed but remained asymptomatic and those that were once exposed and 

developed a clinical lesion.  Their work hopes to shed new light on variations in host 

response as it relates to clinical manifestation of disease. 
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5.2 Cutaneous leishmaniasis and One-Health  

Prevention of CL requires a One-Health approach as traditional public health 

tools are limited. Unlike some vector borne infections, humans are believed to be dead-

end hosts for Leishmania. The benefit of reducing barriers to accessing care or improving 

diagnostics and treatment, while personally and economically important, do nothing to 

reduce the risk of others in the community becoming infected. As it stands, no vaccine is 

available to prevent Leishmania infection; thus, personal protective measures like 

sleeping under a bednet, wearing long-sleeves and pants, applying topical repellents, 

and fumigating homes are some of the few methods available to reduce one’s likelihood 

of being bitten by sandflies. Physical improvements to homes would help reduce 

infections in environments where domestic transmission is occurring – though they 

require much more investment. However, as our research demonstrates, understanding 

transmission requires deep knowledge of where transmission hotspots are and the 

unique confluence of human behaviors and ecological forces driving transmission. 

Understanding how land use and land change affect disease dynamics is key.  

Improving land management practices could potentially reduce disease risk, protect 

vitally important biodiversity, and still maximally support the livelihoods of rural 

farmers. Unfortunately, CL lags behind many other diseases in terms what is known 

about transmission. Further study of wild disease reservoirs may be necessary to make 

significant in-roads to understanding CL management practices and could include 
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establishing testing protocols for the wild-game that is hunted and brought to Soritor 

and sold for food, as well as working with local hunters to record their geolocation of 

hunting activities and kills.   

5.3 Policy implications  

Our results suggest fumigation in urban areas would have little to no effect on 

CL disease; nor would any actions designed to remove infected dogs from the 

population or discourage dog ownership. More work is required to understand if 

housing improvement projects, fumigation campaigns, or bednet distributions would 

have noticeable impact on transmission in rural areas. Investments designed to improve 

our basic understanding of disease could begin to address the CL knowledge deficit that 

prevents more creative or comprehensive solutions to disease prevention. 
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Appendix A 

 

Figure 15: Age and date of clinic visit differences between cases (0,0 on graph) 

with their matched-controls (depicted as described in legend). 
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