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Sand flies and Cutaneous Leishmaniasis in Imo State, South Eastern Nigeria:  Prevalence of leishmaniasis and impact of sociodemographic factors

ABSTRACT: Sand flies pose a significant public health concern in Nigeria because certain species transmit cutaneous leishmaniasis. This study aimed to determine the prevalence of the disease in selected areas across three senatorial zones of Imo State Owerri (Egbu), Okigwe (Umuasonye Obowo), and Orlu (Umuaka) from March to November 2025. Sand fly biting activity was monitored using the human landing technique, and 138 long-term residents (each living in the community for at least 10 years) were examined clinically. Blood samples were tested using an IgG/IgM rapid diagnostic kit from Bioantibody Biotechnology Co. Ltd., USA. Additionally, structured questionnaires were administered to 111 males and 164 females to assess community knowledge related to sand flies. Data were analyzed using percentages, and Duncan’s multiple range test at p < 0.05. Sand fly activity peaked between 5 pm and 7 pm. Dissection of sand flies revealed no leishmaniasis parasites. Among the 138 participants, only one male trader above 60 years tested positive, representing a prevalence of 0.72% (2.12% of males and 3.54% among traders). Most respondents (55.45%) recognized sand flies by their local name “Anwuta”. Educational level had a significant influence on knowledge (p < 0.05). Although 36.32% reported night as the peak biting period, only 0.81% were aware of the link between sand flies and cutaneous leishmaniasis; 89.38% incorrectly associated sand flies with malaria. The study concludes that environmental conditions in the surveyed areas support sand fly breeding, and though the prevalence of cutaneous leishmaniasis was low, it remains statistically significant.
 Keywords: Cutaneous leishmaniasis, Sand flies, Owerri, Okigwe, Orlu.



1.0	Introduction
Leishmaniasis is a disease caused by an intracellular protozoan parasite (genus Leishmania. Kinetoplastida: Trypanosomatidae) transmitted by the bite of a female Phlebotomine Sand fly (Abonnenc and Minter, 2019). Leishmaniasis is among the diseases classified by World Health Organization (WHO) in 2017 as neglected tropical diseases. As one of the neglected tropical diseases (NTDs) listed by World Health Organization (WHO), it is a disease associated with poverty and endemic to the tropical and subtropical regions of the world particularly in Africa, Asia, South America and Southern Europe. About 12 million humans are infected, over 350 million people are at risk of infection and 700,000–1.5 million new cases are reported annually and a small number only get the disease (WHO, 2021). A common estimate of the worldwide annual incidence is 600,000 newly reported clinical cases, an overall prevalence of 12 million cases and an estimated population at risk of about 350 million in 88 countries (Arevalo et al., 2022).
There are about 70,000 deaths due to this disease annually, although this is probably an underestimate because leishmaniasis is a reportable disease in only 40 of the 88 endemic countries. Many leishmania infections can be asymptomatic or misdiagnosed (WHO, 2022). Among parasitic diseases, leishmaniasis is second only to malaria as a cause of human mortality. It is widespread, occurring in all continents except for Australia and Antarctica but primarily impacts developing nations in the tropics. However, its endemicity in developed nations is changing due to human migration as a result of war and expansion in Sand fly habitats linked to changes in environmental factors that are often associated with climate change (Aguada et al., 2021).	Comment by christiane .: It is important to explain that these regions are not affected by leishmaniasis due to the absence of vectors and natural reservoirs necessary to maintain the disease cycle, because the climate and ecosystem are unfavorable for the survival of these insects and parasites.
The parasites exist in two morphological forms, as an intracellular aflagellated amastigote in the vertebrate hosts such as humans, dogs, lizards or rodents and as a motile flagellated promastigote in the invertebrate Sand fly vector. Sand fly acquires the amastigote stage of Leishmania parasites when they feed on infected mammalian host in search of bloodmeal (Allan and Magill, 2018). The Amastigotes multiply in infected cells and affect different tissues depending in part on the host and in part on which leishmaniasis is involved. These differing tissue specifications cause the differing clinical manifestations of the various forms of leishmaniasis (Alten et al., 2019; Wang, 2020). Amastigotes and not the promastigotes form in lesions play an important role in the diagnosis of cutaneous leishmaniasis (Arevalo et al., 2022).
There are several major clinical types of this leishmaniasis infection. They include Cutaneous, Diffuse Cutaneous, Muco-cutaneous and Visceral leishmaniasis. Cutaneous leishmaniasis (CL) also known as Oriental or Tropical sore occurs in various parts of the world, mainly in Tropical and Subtropical regions. In the African continent, cutaneous leishmaniasis due to L. major, L. tropica and L. aethiopica is unevenly distributed from the northern to the southern areas of the continent and it is the commonest form of leishmaniasis in Nigeria (Arevalo et al., 2022).
Cutaneous leishmaniasis manifests as skin lesions in humans and may occasionally extend to the mucous membrane. The lesion begins as a tiny, reddish and often itchy papule that gradually enlarges and burst to an ulcer. The edges of the ulcer become raised and firm with the surrounding skin as dusky red colour. Generally, cutaneous lesions resolves  heal spontaneously after two months to two years leaving a disfiguring, mottled, depressed scar, with altered pigment which persists throughout life (WHO, 2023). Leishmaniasis affects mostly people living in the most impoverished parts of developing countries and places with greater economic stress on already strained meager financial resources (Okwor and Uzonna, 2016). Immuno-suppression is an important risk factor for the pathogenesis of severe leishmaniasis and reactivation; furthermore, it can alter the response to treatment, resulting in adverse outcomes (Begona et al., 2023).
Although cutaneous leishmaniasis is associated with low morbidity and mortality, it causes very severe disfiguring scars in infected individuals, which most often leads to stigmatization in both men and women. There is reason to believe that the number of cases of leishmaniasis is on the rise (Desjeux, 2004) which could be due to artificial environmental changes which increase human exposure to the Sand fly vector (Reithinger et al., 2021).
3.0	Materials and Methods
The study area is the three senatorial zones of Imo State; Owerri, Okigwe and Orlu. One local government council was chosen from each senatorial zone by writing the names of the local governments in each senatorial zone singly and then pooling all of them together in order to pick one to work on. This was also done for the communities under the local government selected so as to pick a community to work on. The geographical co-ordinates of local governments and communities selected are as shown in Table one.
Table 1: The geographical co-ordinates of local governments and communities selected
	S/N
	ZONE
	LGA
	COMMUNITY
	LATITUDE
	LONGITUDE
	ELEVATION 

	1
	OWERRI
	OWERRI NORTH
	EGBU
	05020’11.6’’N
	007004’58.8’’E
	0.414

	2
	ORLU
	NJABA
	UMUAKA
	05º21’01.4” N
	007º04’60.8’’E
	-0.195

	3
	OKIGWE
	OBOWO
	UMUASONYE
	05º17’39.3” N
	007º05’03.0’’E
	0.270


SOURCE:xxxxx
3.1	Selection of Sample Households  
Mobilization of selected communities, village heads and religious leaders to enlist and participate in the research was done. The President Generals of Obowo, Umuaka and Egbu and their religious leaders mobilized villagers to enlist and participate in this research work.


3.2	Mobilization of Selected Communities and Subjects
The census of the community was done with the help of the PG or it was noted where it already existed. Half of the census figure was the population size used. Survey and mapping out of the study areas into sites was done by standing at a point in the middle of each of the community town hall and spinning a bottle. The part of the community where the mouth of the bottle points to finally, was where the selection of household to be included in the study began. If the targeted number was realized from that side, interaction/discussion with community Heads of the designated study sites, on the benefits of the research work took place but if not, the outstanding number was got by spinning the bottle the opposite direction. The remaining number was taken from that other part of the community (Nwoke B.E.B in Prep). Mobilization of the selected communities, village heads and religious leaders to enlist and participate in the research was then done. Informed consents were got orally from those of them up to thirteen years of age who have lived in the communities for up to ten years. A focus group discussion was done with the researcher explaining to the respondents with the aid of Pictures, what a Sand fly and cutaneous leishmaniasis looks like and how it affects them and their communities. The researcher was made to promised that if there was an  endemicity of the disease, medical interventions shall be provided.
3.3 Ethical Consideration 
Ethical approval for the study was obtained from the Post Graduate Board of the Department of Animal and Environmental Biology, Imo State University,Owerri ethical committee and health officers from the local government authorities as well as oral consent obtained from the subjects. 	Comment by christiane .: Including the research registration number in the ethics committee is essential to ensure greater transparency and credibility of the study.


3.4 Procurement of materials for the study Include references
Procuring the materials for the study involved buying of Hand gloves, Bioantibody Leishmania IgG/IgM Antibody test kit (Immunochromatographic Assay) manufactured by Bioantibody Biotechnology Co. Ltd. Sungo Europe B.V in November 2022 to expire by November 2025, Microscope and other materials relevant for the study.
 3.5	Ecological Examination
Sand fly potential breeding sites in and around the selected household which includes animal burrows, caves, tree holes, termite hills, rocks etc. were noted. Hourly catches of flies was done for four days in a month per site from 6pm to 7am daily. Hourly catches of flies were conducted for four days each month at each site, from 6 p.m. to 7 a.m. daily. Flies trapped Trapped flies were preserved in seventy percent ethanol in labeled sample bottles and transported to the Department of Biology, Federal University of Technology Owerri (FUTO) for proper identification by an entomologist. Some that were difficult to identify, were sent to Arbovirus center, Enugu for proper identification.
3.6	Clinical examination and screening tests of cutaneous leishmaniasis (Include references)

Those that gave their consent were physically examined for the presence of signs of cutaneous leishmaniasis on their bodies. Participants who provided consent were physically examined for signs of cutaneous leishmaniasis on their bodies. Such signs are painless rashes, bumps, skin lesions and ulcers. Those with the physical symptoms were first screened before the others without. The screening was done using leishmaniasis rapid test kit mentioned above. The lancet contained in the kit was used to prick a finger tipfingertip of a subject after cleaning with a swab contained therein also. The blood was collected using a graduated micro plastic pipette contained in the kit also. The blood was dropped into the column allotted for it inside the cassette   for the test. On application of the buffer, timing of the reaction is done according to the manufacturer. For this test, the timing is 15 minutes. The result mark on the cassette shows C for control, M for Pos for IgM and G mark showing the IgG band. The testis carries out according to manufacturer’ instruction. 
3.7	Human Landing Method (HLM) 
For technique, Flyfly catchers were trained on how to act as bait to Sand flies in order to catch them. One cCatcher was made to sit on a chair near the breeding site wearing a singlet, shorts and boot. The scanty dressing was to give the flies enough surface area to feed on while the boot was for protection especially at night. As the flies land on the collector’ skin, they were gently collected using a small insect net. Sampling was done hourly. He stays for four hours, after which he was replaced by another collector for another four hours. This was to reduce the number of hours they were exposed to continuous bite by the Sand fly and to allow the catcher time to ease himself if need be. This HLM was done from 6 p.m. to 7 a.m. for four days in a week through a period of one year that the study lasted to account for variations in Sand fly activity. The number of Sand flies landing on the exposed parts of the body was recorded (Service, 1993; Killick-Kendrick, 1999; WHO, 1985). The Sand flies were collected using small sample containers. They are turned into a bigger collection container with a secure lid and containing desiccants to maintain low humidity.
3.8	Dissection
Instruments like Stereomicroscope, Forceps, Dissection scissors, Lab coats, gloves, closed toe shoe (boot), face masks were worn for this procedure. The Sand flies were fixed in 70% Ethanol. Using a forcepforceps and needle, a Sand fly was collected from the pool and dropped in a dry Petri dish. A drop of normal saline was put on a clean dry slide. It was placed on the microscope and the head separated from the thorax, observing the shape, size and colour. The antenna was also removed and examined, noting the number of segments and shape that it has. The mouthparts were also dissected to observe the shape and structure of the Labrum, Mandible and hypopharynx. The wings and the legs were then removed to examine the thorax to note the shape, size and colour. Finally, the abdomen was opened longitudinally to observe the internal organs which include the digestive system, reproductive organs and malpighian tubules. Identification was done using Sand fly identification keys by Jezek et al (2018), Lan & Cross Key (1993) and other reference sSpecimens and images. (cite references) 
3.9	Data Analysis
Data obtained in this study were analyzed using descriptive statistics, including frequencies and percentages, to summarize demographic characteristics, and the prevalence of cutaneous leishmaniasis across the study sites. Results were organized and presented in tables for clarity, and all analyses were carried out using SAS software (Version 20.0). 

4.0	RESULTS
4.1.11	 Analysis of cutaneous leishmaniasis (CL) in the study area 
Results of prevalence of cutaneous leishmaniasis in the study areas using Rapid Test Strip is shown in tables 4-7.
Table 3 shows the prevalence of cutaneous leishmaniasis in the study areas. Out of the 138 respondents examined, only 1(0.72%) was infected and was recorded in Obowo revealing a prevalence of 2.12% infection among 47 respondents examined. 
Table 4 illustrates the sex-related infection rate, it was observed that more females 78(56.52%)were examined, however the infection was recorded in one male 1(1.66%)out of the 60 examined.
Table 5 illustrates age-related infection rate of leishmania parasite. The result showed that the infected male was more than 60 years old.
The occupation related infection rate is shown in table 6. The result showed that the infection was recorded  in one treader (3.84%) out of the 26 examined.
Results: The findings from each table should be described sequentially to enhance clarity and readability. It is further recommended to consolidate the results presented in Tables 2, 3, 4, and 5 into a single table to facilitate a more streamlined presentation.
Table 2: Prevalence of cutaneous leishmaniasis in the study area using Rapid Test Strip
	Village
	No. Examined
	Number infection (%)

	Egbu
	39
	0(0.00)

	Obowo
	47
	1(2.12)

	Umuaka
	52
	0(0.00)

	Total
	138
	1(0.72)



Table  3: Sex-related infection rate in humans
	Sex
	Number Examined
	Number infection  (%)

	Male
	60(43.47%)
	1(1.66)

	Female
	78(56.52%)
	0(0.00)

	Total
	138
	1(0.72)



Table  4: Age-related infection rate
	Age (Years)
	No. Examined
	Number infected(%)

	13-20
	14
	0(0.00)

	21-30
	28
	0(0.00)

	31-40
	27
	0(0.00)

	41-50
	21
	0(0.00)

	51-60
	32
	0(0.00)

	>60
	16
	1(6.25)

	Total
	138
	1(0.72)


Table  5: Occupation-related infection rate
	Occupation
	No. Examined
	Number infection (%)

	Farmers
	34
	0(0.00)

	Traders
	26
	1(3.84)

	Artisans
	22
	0(0.00)

	Civil Servants
	29
	0(0.00)

	Students
	26
	0(0.00)

	Total
	138
	1(0.72)



4.1.12 Demographic characteristics of the study participants
The socio-demographic characteristic of the study participants is shown in Table 6. Results obtained showed that majority of the participants were females (59.63%), while males were 40.36%. The results further showed that the participants within the age of 41 – 50years were higher in number (26.18%) compared to other age groups. This was followed by those within the age of 31-40 years (21.81%). The least values were obtained from the age group of 13-20 years (7.63%).
The demographic profile revealed higher number of enlisted respondents had Secondary education (45.81%), while the least number was found among those with no formal education (9.09%). Farming is the main economic activity (30.90%) followed by Civil Service (24.00%), Trading (20.36%), Artisans (15.27%) and studying (9.45%) respectively. Majority of the participants (53.09%) earned less than ₦30,000 while 14.54% earn above ₦41,000.


Table  6:	Socio Demographic Characteristics Distribution according to Communities under Study
	Variables
	Umuasonye (%)
N=102
	Umuaka (%)
N=74
	Egbu(%)
N=99
	Total (%)

	Gender
	
	
	
	

	Males
	
	
	
	111(40.36)

	Females
	
	
	
	164(59.63)

	Age (years)
	
	
	
	

	13 – 20
	5(4.9)
	7(33.33)
	9(42.85)
	21(7.63)

	21 – 30
	11(17.)
	12(30.76)
	16(41.02)
	39(14.18)

	31 – 40
	14(23.33)
	17(28.33)
	29(48.33)
	60(21.81)

	41 – 50
	21(29.16)
	23(31.94)
	28(38.88)
	72(26.18)

	51 – 60
	33(58.92)
	11(19.64)
	12(21.42)
	56(20.36)

	61 and above
	18(66.66)
	4(14.81)
	5(18.51)
	27(9.81)

	Level of Education
	
	
	
	

	No Formal Education
	11(44.00)
	12(48.00)
	2(8.00)
	25(9.09)

	Primary.
	21(35.00)
	29(48.33)
	10(16.66)
	60(21.81)

	Secondary.
	61(48.41)
	23(18.25)
	42(33.33)
	126(45.81)

	Tertiary.
	20(31.25)
	14(21.87)
	30(46.87)
	64(23.27)

	Occupation
	
	
	
	

	Civil Servants.
	21(31.81)
	5(7.57)
	40(60.60)
	66(24.00)

	Traders.
	4(7.14)
	32(57.14)
	18(32.14)
	56(20.36)

	Farmers.
	43(50.58)
	30(35.29)
	12(14.11)
	85(30.90)

	Artisans.
	18(42.85)
	3(7.14)
	21(50.00)
	42(15.27)

	Students.
	7(26.92)
	8(30.76)
	11(42.30)
	26(9.45)

	Monthly Income
	
	
	
	

	Less than ₦30,000.
	64(43.83)
	62(42.46)
	20(13.69)
	146(53.09)

	₦31,000 - ₦40,000.
	24(26.96)
	21(23.59)
	44(49.43)
	89(32.36)

	Above ₦41,000.
	3(7.50)
	9(22.50)
	29(72.50)
	40(11.54)





4.1.13 	Knowledge of Sand fly and the Local Names
Knowledge of Sand fly and the local name among the participants is showed in Table 7. The results revealed that Sand flies is known by 245(89.09%) persons and identified by various local names such as Anwu nta, Nka nka, Ababa, Ibuba, Igbiridi, Iwuwu, Iririo. However, most of the participants identify Sand fly as Anwuta (73.46%) as its local name, while 0.81% of the participants identify Sand fly as Igbiridi.
Table  7:	Knowledge of Sand fly and its Local Name
	Local name
	                                            Villages and variables
	Knowledge
of sand fly N=275

	
	Obowo
 N=92

	Umuaka
N=64
	Egbu
N=89

	 Overall
N=245
	

	
	Yes
 (%)
	Yes 
(%)
	Yes 
(%)
	Yes 
(%)
	Yes 
(%)
	No (%)

	Anwu nta
	68(73.91)
	45(70.31)
	67(75.28)
	180(73.47)
	[bookmark: _Hlk170228171]245
(89.09)
	30
(10.91)

	Nka nka
	9(9.78)
	7(10.93)
	6(6.74)
	22(8.9)
	
	

	Ababa
	7(7.61)
	5(7.81)
	6(7.87)
	18(7.34)
	
	

	Ibuba
	2(2.17)
	4(6.25)
	4(4.49)
	10(4.08)
	
	

	Igbiridi
	1(1.08)
	1(1.56)
	0(0.0)
	2(0.82)
	
	

	Iwuwu
	4(4.34)
	1(1.56)
	5(5.61)
	10(4.08)
	
	

	Iririo
	1(1.08)
	1(1.56)
	1(1.12)
	3(1.22)
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4.1.14: Effect of Age on the Knowledge of sand flies
Results of the effects of age on Sand flies knowledge in the study areas are shown in Table 4.15. Results obtained indicated that among the 275 participants, 245 (89.09%) agreed that age affects knowledge of Sand flies p<0.05. However, those within the age bracket of 41-50 years had a response rate of 97.22% (70), while the least response rate was gotten from participants within the age bracket of 31-40 years with a response rate of 6(28.57). Respondents within the age range of 13-20years mostly (71.42%) disagreed that age has nothing to do with Sand flies knowledge.

5.0 DISCUSSION
The study revealed that the prevalence of cutaneous leishmaniasis was very low (0.72%), recorded in only one male trader above 60 years of age in Obowo. This finding aligns with reports from other parts of Nigeria where low prevalence has been observed, possibly due to the limited presence of infective sand fly species or low exposure rates. The single infection case recorded could suggest a sporadic transmission pattern rather than an endemic spread, indicating that environmental and ecological factors may not yet favour sustained transmission of leishmaniasis in the study areas. (Include references)	Comment by christiane .: In the present investigation, the data showed that the prevalence of .....
The higher infection rate in males compared to females may be attributed to occupational and behavioral exposure differences. Men, particularly traders and farmers, often spend more time outdoors during peak sand fly biting hours (dusk and dawn), which increases their risk of exposure. Similar patterns have been documented in other endemic regions, where males tend to have higher infection rates due to outdoor occupational activities (Reithinger et al., 2007).
The infection in an elderly individual may also indicate reduced immunity with age, as immunosenescence can make older adults more susceptible to parasitic infections. This observation is consistent with findings from studies conducted in Sudan and Ethiopia, where higher prevalence rates were recorded among older populations (Aoun and Bouratbine, 2018).
The sociodemographic analysis revealed that education, occupation, and age significantly influenced respondents’ knowledge and awareness of sand flies and leishmaniasis. Participants with higher education demonstrated better understanding of disease transmission and prevention, underscoring the role of education in health awareness and vector control. Occupation was also a significant factor, as farmers and traders, who frequently work in outdoor and vegetated environments, showed higher exposure risks. This relationship between occupation and leishmaniasis risk has been reported in studies from India and Sudan (Kumar et al., 2012; Lemma et al., 2014).
Gender distribution also affected disease perception and prevention practices. Although more females participated in the study, misconceptions were prevalent across both genders, with a large majority associating sand flies with malaria instead of leishmaniasis. This highlights a critical knowledge gap in community awareness that could hinder effective prevention strategies. (include references)
Overall, the low prevalence of leishmaniasis recorded in this study may be linked to environmental factors, sand fly species composition, and community behavior. The predominance of Phlebotomus papatasi in the area suggests potential for transmission, but the absence of infected sand flies in dissections indicates a current low transmission cycle. However, the presence of the vector species calls for continued surveillance and awareness creation to prevent possible outbreaks if ecological conditions become more favorable for transmission.(include references)

It is recommended that authors include a conclusion section to summarize the main findings and highlight their implications.
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