


Does anthropogenic activities affect the recrudescence, prevalence, incidence, mean intensity and abundance of Onchocerciasis in Enugu State Nigeria?




Abstract
Despite years of mass drug administration to inhabitants of Awgu in Enugu State Nigeria, onchocerciasisi has persisted. Evidently the persistence of onchocerciasis is linked to environmental drivers of recrudescence,  occupation and anthropogenic activities. There were 0% prevalence rate of body itching  among respondents that do not visit streams. Prevalence of body nodules was same for both male and female that visits streams and rivers 50 ± 0.01%. Prevalence of body nodules among females that don’t visit rivers and streams was 3.82±0.12% and the male counterpart was  0.63±0.03%. Prevalence of red eyes among female folks that visits streams and rivers was 60.58 ± 0.04% and 39.42 ± 0.21% for the males. Female folks that do not visit had prevalence of 4.46±0.09% and the males 1.27±0.02%. Molecular identification using using DNA analysis of dried blood and primer sequence of OvFWD 5′-TGT GGA AAT TCA CCT AAA TAT G-3′,  OvREV 5′-AAT AAC TGA TGA CCT ATG ACC-3′ in a singleplex reaction was employed in the early identification of Onchocerca volvulus.  Residents were identified under, traders, farmers, civil servants and students. Farmers, traders and civil servants had highest cases of onchocerciasis. Prevalence of body itching among female folks that visit streams and rivers was 57.25 ± 0.32% while their male had 42.75 ± 0.15%.  There were no  body rashes and leopard skin among the male and female folks that do not visit streams and rivers. Female folks that visit streams and rivers had rashes prevalence of  58.14 ± 0.05% and males 42.85 ± 0.60%. Leopard skin prevalence was equal for both female and male folks that visits streams and rivers  50 ± 0.01. Results suggests that onchocerciasis is associated with anthropogenic activities. As such Interventions should be an integrated management approach involving mass drug administration, vector ecology and ecosystem manipulations and on provision of portable water. 
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Introduction
Onchocerciasis is very serious but neglected debilitating tropical diseases caused by a  nematode Onchocerca volvulus (Boatin 2008, Lloyd et al. 2015, Ncogo et al. 2025). Onchocerciasis is arthropod borne disease caused by infection of  Onchocerca volvulus which is transmitted to humans when one gets bitten by black fly  Simulium damnosum (Crosskey 1981, Adler 2005, Uttat et al. 2008, Ekpo et al. 2022). Onchocerciasis is reported endemic in 37 countries in West, East and Central Africa; the Arabian Peninsula; and parts of South and Central America. Nigeria has the highest number of endemic people with endemicity of 40% of global prevalence (JrRichards et al. 2015).  Onchocerciasis is prevalent at different stages in estimated  36,000 communities in 413 local government areas of 32 states of Nigeria including Abuja  (WHO 19 NOCP 2002])., More than 99% of infected people live in 31 countries in sub-Saharan Africa. About  14.6 million people are affected globally while 220 million people needs serious preventive chemotherapy against onchocerciasis (WHO 2024, GHO 2023). Female O.volvulus lives in the nodules and releases microfilariae into the blood and from there migrate to the skin and the eyes  (Kale 1998, Sauerbrey 2008).   Black fly is an arthropods that breeds in fast flowing rivers and streams fro where the imago emerges to spread and inflict bites on victims (Atting et al. 2005, Ochu et al. 2021)., The parasite is spread and transmitted to humans by the repeated bites of infected black flies that breed in rapidly flowing rivers (Frallonardo et al. 2022).  The blackfly vector ingests microfilariae (immature worms) when it bites an infected person. Inside the fly, the microfilariae develop into infective larvae that are then transmitted to another human during subsequent bites. The infective larvae of the O.volvulus that is injected into the human  skin during the blackfly feeding eventually becomes adult worm at latency period of 12 to 18 months (Marie and Petri  2025). The manifestation in the skin can take up to 3 years (Frallonardo et al. 2022). Once the parasite is injected into man it goes to the blood then to the skin and develops in the nodules maturing and sending millions of mcrofilariae into the persons blood stream (Mcmahon et al 1988, Otabil  et al. 2019, WHO 2025). Male and female O.volvulus keep mating and spreading microfilariae in the blood waiting for black fly to pick it up and distribute. The exposure to bites of the S. damnosum has to do with anthropogenic activities. The maturation processes and stages of O. volvulus within the human host is not unidirectional and lasts a long period  of time (WHO, 2024). The adults worms can live in nodules of subcutaneous tissues for as long as 15 years ([19, 20] Otabil  et al. 2019,WHO 2025). In the duration of this time, the female worms will reproduces millions of microfilariae (young worms) which moves to the skin, eyes and other tissues causing majority of the symptoms linked to Onchocerciasis. Migrating through the skin, they invoke intense `itching, rashes and depigmentation, causing a condition known as “leopard skin”. A Chronic inflammation also occurs from the presence of microfilariae which may also lead to skin thickening and atrophy, producing lizard skin-like changes (WHO, 2025). The scourge of onchocerciasis has been linked to cases of epilepsy  increasing epidemiological evidence that
 Onchocerciasis is associated with different cases  of epileptic seizures, like generalized tonic-clonic seizures, and also the  neck seizures, myotonic, and absence (Hong et al. 2019). Based on this there is delineation of cases of , Onchocerciasis-associated epilepsy (OAE), otherwise known as “River epilepsy”. It has be estimated that about 400,000 cases of epilepsy in Africa can be controlled through  be prevention and control of onchocerciasis  (Hotterbeekxa et al. 2018, Colebunders and Mandro 2016). Most intervention of onchocerciasis have depended on mass administration of ivermectin (Boatin 2008, Marie and Petri  2025). Nevertheless ivermectin could effectively clear microfilariae from the skin and interrupt embryogenesis in the female worm but the female worms survives  (Opoku et al. 2018 and Chavesse et al. 1992).  The death of the microfilariae in humans leads to blindness in the eyes (river blindness), and skin abnormalities (WHO 2025).  Specific neurological Nodding syndrome and impairment of growth, called Nakalanga syndrome have also been reported in patients mainly children (Mshana et al., 2023). The biting of S. damnosum and transmission rate is dependent on seasons due to the circle of dry and wet season in tropical setting. Similarly, McMahon et al., 1988 that studied epidemiology of onchocerciasis in the forest region of Sierra Leone noted that anthropogenic activities like farming and bathing and mining exposes the people to biting. Similarly, Chikezie et al. (2023), noted that peak transmissions and biting season of S damnosum was October.  It is known that  October is harvest period in Nigeria when most farmers visits their farms more often.  More women than men have been reported infected because of their anthropogenic activities like frequenting the streams and rivers for fetching of water and domestic activities Nnmorsi et al. (1994). The clinical manifestation of Onchocerciasis are dermal, occular and some blockage of the lymph nodes may lead to elephantiasis (Angels 2016). Control of onchocerciasis through MDA of  mectizan, does not eliminate he adult worm but destroys the skin stages and inhibits embryogenesis in the female worm  (Chavasse et al. 1992, Opokun et al. 2018).  There has been paradigm shift from onchocerca control to elimination in Nigeria (Ogbonna 2015). Onchocerciasis has persisted despite mass drug administration in affected communities across Nigeria Ogbonna and Ikani (2018). Persistence had been reported in in Kaduna state (Olarenwaju et al. 2025),  in Cross River state (Chikezie et al. 2023),  in Edo state Akinbo and Okaka (2010),  in Adamawa state (Usman et al. 2024), in Abia, Imo, Enugu, Anambra (Ityonzughul et al. 2024). Persistence had been linked with inability of the drug to kill all life stages of the helminth and anthropogenic activities. The effects of anthropogenic activities on the abundance, incidences, prevalence and mean  intensities of onchocerciasis in Awgu area of Enugu state Nigeria is being studied here.


Materials and methods
Geography of study area
Awgu is located between latitudes 06 00’ and 06 19’ North of the Equator and longitudes 07 23’ and 07 35’ East of the Greenwich Meridian. Awgu is the head quarters of the Local government and is topographically a very hilly region with deep valley and rising hills. Awgu LGA is bounded in the north by Udi and Nkanu West LGAs, in the west by Oji River LGA, Aninri LGA and Ivo LGA of Ebonyi State in the East, and shares borders with Umunneochi L.G.A of Abia State. Awgu is home to National Youth Service (NYSC) Camp and the General hospital and Enugu State Nursing School.Awgu is the origin of several rivers in the south East and is full of fast flowing streams and rivers.
[image: Map of Awgu (1)]

DNA Extraction (ZymoResearch Extraction Kit)
This study utilized DNA extraction from dry blood cells of the resident of Awgu in detecing early onchocercasiasis infection. The DNA extraction from blood samples were done using ZymoResearch extraction kit purchased from Inqaba Biotec West Africa Ltd, product of BioLabs England.  Approximately, 800 µl of genomic lysis buffer was added to 1.5ml of eppendorf tube that was containing 200 µl of serum sample.  The mixture was allowed to incubate for 1minute at room temperature after which it was transferred into Zymo-SpinTM IICR Column1 in a collection tube. The tube was centrifuged at 10000rpm for 1minute. The flow through was discarded and 200 µl of DNA pre wash buffer was added to the Zymo-SpinTM  IICR Column1, centrifugation was done again at 10000rpm for 1minute. Washing was repeated with 500 µl of gDNA wash buffer. After 1minute dry spinning, 80 µl of the extracted DNA was eluted into sterile eppendorf tube and properly stored at -20ºC.

DNA Amplification
The Onchocerca volvulus molecular identification of  was done in a singleplex reaction mix. The primer sequence set for Onchocerca volvulus was used OvFWD 5′-TGT GGA AAT TCA CCT AAA TAT G-3′,  OvREV 5′-AAT AAC TGA TGA CCT ATG ACC-3′ . A commercially prepared Master mix were gotten from Inqaba Biotec West Africa and the Amplification conditions were adopted and modified from an already published work by Fanello et al., (2002)  (Table 1).

Gel electrophoresis  
The amplicons were run on 2% agarose gel for 1hr 30 mins at 120 volts. Expected band size is 397bp
Anthropogenic hub of Population of study
The respondent population of study were divided traders, civil servants, students,  farmers, elderly people, civil servants and villagers. The blood was collected from donors at Awgu General hospital based on free will donation.  
Sample and sampling techniques
The individuals were randomly selected from patients of Awgu general hospital from whom blood samples were collected. The blood sample was collected by puncture of the thumbs using well sterilized. The blood sampled were received in a punch card as recommended for use in molecular biology research. Blood samples were randomly collected from 100 patients over a period of two weeks.  
Occupational structure
The occupation of the people was used as a major basis in delineating the respondents. The occupations were students, traders, civil servants, farmers and unclassified villagers.  
Anthropogenic activities
Visit to streams and rivers was used as a major anthropogenic activity to delineate the effect of the infection on the respondent population. This was done alongside the occupation divide.
Well structured and validated questionnaire were administered to randomly selected individuals in nursing school, local government headquarters, general hospital, general hospital outpatient department and the communities around the local government headquarters of Awgu. A total of 189 questionnaire were distributed and collected from respondents.
Instruments for data collection and validation. 
The data or molecular biology analysis were collected from  DNA analysis analysis of the blood samples. Then DNA card were also designed with questionnaire on age, sex, profession. The non DNA questionnaire had seven sections covering name age, community, duration of residence, visit to stream and rivers (No visit, regularly and often), presence of skin itching,skin nodules, redness of eyes or discomfort, hazy or blurred vision, Leopard skin, rashes and skin discoloration. These are clinical signs and symptoms of O.volvolus infection. The validation of the questionnaire was done by  Prof U.D based on the appropriateness of clinical and asymptomatic signs, appropriateness of language, clarity of instrument and technical correctness.
Statistics and calculations
Incidence=incidence rate = number of new cases / population at risk × population size
Prevalence =Prevalence  = number of existing cases/total population x 100
Abundance=Number of parasites recovered/number examined
Prevalence=Number of fish infected /number examined * 100
Mean intensity = Number of parasites recovered/Number of fish infested
Null hypothesis: Ho= there is no significant difference in the 
prevalence, abundance and mean intensity of the parasites 
Ha= there is significant difference in the prevalence, abundance and mean intensity of the parasite.
The results were analyzed using one way analysis of variance (ANOVA). Turkey highly significant  difference (THSD) 0.05 was used in separating possible differences of treatment 
means. SPSS version 14.0 statistical package 
was used for analyses.
Results

Results of DNA analysis 
The base pair of the DNA amplification was 397.   The L1, L2, L3, L5, L6. L7, and L8 are positive samples resolving at 397bp.; L10 L11 and L12 are the negative samples (Figure 1).The results of molecular identification using OvFWD 5′-TGT GGA AAT TCA CCT AAA TAT G-3′,  OvREV 5′-AAT AAC TGA TGA CCT ATG ACC-3′ in a singleplex reaction mix identified identification of Onchocerca volvulus.




Effects of occupation on the O.volvulus prevalence in Awgu, Awgu local government area Enugu State
The results of DNA analysis according to the profession of the blood donor showed relationship between the profession of the respondents and the  O.volvulus DNA +ve traits. There was no positive trait found among the students who are mostly nursing students (Table 2). The highest prevalent rate of O.volvulus DNA +ve, was found among villagers of farming communities 50 ± 0.07 %. The prevalence rate of the O.volvulus DNA +ve trait for villagers of farming communities was significantly (P<0.05) higher than that of all other occupations analyzed. Farmers that were not necessarily from the communities were noted to have a prevalence rate of 7.5 ± 0.08%. Civil servant that were living within the research area were noted to have DNA +ve O.volvulus traits of 6.66 ± 0.01%. The prevalence rate among civil servants was significantly lower than that of traders and the villagers of the farming communities in the research area. The traders had the least prevalence rate 5.88 ± 0.06%. The mean intensity of O.volvulus DNA +ve trait among villagers of farming  communities was 0.50 ± 0.04 and this was significantly highest for all occupations (P<0.05).  The mean intensity of the DNA +ve O.volvulus traits among other farmers was 0.08 ± 0.06 and this was higher than that among civil servant 0.07 ± 0.04 and the  traders 0.06 ± 0.05. The abundance of the trait was significantly (P<0.05) highest for farming communities 0.5 ± 0.02. However abundance of the trait was higher for traders than for the civil servant in the research area (Table 2).
 
Clinical Signs And Asymptomatic Sings of Infection On Those That Visit Fast Flowing Rivers And Streams At Awgu In Enugu State Nigeria

Based on epidemiological data from respondents  respondents  there was higher prevalence of all symptoms of onchocerciasis and asymptomatic manifestation on people that visit the fast flowing rivers and streams  compared to those that don’t (Table 3). There was higher prevalence of of body itching  among the female population 57.25±0.32%  as against 42.75±0.15% among the male population of respondents.  The incident rate of body itching among the female population was   0.05±0.02 and this was significantly higher than that of the male population 0.37±0.06 (P<0.05). The sex ratio of body itching in the population was 1.33 showing that for every male affected with body itching about 1.33 female was equally affected (Table 3). There were equal prevalence of body nodules among the male and female population of respondent. The prevalence of red  eyes among female was significantly higher for female folks (60.58 ±0.04%) that visit the streams and rivers than the male counterparts (39.42±0.21%). There was higher incidence rate for the manifestation of red eyes among female 0.52 ±0.01% as against 0.34±0.01 %of the male counterpart of people that visit streams and rivers at Awgu in Enugu state Nigeria (Table 3). The incidences of blurred vision was noted to be much higher among the female folks (0.25 ± 0.04) than that of the male folks (0.19 ± 0.04) visit streams and river. The manifestation of skin discoloration, leopard skin and rashes were all found to be much significantly higher for the female folks that visit rivers and streams than for their male counterpart (Table 3).
On a comparative basis the female and male population that do not visit streams and rivers had lower prevalence of onchocerca symptoms than those that visit (Table 4). There was 0 prevalence of body itching among the male and female folks population that never visit streams and rivers at Awgu in Enugu State Nigeria. Conversely there was higher prevalence rate of nodules among the female population (3.82±0.12%) than the male population (0.63±0.03%) that does not visit fast flowing rivers or streams at Awgu in Enugu State (Table 4). The incidence rate of nodules among the female population was 0.03±0.01% while it was 0.01±0.02% for the male folks that do not visit rivers and streams as Awgu. Redness of the eyes was less prevalent among the female folks that do not visit streams and rivers than those that do. The redness of prevalence of redness of the eyes for the female non stream visiting folks was 4.46±0.09% while it was 1.27±0.02% for the male counterpart that  doesn’t visit streams (Table 4). Meanwhile the prevalence of redness of the eyes for the females folks that visit stream and rivers was 60.58 ± 0.04% (Table 3). The incidence for the female non visiting folks was 0.03±0.02 while it was 0.01±0l2 for the male. There was significantly higher incidence rate of blurred visions among the female folks that do not visit streams 8.28±0.11% compared to the male 1.27±0.01%. The incidence of blurred vision among the female folks that do not visit streams or rivers was 0.04±0.3 while it was 0.01±0.07 for the males counterparts. Nevertheless the prevalence of blurred vision among female folks that visit streams and rivers at Awgu Enugu state Nigeria was 57.14±0.33% and the prevalence rate for the males that visit streams was 42.86±0.22%.  There were 0% prevalent rate of skin rashes and leopard skin among the men and the women that do not visit streams and rivers a Awugu Enugu State Nigeria (Table 3). Conversely, for those that visit the streams and river, the prevalence of body rashes for the female folks was 57.14 ± 0.05% and 42.05 ± 0.06 for the male folk population (Table 3).  There were no cases of leopard skin found among the female and males folks that do not visit streams and rivers at Awgu. Comparatively the prevalence of leopard skin for the female folks that visit streams and rivers was equal (50 ±0.01) (Table 3). There were some cases of skin discoloration among the male and female folks that do not visit streams and rivers at Awgu. The prevalence of  skin discoloration among the female population was 6.36±0..04% and the prevalence among the male population that do not visit streams and rivers was 5.73±0.22. There were no significant differences between the prevalence of skin discoloration between male and female folks that do not visit streams or rivers at Awgu (Table 4). 

DISCUSSIONS
Our results shows evidence of recrudescence of onchocerciasis in examined communities at Awgu in Enugu State Nigeria. The cases of recruscedence is in line with Olarenwaju et al. (2025), who noted that Onchocerciasisi is still prevalent in Kaduna state  Nigeria after socalled elimination in 2018. .  Synthesis of the results shows that the prevalence, incidence and abundance of Onchocerciasis is tied to anthropogenic activities. The research area Awgu is known as food basket of Enugu state. The O.volvulus  DNA +ve traits seems to be associate with occupation and anthropogenic activities of the people. In the research area at Awgu farmers and villagers had the highest number of O.volvulus DNA +ve traits. The results of this experiment is in line with Onojafe et al. (2015), who found that in Delta state of Nigeria, farmers had twice the prevalent rate of all infected. The results in this experiment are also supportive of position of Iroha et al. (2010) who noted that field workers were predisposed to be infected with O.volvulus. Moreover the results here aligns strongly with Nworie et al. (2014), who noted that farmers had highest prevalent rate among other exposed to O.volvulus infection. The results in this experiment also support the position of Surakat et al. (2018), who noted that farmers were vulnerable to the infection with O.volvulus.     This suggest that the exposure time to bites is associated with occupation (Fig 1). The zero prevalence for students could be because the students population in this research were nursing students of Enugu State school of Nursing. Most of those student nurses were not indigenous of Awgu and came from different parts of the state and Nigeria. Its is possible that if the research was done with student of secondary school the results would be different for students.However the results here tallies with previous findings of Nworie et al. (2014), who noted that students followed by civil servants and traders population were the least infected in the survey at Ebonyi state Nigeria.  In this research traders were more infected than civil servant and students. This could be due to their life style and exposure to bites of female. There was higher prevalence of body itching among the females population than male in the study area. This is in line with Akinbo and Okaka (2010) who noted similar trend in Ovia Edo State Nigeria. The prevalence of  itching for the female population was  57.25 ± 0.32% while it was 42.75 ± 0.15% for the male. The sex ratio for the prevalence of male and female body itching was  0.74. The sex ratio for prevalence of nodules in the male and female population was 1. Seemingly Nodules were reported among the respondents and the prevalence of nodules among female population was 28.48 ± 0.01%.  The higher prevalence of body nodules among the female than males shows that females harbor more parasites than the males. Onchocerciasis is an occupational disease with higher incidence in female than the male population. This could be because Awgu is an agrarian area that  produce rice, cassava, yam  and many food items. More women than men of Awgu, engage in all sorts of agricultural produce  like rice, vegetables, cassava. The increase in number of females infected shows shows that they have more exposure time. In a previous experiment Chikezie et al. (2023), noted that female S.damnosun bites more in the month of October. The high number of infected S. damnosun is indicative of high biting rate and driver of onchocerca recrudescence. This is in line with Nnadozie et al. (2018). This coincides with the period of harvesting in Nigeria. There is a strong correlation between the prevalence, abundance mean intensity of Onchocerciasis and the visits to the feast flowing streams and rivers (Fig 3). Those that visit steams and rivers have much higher manifestation of all onchocerca indices than those that do visit at all. The absence of major symptoms like body rashes and itching suggest that interventions can be carried out by providing water for the people. This concept is novel but epidemiological data has shown that incidences and prevalence and abundance and mean intensity are all drastically reduced in those that do not visit the streams and rivers. Consequently the use of mass drug administration in treating onchocerciasis should be supported by provision of water to the masses. Global weather change, Urbanization and improved agricultural practices has drastically reduced habitat of O. volvulus. The very low incidences in all examined parameters strongly suggests that with reduction in exposure time, by not visiting the fast flowing streams and rivers O.volvulus can be effectively controlled o eradicated in the study area. To the best of our knowledge this is the first research dealing with effects of anthropogenic activities on the prevalence, abundance, mean intensity and incidences of onchocerciasis. 
. 
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Table 2
Molecular biology Prevalence , abundance of mean intensity of Onchocerca volvulus infection among male and female population in Awgu in Awgu local government area Enugu State	       
 Prevalence	     Mean intensity	             Abundance     .
Males	              8.88 ± 0.02a	      0.089 ± 0.04a	             0.571 ±  0.05a
Females               5.47 ± 0.06b	      0.055 ± 0.06b	             0.429 ± 0.02b
Sex ratio (M:F)          1.63	              1.62                      1.33               

Table 3
	Prevalence of O.volvulus clinical sings and asymptomatic signs on the male  
	

	 and female populations that visit fast flowing  streams at Awgu in Awgu local
	
	

	 government  area of Enugu state
	 
	 
	 
	 
	 

	 
	Males
	Females
	Prevalence %M
	 Prevalence %F
	sex ratio1 
	Incidence M
	Incidence F
	sex ratio2 

	Visit Stream
	60
	80
	42.86 ± 0.02b
	57.14 ± 0.01a
	0.75
	
	
	

	Itching
	59
	79
	42.75 ± 0.15b
	57.25 ± 0.32a
	0.74
	0.37 ± 0.06b
	0.5 ± 0.02a
	1.33

	Nodules
	1
	1
	50 ± 0.01ns
	50 ± 0.01ns
	1
	0.01 ± 0.04ns
	0.01 ± 0.05ns
	1

	Red eyes
	54
	83
	39.42 ± 0.21b
	60.58 ± 0.04a
	0.65
	0.34 ± 0.02b
	0.52 ± 0.01a
	1.54

	Blured V
	30
	40
	42.86 ± 0.22 
b
	57.14 ± 0.33a
	0.75
	0.19 ± 0.07b
	0.25 ± 0.04a
	1.31

	Rashes
	3
	4
	42.85 ± 0.60b
	57.14 ± 0.05a
	0.75
	0.02 ± 0.05b
	0.03 ± 0.06a
	1.33

	Tiger skin
	9
	9
	50 ± 0.01ns
	50 ± 0.01ns
	1
	0.06 ± 0.01ns
	0.06 ± 0.02ns
	1

	Discolor
	9
	10
	47.37 ± 0.08b
	52.63 ± 0.07a
	0.9
	0.05 ± 0.11b
	0.06 ± 0.11a
	1.11

	Sex ratio 1 =male/female for prevalence, sex ratio 2= female /male for incidences
	
	

	Prevalence and the incidences of O.volvulus clinical sings and asymptomatic signs on the stream  

	 visiting male and female population  at Awgu in Awgu local government area of Enugu  state 
	

	Nigeria 
	
	
	
	
	
	
	
	








Table 4. The prevalence, and incidence of O.volvulus clinical and asymptomatic signs among the male and female population of people living at Awgu that do not visit streams and river
	
	
	
	
	
	
	
	F test 0.001
	

	
	Males
	Females
	Prevalence %M
	 Prevalence %F
	sex ratio1 
	Incidence M
	Incidence F
	sex ratio2 

	Visit Stream
	0
	0
	
	
	
	
	
	

	Itching
	3
	13
	1.60 ± 0.15
	6.95 ± 0.32
	4.34
	0
	0.07
	0

	Nodules
	0
	0
	0
	0
	0
	0
	0
	0

	Red eyes
	1
	6
	0.54 ± 0.21
	5.88 ± 0.04
	11
	0.005
	0.032
	6.4

	Blured V
	2
	7
	1.06 ± 0.22 
	6.42 ± 0.33
	6
	0.01
	0.037
	3.7

	Rashes
	2
	13
	1.06 ± 0.60
	6.95 ± 0.05
	6.5
	0.01
	0.069
	6.9

	Leopard skin
	0
	3
	0
	1.60± 0.01
	0
	0
	0.016
	0

	Discolor
	0
	7
	0
	3.74 ± 0.07
	0
	0
	0.037
	0



   

Figure 1. Showing the rate of O.volvulus +ve traits among the students, traders, civil servants, farmers and villagers of Awgu in Awgu local government area of Enugu State



Figure 2. The prevalence of   O.volvulus clinical signs on residents, male (ash color) 
and female (black color) of Awgu in Enugu State that frequent  fast flowing streams 
and rivers 

	Figure 3. Showing the demography of people that frequent fast flowing streams  at Awgu,
	
	
	
	
	
	
	
	
	

	 and the observation of Clinical signs and symptoms of those infected with Onchocerca volvolus 
	
	
	
	
	
	
	
	
	




Conclusions
Anthropogenic activities seems to be drivers of onchocerciasis infection. The spike on the prevalence, incidence and infection rate when folks visit fast stream and rivers at Awgu suggest underlying factors and drivers to onchocerca infection and recrudescence in Awgu area. Demography data depicts that female folks are more affected by the parasites than the males. Among other drivers of recrudescence is provision of water and restriction in visits to the streams and rivers should be effected in the research area. Evidently the mass drug administration approach has not successfully eradicated  the disease in Nigeria. The inclusion of public water sources would be very effective in control and eradication of Onchocerciasis.

Consent 
The authors declare that we give our consent to the publication of this work. The questionnnaire were supplied at full cosent of the respondents. 
Ethical approval
This experiment was performed according to all ethics and animal rights (Desert Research Center). As much as this work had considering all rules and regulations in conformity with the European Union directive for the protection of experimental animals (2010/63/EU).

[bookmark: _GoBack]Recommendation
Major research on the environmental drivers and anthropogenic effects on onchocerca recrudescence in South Eastern Nigeria should be carried out.The activities should be considered in control of onchocerciasis.  Epidemiological data in this experiment has shown that provision of portable water and water for domestic use and agriculture should be included in onchocerciasis intervention. Water provision and its effects is a novel finding in this experiment. To the best of our knowledge no one has mentioned this ever before, there should be research carried out on this. There is dearth of knowledge on the hydrobiology of vectors and their ecological climate change effects  needs to be researched.
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