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ABSTRACT 
 
This study was carried out to evaluate the extent to which 18 years of mass treatment 

with ivermectin and one year of integrating both vector elimination and mass treatment 

had suppressed Onchocerca volvulus transmission in the hyperendemic Kashoya-Kitomi 

focus. The objectives were to determine the impact of the integrated control on O. 

volvulus transmission and the monthly biting rate of Simulium naevei. The flies were 

collected from 4 sites of Kabuhweju, Kategule, Kiyanja and Kaziko from May 2007 to 

July 2008 and screened for O. volvulus using the O-150 PCR technique.  The prevalence 

of infective flies in the 264 pools of 20 heads was 0.0011% in 2007 compared to 8.0% in 

1991 (P<0.001). After 18 years of mass treatment alone, transmission of onchocerciasis 

still continued. One year of ground larviciding rivers with temephos interrupted the 

transmission by elimination of vectors. The monthly biting density of S.naevei was 

significantly reduced from 835.8 bites/man/month in May 2007 to 0 in June 2008 

(P<0.001). The findings show that the integrated strategy using Community Directed 

Treatment with Ivermectin and ground larviciding is effective in suppressing O. volvulus 

transmission. Furthermore vector elimination is important if onchocerciasis is to be 

eliminated from a hyperendemic focus as CTDI alone reduces the prevalence of infective 

larvae in the vector, but does not completely eliminate them. Continuous biannual 

treatment of communities with ivermectin and monitoring the vector population are 

necessary until surveys show complete elimination of skin microfilariae and adult worms 

from the human population. 
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CHAPTER ONE 
 

INTRODUCTION 
 

1.1   Background 

Onchocerca volvulus is a filarial nematode that causes onchocerciasis (river 

blindness) in humans (Mansons-Bahr and Bell, 1987). The World Health 

Organization (2002) describes onchocerciasis as one of the Neglected Tropical 

Diseases (NTD) causing devastating disability on humans in endemic areas without 

causing mortality. Onchocerciasis is transmitted through a bite of an infective female 

Simulium fly.  About 18 million people world wide are infected with O. volvulus, of 

whom 270,000 suffer onchocercal blindness (WHO, 1995). River blindness causes a 

global burden of 987000 Disability Adjusted Life years (DALYs) (WHO, 2002). The 

disease is referred to as river blindness because individuals who suffer chronic 

devastating onchocercal blindness live in poor communities close to fast flowing 

rivers and streams where transmission is high (WHO, 1995). Victims of the disease 

suffer from intense itching, skin lesions, loss of body beauty and ultimately blindness 

(Okoye and Onwuliri, 2007).  They also become deprived of sleep and suffer stigma.  

Onchocerciasis causes serious socioeconomic losses to communities because it 

reduces economic productivity of adults and poor school performance of children. In 

most African communities where it is endemic, when an elderly person suffers 

onchocercal blindness, one of the young children in the family is selected to lead the 

blind. Therefore, the disease renders two people, the blind and the leader 



2 
 

unproductive (Meredith and Dull 1998; Etyaale, 2001). In Uganda 2,000,000 people 

living in endemic foci are infected (Remme, 2004). 

 In 1995 the African Programme for Onchocerciasis Control (APOC) was launched to 

develop sustainable annual mass administration of ivermectin and health education in 

19 countries including Uganda (WHO, 1996). Later in 1996 the Carter Center under 

took to support wide coverage of community-directed treatment with ivermectin 

(CDTI) in Uganda and several other African countries (Hopkins, et al., 2005). Since 

1990 onchocerciasis control has been taking place in all endemic foci of Uganda  

using annual CDTI (WHO. 1995). In 2007 a control strategy using temephos larvicide 

to dose rivers was started in Kashoya-Kitomi focus to supplement chemotherapy 

(Ndyomugyenyi et al., 2007). Before control measures were started, 8% of the black 

flies and 78% of local people in Kashoya-Kitomi carried O. volvulus (Tukesiga, 

unpublished). Due to long term large scale global control of the disease taking place, 

there is growing interest for continuous monitoring of the prevalence of O. volvulus in 

Simulium flies to ascertain if mass treatment and vector control campaigns have 

suppressed the transmission rates of the parasite in endemic foci (Walsh et al., 1978; 

Rodriguez-Perez et al., 1999; Hopkins et al., 2005 ).  

1.2  Statement of the problem 
Community-directed treatment with ivermectin to eliminate O. volvulus from the 

human population has been on-going in Kashoya-Kitomi focus for the last 18 years. 

This has since 2007 been supplemented by dosing rivers with temephos (Abate) in 

order to halt the parasite transmission through Simulium vector elimination. However, 
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the effectiveness of these integrated strategies in interrupting the transmission of 

O.volvulus by Simulium vectors in the focus is not well known.  

1.3  Justification 

Onchocerciasis causes serious debilitating public health and socioeconomic 

consequences such as dermatitis, loss of physical beauty and blindness. It has been 

recently linked to epilepsy in endemic foci of Western Uganda (Kipp and Bamhuhiga 

2002; Keiser et al., 2007). The disease makes its victims ecomomically unproductive 

and consequently poor. Integrated control of onchocerciasis is necessary to prevent  

the parasite transmission by the vector and fight the disease morbidity in the human 

population. Determining the transmission potential of a parasite by a vector in the 

course of control is of significance to assess the success of the control programme 

(Katholi and Unnasch, 2006). Findings of such an evaluation study will have 

implication in highlighting whether the integrated control strategy is achieving the 

aim of interrupting O. volvulus transmission in Kashoya-Kitomi focus. This 

information will be vital for the control programme to uphold the current strategies or 

make appropriate adjustments in the control strategy for onchocerciasis. 

1.4  Research question 

To what extent has the transmission of O.volvulus by Simulium naevei been 

interrupted as a result of community-directed treatment with ivermectin and vector 

elimination strategies in Kashoya-Kitomi focus?  
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1.5  Objectives 
1.5.1  General objective 

To assess the extent to which integrated control strategies have reduced Simulium 

vector density and interrupted transmission of O.volvulus in Kashoya-Kitomi.  

 

1.5.2  Specific Objectives 

1. To determine the impact of integrated control on Onchocerca volvulus 

transmission using the prevalence of infective larvae (L3) in S. naevei. 

2. To determine the effectiveness of larviciding using monthly biting rate 

of S.naevei. 

3. To determine the distribution of infective flies in four river systems of 

the Kashoya-Kitomi focus. 

 

 



5 
 

CHAPTER TWO 

 

LITERATURE REVIEW 
 

2.1  Geographical distribution 

Human onchocerciasis is found in both the Old and New World, but about 96% of all 

cases are in Africa (WHO 1995). The disease is endemic in sub-Saharan Africa, 

Middle east  and  in Latin America. A total of 18 million people world wide are 

infected with the disease with 99% of the active cases in Africa (WHO's Fact Sheets: 

95, 1995). The disease is widely distributed in Africa between latitudes 15oN and 

14oS, extending from Senegal in the west to Ethiopia in the east and from Mali in the 

north to Malawi in the south (WHO, 1995).  

In Uganda onchocerciasis is endemic in 27 districts (Figure 1) in which 2 million 

people are on treatment with ivermectin and 2.5 million are at risk of getting the 

disease. Walsh et al., (1996) identified the following endemic foci according to the 

vector black flies: the S. naevei group include Bwindi-Kigezi, Kashoya-Kitomi, 

Itwara, Mpamba-Nkusi, Bugoma, Wambabya-Rwamarongo, Budongo, West Nile, 

Imatong and Elgon, while the S. damnosum group comprises of Rwenzori, Mahoma-

Nsonge  and Murchison Nile foci. These areas are typical  remote villages with poor 

delivery of health services  (Katabarwa et al., 1999). 
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Figure 1. Onchocerciasis endemic foci in Uganda (The Carter Center, 2007). 
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2.2  Transmission cycle of O. volvulus and vector behavior 

2.2.1 Transmission cycle of O. volvulus 

During a blood meal, a pool feeding infected female Simulium fly introduces third-

stage (L3) filarial larvae onto the skin of the human host, where they penetrate into 

the bite wound (Figure 2).   In subcutaneous connective tissues the larvae develop 

into adult filarial worms, which commonly reside in nodules.  Adults can live in the 

nodules for approximately 15 years (Davies, 1994).  Females measure 33 to 50 cm in 

length and 270 to 400 µm in diameter, while males measure 19 to 42 mm by 130 to 

210 µm.  In the subcutaneous nodules, the female worms are capable of producing 

microfilariae for approximately 9 years.  The microfilariae, measure 220 to 360µm by 

5 to 9 µm, are unsheathed and have a life span that may reach 2 years.  They are 

occasionally found in peripheral blood, but are typically found in the skin and in the 

lymphatics of connective tissues (Peters and Gilles, 1995).  A Simulium fly ingests 

the microfilariae during a blood meal.   After ingestion, the microfilariae migrate 

from the mid-gut of the fly through the hemocoel to the thoracic muscles where  they 

develop into first-stage larvae and subsequently into third-stage infective larvae.  

These infective larvae migrate to the black fly's proboscis and can infect another 

human when the fly takes a blood meal (Figure 2). 



8 
 

 

 

 

                       Fig. 2.  Transmission cycle of O. volvulus (source: www.dpd.gov/dpdx) 

 

2.2.2    Simulium vector behavior 

Simuliids breed in running water, ranging from torrential mountain streams to slow-

moving lowland rivers. The larvae and pupae of S.naevei are found attached to the 

body surface of crabs of genus Potamonautes in a phoretic association while those of 

S. domnosum attach to trailing vegetation (Manson-Bahr and Bell, 1987). The known 

vectors of O. volvulus in Uganda are S. naevei sensu stricto and S. damnosum (Dadzie 

et al., 1990).  Simulium flies inflict painful bites to humans as they go about their 
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agricultural activities in areas near breeding sites. Simulium naevei and S. damnosum 

are diurnal, exophilic and exophagic flies which have been described by McCall and 

Lemoh (1997) to be anthropophilic. These flies have a lifespan of 14-25 days (Taylor 

et al., 2008). High populations of black flies may cause so much biting nuisance that 

they force people to abandon agricultural and domestic activities in infested areas 

(Lewis 1961). S. naevei has a flight range of 4 km (Mpagi et al., 2001), but may fly 

farther if assisted by wind. 

2.3  Epidemiological mapping of onchocerciasis in Uganda 

Mapping of onchocerciasis in Uganda has been extensively carried out to determine 

the distribution and limits of endemic foci. Both entomological and clinical surveys 

have been done to determine the prevalence of O.volvulus in vector and human 

populations in endemic sites (Katabarwa et al., 1999). Previous entomological 

surveys were done using the traditional black fly dissection method to isolate larval 

stages so as to determine the vector infectivity rates (Rodriguez-Perez et al., 1999). In 

1991, Tukesiga (unpublished) found 8% of parous Simulium flies from Kashoya-

Kitomi focus carrying third stage infective larvae using the dissection technique. 

However, this technique is tedious, less sensitive in foci with ongoing onchocerciasis 

control and can not distinguish animal from the human filarial larvae in the same 

vector (Omar et al., 1979; Oskam et al., 1996). In foci with on-going onchocerciasis 

intervention, thousands of flies beyond the dissection capacity of technicians have to 

be screened (Fischer et al., 1997). Polymerase chain reaction (PCR) pool screening  is 

the most sensitive and specific technique developed to screen a large number of flies 

for parasites, bacteria and viruses (Oskam et al., 1996). In Africa PCR is the only 
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technique that distinguishes infective stages of animal Onchocerca ochengi from 

human O. volvulus species carried by the same vector (Bwangamoi, 1969; Meredith 

et al., 1991).  Skin snipping is the gold standard diagnostic method used in Uganda to 

isolate O.vovulus microfilariae. Skin snip examination revealed that before mass 

treatment onchocerciasis was hyper-endemic in Kashoya-Kitomi focus with a human 

microfilariae carrying rate of 78% (Ndyomugyeni et al., 2004; Thylefors and 

Allenman, 2006). This method is invasive, painful and is becoming increasingly 

unacceptable in community based mass surveys ( Laurent et al., 1999, Ngomou et al. 

1994)). In the last decade more sensitive and specific techniques of O.volvulus ELISA 

detection for clinical diagnosis and pool screen PCR of black flies have been 

developed and recommended for onchocerciasis surveys (Lobos et al. 1991; Oskam et 

al. 1996). Pool screening involves grouping together a number of flies and then 

examining them as a single entity. 

2.4  Pathogenesis 

Onchocerciasis causes devastating disability to the poor, but rarely kills its victims. 

From the bite wound infective larvae migrate through the subcutaneous tissues and 

develop into adults in about one year. The adult worms get trapped in the tissues 

leading to formation of onchocercal nodules. These palpable painless nodules are 

found particularly over the bony  prominences such as the hip, chest wall and the 

head (Mansons-Bahr and Bell, 1987). 

When mature females begin producing microfilariae, there is onset of skin itching. 

The main pathology arises from the body reaction to dead microfilariae in the skin 
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and eyes. The itchy reaction on the skin is known as onchodermatitis. Due to intense 

itching and effect of the immune response (Niamba et al., 2007) the skin becomes 

less elastic and rough leading to a condition referred to as lizard skin and sometimes 

hanging groins around the inguinal region. This is followed by depigmentation of  

parts of the skin resulting into the leopard skin syndrome. The final devastating 

sequelae in the chronic stage is onchocercal blindness which occurs when the worms 

migrate through the conjunctiva of the eye (Little et al., 2004).                                           

2.5  Onchocerciasis control 

In Africa, efforts to control onchocerciasis started in 1930s using aerial spraying of 

infested areas with DDT to kill adult black flies (Strong, 1938). This approach 

eliminated onchocerciasis in Kenya, but failed in West Africa. However, due to the 

harmful effects of DDT on non-target organisms, its use was suspended. In 1974 

WHO established the Onchocerciasis Control Programme for West Africa (OCP), 

whose target was to eliminate onchocerciasis through larviciding rivers with  

temephos (Abate), a non-synthetic organophosphorus insecticide which paralyses and 

kills young stages of Simulium by cholinesterase inhibition. Temephos was preferred 

because of its efficiency, its carry (the distance over which it remains effective), its 

lack of impact on non-target fauna and its low cost (Hougard, et al., 1993). The 

vector control strategy achieved reduction in onchocerciasis transmission (Thylefors, 

2001; Bynum, 2002) but, no clinical benefit to infected human population hence there 

was need for an effective drug to treat endemic communities. The discovery and 

registration of ivermectin in 1987 brought great hope to onchocerciasis control 

(Lindley, 1987). The drug was tried in 1990s in West Africa and proved effective at 
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an annual dose of 150µg/kg (Whitworth, et al., 1990). An annual dose of ivermectin 

(150-200µg/kg of body weight) does not kill adult O.volulus, but kills the 

microfilariae in circulation and sterilizes the reproductive system of adult females for 

a year causing suppression of transmission. To get rid of adult worms from the body 

annual treatment must be continued for at least 15-40 years depending on the level of 

endemicity (Mansons-Bahr and Bell 1987; Eddie et al., 1989; Winnen et al., 2002).  

In 1995 the African Programme for Onchecerciasis Control (APOC) was launched to 

develop sustainable annual mass administration of ivermectin and health education in 

19 countries including Uganda (WHO, 1996; Amazigo, 2008). Several factors 

challenged the use of mass treatment alone to eliminate onchocerciasis. Firstly 

ivermectin is contraindicated to the pregnant and children below 5 years. Further 

more it is hard to convince people to continue taking the drug for many years when 

they do not have signs and symptoms. Recent reports on the emerging resistance of 

O. volvulus to ivermectin in Ghana (Lustingman and McCarter, 2007) pose another 

challenge to the  use of CDTI as a sole strategy. This means the parasite will continue 

to multiply in untreated individuals and the transmission will go on as long as the 

vector is present. Therefore to succeed in onchocerciasis elimination, treatment of 

endemic communities and vector control have to be integrated. To achieve this there 

must be secure funding, availability of the drug and focused operational research 

(Molyneux, 2005). 

Uganda has adopted annual Community Directed Treatment with Ivermectin (CDTI) 

in all endemic foci. Mass treatment has been on going for 18 years. In 2007 a 

programme targeting elimination of onchocerciasis in Kashoya-Kitomi and four other 
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foci using vector control and semi-annual treatment with ivermectin (Ndyomugyenyi 

et al., 2004; Katabarwa et al., 2008) was launched in the country (The Carter Center, 

2007). In Uganda Simulium vector control achieved great success when DDT was 

used to eradicate flies and the disease at the Jinja Nile focus in 1956 (Prentice, 1974, 

MacCrae, 1978, Walsh, et al 1996) and recently when temephos application in rivers 

eradicated onchocerciasis transmission in Mpamba-Nkusi and Itwara foci (Lakwo et 

al 2006, Ndyomugyenyi et al., 2007). Partners in onchocerciasis control in Uganda 

include the Ministry of Health, African Programme for Onchocerciasis Control 

(APOC), The Carter Center, Merck Co. Lions club and Sight Savers. After this long 

period of disease control, very low prevalence of O. volvulus and reduced population 

of vectors are expected in Kashoya-Kitomi. In Africa, to declare an endemic area free 

of O.volvulus transmission, a long period of control is necessary such that, not more 

than 1/1000 Simulium flies from a wild population should carry the parasite (Oskam 

et al., 1996, WHO, 2000).  
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CHAPTER THREE 

 

MATERIALS AND METHODS 
 

3.1  Study area 

Kashoya-Kitomi Onchocerciasis focus is a large endemic area of 399 km2 

covering forested riverine zones of Ibanda, Kamwenge and Bushenyi districts. 

The terrain is steeply undulating and deeply dissected by the river systems of the 

Kyambura, Ngoro, Kitomi and Buhindagi which drain westwards across the rift 

valley into Kazinga channel and Lake George (Figure 3). Vegetation cover is 

made up of the Kashoya-Kitomi and Kakasi Forest Reserves under which several 

rivers and streams flow.  The community comprises of Batoro and Banyankole 

whose major economic activity is subsistence farming. The population is about 

230,000 people of whom 150,000 live in the Bushenyi side. From breeding sites 

black flies bite people during agricultural activities, collection of firewood, and 

when they go to fetch water from streams. In 1991, the rapid epidemiological 

mapping of onchocerciasis (REMO) in the focus characterized the area as a hyper 

endemic zone with 78% microfilaria carrier rate and over 40% of the population 

of men having nodules. The major vector in the focus is S. naevei (Fischer et al., 

1997). Control of onchocerciasis in the focus started in 1991 using annual 

Community Directed Treatment with Ivermectin (CDTI). The mean annual 

treatment coverage in communities has been well above 80% since 2000 (The 

Carter Center records).  All individuals aged five years and above have been 

receiving a dose of the drug each year. Kashoya-Kitomi is one of the isolated foci   
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targeted for Onchocerciasis elimination (The Carter Center, 2007). After 

entomological river prospection, four catching sites  were established at a) 

Kabuhweju (S00012’27.9’’ E030017’0.90’’) in Kicheche subcounty, Kamwenge 

district, b) Kategule (S00011’41.2’’ E030020’9.12’’) in Kanywambogo subcounty, 

Ibanda district, c) Kiyanja (S00016’34.8’’ E030017’23.1’’) and d) Kaziko 

(S00015’42.7’’ E030018’42.7’’) both in Bihanga subcounty in Bushenyi district 

(Figure 3). These were high transmission sites where Simulium flies were 

collected for laboratory analysis. Information on the prevalence of infective flies 

in the focus based on the traditional dissection method was available in 

entomological records (Tukesiga unpublished). Simulium elimination through 

ground larviciding of rivers and streams in these areas using temephos was started 

in May 2007. 

 

3.2  Collection and preservation of Simulium flies 

The human bait landing method was used to trap Simulium. Two fly catchers sat 

at each of the four study sites along river banks and exposed their legs to attract 

the flies. A black fly  landing on the limb to feed was captured by inverting a clear 

collection bottle over it before it sucked blood (Plate 1, appendix iii). Catching of 

flies took place on Monday and Friday every week from 7:00 am to 6:00 pm for 

13 months. This work was done as a molecular epidemiological evaluation tool 

under the Uganda National Onchocerciasis Elimination Programme of the 

Ministry of health, which has ethical clearance to use the human bait method in 

Simuliun vector collection.  Flies were preserved in 80% ethanol (Post et al., 

1993) and transported to an Entomological Laboratory in Kabarole for 
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identification to species level. At the end of each month total collection of S. 

naevei flies were carried to the molecular epidemiology laboratory of Ministry of 

Health in Kampala for O. volvulus third larval stage (L3) screening by the O-150 

technique. 

 

3.3  Molecular screening of black flies for O.volvulus 

3.3.1  Sample size 

All the flies collected and preserved in a period of 13 months were split into pools 

of 20 and screened for L3 stage of O.volvulus using O-150 Polymerase Chain 

Reaction (PCR) method.  This was in accordance to Katholi and Unnasch (2006), 

where the larger the number of black flies screened, the more accurate the 

estimate of prevalence. The pool screening model assumes that the flies are 

randomly collected from an infinite wild population. The pool size of 20 flies was 

chosen following dissection results which showed fluctuating high prevalence ( 

appendix ii) of O.volvulus infective larvae in vectors between 1990 and 2005 

(Tukesiga unpublished). 

 

3.3.2  Separation of heads from bodies 

Flies from each collection site were grouped into pools of 20 in 15ml corning 

tubes.  Absolute ethanol was removed and tubes inserted in fingers of rubber 

gloves and frozen in the gas phase of liquid nitrogen (-70oC) for 30 minutes to 

make the flies brittle. After removal from nitrogen, the tubes were subjected to 

vigorous vibration to cause heads to break from bodies. Each tube was flushed 

with 75% ethanol to get out bodies and heads onto a metallic sieve placed over a 
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pan. The wire mesh was flushed with ethanol to make the heads pass into the pan 

and bodies remain on the sieve. A pool of bodies and heads was placed in separate 

snap cap tubes labeled B and H respectively. 

 

3.3.3  Extraction of DNA 

 Every pool of heads was homogenized in 300µl of lysis buffer containing 

100mM NaCl, 10mM Tris-HCl, 1Mm EDTA and 0.1% SDS in the presence of 

salmon sperm carrier DNA solution. Proteinase K (100µl) was added and the 

mixture incubated at 55oC in an incubation block for 60 minutes for the enzyme to 

break down fly tissues to expose total genomic DNA. Dithiothreitol (DTT, 4µl) 

was added, the mixture boiled for 30 minutes and freeze-thawn twice to make 

parasite tissues disrupt and release deoxy-ribonucleic acid (DNA).  Extraction of 

DNA from the homogenate was done using 400µl of  1:1 mixture of phenol 

chloroform (Oskam et al., 1996). This reagent dissolved contents of the 

homogenate resulting into formation of a top layer containing DNA and a bottom 

layer which was fairly clear. The top layer from the first phenol chloroform 

extraction was re-extracted to ensure that the second top layer was devoid of 

chitin particles. 
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3.3.4  DNA purification 

The final volume of phenol-chloroform extract in the snap cap tube was measured 

and three volumes of sodium iodide (NaI) added. The extract iodide mixture from 

each pool was filtered through a single well of a 96 well, 800µl  Whatman  

Hydrophilic GF/C filter plate (Whatman Inc. USA) placed over a filtration unit 

connected to a vacuum pump. After all the mixture had gone through the filter, 

500 µl of ethanol wash was added to each well to clean up iodide-DNA mixture 

trapped by the filter. This step was  repeated three times.  

 

3.3.5  DNA elution from the filter 

The whatman filter plate with trapped DNA was placed over a 96 well collection 

plate such that the wells matched exactly. Sterile distilled water (50 µl) at 55oC 

was added to each sample well. The two plates were fastened together and 

centrifuged at 4000 revolutions per minute to elute DNA from the filter to the 

storage plate. The DNA plate was sealed, labeled and kept at -20oC. 

 

3.3.6  Amplification of the O-150 DNA fragment 

The following master mix comprising of O. volvulus specific primers was used 

for each PCR reaction in a 96 well PCR plate.  From each extract of head pools 

2.5µl of DNA was transferred to a corresponding well B to H of the PCR reaction 

plate. The PCR reagents were; 3.4 µl PCR water, 12 µl buffer  F  10X  (600 mM 

Tris-HCl; pH 9.0, 150mm (NH4)2SO4, 20 mM MgCl2), 2 mM dNTPs (Roche 

diagnostics), 20 µM of each primer 1632 (5’ GATTYTTCCGRCGAANARCGC 
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3’) and 633 (5’ Biotin-GCNRTRTAAATNTGNAAATTC 3’) (Invitrogen USA) 

(Katholi and Unnasch, 2006)  and 0.5U of Taq polymerase (Invitrogen USA). The 

biotinylated primers hybridize with O. volvulus DNA to produce amplicons which 

bind to streptavidin used in the ELISA assay for detection. The genome of 

O.volvulus has a unique segment with 150 base pairs (O-150) with 12 tandem 

repeats, such that this PCR technique is popularly known as O-150 (Katholi et al., 

1995; Alicia et al., 2006 ). From each well of the DNA storage plate 2.5ul of the 

sample DNA was drawn and transferred to corresponding wells of rows B to H of 

the PCR plate. Wells A1 to A10 were dispensed with 2.5 µl of sterile distilled 

water to serve as negative controls, while to wells A11 and A12, O.volvulus 

positive controls were added to help validate the experiment. 

 

3.3.7  The PCR process 

The 50µl reaction  PCR plate was placed in a thermal-cycler (Bio- Rad Mycler 

USA) to undergo normal PCR steps.   In accordance with Unnasch (2005), O-150 

PCR conditions were as follow; the first stage involved steps of denaturation at 

94ºC for 1 minute, annealing at 37ºC for 2 minutes and extension at 72ºC for 30 

seconds, each repeated five times. The second stage was repeated 35 times with 

denaturation at 94ºC, annealing at 37ºC, and extension at 72ºC, each taking 30 

seconds. The third stage was a no repeat single step of extension at 72ºC for six 

minutes.  
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3.3.8  Detection of O-150 in the PCR products 

Identification of PCR products was done using O.volvulus DNA specific 

fluorescein-labeled probe OVS-2FL (5’AATCTCAAAAAACGGGTACATA-FL 

3’). The probe hybridizes with O.volvulus (O-150) amplicons at 56oC (Meredith 

et al., 1991; Shaorong, et al., 2000;  Unnasch, 2005; Rodriguez-Perez et al., 

2006).  PCR-Enzyme linked immunosorbent assay (PCR-ELISA) was the 

detection method. This assay is based on the principle that when biotinylated  

amplicons of O.volvulus DNA are present in the PCR products, they bind to the 

treptavidin-alkaline phosphate used to coat ELISA plate. In the presence of a BRL 

amplifier (invitrogen) the alkaline phosphatase enzyme hydrolyses N,N, 2-

Trmethyl-5-nitro-benzenesulphonamide substrate to produce a red color. The 

assay was performed as follows:   Every washing step was done using a Tris 

buffered saline Tween 20 buffer (TBST) containing 1X TBS and 0.005% Tween 

20.  The plates were coated with 100µl of 1µg/ml streptavidin-AP conjugate 

(Invitrogen) and kept at 4oC overnight. The plates were washed 6 times using a 

washing buffer. Hybridization buffer (20µl)  ( 20X SSPE, 10X denhardt’s, 1% 

(w/v) N-lauryl sarcosine, 20% SDS) was added to all wells followed by 5µl of 

amplicons from corresponding wells of the PCR reaction plate and incubated at 

room temperature for 30 minutes. This was followed by six washes with a wash 

buffer, addition of 100µl of 1 M NaOH to all wells and incubation at room 

temperature for 1 minute for DNA denaturation. Following another six washes 

50µl of 50ng/ml of the specific probe DNA (OV-S2-FL) was added to all wells 

and incubated at 56oC for 15 minutes. After performing six washes with TBST, 
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100µl of pre-warmed SSPE/SDS buffer was added, then the plate was incubated 

at 56oC for 10 minutes. The plates were washed six times with TBST, 50 µl of 

anti-florecein Fab fragment was added to all wells and incubated at 37oC for 15 

minutes. A final wash was done, then 25 µl of the BRL (N,N, 2-Trmethyl-5-nitro-

benzenesulphonamide) substrate (Invitrogen, USA) added to all wells and kept at 

room temperature for 30 minutes. To this 25 µl of the BRL amplifier was added 

to the substrate in each well at room temperature and the plates left to develop 

color until positive controls formed visible red color in the wells (plate 3, 

appendix 2). Further color development of the plates was stopped by addition of     

25 µl of 0.3M H2SO4 to all wells. Optic density (OD) of plate wells was read 

using an ELISA reader (Uniread 800) at wavelength of 490nm. Interpretation of 

results as positive or negative was dependant on the mean OD of negative control 

wells. The sum of the mean of optic densities of the negative controls and three 

standard deviations were calculated to set the cut off readings, that is; 

Cut off = mean OD of negative controls + 3 standard deviations 

 

 

 

 

 

If the calculated cut off was less than 0.1, then OD of 0.1 was taken as the cut off 

(Unnasch, 2005). Any OD equal or greater than 0.1 was interpreted as a positive 

result (appendix iv). 
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3.4  Determination of the distribution of infective flies 

Fly catching sites were established at strategic locations to capture black fly 

populations around Kamwenge, Ibanda and Bushenyi onchocerciasis endemic 

villages from major breeding sites. Catches from Kategule site  represented fly 

population from River Kategule system in Ibanda, Kiyanja and Kaziiko site 

catches represented Buhindagi, Kyahenda and Kanyinebisambi river system 

population in Bushenyi while Kabuhweju site captured flies from Kitomi, 

Kanywambogo and Kachwakeitu breeding sites in Kamwenge (Figure 3). In the 

laboratory flies from each site were processed and screened separately to be able 

to determine how infective flies were distributed according to the above 

population grouping. Using this method it was possible to determine river systems 

and sites where infective flies were still present. 

 

3.5  Determination of monthly biting rate (MBR) 

The number of flies captured by each field assistant were recorded at the end of 

each catching day. The monthly biting rate was obtained from the mean of total 

number of flies caught per catcher multiplied by the number of days in the month 

and divided by the number of catching days as described in the equation below 

(Walsh et al., 1978).  

   MBR  = Total flies x days in the month 

              Catch days x number of catchers  
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3.6  Data Analysis 

Data were entered using Microsoft excel computer software. The parasite 

prevalence estimations and their associated 95% confidence intervals were 

computed using algorithms in the Pool screen 2.0 computer programme (Katholi 

et al. 1995;  Katholi and Unnasch 2006). Analytical interpretation of optic density 

of each sample was computed using the Gen5 software (BioTek. Inc.) after 

reading ELISA plates at a wave length of 405nm in a Uniread 800 colorimeter. 

The number of flies caught per site per month was tabulated.   Comparison of 

infectivity levels of vectors at baseline in 1991 was compared with that after 18 

years of treatment with ivermectin. Statistical comparison of means was done 

using independent sample t-test. 
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CHAPTER FOUR 

 

RESULTS 
 

4.1    Biting Simulium population 

 

The total number of adult S.naevei caught in the 13 months was 5358 of which 

5280 were screened using PCR and the rest taken for other scientific studies such 

as dissection for parity test and taxonomy. Fly catches were from Kategule in 

Ibanda district (n = 1323), Kabuhweju in Kamwenge (n = 203), Kiyanja (n = 

2401) and Kaziko (n = 1431) both in Bushenyi district as shown in Figure 4 and 

appendix 1. 

The population of biting flies was significantly higher (P<0.05 , t-test)  at the 

collection sites of Kiyanja and Kaziko in Bushenyi district (Figure 4) than in 

Kabuhweju and Kategule. 

 
 
 
 
 
 
 



26 
 

                                         Fig 4. Comparison of biting S. naevei population in the 4 sites: May 2007- May 2008 
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4.2  Prevalence of infective flies 
 

Over the 1year 5280 Simulium flies were split into 264 pools of 20 and screened for 

infective larval stage (L3) of O.volvulus.  Out of the 264 pools, 6 positives were detected. 

Using the pool screen 2.0 statistical model (Katholi and Unnasch, 2006), the overall 

prevalence of infective larvae of  O. volvulus in the Simulium population in Kashoya-

Kitomi focus was 0.0011%. Kiyanja and Kaziko sites had a greater number of biting 

flies, hence  more  positive pools as shown in Table 1. There was no infective pool at  

Kabuhweju site with a low population of vectors. By January 2008 the integrated 

approach had effectively cleared out infective flies (appendix ii). 

 

Table 1. The prevalence of infective flies in Kashoya-Kitomi focus by pool screen 2.0 

 

Catching site Pools of 20 

heads screened 

+ve -ve Prevalence by pool 

screen 2.0 (%) 

95% Conf. 

interval 

Kiyanja 

Kaziko 

Kategule 

Kabuhweju 

106 

81 

62 

15 

3 

2 

1 

0 

103 

79 

61 

15 

0.0014 

0.0011 

0.0008 

0.00 

0.0003-0.004 

0.0001-0.004 

0.00002-0.004 

0.00-0.006 

Total 264 6 258 0.0011 0.0004-0.0025 
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4.3    The trend of the prevalence of infective flies during the period 1991 to 2008   
  

 
From 1991 to 2005 the prevalence of O. volvulus flunctuated wildly between 2 and 12% 

despite the annual community directed treatment with ivermectin (CDTI). From 2006, the 

parasite prevalence in vectors showed a steady decline and by 2008, one year after 

larviciding was introduced, had dropped to 0% as shown in appendix ii. 

 

4.4  Monthly biting rate 

 
The monthly biting rate in Kashoya-Kitomi focus was dramatically reduced by the vector 

control strategy from 835.8 bites per person per month in May 2007 to 0.0 in July 2008. 

There was a general decrease in MBR across all catching sites after one year of applying 

four weekly doses of temephos in breeding rivers and streams. In comparison to MBR in 

May 2007 and May 2008, the biting density fell from 249.4 to 0.0 in Kabuhweju, 1807.5 

to 0.0 in Kategule, 558.8 to 0.0 in Kaziko and from 727 to 3.9 in Kiyanja as shown in 

Figure 5.  
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       Fig 5. Variation in Monthly Biting Rates (MBR) during months of larviciding. 
 
The biting fly population in Bushenyi sites of Kiyanja and Kaziko remained 

comparatively high in the first four months despite the 4 weekly application of temephos 

(Figures 4 and 5).A gradual decline in MBR was observed in Kategule and Kabuhweju. 
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             4.5   Distribution of infective flies 
 

Residual transmission after 18 years of mass treatment with ivermectin was not 

evenly distributed in the focus. Infective flies were in sites of Kiyanja and Kaziko 

in Bushenyi district portion of the focus and Kategule area in Ibanda during the 

first 2 months of larviciding (Table 2). Positive pools of flies were present at the 3 

sites during months of May and June 2007 when the vector population was high 

(Table 2). In the Kamwenge district site of Kabuhweju all the flies collected did 

not carry infective larvae of Onchocerca volvulus. However, after one year of the 

vector elimination strategy Simulium flies disappeared from the entire focus and 

the parasite transmission was interrupted.  
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                       Table 2.   Distribution of infective flies by month and site 

 

 

 

 

 
Site 

 
Kabuhweju 

 
Kategule 

 
Kaziko 

 
Kiyanja 

 
Month 

 
No. of 
flies 

 
+ve 

pools 

 
No. of 

flies 

 
+ve 

pools 

 
No. of 

flies 

 
+ve 

pools 

 
No. of 

flies 

 
+ve 

pools 
 
May 2007 

 
133 

 
0 

 
964 

 
1 

 
298 

 
1 

 
388 

 
1 

 
June 2007 

 
43 

 
0 

 
142 

 
0 

 
600 

 
1 

 
1194 

 
2 

 
July 2007 

 
17 

 
0 

 
110 

 
0 

 
421 

 
0 

 
553 

 
0 

 
August 2007 

 
6 

 
0 

 
23 

 
0 

 
101 

 
0 

 
189 

 
0 

 
September 2007 

 
4 

 
0 

 
75 

 
0 

 
6 

 
0 

 
9 

 
0 

 
October 2007 

 
0 

 
0 

 
5 

 
0 

 
4 

 
0 

 
6 

 
0 

 
November 2007 

 
0 

 
0 

 
3 

 
0 

 
1 

 
0 

 
4 

 
0 

 
December 2007 

 
0 

 
0 

 
1 

 
0 

 
0 

 
0 

 
34 

 
0 

 
January 2008 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
12 

 
0 

 
February 2008 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
10 

 
0 

 
March 2008 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
April 2008 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
2 

 
0 

 
May 2008 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
June 2008 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
July 2008 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
Total 

 
203 

 
0 

 
1323 

 
1 

 
1431 

 
2 

 
2401 

 
3 

STD 34.98  246.6  188.9  331.1  
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CHAPTER FIVE 

 

DISCUSSION, CONCLUSION AND RECOMMENDATIONS 
 

5.1 Discussion 

 

5.1.1  Introduction 

This is the first study in Uganda to evaluate the success of the on-going Onchocerca 

volvulus elimination strategy in Kashoya-Kitomi focus using the most sensitive and 

specific O-150 Polymerase Chain Reaction (PCR) technique. The discussion focuses on 

the trend of the biting Simulium fly population with months of larviciding, decline in the 

prevalence of infective flies at the four catching sites, reduction in monthly biting rate as 

a result of effective larviciding and the distribution of infective flies. Results show a 

general decline in O. vulvulus transmission, the vector population and reduced  monthly 

biting rate. The study findings suggest that Onchocerca volvulus transmission by S.naevei 

in Kashoya-Kitomi focus has been interrupted by the integrated onchocerciasis control 

approach. 

 

5.1.2    Reduction in S.naevei population  

Following the introduction of ground larviciding of rivers with Abate as an additional 

component of onchocerciasis control, the number of biting S.naevei flies in the four 

catching sites dropped from a peak of 1979 in June 2007 to 0.0 in June 2008 (Figure 4 

and appendix 1). This is consistent with Lakwo et al., (2006) who noted a significant 

decrease in S. naevei population after two years of ground larviciding of river systems in 

the Mpamba-Nkusi focus in Western Uganda.  However, after one month of river dosing 
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with Abate, high catches were recorded at Kiyanja on Kyahenda river and Kaziko on the 

Kanyinebisambi river in Bushenyi district. This increase in the vector population is 

responsible for the peaks in MBR at Kaziko and Kiyanja in June 2007 (Figure 5). Before 

commencement of larviciding, entomological prospection was done along all rivers in 

Kashoya-Kitomi to determine Simulium breeding limits and establish dosing sites. All the 

four catching sites have similar environmental factors which favor S.naevei breeding. The 

peaks in fly catches (Figure 4) and MBR in the two sites in Bushenyi district could be 

due to the fact that river Kyahenda and Kanyinebisambi have many small tributaries 

some of which are not on the area map and thus had not been prospected. Therefore while 

larviciding was taking place on the main rivers, breeding of the vector might have been 

going on in these minor streams. Also there could have been possibilities of some 

infested crabs to crawl out of water at the time of temephos application causing larvae 

and pupae to survive and metamorphose to biting adults. Dumping of garden refuse into 

rivers, blocking of stream flow and diversion of stream water to gardens by farming 

communities are among other factors which hinder the effectiveness of river dosing. 

These reasons may explain the increase in fly catches and MBR in Kiyanja and Kaziko in 

June 2007 (Figures 4 and 5). However, for complete understanding of the physical, 

chemical and environmental factors that affect the effectiveness of larviciding, further 

research is necessary. The low catches at Kabuhweju (Kamwenge) and Kategule in 

Ibanda are evidence of excellent entomological prospection of breeding limits and 

effectiveness of ground larviciding achieved by the vector elimination team. The trend of 

Simulium catches observed suggests that without thorough prospection of suspected 

breeding sites including small seasonal streams, vector elimination may not be achieved. 
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To achieve a gradual reduction in vector population as noted in Kabuhweju and Kategule 

the entomological team must be well trained, experienced, committed and availed with all 

essential equipment, supplies and logistics. In contrast to previous vector elimination 

campaigns in Mpamba-Nkusi and Itwara foci (Lakwo et al., 2006; Ndyomugyenyi et al., 

2004) which took up to four years, larviciding in Kashoya-Kitomi has achieved 

substantial progress towards Simulium vector elimination within a period of just one year. 

This focus is isolated and thus likely to remain free from the vector for a long time 

because S.navei whose flight range is limited to 5 km (Mpagi et al., 2001; Taylor et al., 

2008) may not reinvade the area from other foci such as Imaramagambo which is over 20 

kilometres away. However, monitoring of absolute vector elimination using fly collectors 

may be necessary for several years after suspending river dosing with temephos. 

Considering rivers with high potential to support S. naevei breeding in the focus, 

establishing a catching site on the Ngoro system may be necessary for future monitoring 

of breeding.  

 

However, after disappearance of S. naevei in June 2008 (Figure 4), fly catchers recorded 

emergence of strange black flies with morphological features closely resembling the 

vector. The identity of the flies is still unknown but being investigated at a German-based 

molecular laboratory. The emergence of these strange flies is believed to be due to 

ecological succession similar to what Cheke et al., (2008) and Kruger et al., (1999)  

found in a related situation in West Africa and western Uganda respectively. 
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5.1.3   Integrated control   strategy caused  interruption of O.volvulus transmission  

 During the period (1991- 2006) when mass treatment with ivermectin was used as the 

sole control strategy, the parasite transmission by S. naevei kept going on at fluctuating 

levels (appendix ii). There was no intervention to reduce the vector population hence the 

transmission could have been as a result of high monthly biting rate. Results (Table 2) 

suggest that when the number of biting vectors is high in an endemic area, there are 

increased chances of O.volvulus transmission even when treatment with ivermectin is 

ongoing for many years. On introduction of larviciding as a synergistic measure, the 

integrated approach drastically prevented the fluctuating trend of infective fly prevalence 

and halted the transmission between May 2007 and June 2008 (appendix ii).  Results 

show a drastic reduction in flies carrying infective larvae of O.volvulus from 8% in 1991 

to 0.0011% in 2007 (P< 0.001) and 0.0% in 2008. This has implication that ivermectin 

treatment alone works well towards reduction of the parasite prevalence, but does not 

completely interrupt the transmission of O.volvulus as long as the vectors are still present. 

Despite the high mean annual treatment coverage of above 80% in Kashoya-Kitomi 

between 1992-2007 (The Carter Center records), chemotherapy alone did not interrupt 

transmission whereas the integrated approach achieved it in one year. These results are in 

agreement with findings of Katabarwa et al., (2008), Lakwo et al., (2006) and Baotin et 

al., (1998) who recorded similar trends in other foci. The presence of positive pools of 

flies (Table 1) implies that transmission of O.volvulus continued in communities around 

Kaziko, along River Kanyinebisambi and Kiyanja along River Kyahenda until May and 

June 2007. This result supports Gebre-Michael and Gemetchu, (2008) assertion that when 

the MBR of  Simulium gets high in an endemic area, there is higher chance of flies to 
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pick parasites from microfilaria carriers and remain infective. The fluctuating pattern of 

the number of infective flies (appendix ii) suggests that without integrating CDTI with 

vector control,  the transmission of O.volvulus could perhaps have shot up in 2007 and 

2008 with increase in vector population. Before introduction of vector control the aim of 

the control programme only focused on making the infected individuals realize clinical 

benefits of ivermectin treatment through reduction of microfilaria carrier rate, nodule 

prevalence and onchodermatitis. Persistence of onchocerciasis transmission in Kashoya-

Kitomi focus prompted the Ministry of Health to adopt an integrated strategy to eliminate 

the disease. The extent of reduction of human microfilaria carrier rate, in this focus needs 

to be determined in subsequent studies to be able to explain the clinical benefits of the 

integrated approach.  The vector infectivity reports (1991-2005) obtained from fly 

dissection (Tukesiga unpublished) (appendix ii) show high prevalence of infective L3 in 

the vector. Since microscopy can not morphologically distinguish infective larvae of 

O.volvulus from other larvae such as Ochocerca ochengi in the same vector (Bwangamoi, 

1969), it may be possible that earlier infective larvae prevalence estimates could have 

been exaggerated by the presence of animal filariae other than O.volvulus.  

 

Introduction of the vector elimination strategy in  2007 drastically reduced the number of 

biting flies and interrupted O.volvulus transmission (Figure 5 and appendix ii). From the 

O-150 PCR results, none of the pools of S.naevei caught at the 4 sites of Kashoya-Kitomi 

between July 2007 and May 2008 was positive. Compared to Mpamba-Nkusi (Lakwo et 

al., 2006), the suppression of onchocerciasis transmission in Kashoya-Kitomi focus has 

been successful at a faster rate despite its large area, hilly terrain and a more complex 
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drainage system. Contrary to Katabarwa et al., (2008), this study has recorded 

disappearance of the vector and thus projects eventual elimination of onchocerciasis 

without any threat of O.volvulus recrudescence. Similarly, with reference to vector 

elimination in Mpamba-Nkusi and Itwara as evidence of transmission interruption 

(Lakwo et al., 2006), it is unlikely that recrudescence will occur in Kashoya-Kitomi 

focus. However, this will hold after post elimination monitoring confirms complete 

disappearance of the vector from all breeding sites and clearance of skin microfilaria by 

continued mass treatment.  

 

5.1.4  Effective  larviciding reduced Monthly biting rate 

Within one year of river dosing, there was a mean reduction in monthly biting density in 

the focus from 835.8 bites/man/month in May 2007 to 0.0 bites/man/month in June 2008. 

However, from (figures 4 and 5) MBR is a poor indicator of the effectiveness of vector 

elimination because it rapidly falls close to 0.0 when the actual population of vectors in 

the wild is still above a minimum viable population of two individuals. It is on the other 

hand an important parameter in epidemiological monitoring of the transmission of vector 

borne diseases because it shows how fast the parasite can be carried from one host to 

another.  The peaks in MBR at Kaziko and Kiyanja (Figure 5) were as a result of the 

increased breeding of the vector as discussed in section 5.1.2.  Two major factors may 

account for this observation. The ability of the entomological team in determining 

breeding limits of the vector along suspected rivers, proper gauging and determination of 

the correct dosage of Abate. Secondly, environmental changes could have favored vector 

elimination naturally by making some of the rivers unsuitable for vector breeding. 
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Current findings (Lakwo unpublished) show that some of the rivers such as the 

Kyambura which were highly suspected to support breeding of S. naevei have been found 

free of the crabs during recent entomological prospection (Lakwo unpublished). Streams 

of the Kyambura system share a watershed with the Buhindagi system along which 

breeding takes place. The actual environmental factors that prevent breeding of Simulium 

on some rivers are not known, but human activities such as farming and lumbering could 

be among others which need to be investigated. It is difficult to explain all environmental 

changes that have taken place because there is no record kept and most events might have 

gone unnoticed. However, in recent years there has been increased use of agricultural 

chemicals to control pests in gardens and this could have resulted into deposition of 

pesticides in rivers causing death of crabs. Perhaps seasonal changes as a result of global 

warming could have caused drying out of some small streams which used to support 

S.naevei breeding in the past. 
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5.2 Conclusions 

This study presents results showing complete elimination of onchocerciasis transmission 

in Kashoya-Kitomi focus. The integrated approach has interrupted onchocerciasis 

transmission within one year. The nuisance biting of the vector has been eliminated by 

larviciding. Therefore results support the following conclusions: 

a)  Mass treatment with ivermectin as a sole strategy worked well towards reduction of the 

disease transmission in the focus, but did not stop the parasite transmission in the 18 

years when the vector was still present. 

b) The vector elimination strategy through treatment of rivers with temephos has been 

sufficiently effective to cause disappearance of the vector from the focus. 

c) The monthly biting density of Simulium has been reduced by river dosing to a level at 

which it is no longer a public health problem in Kashoya-Kitomi focus. 

d) The integrated control strategy (Vector elimination and CDTI) has interrupted 

onchocerciasis transmission by S. naevei in Kashoya-Kitomi focus. 
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5.3  Recommendations 

Following the World Health Organization protocol that not more than one out 1000 flies 

should carry infective larvae to validate elimination of onchocerciasis in African foci 

(Oskam et al., 1996, WHO., 2000), the prevalence of 0.0011% found by this study in 

2007 and 0.0% in 2008 gives strong evidence that the ongoing elimination efforts have 

been effective. However, to consolidate this drastic progress of O.volvulus elimination 

and declare Kashoya-Kitomi  free of the parasite transmission, the following 

recommendations are necessary: 

a) Epidemiological studies should be carried out in Kashoya-Kitomi focus to find out the 

prevalence of O.volvulus microfilaria in the human population in comparison with results 

of this study. 

b) The integrated control strategy should be continued until post elimination studies reveal 

that human communities in the focus are free from microfilariae and adult worms. 

c) Similar studies should be carried out in other foci targeted for onchocerciasis elimination 

to evaluate the extent of success. 

d) Monitoring of the vector elimination process should be done using fly catchers for at least 

3 years to be sure that S. naevei does not continue breeding. 

e) In foci where treatment with ivermectin is being used alone, vector control/elimination 

should be done if feasible in order to interrupt O.volvulus transmission. 
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Appendices 
 
 

Appendix i 
Monthly  Simulium fly catches per site   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Month Number of flies caught by 2 catchers each month 

Kabuhweju Kategule Kaziiko Kiyanja Total 
May 2007 133 964 298 388 1783 

June 2007 43 142 600 1194 1979 

July 2007 17 110 421 553 1101 

August 2007 6 23 101 189 319 

September 2007 4 75 6 9 94 

October 2007 0 5 4 6 15 

November 2007 0 3 1 4 8 

December 2007 0 1 0 34 35 

January 2008 0 0 0 12 12 

February 2008 0 0 0 10 10 

March 2008 0 0 0 0 0 

April 2008 0 0 0 2 2 

May 2008 0 0 0 0 0 

June 2008 0 0 0 0 0 

July 2008 0 0 0 0 0 

Total 203 1323 1431 2401 5358 
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Appendix ii 

 

The trend of infective flies during the period 1991 to 2008 

 
 
 

 Prevalence of infective stages (L3) in S. naevei, 1991-2008  
(source of data  1991-2005 : Tukesiga unpublished)                           

Larviciding 
introduced 
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Appendix iii 
 
 
 

 

 
Plate 1.The human bait catching of Simulium 

 
Plate 2. Flies transported in screw cap tubes 
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Plate 3. PCR ELISA positive pool wells turn red negatives do not 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Appendix iv 
 

ELISA RESULTS 
           

 

O-150 PCR ELISA RESULTS OF KASHOYA KITOMI FLIES, OPTIC 
DENSITIES OF SAMPLES BY ELISA READER AT WAVE LENGTH OF 
490     

 JI08 MAY 2008         
  1 2 3 4 5 6 7 8 9 10 
A 0.077 0.059 0.056 0.071 0.053 0.054 0.052 0.059 0.056 0.222 
B 0.059 0.081 0.053 0.051 0.05 0.049 0.05 0.052 0.051 0.054 
C 0.061 0.06 0.053 0.052 0.052 0.05 0.05 0.051 0.054 0.053 
D 0.055 0.051 0.051 0.052 0.051 0.05 0.05 0.052 0.051 0.053 
E 0.053 0.05 0.052 0.053 0.049 0.049 0.052 0.053 0.053 0.058 
F 0.045 0.052 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.051 
G 0.051 0.052 0.051 0.052 0.049 0.049 0.05 0.05 0.049 0.051 
H 0.052 0.061 0.055 0.051 0.05 0.053 0.051 0.049 0.052 0.053 

           
mean  0.059667 mean -ve controls        

 0.008602 std         
 0.025807 3 std         
 0.08548 cut off         
 All pools were negative.        
 A12 Was drawn from the positive control prepare in August 07. It did not work well.  
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J208, MAY 2008             

  1 2 3 4 5 6 7 8 9 10 11 12  
A 0.057 0.07 0.068 0.071 0.071 0.068 0.057 0.051 0.049 0.059 0.05 0.139 490 

B 0.053 0.058 0.092 0.08 0.052 0.058 0.055 0.051 0.054 0.052 0.055 0.053 490 

C 0.049 0.06 0.054 0.054 0.067 0.069 0.084 0.052 0.062 0.069 0.059 0.052 490 

D 0.059 0.053 0.057 0.055 0.059 0.059 0.06 0.065 0.065 0.059 0.062 0.06 490 

E 0.052 0.056 0.056 0.066 0.064 0.067 0.071 0.075 0.062 0.063 0.065 0.062 490 

F 0.055 0.058 0.061 0.061 0.06 0.062 0.074 0.073 0.068 0.084 0.063 0.056 490 

G 0.057 0.053 0.07 0.071 0.063 0.069 0.064 0.07 0.091 0.066 0.067 0.066 490 

H 0.052 0.052 0.057 0.057 0.059 0.058 0.055 0.063 0.064 0.069 0.068 0.071 490 

 pool size   20            
              
 KEY TO COLORS:            
 Negative controls            
 Sham extractions            
 Extracts from flies (samples)           
 positive controls and +ve samples          
              
 mean of -ve controls 0.061 0.061          
 ST.DEV  0.00883 0.02649          
 Cut off   0.08749          
 conclusion: Neither of the blackfly pools was positive of O.v nor O.c.       
              
 Note: The amplifier used had developed some color. This explains why the Ods of well     
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J003 060808             
  1 2 3 4 5 6 7 8 9 10 11 12  
A 0.066 0.055 0.052 0.056 0.057 0.053 0.054 0.053 0.062 0.06 0.17 0.153 490 

B 0.055 0.062 0.051 0.053 0.06 0.063 0.065 0.06 0.065 0.067 0.071 0.063 490 

C 0.058 0.052 0.056 0.052 0.058 0.064 0.064 0.064 0.063 0.067 0.072 0.055 490 

D 0.06 0.051 0.056 0.052 0.122 0.058 0.055 0.053 0.057 0.058 0.057 0.06 490 

E 0.065 0.055 0.052 0.052 0.055 0.056 0.056 0.056 0.056 0.056 0.066 0.071 490 

F 0.059 0.053 0.05 0.054 0.053 0.053 0.055 0.053 0.056 0.055 0.06 0.063 490 

G 0.061 0.056 0.057 0.059 0.057 0.057 0.06 0.064 0.057 0.062 0.066 0.067 490 

H 0.056 0.056 0.057 0.053 0.052 0.053 0.058 0.147 0.06 0.062 0.06 0.058 490 

              
 0.0568 Mean of -ve controls          
 0.004541 Sdev            
 0.013624 3sdev            
 0,070424 cut off            
Pools D5 and are positive.        
              
              
              
UAB001270708             

  1 2 3 4 5 6 7 8 9 10 11 12  
A 0.035 0.036 0.037 0.038 0.037 0.037 0.038 0.037 0.038 0.036 0.148 0.146 490 

B 0.041 0.046 0.044 0.045 0.045 0.043 0.044 0.046 0.044 0.044 0.043 0.038 490 

C 0.044 0.048 0.045 0.046 0.044 0.044 0.045 0.046 0.048 0.045 0.045 0.041 490 

D 0.98 0.046 0.048 0.046 0.044 0.1 0.044 0.049 0.046 0.045 0.046 0.039 490 

E 0.044 0.045 0.045 0.044 0.047 0.046 0.147 0.046 0.046 0.048 0.044 0.039 490 

F 0.039 0.044 0.045 0.048 0.044 0.044 0.045 0.045 0.044 0.047 0.045 0.039 490 

G 0.036 0.045 0.045 0.045 0.045 0.045 0.046 0.049 0.047 0.045 0.048 0.041 490 

H 0.038 0.041 0.037 0.036 0.038 0.041 0.039 0.044 0.044 0.041 0.038 0.035 490 
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UAB02010808             

  1 2 3 4 5 6 7 8 9 10 11 12  
A 0.058 0.048 0.051 0.048 0.051 0.05 0.053 0.051 0.051 0.05 0.108 0.109 490 

B 0.051 0.058 0.053 0.053 0.055 0.053 0.053 0.053 0.05 0.052 0.053 0.052 490 

C 0.05 0.076 0.055 0.057 0.061 0.058 0.057 0.056 0.063 0.056 0.057 0.061 490 

D 0.049 0.05 0.052 0.058 0.056 0.057 0.056 0.058 0.055 0.057 0.056 0.053 490 

E 0.052 0.053 0.057 0.061 0.064 0.064 0.06 0.065 0.06 0.064 0.057 0.059 490 

F 0.05 0.052 0.054 0.053 0.055 0.056 0.057 0.051 0.054 0.054 0.054 0.051 490 

G 0.056 0.065 0.072 0.078 0.068 0.072 0.384 0.078 0.066 0.081 0.072 0.058 490 

H 0.05 0.048 0.049 0.053 0.048 0.052 0.051 0.05 0.052 0.059 0.048 0.062 490 

              

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
             

              



56 
 

UAB030110808             
  1 2 3 4 5 6 7 8 9 10 11 12  
A 0.033 0.035 0.037 0.038 0.034 0.033 0.033 0.033 0.033 0.034 0.306 0.338 490 

B 0.033 0.043 0.043 0.043 0.042 0.042 0.044 0.044 0.044 0.044 0.043 0.036 490 

C 0.034 0.045 0.047 0.044 0.044 0.044 0.044 0.044 0.046 0.045 0.046 0.037 490 

D 0.037 0.043 0.043 0.043 0.043 0.043 0.044 0.045 0.044 0.044 0.043 0.035 490 

E 0.037 0.108 0.044 0.044 0.045 0.045 0.045 0.046 0.045 0.045 0.045 0.036 490 

F 0.036 0.043 0.044 0.043 0.043 0.044 0.044 0.043 0.043 0.045 0.044 0.034 490 

G 0.035 0.044 0.045 0.044 0.044 0.045 0.045 0.045 0.045 0.045 0.044 0.033 490 

H 0.037 0.035 0.034 0.034 0.034 0.034 0.035 0.037 0.035 0.034 0.034 0.032 490 

              
              
              
   RESULT SUMMARY         
              
              
  KASHOYA-KITOMI SITES          
        DOC      
  Kiyanja 2120 106 20  3 May-07      
  kategule 1240 62 20  1 Jun-07      
  kaziiko 1760 81 20  2 Jun-07      
  Kabuhweju 300 15 20  0       
  total 5420 264          
              

 
 

                            DOC = date of collection 


