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Abstract

:

Tungiasis is an important but highly neglected cause of morbidity in resource-poor communities in Latin America and sub-Saharan Africa. Data upon which implementation of control measures can be based are scarce. Before piloting an integrated tungiasis control program in three parishes of Napak district, Uganda, a cross-sectional survey involving the systematic examination of humans and domestic mammals was implemented to establish the occurrence patterns of tungiasis. The study population was 5482 residents, of which 4035 (73.6%) participated in the study. The prevalence of tungiasis in humans was 62.8% (95% CI: 61.3–64.3%), with slightly more males than females affected (p = 0.01). Age-specific prevalence and intensity of human tungiasis followed an S-curve pattern, with children of 5–14 years and the elderly (≥60 years) being the most affected. Half of all lesions (50%) had been manipulated by sharp objects. The prevalence of tungiasis in animals was lower (14.2%, 95% CI: 10.9–18.0) than that of humans (p < 0.001). Animal tungiasis occurred in decreasing order of frequency in pigs (80%), dogs (24%), goats (16.3%), cats (8.1%) and sheep (4.9%). In conclusion, human tungiasis was highly prevalent but animal infections were comparatively few in the study area. Nevertheless, effective control measures should be based on One Health principles.
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1. Introduction


Tungiasis (sand flea disease) is an important cause of morbidity among humans and animals in many resource-poor communities in South America, the Caribbean and sub-Saharan Africa [1]. Among humans, children of school age, the elderly, the disabled and drug addicts are among the most vulnerable groups in the population [2]. Moreover, the intensity of sand flea disease is highly variable among affected individuals [3]. While most patients carry only a few sand fleas, a minority carry most of the lesions [4,5,6]. Very severe cases of human and animal tungiasis, with hundreds and sometimes thousands of penetrated sand fleas, have been described in endemic areas [7,8,9]. Tungiasis has also been described outside endemic areas among immigrants [10] and returning tourists [11]. While immigrants and residents in endemic areas may present with severe infections, tourists usually present with one or two lesions [10,11].



Among the 14 species of sand fleas [12], only Tunga penetrans has been reported to occur in Africa. The parasite affects a wide range of mammalian hosts [13,14,15]. Apart from humans, various wild and domestic animals, including pigs, dogs, cats, small ruminants and peri-domestic rodents, are hosts for T. penetrans [15,16,17,18]. Within endemic communities, tungiasis has a heterogeneous distribution. The life cycle of sand fleas is completed in two phases: an environmental development phase and an on-host development phase. Off-host development requires dry weather conditions and dust for the eggs to develop into larvae, pupae, and adults, as is the case with other species of fleas [19,20]. Upon emergence from cocoons, both male and female sand fleas actively search for suitable hosts to feed (haematophagy) [19], but only the female fleas permanently embed in the skin. Embedded fleas remain in contact with the environment through their last abdominal segments, through which they are fertilised, excrete faeces, breath and expel eggs. While embedded in the skin, female sand fleas undergo neosomic development in about two weeks and reproduce before they die in situ after 4–6 weeks from the time of penetration [19,21].



Tungiasis is estimated to occur in 89 countries in Latin America and sub-Saharan Africa [22,23]. However, epidemiological studies remain limited, and in many endemic communities, tungiasis occurrence patterns have not been described. Available studies indicate high variability in the epidemiological patterns of tungiasis among endemic areas and study subjects. Community-based studies in Brazil have reported human tungiasis prevalences of up to 54.8% [16,18,24,25,26]. In sub-Saharan Africa, studies from Kenya, Cameroon, Ethiopia and Nigeria have reported a high prevalence of human tungiasis of up to 62.1% [6,27,28,29,30,31], 53% [32,33], 58.7% [34,35] and 42.5% [5,36,37], respectively. In Rwanda, Tanzania and Uganda, studies have reported prevalences of up to 23% [38], 42.5% [39] and 22.5% [40], respectively. In most studies, the prevalence and intensity of human tungiasis infections are higher among males than females [6,29,41,42]. These differences have been attributed to variations in behaviour and hygienic practices. However, a few studies report no significant differences in occurrence patterns between males and females [5,24,34].



The role of animal reservoirs in the transmission cycles of T. penetrans differs among endemic communities; while pigs are the key animal hosts of sand fleas in sub-Saharan Africa, with a prevalence of up to 54.8% [15,17], in Brazil, dogs, cats and peri-domestic rodents are considered the most important hosts [16,18,43]. In Brazil, high prevalences were recorded in dogs (67.1%), cats (49.6%) and rats (41.2%) [16,18,25]. Animal infections increase the occurrence of off-host stages of T. penetrans, thereby increasing the risk of tungiasis in humans [14,18,44,45].



Penetration of sand fleas in the skin of the host evokes an inflammatory response that is characterised by intense pain and pruritus [46]. Severe tungiasis-associated morbidity ensues from repeated flea penetration and the build-up of high numbers of viable sand fleas in the skin [7,47]. Secondary bacterial infections often exacerbate morbidity [48,49,50,51]. Affected persons and animals present with various clinical signs or lesions, including tissue necrosis, deep ulcers, abscesses, phlegmon, osteomyelitis, anaemia, gangrene and feet or toe amputations [5,7,46]. Some manifestations of tungiasis are life-threatening [52,53], while others may result in permanent physical deformation and disability [54,55]. The characteristic skin lesions of tungiasis are conspicuous and easily detectable. Thus, at the community level, tungiasis may contribute to stigma and social exclusion [56] and poor school attendance [38] and performance among school-going children. Reduced mobility among adults may lower their economic productivity. Thus, tungiasis is an important driver of poverty among affected households and communities [57].



In Uganda, tungiasis has been prioritised for control as a neglected tropical disease (NTD) by the Ministry of Health (MOH) [58]. Nevertheless, to date, neither active nor passive surveillance programs for tungiasis are in place. Thus, little data are available on the epidemiology of tungiasis, and an effective control strategy has not been developed. To date, the most widely applied tungiasis treatment method in endemic communities is the extraction of sand fleas with non-sterilised sharp instruments [59]. This method is very painful, destroys normal tissues and poses a risk of secondary bacterial infections, including tetanus [53].



The objectives of the present study are: (1) an assessment of the prevalence and intensity of T. penetrans infections among humans and household-associated animals in Karamoja, Northeastern Uganda, and (2) to determine the proportion of manipulated sand flea lesions to understand the extent of the problem of manual extraction methods.




2. Materials and Methods


2.1. Study Area and Study Population


This study targets the population living in three out of five parishes in the Ngoleriet sub-county, Napak district, Northeastern Uganda (Figure 1). The Napak district is one of the seven districts constituting the Karamoja sub-region, which is considered to be the least socially and economically developed region in Uganda [60,61]. The three study parishes consist of 17 villages, 7 of which are located in Naitakwae parish, 4 in Nagule Angolol parish, and 6 in Nawaikorot parish. The inhabitants of the study area live a semi-nomadic lifestyle, and the majority live in settlements (known as manyatas) constituted by groups of a variable number of houses made of sticks and mud, enclosed by a fence. The 17 villages are constituted of a total of 52 manyattas, of which 23 are in Naitakwae, 17 in Nawaikorot and 12 in Nagule Angolol. Within the manyatas, compounds of individual households or homesteads are usually separated by partitions made of aggregates of sticks (Figure 2A,B). Several manyatas constitute a village (Local Council One or LC1), which is administered by the Chairperson LC 1, as per Uganda’s political structure.



The Ngoleriet sub-county is about 10 km away from the District Health Offices, which are located about 340 km away by road in the northeast of Kampala towards Moroto. Within the sub-county, there are two health facilities: Ngoleriet Health Centre (HC) II and Kangole HC III, nine primary schools and three secondary schools. Health Centre II and HC III are headed by enrolled nurses and clinical officers, respectively, and they offer free medical services, as per the structure of Uganda’s healthcare system. In 2019, the District Health Office reported that the residents of Napak district were highly affected by tungiasis. Francis Mutebi and George Mukone undertook a fact-finding visit to Napak to verify the occurrence of tungiasis in areas considered to be highly endemic. A rapid assessment for tungiasis [62] in 11 villages located in the parishes of Naitakwae, Nagule Angolol and Nawaikorot in November 2020 revealed that of the 666 individuals examined, 456 (68.5%) had tungiasis (unpublished data). Moreover, many patients had co-morbidities, amongst which were scabies and podoconiosis. None of the affected persons had ever sought medical attention. Medical care was generally inaccessible for the local population as public medical facilities were located far away from most of the villages, were understaffed and lacked medical supplies. No treatments for tungiasis and scabies were available. Moreover, healthcare workers in the few medical facilities lacked the basic knowledge and skills to manage tungiasis. For example, some healthcare workers recommended the application of kerosene to kill embedded sand fleas, a practice which is highly hazardous (unpublished data).



The living conditions in the study area are generally unhygienic, whereby most compounds were littered with organic matter such as plant residues and household refuse; the floors of houses were dusty and dirty, and most people practised open air defaecation due to a lack of latrines. None of the households had access to electricity. The inhabitants of the Napak district are mainly semi-nomadic pastoralists but also practice subsistence crop farming. Sorghum, maize and sunflower are the major crops grown, while cattle, goats and sheep are the major livestock species reared, majorly by herding. Other animal species, such as donkeys and pigs, are reared in the area in very small numbers. Livestock herding is mainly the responsibility of teenage boys. Routinely, livestock are kept together at night in communal enclosures (kraals) in the centre of the manyatas for security reasons. During the study period, cattle rustling was rampant, which forced most animal owners (and their herdsmen) to drive livestock to guarded communal grounds far away from human settlements. However, a few households kept some animals near their houses. The burning of charcoal and bee-keeping are other important economic activities in the area. Crop farming and the marketing of household produce are primarily the responsibility of teenage girls and their mothers.




2.2. Study Design


This cross-sectional survey marks the initiation of a humanitarian project aimed at reducing tungiasis in the population of the three target parishes. The humanitarian project involved repeated rounds of human and animal treatment against tungiasis with dimeticone (Nyda®), combined with the public health education of the communities, emphasising body hygiene and environmental sanitation. Initially, we enumerated all households and inhabitants in the three study parishes constituted by 17 villages during a census from 14 December to 17 December 2020. Subsequently, we conducted a survey of tungiasis from 1 February to 18 March 2021, which was a dry season, a period characterised by high prevalence and transmission rates for tungiasis [3,63]. This survey provided the baseline data on the status of tungiasis at the start of the One Health control project.



All permanent residents in the study area were included. Permanent residents were defined as individuals having a home in a manyata located in the study area where they had stayed for at least four days per week for the last three months. Other individuals present were classified as visitors. For household members who were absent at the first visit, the household was visited again at least twice before they were considered absent. A household was defined as a group of people who prepare and eat meals together but do not necessarily live in the same house. On enrolment, all participants were allocated unique identification numbers to ensure consistency and anonymity. At the household level, census information was provided by the household head (the overall leader of the family) or the household caretaker (the individual who takes care of the home affairs).




2.3. Data Collection


In both the census and the survey, house-to-house visits were made, and data were mainly collected through questionnaire interviews, direct observation, and physical examination of all humans and household animals. Forms designed with the Open Data Kit (ODK collect) were used to record the data. The forms were downloaded onto mobile phones for field-based data collection. Census data included the demographic information of all household members, animal husbandry practices and the socioeconomic characteristics of household members. The households were mapped using GPS. During the baseline examination, two different sets of data collection forms were used: one for individual household member tungiasis examinations and another for animal tungiasis screening. From humans, data were collected on identity, the occurrence of tungiasis and the intensity of sand fleas, plus other skin co-morbidities. Six species of domestic mammals (cats, dogs, cattle, sheep, pigs and goats) were examined for tungiasis. Animal data included animal characteristics such as species, age, sex and breed, as well as the presence of tungiasis and other ectoparasites.



The data sets were collected during periods of the day when most household members were expected to be at home, i.e., in the afternoon (between 1 p.m. and 5 p.m.) during normal working days, when the majority were home from work, and between 9 a.m. and 2 p.m. on weekends. To minimise the stigmatisation of people affected by tungiasis, all interviews and examinations were carried out in a private location selected by the individual.



All field activities were implemented by eight village tungiasis health workers (VTHWs) per parish, who were specially recruited and trained for the study. The training of VTHWs mainly focused on ethical issues during data collection, the physical examination for tungiasis in humans and animals, questionnaire surveys, data entry and the treatment of affected persons and animals. Each group was supervised by a social worker or a project nurse. All the 24 VTHWs were residents of the Ngoleriet sub-county who were fluent in the local language Ngakarimojong and English. The VTHWs were supported by state-established village health teams (VHTs) (we had initially planned to work with VHTs to collect data, but this was not feasible as many of them could not operate the mobile data collection devices and were not fluent in English, which was necessary for data documentation) and the Local Council One (LC1) leaders, who participated as mobilisers and field guides.



Hands and legs were carefully examined for tungiasis, and individuals were asked if they had sand flea lesions on other body parts. For those who reported tungiasis lesions on other body parts and were willing to be examined, the entire body was examined. In animals, the entire body was examined for tungiasis. Before the examination of humans and animals for tungiasis, the feet or digits were washed with a brush, soap and water to remove any organic matter that could obscure the visualisation of embedded sand fleas. Diagnosis of tungiasis was based on the morphology of embedded sand fleas, as described by Eisele et al. [21]. Embedded sand fleas, which presented as dark brown to black spots in the centre of a hyperemic rim or yellow-to-white nodular lesions of 2–12 mm in diameter, were categorised as viable. Raised circular brown to black patches or shallow circular skin craters with necrotic edges were characterised as avital lesions. Skin sores from which embedded sand fleas had been completely or partially removed were categorised as manipulated lesions.




2.4. Data Management and Statistical Analysis


Completed data forms were uploaded onto a web-based data repository within one day. Before statistical analysis, the data sets were cleaned and validated in Microsoft Excel. Statistical analysis was performed using Microsoft Excel (2016), R statistical package (version 4.1.2, R Core team 2021) and Stata 15 (Statacorp LLC, 2017, 4905 Lakeway Drive College Station, Texas 77845-4512, USA). The 95% confidence intervals of proportions were calculated using Stata 15. The chi-square test was used to compare the prevalences of tungiasis among groups such as genders, age groups or animal species. The age of infected and uninfected people was compared using a t-test (mean comparison test). Spearman’s rank correlation coefficient was used to assess the relationship between the prevalence of tungiasis in animals and humans at the village level, the intensity of ectopic site infections and total intensity among humans, as well as the prevalence of tungiasis and the median number of lesions among humans at the village level. The Wilcoxon rank-sum test was used to compare differences in sand flea numbers (intensity of tungiasis) between two groups, e.g., the intensity of lesions among villages, genders, animal species and age groups. P-values below 0.05 were considered significant. The intensity of tungiasis was defined as the number of lesions present, irrespective of whether they were manipulated, live or dead. Intensities of embedded sand fleas were defined as mild, moderate and (severe) heavy infections when they had 1–5, 6–30 and above 30 lesions, respectively [24].





3. Results


3.1. Census and Characteristics of the Study Population


A total of 1334 households were identified in the three parishes of Nagule Angolol (n = 380; 28.5%), Naitakwae (n = 457; 34.3%) and Nawaikorot (n = 497; 37.3%). Household sizes in the study area were highly variable (mean = 4 people, range = 1–15). In the three parishes, 5482 people were identified (Table S1); 3273 (59.7%) were female and 2209 (40.3%) were male.



Out of the 5482 residents, 4035 (73.6%) were available and consented to participate in the baseline examination (Table S1). The participating residents belonged to 1278 households (Table S2). Seven residents (0.1%) declined to participate in the study. In addition to residents, 13 visitors were examined. Other residents were not traceable during the baseline examination period. The majority were men who had relocated their animals to other areas for safety following the upsurge of animal raids. The mean age of household heads was 49 years (range = 12–115). Most households were headed by females (n = 770, 60.3%), and the majority of household heads (n = 1097, 85.8%) had not attained any form of formal education (Table S2). Most household heads were Christians (n = 1213, 95%). Disabilities (mental or physical) among household heads were common (n = 286, 22.4%).



Among the examined children, one-third attended school (n = 789; 33.9%). Most adults did not have any formal education (n = 1436; 84.3%), while 10.3% (n = 176) had started but never completed primary education, and only 2% (n = 34) had completed primary school as their highest level of education. Only 3.4% (n = 58) had studied beyond the primary level. Hunger was a common problem in the area. In most households, people only had one meal per day (n = 872; 73.3%), and in 6.9% of households (n = 88), food was so scarce that they had not had any meal the previous day (Table S3). Defaecation in the bush was the main method of faeces disposal among households in the community (n = 966, 75.6%).



Out of the 1278 households that participated in the study, 568 (44.4%) were keeping animals (Table S4), although the number of animals kept on the compound or near homesteads was small. Cattle (N = 4899), sheep (N = 5716), goats (N = 4162) and pigs (N = 34) were the major livestock. Dogs (N = 300) and cats (N = 390) were the major companion animals in households, although donkeys were also present. Chickens, ducks, turkeys, guinea fowls and pigeons were the poultry species kept in homes. Only three (0.5%) households had pigs, of which two controlled ectoparasites using commercial ectoparasiticides.



There were 134 dog-owning households, of which the majority allowed their dogs to roam freely (n = 132; 98.5%). Only 15 dog-owning households controlled ectoparasites. There were 238 cat-owning households, of which the majority allowed their cats to roam freely (n = 237; 99.6%). Only 37 (15.6%) cat-owning households controlled ectoparasites in their cats. Poultry was found in 18.2% of households (n = 232). Rodents were reported to be present on the compound by 96% (n = 1227) of the participating households.




3.2. Prevalence of Tungiasis in Households and Residents


Individuals from 1278 households were physically examined, and in 78.7% (n = 1006), one or more individuals had tungiasis (Figure S1A). The Nagule Angolol parish had the highest proportion of households with tungiasis infections (98.4%). In the Naitakwae and Nawaikorot parishes, the proportions of affected households were 73.2% and 68.3%, respectively. In two villages of the Nagule Angolol parish, tungiasis infections were present in all households (Figure 3).



Out of the 4035 examined individuals, 2534 (62.8%) had at least one sand flea lesion in their body (Table 1). The Nagule Angolol parish had the highest prevalence of human tungiasis (84.6%), followed by Naitakwae (49.3%) and Nawaikorot (47.8%). The prevalence of human tungiasis in the 17 villages varied significantly (χ2 = 755.70, p < 0.001), from 11.5% in the Lokodiokodioi village in the Naitakwae parish to 91.9% in Nagule Angolol A in the Nagule Angolol parish (Table 1). The proportion of infected males (970/1480; 65.5%) was slightly but significantly higher than that of females (1564/2555; 61.2%), χ2 = 7.51, p = 0.01. Among children, boys were also more affected (67%) than girls (60.4%), χ2 = 10.88, p = 0.001.



There was no significant difference in the prevalence of tungiasis between adults (n = 1052; 61.7%) and children/adolescents (n = 1482; 63.6%), χ2 = 1.43, p = 0.23. Additionally, the age of infected individuals (mean age = 23.9 years, range < 1–102) did not differ significantly from that of individuals who were not infected (mean age = 20.5 years, range ≤ 1–115), t = −4.38, p = 1.00. Age-specific prevalence followed an S-shaped curve, with the highest prevalence occurring in children of 5 to 9 years and the elderly (Figure 4).




3.3. Intensity of Human Infections


The median number of sand flea lesions (intensity) among affected residents was 11 (IQR = 5–26). The majority of affected individuals had moderate infections (51.5%, n = 1304), followed by mild infections (n = 696; 27.5%) and heavy (severe) infections (n = 534; 21%); see Figure 5. Among the severe infections, 96 individuals (3.8% of those infected) had more than 100 lesions (median = 141; IQR = 116–184). These 3.8% carried 26.6% (15,648/58,790) of the sand flea load among humans. Of the 96 individuals, the majority (n = 75; 78%) were from the Nagule Angolol parish and were female (n = 58; 60.4%).



The intensity of tungiasis between infected males (median = 11; IQR = 5–24) and females (median = 12; IQR = 5–27) did not differ significantly (U = 1.31, p = 0.19). However, among children, boys had slightly higher infection intensities (median = 11, IQR = 5–26) than girls (median = 10; IQR = 4–24), U = −2.03, p = 0.04. The intensity of tungiasis among adults (median = 13; IQR = 5–28) was slightly but significantly higher than in children (median = 10; IQR = 5–25); U = 2.90, p = 0.004. The highest intensity of infection was observed in the elderly (>60 years) (median = 20; IQR = 8–36), children of 5 to 9 years (median = 12; IQR = 5–26) and children of 10 to 14 years (median = 11.5; IQR = 6–32), while children of >1 year to 4 years had the lowest intensity (median = 9; IQR = 4–20) (Figure 5).



There was a strong positive correlation between the prevalence of tungiasis and the median number of tungiasis lesions among infected persons at the village level (rho = 0.58, p = 0.01), Figure 6. The majority of the tungiasis lesions (50.1%) were manipulated. Ectopic lesions (on other sites apart from the feet) were located on elbows, ankles, fingers, knees and palms of hands and constituted only 1.9% (n = 1113) of the total number of lesions detected (n = 58,799). Of the 2534 affected individuals, 6.4% (n = 162) had ectopic lesions. The intensity of infection of the ectopic sites showed a strong positive correlation with the total infection intensity (rho = 0.68, p < 0.001).




3.4. Occurrence of Other Skin Pathology in Humans


A total of 1662 (41.2%) study participants had at least one other skin condition apart from tungiasis. Among other skin pathological skin conditions, the commonest was scabies (n = 1625; 40.3%). There were also cases of fungal infections (n = 70; 1.7%), head lice (n = 28; 0.7%), cutaneous larva migrans (n = 17; 0.4%), septic wounds other than those caused by the extraction of T. penetrans (n = 6; 0.15%), podoconiosis (n = 27; 0.67%), warts (n = 1; 0.03%,) and unclassified skin rashes (n = 2; 0.05%). Fifty percent (n = 1270) of individuals with tungiasis had another type of skin pathology. Forty-nine percent (n = 1239) of individuals with tungiasis also had scabies. Scabies occurred in 75% (n = 72) of the most severe cases (over 100 lesions) of tungiasis. Of the 17 cases of CLM, 12 (70.6%) occurred as a co-morbidity with tungiasis.




3.5. Tungiasis among Visitors


A total of 13 visitors (see Material and Methods section) were examined, of which 11 were children and 2 were adults. All adults, as well as 8 of the 11 children, were infected by T. penetrans (10/13 visitors; 76.9%). The median number of embedded sand fleas among the visitors was 23 (range = 2–87). As was the case with residents, most of the lesions among visitors were manipulated (134/239; 56.1%).




3.6. Prevalence and Intensity of Animal Tungiasis


Of the total of 15,501 domestic mammals (dogs, cats, sheep, goats, pigs and cattle) reported by the respondents in the study area, 395 (2.5%) were examined for tungiasis. The majority of the animals had been relocated to distant locations due to insecurity (animal raiding). Examination of animals was performed either from household premises (22%, n = 87) or from communal night bomas (community kraals) within a manyatta (78%, n = 373). The 395 animals belonged to 136 households (23.9%) out of the 568 animal-owning households enrolled during the baseline examination. Nineteen percent (n = 26) of the households had at least one infected animal (Figure S1B). The overall prevalence of animal tungiasis was 14.2% (n = 56). Tungiasis was detected among 80% of pigs (8/10; CI 44.4–97.5), 24% of dogs (22/92; CI 15.6–33.9), 16% of goats (14/86; CI 9.2–25.8), 8% of cats (7/86; CI 3.3–16.1) and 5% of sheep (5/102; CI 1.6–11.1). The prevalence of tungiasis among animals examined at the community kraal level (n = 17; 19.5%) did not differ significantly from that of animals found within household premises (n = 39; 11.9%), χ2 = 3.45, p = 0.06. At the parish level, the prevalence of animal tungiasis was 23.8% (31/130) in Nawaikorot, 15.5% (18/116) in Nagule Angolol and 4.7% (7/149) in Naitakwae. The prevalence of animal and human tungiasis at the village level was positively correlated (rho = 0.28), but the correlation was not significant (p = 0.3).



The median number of lesions in affected animals was 3 (IQR = 2–6). Pigs were not only the most affected by tungiasis but also had the highest infection intensity (median = 9.5; IQR 3–23.5) of all infected animal species. The infection intensities of tungiasis-affected pigs differed significantly from those of dogs (median = 3.5; IQR = 2–6; U = −2.22, p = 0.03), goats (median = 2; IQR = 1–4, U = -2.69, p = 0.01) and sheep (median = 3; IQR = 2–3; U = 2.11, p = 0.04), but the difference was not significant from those of cats (median = 2; IQR = 2–8, U = −1.98, p = 0.05). The intensity of embedded sand fleas did not differ significantly between animals kept in households (median = 3; IQR = 2–7) and those kept in community kraals (median = 3; IQR = 2–4), U = 1.53, p = 0.13. Out of the total 59,120 tungiasis lesions found on infected hosts, animals carried only 0.6% (n = 330).





4. Discussion


The study presents a comprehensive population-based assessment of tungiasis in Uganda. The overall prevalence of human tungiasis was very high (62.8%) but highly variable (11.5%-92%) among the 17 villages. A heterogeneous distribution of tungiasis has been reported in other endemic areas [2,6]. The extremely high prevalence documented in the general population is comparable to prevalences of 62.1%, reported in children in Kwale, Kenya [27], and 58.7% in children in Wensho, Ethiopia [34]. As a rule, children are the most vulnerable group, carrying the highest burden in endemic communities [24,29]. To the best of our knowledge, the overall prevalence of 62.8% has never been reported before. For example, in Busoga, southeastern Uganda, much lower prevalences of 22.5% and 14.4% were reported from the Mayuge district [40] and animal-keeping households in Bugiri [17], respectively. In other highly endemic regions of sub-Saharan Africa, lower prevalences have been reported in Kenya (57%), Nigeria (45.2%), Cameroon (53%) and Tanzania (42.5%) [5,30,31,33,39,64]. Additionally, lower prevalences of tungiasis were recorded in Brazil (up to 54.8%) [16,18,24,63,65] and Trinidad (up to 31.4%) [42,66].



The extremely high prevalence of tungiasis underscores the public health significance of tungiasis in the study area. The Karamoja sub-region, to which the Napak district belongs, is among the least socially and economically developed parts of Uganda [61]. In most communities, the living conditions are precarious, and access to public health services is very limited. The majority of houses in the study area had earthen floors, and sanitary practices, such as household waste disposal methods, are very poor. Such factors prime the occurrence, persistence and propagation of off-host stages of sand fleas [6]. The situation is exacerbated by prolonged drought periods, which are not only associated with dusty and warm environments, favouring the survival of off-host stages [19,63], but also contribute to water scarcity in the area. Indeed, climate analysis of Karamoja over 35 years (1981–2015) shows that the average temperature has been steadily rising [67]. Water scarcity not only compromises the hygienic practices of the communities [6,29], which is a risk factor for tungiasis, but also negatively impacts subsistence crop and animal agriculture, the major cornerstone for the communities’ livelihoods in Karamoja [67]. This keeps the population trapped in poverty. Poverty primes the existence of various predisposing factors to tungiasis [27,29,34,35,38,40,64,68]. Affected communities cannot afford solid floors, soap, water reservoirs and other basic infrastructure for good body hygiene and environmental sanitation.



Tungiasis-associated morbidity has many negative psychosocial and educational outcomes that impede the social–economic progression of affected individuals, families and, therefore, communities [69]. For example, stigma contributes to social exclusion, while itching, pain, sleeping disturbances, lack of concentration and body deformities affect economic productivity among adults and poor schooling outcomes among school-going children [52,69].



In the villages of Nagule Angolol A and Nagule Angolol B, in all households, at least one case of tungiasis occurred (100% household prevalence), and the individual prevalence of human tungiasis was 91.9% and 90.5%, respectively. When compared with other parishes, the Nagule Angolol parish, with its four villages, had the highest prevalence of human tungiasis in the study area (84.6%). The residents of Nagule Angolol live in rather big manyatas, which are aggregated in one locality (see Figure 1). In this setting, many households, and, therefore, also people, are concentrated in a limited area, which, in turn, favours the transmission of sand fleas between members of various households. Amongst others, gregariousness is a coping mechanism for security threats, but it concentrates pathogens due to crowding. Two studies in Kenya have identified a high density of people per sleeping room as a risk factor for tungiasis [6,70].



Among the different age groups, the prevalence of human tungiasis followed a typical S-shaped curve trend, where children of 5–9 years and the elderly (≥60 years) had the highest prevalence, as reported before in other studies [24,27,29,34,35,65]. The S-shaped curve of age-specific prevalence has been attributed to variations in behavioural and hygienic practices in children and the sedentary way of life and neglect of elderly persons in resource-poor settings [6,24,65].



A finding hitherto not described is that age groups of 0–4, 15–19 and 20–39 years had prevalences of 50% and above. Very young children usually receive maximum care from parents and have little contact with the soil, the source of infection with sand fleas. On the other hand, teenagers and younger adults are usually considered less likely than young children to engage in risky behaviours, such as playing in dusty places, and they often take good care of their body hygiene. In the study population, children and adolescents of 10–19 years of age are usually away from home most of the time during the day, either herding animals in the case of boys or trading in the case of girls. This suggests that family members become infected by T. penetrans at night when they are sleeping indoors, irrespective of their age and hours spent around the homesteads. An analysis of soil samples from indoors showed that in almost all samples, the off-host stages of T. penetrans were present (F. Mutebi, unpublished observation 2022).



Males had a slightly higher prevalence of tungiasis (65.5%) than females (61.2%). This finding conforms with most other studies that have reported higher human tungiasis prevalence among males than females [6,24,29,38,42,65,66]. However, there are variations in the effect of gender on the prevalence of tungiasis infections among communities. A study from Nigeria reported no significant gender difference in prevalence [41], and in a study in Brazil, more females than males were affected [25]. The variations in prevalence between the two genders have been mainly attributed to differences in adherence to proper hygienic practices, with girls typically being more concerned about their personal body hygiene than boys [29]. On the other hand, the intensity (the number of sand-flea-associated lesions) of tungiasis in the study area did not differ between genders, except among children, as boys had more sand flea lesions than girls. Most studies in other endemic communities reported higher tungiasis intensities among males compared to females. [24,25,65]. However, a study in Uganda among animal-keeping households reported no significant difference in infection intensity among boys and girls [17].



An astoundingly high proportion of individuals with human tungiasis (72.5%) had moderate or heavy infections (≥six lesions), which indicates intense transmission. This deviates from the known pattern of distribution of T. penetrans lesions among infected hosts, where the majority of lesions are carried by a few hosts [4,17,24]. A strong correlation between prevalence and intensity has been described before [4,5,6,17]. Thus, we can assume that the very high prevalence of tungiasis in the study population contributes to the high intensity of tungiasis infection among affected persons and vice versa. Accordingly, the pattern of the age-specific infection intensity of tungiasis followed a similar trend to age-specific prevalence. This finding differs from the U-shaped distribution of infection intensities in age groups described in Balbino, Brazil [24].



Although their number was small, the majority (92%) of the 13 visitors found within the study area were infected, and moreover, with high infection intensities of tungiasis (median = 23). This demonstrates that visitors or incomers from other locations are potential sources of new infections in the community. Thus, all efforts aimed at eliminating tungiasis within the community should also target visitors and encourage new entrants into the area to report to medical facilities for immediate treatment if infected.



Tungiasis is associated with considerable impairment in the quality of life [26], and no medicine was available in the study area. Thus, it is not surprising that half of the total number of lesions in humans were manipulated with sharp instruments, such as pins and thorns. Similar observations have been made in Brazil and Madagascar [24,65,71]. The high rate of manipulation of embedded sand fleas suggests an attempt to eliminate or minimise the morbidity attributable to tungiasis despite the pain that is associated with the manipulation of lesions and the risk of secondary bacterial infections. Due to the inaccessibility of effective alternative treatments for tungiasis in many endemic communities, the mechanical extraction of sand fleas remains the most widely used method [59,72]. Apart from pain, the practice of mechanically removing embedded sand fleas from the body has many limitations. Firstly, it is not practicable in environments with high transmission rates, where individuals carry a high number of embedded sand fleas. Secondly, unsterile extractions and the contamination of extraction sores by soil from bare-footed individuals may introduce secondary bacterial infections, including tetanus, which is potentially fatal [48,53]. In addition, the sharing of extraction objects, which is a common practice in poor communities [55], may contribute to the transmission of blood-borne pathogens, including HIV and hepatitis B viruses [2]. Currently, an effective tungicidal medical device, dimeticone (Nyda®), exists [73,74]. Nyda® is made of two silicone oils (dimeticones) with proven efficacy against tungiasis [73,74]. It has a physical mode of action, which involves the penetration of flea tissues with a disruption of vital functions, especially respiration, to kill embedded fleas [75,76]. We can expect that availing dimeticone to the endemic communities will facilitate the abandonment of hazardous manual extractions.



Although designed as a population-based study, the coverage of the population was relatively low (73.6% of the population). The majority of residents have a semi-nomadic lifestyle and keep moving in and out of the area in search of food for themselves and their animals, especially during dry seasons. As the study was also undertaken during a particularly long dry season, when many men were herding animals outside the study area, many more females (60%) than males (40%) were present in the villages. During the study period, cattle rustling was also rampant in the area; thus, many men and teenage boys were forced to drive cattle away to more secure places. In some villages, particularly in Konyanga and Kakutalem, many residents were displaced due to animal-rustling-associated insecurity.



Only a small number of animals (n = 395) could be examined. Most animals were kept away from homes due to the escalating animal raids in the area. Although pigs, dogs, cats, sheep and goats were found to be infected, animal tungiasis occurred only in a small proportion of the animals (14.2%). Animals carried only 0.6% of the total number of lesions among infected hosts in the study area. Previously, pigs were identified as the major animal host of tungiasis in Busoga, Uganda [17] and in Nigeria [15]. Indeed, in the current study, a high proportion of pigs (80%) were found to be infected, but the absolute number was small. Thus, in the study area, zoonotic transmissions of tungiasis may be of limited significance in the epidemiology of human tungiasis. Nonetheless, animals infected with T. penetrans increase the risk and intensity of human tungiasis [16,17,18]. One Health principles integrating human, animal and environmental interventions should be applied for effective tungiasis control.




5. Conclusions


The study demonstrates that zoonotic tungiasis is highly prevalent in the three study parishes of the Napak district. The prevalence and intensity of tungiasis were higher in humans than in domestic animals. Half of the total number of tungiasis lesions identified among humans had been manipulated with sharp objects. Effective control measures based on One Health principles are necessary to decrease the prevalence and intensity of tungiasis and hazardous manual extractions in this setting.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/tropicalmed8020111/s1, Table S1: Census of residents and number examined in the 17 study villages. Table S2: Socio-demographic characteristics of households (N = 1278). Table S3: Economic features, sanitation, hygiene and living conditions in the households (N = 1278). Table S4. Animal-keeping practices in the participating households (n = 568). Figure S1: Infection of tungiasis on the human hand (A) and tungiasis infection on the digits of a pig (B).





Author Contributions


Conceptualisation: H.F., F.M., S.W., H.M., F.R. and M.T.; Methodology: F.M., H.F., G.M., S.W., H.M., F.R. and M.T.; Software: F.M.; Validation: F.M., H.F., S.W., H.M., F.R. and M.T.; Formal analysis: F.M., H.M. and M.T.; Investigation: F.M.; Resources: F.M., H.M. and H.F.; Data curation: F.M., H.M., S.W., H.F. and M.T.; Writing—original draft preparation: F.M.; Visualisation: F.M., H.F., H.M. and M.T.; Supervision: H.F. and H.M.; Project administration: F.M., G.M., H.M. and H.F.; Funding acquisition: H.F. All authors have read and agreed to the published version of the manuscript.




Funding


The study was conducted within the framework of a humanitarian project aimed at eliminating tungiasis from highly endemic communities in the Napak district. The project was supported by the Else Kröner Fresenius Foundation, a philanthropic institution in Bad Homburg, Germany (Award number: 2019_HA.116), and German Doctors, a medical NGO. The sponsors had no role in the design of the study and data analysis. The data presented here were collected at the beginning of the project to establish the existing situation before a systematic treatment of tungiasis using dimeticone was implemented.




Institutional Review Board Statement


The protocol was developed following the national guidelines for the Ministry of Health (MOH) and the Uganda National Council of Science and Technology (UNCST) regarding research. Prior to the implementation of the project, the authorities of Napak District Local Government provided administrative approval for the project (Ref: CR/205/1). The intervention protocol was approved by the Vector Control Division of the Ministry of Health Ethical Committee for approval (Ref: VCDREC112/UG-REC-018) before accreditation with the Uganda National Council of Science and Technology (Ref: HS2623). With the emergence of coronavirus disease 19 (COVID-19), communities were also educated on how to control COVID-19 and given free face masks. Individuals with other health problems were forwarded to the public health facilities in the area for further management. To guarantee privacy, in villages, individuals were examined and treated in their respective households and in privacy. Utmost confidentiality was kept on all information obtained from households and individuals, and access to this data was only granted to the project core team. During analysis, data were treated anonymously.




Informed Consent Statement


Participation in the project activities was strictly voluntary. The aims and methods of the study were explained to potential participants in the local language, and time was given for questions, clarifications and making informed decisions. All willing participants signed an informed consent form in the Ngakarimojong language, and those who were unable to sign provided their fingerprints. In the case of children, an adult main caretaker was asked for written consent and the child for verbal consent. Any household or individual could withdraw from the study at any time without providing reasons.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


NYDA® for the treatment of affected persons was generously provided by Pohl-Boskamp GmbH & Co KG. We thank the communities of the 17 study villages of the Ngoleriet sub-county, Napak district, for participating in the study. The technical staff and political leaders of Napak District Local Government, field tungiasis health workers, Village Health Team (VHT) members, Chairpersons LC1 of the 17 villages and officials from the Vector Control Division of the Ministry of Health are highly appreciated for their support. The project social workers, Mike Banalyaki and Gertrude Nabbale, together with the project nurse, Proscovia Mukobe, oversaw the collection of data from the field. The project activities in Uganda were coordinated by Innovations for Tropical Diseases Elimination (IFOTRODE).




Conflicts of Interest


The authors have no conflicts of interest to declare.




References


	



Heukelbach, J.; De Oliveira, F.A.S.; Hesse, G.; Feldmeier, H. Tungiasis: A neglected health problem of poor communities. Trop. Med. Int. Health 2001, 6, 267–272. [Google Scholar] [CrossRef]

	



Feldmeier, H.; Heukelbach, J.; Ugbomoiko, U.S.; Sentongo, E.; Mbabazi, P.; Von Samson-Himmelstjerna, G.; Krantz, I. The International Expert Group for Tungiasis Tungiasis—A Neglected Disease with Many Challenges for Global Public Health. PLoS Negl. Trop. Dis. 2014, 8, e3133. [Google Scholar] [CrossRef] [PubMed]

	



Heukelbach, J.; Franck, S.; Feldmeier, H.; Kirk, R.; Sati, M.H. High attack rate of Tunga penetrans (Linnaeus 1758) infestation in an impoverished Brazilian community. Trans. R. Soc. Trop. Med. Hyg. 2004, 98, 431–434. [Google Scholar] [CrossRef] [PubMed]

	



Feldmeier, H.; Kehr, J.D.; Poggensee, G.; Heukelbach, J. High exposure to Tunga penetrans (Linnaeus, 1758) correlates with intensity of infestation. Mem. Inst. Oswaldo Cruz 2006, 101, 65–69. [Google Scholar] [CrossRef] [PubMed]

	



Ugbomoiko, U.S.; Ofoezie, I.E.; Heukelbach, J. Tungiasis: High prevalence, parasite load, and morbidity in a rural community in Lagos State, Nigeria. Int. J. Dermatol. 2007, 46, 475–481. [Google Scholar] [CrossRef] [PubMed]

	



Wiese, S.; Elson, L.; Reichert, F.; Mambo, B.; Feldmeier, H. Prevalence, intensity and risk factors of tungiasis in Kilifi County, Kenya: I. Results from a community-based study. PLoS Negl. Trop. Dis. 2017, 11, e0005925. [Google Scholar] [CrossRef] [PubMed]

	



Miller, H.; Ocampo, J.; Ayala, A.; Trujillo, J.T.; Feldmeier, H. Very severe tungiasis in Amerindians in the Amazon lowland of Colombia: A case series. PLoS Negl. Trop. Dis. 2019, 13, e0007068. [Google Scholar] [CrossRef] [PubMed]

	



Mutebi, F.; Krücken, J.; Feldmeier, H.; Waiswa, C.; Mencke, N.; Eneku, W.; von Samson-Himmelstjerna, G. High intensity of Tunga penetrans infection causing severe disease among pigs in Busoga, South Eastern Uganda. BMC Vet. Res. 2017, 13, 206. [Google Scholar] [CrossRef]

	



Villagrana, S.M.N.; Santisteban, A.G.N. Tungiasis: A highly neglected disease among neglected diseases. Case series from Nduta refugee camp (Tanzania). Oxf. Med. Case Rep. 2019, 2019, omz049. [Google Scholar] [CrossRef] [PubMed]

	



Swaminathan, A.; Gosbell, I.; Zwar, N.; Douglas, M.W. Tungiasis in recently arrived African refugees. Med. J. Aust. 2005, 183, 51. [Google Scholar] [CrossRef]

	



Nazzaro, G.; Genovese, G.; Veraldi, S. Clinical and histopathologic study of 39 patients with imported tungiasis. J. Cutan. Pathol. 2019, 46, 251–255. [Google Scholar] [CrossRef] [PubMed]

	



Linardi, P.M.; Avelar, D.M.D. Neosomes of tungid fleas on wild and domestic animals. Parasitol. Res. 2014, 113, 3517–3533. [Google Scholar] [CrossRef]

	



Pampiglione, S.; Fioravanti, M.; Gustinelli, A.; Onore, G.; Mantovani, B.; Luchetti, A.; Trentini, M. Sand flea (Tunga spp.) infections in humans and domestic animals: State of the art. Med. Vet. Entomol. 2009, 23, 172–186. [Google Scholar] [CrossRef]

	



Mutebi, F.; Krücken, J.; Feldmeier, H.; von Samsom-Himmelstjerna, G. Clinical implications and treatment options of tungiasis in domestic animals. Parasitol. Res. 2021, 120, 4113–4123. [Google Scholar] [CrossRef] [PubMed]

	



Ugbomoiko, U.S.; Ariza, L.; Heukelbach, J. Pigs are the most important animal reservoir for Tunga penetrans (jigger flea) in rural Nigeria. Trop. Dr. 2008, 38, 226–227. [Google Scholar] [CrossRef]

	



Heukelbach, J.; Costa, A.M.L.; Wilcke, T.; Mencke, N.; Feldmeier, H. The animal reservoir of Tunga penetrans in severely affected communities of north-east Brazil. Med. Vet. Entomol. 2004, 18, 329–335. [Google Scholar] [CrossRef]

	



Mutebi, F.; Krücken, J.; Feldmeier, H.; Waiswa, C.; Mencke, N.; Sentongo, E.; von Samson-Himmelstjerna, G. Animal Reservoirs of Zoonotic Tungiasis in Endemic Rural Villages of Uganda. PLoS Negl. Trop. Dis. 2015, 9, e0004126. [Google Scholar] [CrossRef] [PubMed]

	



Pilger, D.; Schwalfenberg, S.; Heukelbach, J.; Witt, L.; Mehlhorn, H.; Mencke, N.; Khakban, A.; Feldmeier, H. Investigations on the biology, epidemiology, pathology, and control of Tunga penetrans in Brazil: VII. The importance of animal reservoirs for human infestation. Parasitol. Res. 2008, 102, 875–880. [Google Scholar] [CrossRef]

	



Nagy, N.; Abari, E.; D’Haese, J.; Calheiros, C.; Heukelbach, J.; Mencke, N.; Feldmeier, H.; Mehlhorn, H. Investigations on the life cycle and morphology of Tunga penetrans in Brazil. Parasitol. Res. 2007, 101, 233–242. [Google Scholar] [CrossRef]

	



Linardi, P.M.; Calheiros, C.M.L.; Campelo-Junior, E.B.; Duarte, E.M.; Heukelbach, J.; Feldmeier, H. Occurence of off-host stages of Tunga penetrans (Siphonaptera) in various environments in Brazil. Ann. Trop. Med. Parasitol. 2010, 104, 337–345. [Google Scholar] [CrossRef]

	



Eisele, M.; Heukelbach, J.; Van Marck, E.; Mehlhorn, H.; Meckes, O.; Franck, S.; Feldmeier, H. Investigations on the biology, epidemiology, pathology and control of Tunga penetrans in Brazil: I. Natural history of tungiasis in man. Parasitol. Res. 2003, 90, 87–99. [Google Scholar] [CrossRef] [PubMed]

	



Deka, M. Mapping the Geographic Distribution of Tungiasis in Sub-Saharan Africa. Trop. Med. Infect. Dis. 2020, 5, 122. [Google Scholar] [CrossRef] [PubMed]

	



Deka, M.A.; Heukelbach, J. Distribution of tungiasis in Latin America: Identification of areas for potential disease transmission using an ecological niche model. Lancet Reg. Health-Am. 2021, 5, 100080. [Google Scholar] [CrossRef]

	



Muehlen, M.; Heukelbach, J.; Wilcke, T.; Winter, B.; Mehlhorn, H.; Feldmeier, H. Investigations on the biology, epidemiology, pathology and control of Tunga penetrans in Brazil II. Prevalence, parasite load, topographic distribution of lesions in the population of a traditional fishing Village. Parasitol. Res. 2003, 90, 449–455. [Google Scholar] [CrossRef] [PubMed]

	



De Carvalho, R.W.; De Almeida, A.B.; Barbosa-Silva, S.C.; Amorim, M.; Ribeiro, P.C.; Serra-Freire, N.M. The patterns of tungiasis in Araruama township, state of Rio de Janeiro, Brazil. Mem. Inst. Oswaldo Cruz 2003, 98, 31–36. [Google Scholar] [CrossRef] [PubMed]

	



Damazio, O.R.D.S.; Silva, M.V.D. Tungiasis in school children in Criciuma, Santa Catarina State, South Brazil. Rev. Inst. Med. Trop. São Paulo 2009, 5, 103–108. [Google Scholar] [CrossRef]

	



Mwai, J.; Nyole, D.; Abdi, M.H.; Omogi, J. Factors associated with tungiasis among school-age children in Kwale County, rural Kenya. Int. Health 2022, 15, 85–92. [Google Scholar] [CrossRef] [PubMed]

	



Mwangi, J.N.; Ozwara, H.S.; Gicheru, M.M. Epidemiology of tunga penetrans infestation in selected areas in Kiharu constituency, Murang’a County, Kenya. Trop. Dis. Travel Med. Vaccines 2015, 1, 13. [Google Scholar] [CrossRef]

	



Elson, L.; Wiese, S.; Feldmeier, H.; Fillinger, U. Prevalence, intensity and risk factors of tungiasis in Kilifi County, Kenya II: Results from a school-based observational study. PLoS Negl. Trop. Dis. 2019, 13, e0007326. [Google Scholar] [CrossRef]

	



Nyangacha, R.M.; Odongo, D.; Oyieke, F.; Bii, C.; Muniu, E.; Chasia, S.; Ochwoto, M. Spatial distribution, prevalence and potential risk factors of Tungiasis in Vihiga County, Kenya. PLoS Negl. Trop. Dis. 2019, 13, e0007244. [Google Scholar] [CrossRef]

	



Njau, N.N.; Wanzala, P.; Mutugi, M.; Ariza, L.; Heukelbach, J. Tungiasis (jigger infestation) in Rural Kenya, an emerging infectious disease. Retrovirology 2012, 9, P37. [Google Scholar] [CrossRef]

	



Njeumi, F.; Nsangou, C.; Ndjend, A.G. Tunga penetrans in Cameroon. Rev. Méd. Vét. 2004, 153, 177–180. [Google Scholar]

	



Collins, G.; McLeod, T.; Konfor, N.I.; Lamnyam, C.B.; Ngarka, L.; Njamnshi, N.L. Tungiasis: A neglected health problem in rural Cameroon. Int. J. Collab. Res. Intern. Med. Public Health 2009, 1, 2–10. [Google Scholar]

	



Girma, M.; Astatkie, A.; Asnake, S. Prevalence and risk factors of tungiasis among children of Wensho district, southern Ethiopia. BMC Infect. Dis. 2018, 18, 456. [Google Scholar] [CrossRef]

	



Jorga, S.D.; Dessie, Y.L.; Kedir, M.R.; Donacho, D.O. Prevalence of Tungiasis and its risk factors of among children of Mettu woreda, southwest Ethiopia, 2020. PLoS ONE 2022, 17, e0262168. [Google Scholar] [CrossRef] [PubMed]

	



Ade-Serrano, M.A.; Ejezie, G.C. Prevalence of tungiasis in Oto-Ijanikin village, Badagry, Lagos State, Nigeria. Ann. Trop. Med. Parasitol. 1981, 75, 471–472. [Google Scholar] [CrossRef]

	



Arene, F. The prevalence of sand flea (Tunga penetrans) among primary and post-primary school pupils in Choba area of the Niger Delta. Public Health 1984, 98, 282–283. [Google Scholar] [CrossRef]

	



Nsanzimana, J.; Karanja, S.; Kayongo, M.; Nyirimanzi, N.; Umuhoza, H.; Murangwa, A.; Muganga, R.; Musafili, A. Factors associated with tungiasis among primary school children: A cross-sectional study in a rural district in Rwanda. BMC Public Health 2019, 19, 1192. [Google Scholar] [CrossRef]

	



Mazigo, H.; Bahemana, E.; Konje, E.; Dyegura, O.; Mnyone, L.; Kweka, E.; Kidenya, B.; Heukelbach, J. Jigger flea infestation (tungiasis) in rural western Tanzania: High prevalence and severe morbidity. Trans. R. Soc. Trop. Med. Hyg. 2012, 106, 259–263. [Google Scholar] [CrossRef]

	



Wafula, S.T.; Ssemugabo, C.; Namuhani, N.; Musoke, D.; Ssempebwa, J.; Halage, A.A. Prevalence and risk factors associated with tungiasis in Mayuge district, Eastern Uganda. Pan Afr. Med. J. 2016, 24, 77. [Google Scholar] [CrossRef] [PubMed]

	



Ugbomoiko, U.S.; Ariza, L.; Babamale, A.O.; Heukelbach, J. Prevalence and clinical aspects of tungiasis in south-west Nigerian schoolchildren. Trop. Dr. 2016, 47, 34–38. [Google Scholar] [CrossRef] [PubMed]

	



Chadee, D.D. Tungiasis among five communities in South Western Trinidad, West Indies. Ann. Trop. Med. Parasitol. 1998, 92, 107–113. [Google Scholar] [PubMed]

	



Harvey, T.V.; Linardi, P.M.; Carlos, R.S.A.; Heukelbach, J. Tungiasis in domestic, wild, and synanthropic animals in Brazil. Acta Trop. 2021, 222, 106068. [Google Scholar] [CrossRef] [PubMed]

	



Larson, P.S.; Ono, M.; Changoma, M.; Goto, K.; Kaneko, S.; Moji, K.; Minakawa, N. Presence of dogs and proximity to a wildlife reserve increase household level risk of tungiasis in Kwale, Kenya. Trop. Med. Health 2021, 49, 54. [Google Scholar] [CrossRef]

	



Gitau, A.K.; Oyieke, F.A.; Mukabana, W.R. Assessment of the role played by domestic animals in jigger infection in Kandara sub-county, Kenya (case control study). Pan Afr. Med. J. 2021, 39, 231. [Google Scholar]

	



Feldmeier, H.; Eisele, M.; Van Marck, E.; Mehlhorn, H.; Ribeiro, R. Investigations on the biology, epidemiology, pathology and control of Tunga penetrans in Brazil: IV. Clinical and histopathology. Parasitol. Res. 2004, 94, 275–282. [Google Scholar] [CrossRef]

	



Feldmeier, H.; Eisele, M.; Saboia-Moura, R.C.; Heukelbach, J. Severe tungiasis in underprevileged communities: Case series from Brazil. Emerg. Infect. Dis. 2003, 9, 949–955. [Google Scholar] [CrossRef]

	



Feldmeier, H.; Heukelbach, J.; Eisele, M.; Sousa, A.Q.; Barbosa, L.M.M.; Carvalho, C.B.M. Bacterial superinfection in human tungiasis. Trop. Med. Int. Health 2002, 7, 559–564. [Google Scholar] [CrossRef]

	



Nyangacha, R.M.; Odongo, D.; Oyieke, F.; Ochwoto, M.; Korir, R.; Ngetich, R.K.; Nginya, G.; Makwaga, O.; Bii, C.; Mwitari, P.; et al. Secondary bacterial infections and antibiotic resistance among tungiasis patients in Western, Kenya. PLoS Negl. Trop. Dis. 2017, 11, e0005901. [Google Scholar] [CrossRef]

	



Veraldi, S.; Dassoni, F.; Çuka, E.; Nazzaro, G. Two Cases of Imported Tungiasis with Severe Staphylococcus aureus Superinfection. Acta Derm.-Venereol. 2014, 94, 463–464. [Google Scholar] [CrossRef]

	



Vaira, F.; Nazzaro, G.; Veraldi, S. Tungiasis: “the greatest curse that has ever afflicted Africa”. JAMA Dermatol. 2014, 150, 708. [Google Scholar] [PubMed]

	



Mazigo, H.D.; Bahamana, E.; Dyegura, O.; Mnyone, L.L.; Kweka, E.J.; Zinga, M.; Konje, E.T.; Waihenya, R.; Heukelbach, J. Severe tungiasis in Western Tanzania: Case series. J. Public Health Afr. 2011, 2, 87–89. [Google Scholar] [CrossRef] [PubMed]

	



Tonge, B.L. Tetanus from chigger flea sores. J. Trop. Paediatr. 1989, 35, 94. [Google Scholar] [CrossRef]

	



Wilcke, T.; Feldmeier, H.; Heukelbach, J. Severe tungiasis in a patient with Klippel-Trenaunay syndrome. Int. J. Dermatol. 2004, 43, 586–587. [Google Scholar] [CrossRef] [PubMed]

	



Heukelbach, J.; Sahebali, S.; Van Marck, E.; Moura, R.S.; Feldmeier, H. An unusual case of ectopic tungiasis with pseudoepitheliomatous hyperplasia. Braz. J. Infect. Dis. 2004, 8, 465–468. [Google Scholar] [CrossRef]

	



Wiese, S.; Elson, L.; Feldmeier, H. Tungiasis-related life quality impairment in children living in rural Kenya. PLoS Negl. Trop. Dis. 2018, 12, e0005939. [Google Scholar] [CrossRef]

	



Feldmeier, H.; Krantz, I. A way of measuring poverty that could further a change for the better. Bull. World Health Organ. 2008, 2008, 496. [Google Scholar] [CrossRef]

	



Ministry of Health Uganda. Sustainability Plan for Neglected Tropical Diseases Control Program 2020–2025; Vector Borne and Neglected Tropical Diseases Division, Ed.; MOH: Kampala, Uganda, 2021; p. 70.

	



Mutebi, F.; Krücken, J.; von Samson-Himmelstjerna, G.; Waiswa, C.; Mencke, N.; Eneku, W.; Andrew, T.; Feldmeier, H. Animal and human tungiasis-related knowledge and treatment practices among animal keeping households in Bugiri District, South-Eastern Uganda. Acta Trop. 2018, 177, 81–88. [Google Scholar] [CrossRef] [PubMed]

	



United Nations Population Fund. Leaving no One Behind in Karamoja; Population Matters August 2018; UNFPA: Kololo, Kampala, Uganda, 2018; pp. 1–8. [Google Scholar]

	



UBOS. The Uganda National Household Survey 2019/2020; UBOS: Kampala, Uganda, 2021.

	



Ariza, L.; Wilcke, T.; Jackson, A.; Gomide, M.; Ugbomoiko, U.S.; Feldmeier, H.; Heukelbach, J. A simple method for rapid community assessment of tungiasis. Trop. Med. Int. Health 2010, 15, 856–864. [Google Scholar] [CrossRef] [PubMed]

	



Heukelbach, J.; Wilcke, T.; Feldmeier, H.; Harms, G. SEASONAL VARIATION OF TUNGIASIS IN AN ENDEMIC COMMUNITY. Am. J. Trop. Med. Hyg. 2005, 72, 145–149. [Google Scholar] [CrossRef]

	



Ugbomoiko, U.S.; Ariza, L.; Ofoezie, I.E.; Heukelbach, J. Risk Factors for Tungiasis in Nigeria: Identification of Targets for Effective Intervention. PLoS Negl. Trop. Dis. 2007, 1, e87. [Google Scholar] [CrossRef]

	



Wilcke, T.; Heukelbach, J.; Moura, R.C.S.; Kerr-Pontes, L.R.S.; Feldmeier, H. High prevalence of tungiasis in a poor neighbourhood in Fortaleza, Northeast Brazil. Acta Trop. 2002, 83, 255–258. [Google Scholar] [CrossRef]

	



Chadee, D.D. Distribution patterns of Tunga penetrans within a community in South Western Trinidad, West Indies. J. Trop. Med. Hyg. 1994, 97, 167–170. [Google Scholar] [PubMed]

	



Chaplin, D.; Byekwaso, F.; Semambo, M.; Mujuni, G.; Bantaze, J.; Nyasimi, M.; Wabyona, E.; Krishnaswamy, S. The Impacts of Climate Change on Food Security and Livelihoods in Karamoja; CGIAR Research Program on Climate Change: Copenhagen, Denmark, 2017. [Google Scholar]

	



Muehlen, M.; Feldmeier, H.; Wilcke, T.; Winter, B.; Heukelbach, J. Identifying risk factors for tungiasis and heavy infestation in a resource-poor community in northeast Brazil. Trans. R. Soc. Trop. Med. Hyg. 2006, 100, 371–380. [Google Scholar] [CrossRef] [PubMed]

	



Okoth, A.A. Morbidity, Risk Factors and Flea Species Responsible for Tungiasis in Selected Villages in Kisumu County, Kenya; Kenyatta University: Nairobi, Kenya, 2015. [Google Scholar]

	



Thielecke, M.; Raharimanga, V.; Rogier, C.; Stauss-Grabo, M.; Richard, V.; Feldmeier, H. Prevention of Tungiasis and Tungiasis-Associated Morbidity Using the Plant-Based Repellent Zanzarin: A Randomized, Controlled Field Study in Rural Madagascar. PLoS Negl. Trop. Dis. 2013, 7, e2426. [Google Scholar] [CrossRef] [PubMed]

	



Winter, B.; Oliveira, F.A.S.; Wilcke, T.; Heukelbach, J.; Feldmeier, H. Tungiasis-related knowledge and treatment practices in two endemic communities in North East Brazil. J. Infect. Dev. Ctries. 2009, 3, 458–466. [Google Scholar] [CrossRef] [PubMed]

	



Nordin, P.; Thielecke, M.; Ngomi, N.; Mudanga, G.M.; Krantz, I.; Feldmeier, H. Treatment of tungiasis with a two-component dimeticone: A comparison between moistening the whole foot and directly targeting the embedded sand fleas. Trop. Med. Health 2017, 45, 1–7. [Google Scholar] [CrossRef]

	



Thielecke, M.; Nordin, P.; Ngomi, N.; Feldmeier, H. Treatment of Tungiasis with Dimeticone: A Proof-of-Principle Study in Rural Kenya. PLoS Negl. Trop. Dis. 2014, 8, e3058. [Google Scholar] [CrossRef] [PubMed]

	



Burgess, I.F. The mode of action of dimeticone 4% lotion against head lice, Pediculus capitis. BMC Pharmacol. 2009, 9, 3. [Google Scholar] [CrossRef]

	



Feldmeier, H. Treatment of Parasitic Skin Diseases with Dimeticones A New Family of Compounds with a Purely Physical Mode of Action. Trop. Med. Health 2014, 42, S15–S20. [Google Scholar] [CrossRef]

	



Miller, H.; Trujillo-Trujillo, J.; Mutebi, F.; Feldmeier, H. Efficacy and safety of dimeticones in the treatment of epidermal parasitic skin diseases with special emphasis on tungiasis: An evidence-based critical review. Braz. J. Infect. Dis. 2020, 24, 170–177. [Google Scholar] [CrossRef] [PubMed]








[image: Tropicalmed 08 00111 g001 550] 





Figure 1. Map showing the location of the manyatas in the three study parishes. 
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Figure 2. Aerial view of manyatas in the Nagule Angolol parish (A). Each of the manyatas has a perimeter hedge and internal partitions made of stick aggregates, which delineate homesteads. (B): A ground view of the organisation of a typical manyata in the study area. Boundaries of homesteads and households are demarcated by fences made of sticks. 
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Figure 3. Prevalence of human tungiasis among households in the 17 study villages. The error bars show a 95% confidence interval (n = 1278). 
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Figure 4. Age-specific prevalence and intensity of human tungiasis. Error bars represent a 95% confidence interval (n = 4035). 
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Figure 5. Intensity of infection according to age groups (x represents the mean intensity for each of the age groups, outliers have been excluded from the plot). 
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Figure 6. The prevalence of human tungiasis in villages and the median number of lesions were positively correlated at the village level (rho = 0.58, p = 0.01). 
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Table 1. Prevalence of human tungiasis in the 17 villages of the three parishes.
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Village

	
Number Examined

	
Number Infected (n, %)

	
95% CI






	
Naitakwae Parish




	
Kakutalem

	
165

	
97 (58.8)

	
50.9–66.4




	
Karuko

	
223

	
114 (51.1)

	
44.4–57.9




	
Naregae

	
189

	
81 (42.9)

	
35.7–50.2




	
Narongor

	
124

	
79 (63.7)

	
54.6–72.2




	
Lokodiokodioi

	
104

	
12 (11.5)

	
6.1–19.3




	
Lomaliga

	
304

	
195 (64.1)

	
58.5–69.5




	
Lowatakau

	
138

	
37 (26.8)

	
19.6–35.0




	
Naitakwae prevalence

	
1247

	
615 (49.3)

	
46.5–52.1




	
Nawaikorot Parish




	
Konyanga

	
148

	
68 (46.0)

	
37.7–54.3




	
Nawaikorot A

	
240

	
136 (56.7)

	
50.1–63.0




	
Too Ekitela

	
210

	
74 (35.2)

	
28.8–42.1




	
Lomerimong

	
158

	
92 (58.2)

	
50.1–66.0




	
Longariama

	
347

	
150 (43.2)

	
38.0–48.6




	
Loolimo

	
91

	
51 (56.0)

	
45.3–66.4




	
Nawaikorot prevalence

	
1194

	
571 (47.8)

	
45.0–50.7




	
Nagule Angolol Parish




	
Nagule Angolol A

	
434

	
399 (91.9)

	
89.0–94.3




	
Nagule Angolol B

	
283

	
256 (90.5)

	
86.4–93.6




	
Nakipumia

	
629

	
523 (83.1)

	
80.0–86.0




	
Lokalumok

	
248

	
170 (68.5)

	
62.4–74.3




	
Nagule Angolol prevalence

	
1594

	
1348 (84.6)

	
82.7–86.3




	
Overall

	
4035

	
2534 (62.8)

	
61.3–64.3
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