



The role of non-biting synanthropic flies in mechanical transmission of medically important intestinal parasites in Anambra State, Nigeria.

Abstract
Synantropic flies are those flies associated ecologically with human and have been linked with the transmission of bacteria, viruses, fungi, soil-transmitted helminthes (STH) and some protozoa. A survey of synanthropic flies was carried out in Anambra State using constructed fly trap boxes. Standard parasitological techniques were employed to detect parasitic organisms on the caught flies. A total of 4566 synanthropic flies were caught from six different communities in Anambra State during the study. The caught flies were: Musca domestica 1975 (43.3%), Calliphora vicina 640 (14.0%), Chrysomya megacephala 1051 (23.0%) Sarcophaga sp.  225 (4.9%), Drosophila sp. 384 (8.4%) and Muscina stabulans 291 (6.3%). The highest number of flies was caught from abattoir 1804 (39.5%) followed by market 1621 (35.5%), while the least was from residential area 1141 (25.0%). A total of 535 parasites made up of five intestinal helminthes and two protozoa parasites were isolated from the flies during the study. The helminths parasites were Ascaris lumbricoides 146 (27.3%), Trichuris trichiura32 (6.0%) Hookworm 45 (8.4%) and Enterobius vermicularis 50 (9.3%) and theprotozoan parasites were Entamoeba. histolytica 128 (23.9%) andGiardia lamblia 54 (10.1%). A. lumbricoides eggs 146 (27.3%) was the most prevalent parasites isolated.Parasite burdens in external surface of the flies 328 (61.3%) was significantly higher statistically (P< 0.05) than in the gut 207 (38.7%). This study highlights the importance of implementing effective control measures, including community health education and proper environmentalsanitation, that actively engage the entire community.
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Introduction
Non-biting synanthropic flies are those flies associated ecologically with human. The species of flies in the families:Muscidae (houseflies and latrine flies) the Calliphoridae (blow flies), and the Sarcophagidae (flesh flies) have been found to live in close association with human developmentand are annoying, pestiferous scavengers, associated with humans and his environments,(Ikehet al., 2024; Mbakwe et al., 2021). They abound in the tropics especially in areas with substandard environmental sanitary conditions where they constitute serious public nuisance (Agbalakaet al., 2020; Umeanaetoet al., 2017). These flies through their filthy breeding habits, feeding mechanisms and indiscriminate flight to filth and human food, make some groups of these synanthropic insects’ efficient vectors of human enteric parasites (Geden et al., 2021; Eke et al., 2016). They are largely linked to poor sanitation practices and their adults feed on animal manure, trash, human excrement and other decaying materials. They readily move between these habitats and food, food preparation sites, and humans themselves. Their population increase in both urban and rural areas where sanitary practices are not followed (Ali et al., 2024; Khamesipouret al., 2018).The flies’ faecal, sponge feeding and regurgitating behavior facilitates food-borne diseases transmission (Olagunju, 2022; Dauda et al., 2021). The excrement which may contain potential pathogens may then be transferred to other source, to which humans are in contact. 
 These flies are well equipped with sensory cells on their appendages so that they can detect compounds, such as ammonia and carbon dioxide emitted from faeces and other decomposing organic materials. Their easy access to animal manure, trash, human excrement, and other decaying materials enables them to pick disease-causing organisms on their mouthparts, body hairs and the sticky pads of their feet, stomach, faeces and vomit (Alaku et al., 2021; Amawuluet al., 2020; Yadavet al.,2023).
The most common diseases that are transmitted mechanically by the houseflies include, but not limited to poliomyelitis, cholera, typhoid fever, parasitic worms, bacillary dysentery, trachoma virus, epidemic conjunctivitis, shigellosis, salmonellosis and enteric infections (Ishar et al., 2024; Orpin et al., 2021; Issa, 2019). Several studies showed that synanthropic flies carry different stages of helminths and protozoan parasites (Umeanaetoet al., 2017; Nayducket al., 2023). According toAdeiyonget al. (2023), Matvienko et al. (2022), Elkana et al. (2020) and Ibrahimet al. (2018), the eggs of Ascaris lumbricoides, Trichuris trichiura and Necatoramericanus were isolated from Chrysomya, Sarcophaga and Musca fly species collected from garbage and peridomestic sites. Houseflies carry the eggs of Enterobius vermicularis, Toxocaracanis, Strongyloidesstercoralisand cysts and trophozoites of Entamoeba coli, as well as Giardia and Trichomonas species (Amawuluet al., 2020;Alakuet al., 2021).Most of these pathogens may live inside and on flies’ external surface for 5 - 6 hours and to 35 days post-infestation (8.9).
Several studies (Adeiyonget al., 2023; Osafo et al., 2022; Sarwa, 2020) have been reported on transmission of gastrointestinal parasitic infections by the synanthropic flies in Nigeria, but unfortunately, specific report on the role of non-biting synanthropic flies as a mechanical vector of intestinal parasites generally in Anambra State, Nigeria has not been established.This study was conducted to identify the intestinal parasitic pathogens transmitted mechanically by non-biting synanthropic flies in different dump sites in Anambra State.
Methods
The study area
Anambra State is in Southeastern Nigeria. Thestate lies between the coordinates of
N6.2757656 and E7.0068393. The northern partof the state has open grassland with occasional
woodlands and clusters of oil palm trees. Thesouthern part has a tropical rainforest along the
eastern bank of the Niger River, which forms thewestern boundary. The area experiences two
major seasons in a year; Eight months of rainyseason (March – October) and four months of
dry season (November – February). The meandaily temperature range is from 27°C - 28°C in
rainy season, but can rise to about 32°C - 33°Cduring dry periods of the year. Humidity range is
between 65-80% throughout the year (Ejikeme et al., 2017). Thestate has population of at least 5,527,809inhabitants (NPC, 2020). Three urban (Nnewi, Awka and Onitsha)and two rural (Okija, Nteje and Ufuma) communitiesfrom the three senatorial districts in the statewere selected for the collection of synanthropicflies. The fly collection sites were selected based on places where people and flies would most likely interact with respect to enteropathogen transmission (Service, 1980).
Description of the Study Sample Collection Tool 
Twenty-four (24) sweep nets with handle length of 0.6m, diameter of 0.25m and depth of 0.5m were used in the study for the collection of flies.
Collection of Synanthropic Flies 
Adult flies were collected using the sweep nets which were held at the handle and swung three
times over the surfaces where flies visit between 8:00am-10:00am, twice a week for 12 months
(April 2024 to May 2025).
Identification of synanthropic flies
After collection, the flies were anaesthetized using cotton wool soaked with ethylacetate and
transported to the Laboratory unit of the Department of Parasitology and Entomology,
Nnamdi Azikiwe University, Awka for identification. The flies were sorted and identified
to species level using gross morphological features keys of identification earlier described (Service,1980).
Parasite isolation
In the laboratory, each of the identified fly species was transferred to a separate surface using a sterile forceps and was further cut into different body parts; the head, wings, appendages and the body (the thorax and abdomen). These separated body parts were put separately into a labeled vial containing normal saline, capped and allowed to stand for 10 minutes before they were washed thoroughly by rocking gently for 2 minutes to create a suspension whereby organisms attached externally to the bodies of the flies got dislodged. Each body part was removed using the sterile forceps and the suspensions were centrifuged at 300 revolutions per minute (rpm) for 3 minutes. The supernatant was decanted while the sediments were placed on a clean glass slide, covered with cover slips and was examined microscopically under x10 and x40 objective lenses. The parasites harbored externally by the flies were then identified (Cheesbrough, 2006). During this process, about 2-3 drops of Lugol's iodine solution were placed on the slide for proper identification of helminths eggs.
Data Analysis
Data from the study were analyzed using descriptive statistics and Chi-square (χ²) tests were applied to determine associations between sampling sites and parasite recovery, as well as between parasite species and recovery location (external or internal). Results were interpreted at a 95% confidence level,and p-values less than 0.05 were considered statistically significant.
Results
Overall occurrence of non-biting synanthropic flies. 

A total of 4,566 synanthropic flies made up of 6 different species were collected from three study sites in the selected study areas (Table 1). A total of seven different species belonging to the family Muscidae 2266(49.6%), Calliphoridae 2075(45.4%) and Sarcophagidae 225(4.9%) were caught. The highest number of fly species collected was Musca domestica 1975(43.3%), closely followed by Chrysomyamegacephala 1051(23.0%) and the least was Sarcophaga sp. 225(4.9%). Others include Calliphoravicina640(14.0%), Drosophila species384(8.4%) and Muscinastabulans 291(6.3%). There was a significant difference in the abundance of non-biting synanthropic flies in the study area (p<0.05) (P-value=0.000).
The highest number of non-biting flies collected was recorded in Onitsha 1209 (26.5%) followed by Nnewi 963 (21.1%) and the least was recorded in Nteje 429 (9.4%) (Table 2). 
	
Occurrence of non-biting synanthropic flies in relation to site.
The highest percentage occurrence of synanthropic flies was recorded from refuse dump from abattoir 1804 (39.5%), followed by refuse dump from market places 1621(35.5%) while the least was recorded from refuse dump from residential places 1141 (25.0%) (Table 3).There was a significant difference in the abundance of non-biting synanthropic flies in the study area (p<0.05) (P-value=0.003).
Occurrence of intestinal parasites isolated from non-biting synanthropic flies in relation to community.
A total of 535 intestinal parasites of seven different species were isolated from synanthropic flies in Anambra State (Table 4). This comprised two intestinal protozoa (Entamoeba histolytica 128{23.9%} and Giardia lamblia 54{10.1%}) and five intestinal helminthes parasites (Ascaris lumbricoides 146{27.3%}, Trichuris trichiura 32{6.0}, Hookworm 45{8.4%}, Enterobius vermicularis 50{9.3%} and Taenia sp. 80{15.0%}).
Overall occurrence of intestinal parasites on the external surface of non-biting synanthropic flies.
The occurrence of intestinal parasites on the external surfaces of synanthropic flies was as shown in Table 5. A total of 328 intestinal parasites were isolated from the external surfaces of synanthropic flies collected. On the whole, the highest number of intestinal parasites isolated was A. lumbricoides 85(25.9%), followed by Entamoeba sp. 76(23.2%). The least number of intestinal parasites isolated was T. trichiura 22(6.7%). M. domestica harbored the highest number of intestinal parasites 112(34.1%), followed by Chrysomya sp. 96(29.3%). And the least number was recorded in Muscinastabulans 23(7.0%).
Occurrence of intestinal parasites in the gut of synanthropic flies.
The occurrence of intestinal parasites in the gut of synanthropic flies was as shown in Table 6. A total of 207 intestinal parasites were isolated from the gut of synanthropic flies collected. On the whole, the highest number of intestinal parasites isolated was A. lumbricoides 61(29.5%), followed by Entamoeba sp. 52(25.1%). The least number of intestinal parasites isolated was T. trichiura 10(4.8%). M. domestica harbored the highest number of intestinal parasites 84(40.6%) in the gut, followed by Chrysomya sp. 56(27.1%). And the least number was recorded in Muscinastabulans 8(3.9%). 

Table 1:Overall cocurrence of non-biting synanthropic flies.

	Synanthropic fly species
	Number collected 
	% Occurrence

	Musca domestica
	1975
	43.3

	Calliphoravicina
	640
	14.0

	Chrysomyamegacephala
	1051
	23.0

	Sarcophaga sp.
	225
	4.9

	Drosophila sp.
	384
	8.4

	Muscinastabulans
	291
	6.3

	Total 
	4566
	100.0




Table 2: Occurrence of synanthropic flies in relation to community/location studied.   
	Area 
	M. dom. (%)
	Calliphoravicina(%)
	Chrysomyamegacephala (%)
	Sarcophagasp. (%)
	Drosophila sp. (%) 
	Musc. sp (%)
	Total (%) 

	Awka
	318(39.0)
	121(14.8)
	208(25.5)
	51(6.3)
	94(11.5)
	23(2.8)
	815(17.8)

	Onitsha 
	579(47.9)
	187(15.5)
	244(20.2)
	74(6.1)
	89(7.4)
	36(3.0)
	1209(26.5)

	Nnewi 
	429(44.5)
	178(18.5)
	227(23.6)
	35(3.6)
	62(6.4)
	32(3.3)
	963(21.1)

	Nteje
	180(42.0)
	35(8.2)
	80(18.6)
	25(5.8)
	45(10.5)
	64(14.9)
	429(9.4)

	Okija
	275(39.0)
	80(11.3)
	192(27.2)
	23(3.3)
	59(8.4)
	77(10.9)
	706(15.5)

	Ufuma
	194(43.7)
	39(8.8)
	100(22.5)
	17(3.8)
	35(7.9)
	59(13.3)
	444(9.7)

	Grand Total
	1975(43.3)
	640(14.0)
	1051(23.0)
	225(4.9)
	384(8.4)
	291(6.4)
	4566(100.0)

	χ2=43.586a
	df=10,
	Pv=0.000
	χ2=23.791a
	df=10,
	Pv=0.008



Table 3: Occurrence of synanthropic flies in relation to site.
	Fly species
	Abattoir (%)
	Market (%)
	Residential (%)
	Total (%)

	Musca domestica
	920(46.6)
	825(41.8)
	230(11.6)
	1975(43.3)

	Calliphoravicina
	202(31.6)
	207(32.3)
	231(36.1)
	640(14.0)

	Chrysomyamegacephala
	475(45.2)
	288(27.4)
	288(27.4)
	1051(23.0)

	Sarcophaga sp.
	52(23.1)
	90(40.0)
	83(36.9)
	225(4.9)

	Drosophila sp.
	77(20.1)
	146(38.0)
	161(41.9)
	384(8.4)

	Muscinastabulans
	78(26.8)
	65(22.3)
	148(50.9)
	291(6.4)

	Total 
	1804(39.5)
	1621(35.5)
	1141(25.0)
	4566(100.0)



Table 4: Prevalence of intestinal parasites isolated from synanthropic flies in relation to location. 
	Location 
	Ent. sp. (%)
	G. lam. (%)
	A. lum. (%) 
	T. tri. (%)
	Hkw (%)
	Ent. ver (%)
	Teaniasp (%)
	Total (%)

	Onitsha 
	39(27.6)
	20(14.3)
	29(20.7)
	8(5.7)
	13(9.3)
	14(10.0)
	17(12.1)
	140(26.2)

	Awka
	17(18.5)
	6(6.5)
	28(30.4)
	5(5.4)
	15(16.3)
	10(10.9)
	21(22.8)
	92(17.2)

	Nnewi 
	23(21.5)
	6(5.6)
	28(26.2)
	6(5.6)
	12(11.2)
	12(11.2)
	20(18.7)
	107(20.0)

	Nteje
	18(26.5)
	8(11.8)
	26(38.2)
	6(8.8)
	2(2.9)
	4(5.9)
	4(5.9)
	68(12.7)

	Ufuma
	14(21.5)
	6(9.2)
	23(35.3)
	4(6.2)
	2(3.1)
	10(15.4)
	6(9.2)
	65(12.1)

	Okija
	17(27.0)
	8(12.7)
	22(34.9)
	3(4.8)
	1(1.6)
	0(0.0)
	12(19.0)
	63(11.8)

	Total 
	128(23.9)
	54(10.1)
	146(27.3)
	32(6.0)
	45(8.4)
	50(9.3)
	80(15.0)
	535(100.0)



Table 5: Occurrence of intestinal parasites on the external surface of synanthropic flies.
	 Fly /Int. parasites
	M. dome.
(%)
	C. vicina(%)
	Sarcophaga sp.(%)
	C. mega. (%)
	Drosophila sp.(%)
	Muscianasp. (%)
	Total (%)

	Entamoe.sp.
	21(27.6)
	6(7.9)
	8(10.5)
	26(34.2)
	7(9.2)
	8(10.5)
	76(23.2)

	G. lamblia
	9(29.0)
	4(12.9)
	5(16.1)
	8(25.8)
	3(9.7)
	2(6.5)
	31(9.5)

	A.lumbricoides
	27(31.8)
	14(16.5)
	6(7.1)
	28(32.9)
	6(7.1)
	4(4.7)
	85(25.9)

	T.trichiura
	8(36.4)
	2(9.1)
	2(9.1)
	7(31.8)
	3(13.6)
	0(0.0)
	22(6.7)

	Hookworm 
	10(34.5)
	4(13.8)
	2(6.9)
	8(27.6)
	3(10.3)
	2(6.9)
	29(8.8)

	Enterob. ver.
	12(37.5)
	5(15.6)
	3(9.4)
	9(28.1)
	1(3.1)
	2(6.3)
	32(9.8)

	Taenia sp.
	25(47.2)
	3(5.7)
	7(13.2)
	10(18.9)
	3(5.7)
	5(9.4)
	53(16.2)

	Total
	112(34.1)
	38(11.6)
	33(10.1)
	96(29.3)
	26(7.9)
	23(7.0)
	328(61.3)



Table 6: Occurrence of intestinal parasites in the gut of synanthropic flies.

	Fly /Int. parasites
	M. domestica (%)
	C. vicina(%)
	Sarcophaga sp.(%)
	C. megacephala (%)
	Drosophila sp. (%)
	Muscinastabulans (%)
	Total (%)

	Entamoe. sp.
	20(38.5)
	6(11.5)
	3(5.8)
	18(36.5)
	3(5.8)
	2(3.8)
	52(25.1)

	G. lamblia
	8(34.8)
	2(8.7)
	4(17.4)
	7(30.4)
	2(8.7)
	0(0.0)
	23(11.1)

	A.lumbricoide
	29(47.5)
	7(11.5)
	5(8.2)
	10(16.4)
	8(13.1)
	2(3.3)
	61(29.5)

	T.trichiura
	3(30.0)
	1(10.0)
	0(0.0)
	5(50.0)
	1(10.0)
	0(0.0)
	10(4.8)

	Hookworm 
	8(50.0)
	2(12.5)
	1(6.3)
	2(12.5)
	2(12.5)
	1(6.3)
	16(7.7)

	Enterob. ver.
	6(33.3)
	2(11.1)
	2(11.1)
	5(27.8)
	2(27.8)
	1(5.6)
	18(8.7)

	Taeniasp.
	10(37.0)
	2(7.4)
	2(7.4)
	9(33.3)
	2(7.4)
	2(7.4)
	27(13.0)

	Total
	84(40.6)
	22(10.6)
	17(8.2)
	56(27.1)
	20(9.7)
	8(3.9)
	207(38.7)



DISCUSSION
A total of 4,566 non-biting synanthropic flies comprising six species were collected from six communities in Anambra State from three categories of sites.  In the study area, six fly species were caught and were identified to belong to three dipteran families, Calliphoridae, Muscidae and Sarcophagidae. This shows that the flies are abundant in the study area, probably due to the existence of favourable breeding sites and tropical climate which increases their rate of development. This study is similar to study by Isharet al. (2024) in Amansea, Anambra State which was carried out on non-biting synanthropic flies using similar sites. But the number of fly species caught in the present study was lower than those caught by Nwangwu et al. (2013) who caught eight fly species in Awka, Nigeria. Similarly in Malaysia, studies have been carried out on non-biting synanthropic flies at different places, such as food outlets (Elkanaet al., 2020), village sundry shop (Nuritaet al., 2008) and sanitary landfill (Nuritaet al., 2013) identified different fly species have been observed in these studies. Additionally, the result of this study was similar to the findings of the following researchers: Liu et al. (2023), Geden et al.  (2021), Raele et al. ( 2021),  Olowe et al. (2020), Ali et al., (2019) in Egypt, Park et al. (2019) and Khamesipour et al. (2018). 
Of the 6 fly species collected during the study at the both seasons of the year, Musca domestica was the most abundant 1975 (43.3%), followed by Chrysomya megacephala 1051(23.0%), Luciliasericata 384(8.4%), and least is Sarcophaga species 225(4.9%).This finding is in tandem with Nazniet al. (2017) and Chaiwong et al. (2012) who reported that a higher number of M. domestica was recorded at different places but in contrast to Adenusi and Adewoga (2012) and Yadavet al. (2023) where C. megacephala was revealed as the most abundant non-biting synanthropic fly in the fresh markets compared to the other fly species. Similarly, Ikehet al. (2024) showed that houseflies among other synanthropic flies are major epidemiologic factors responsible for the spread of many diseases among infants and young children in the developing countries and transmission of nosocomial infections in hospital environments. The low number of flesh fly (Sarcophaga) species 225(4.9%) throughout the study period may be due to the baiting system, lower population of the fly species in these locations or the type of the environment where they are collected. L. serricata was also found to be higher in number. These insects are primarily necrophagous flies and important in forensic studies (Liuet al., 2023). Muscinastabulanswas comparatively less in number. It is reported to lay eggs in oviposition sites of other insects and it is suspected that the larvae of Muscianastabulansfeed on the larvae of Calliphoravicina (Khamesipouret al., 2018). Sarcophaga sp. has been described as essentially necrophagous and of medico-legal relevance in Iraq (Al-Aredhi, 2015), Egypt (El-Sherbini and El-Sherbini, 2011), Lafia (Alakuet al., 2021) and Jalingo (Elkanaet al., 2020). Muscianastabulans is frequently associated with livestock and urban garbage and reported as a predator, coprophagous and saprophagous species (Ishar et al., 2024). These flies are important in forensic studies and veterinary entomology. 
The high abundance of flies in Onitsha 1209 (26.5%) could be attributed to low level of environmental sanitation coupled with high rate of generation of wastes. Mbakweet al. (2021) in their study similarly reported that waste generation was more in Onitsha than in Nnewi. The highest percentage occurrence of synanthropic flies was recorded from refuse dump from market places 1696(37.1%), followed by refuse dump from abattoirs 1665(36.5%) while the least was recorded from refuse dump from residential places 1205(26.5%). The various markets where flies were caught operate 12 hours (especially those ones in urban areas studied), the premises are very large, with a large area for the garbage pile and comparatively less sanitation is being practiced. Refuse dump in abattoirs is similar to refuse dump in the markets except that business runs from 5 a.m. to 2/3 p.m. and the size of premises is smaller compared to markets. These areas are congested with people and garbage. The least number of flies caught from refuse dump around residential areas could be attributed to the less quantity of wastes being generated.
In this study, more metozoan infections were recorded than protozoan infections. This is in agreement with the result of Al-Aredhi (2015) in Al-Diwaniya Province, Iraq and Jos Metropolis in Nigeria (Adeiyonget al., 2023).The high Ascaris occurrence recorded could be attributed to their high survival strategy which is conferred on it by the outer chitinous layer of egg shell.Ascaris eggs are very resistant to harsh environmental conditions and also air-borne, which indicates that most parts of the state may be littered with parasite infested faeces. 

Entamoeba histolytica was the second most occurringintestinal parasites isolated, with a prevalence of 23.9%. However, Alakuet al. (2021) reported the presence of E. histolytica as the highest occurring parasite in M. domestica in Lafia. The occurrence of E. histolytica could also result from the unsanitary attitude of the people who defecate near the dump sites and activities of farm animals which harbour the parasites, resulting to the outbreak of entamoebiasis, usually characterized by diarrhea.Majority of the identified intestinal parasites in this study originated from human faeces (Ibrahim et al., 2018; Iqbal et al., 2014) in areas where people defecated in open areas.
Other intestinal parasites isolated from non-biting synanthropic flies in the present study include: Giardia lamblia, Enterobius vermicularis, hookworm and Taenia sp.The external parasite burden (61.0%) exceeded the internal burden (39.0%), suggesting that ingestion and subsequent regurgitation or defecation is also critical in parasite transmission than mere surface contamination. However, Orpin et al. (2021) reported a dissimilar trend in Makurdi, while Otu-Bassey et al. (2022) demonstrated that flies in Calabar harbored viable parasites in their gut, capable of transmission to humans. This finding highlights the underestimated role of regurgitation-mediated transmission, especially in open-market settings. This is in line with an
earlier report (Ikehet al., 2024) which noted that disease causing organisms often attach to the mouth,body, hairs and sticky pads of the feet of flies. Another study (Ekeet al., 2016) also noted that these flies areable to achieve mechanical transmission via dislodgement from exoskeleton, fecal deposition,regurgitation coupled with the ability of the body to attract other particles to itself due to theelectrostatic charge produced by the fine hairs on the fly body.
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