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ABSTRACT

Fish have become major source of protein and essential fatty acids for many 

Kenyans. Thus, many farmers are venturing into fish farming but have challenges 

due to fish diseases and parasites. This study examined the prevalence, intensity 

and pathological lesions associated with helminth infections in market, farmed and 

wild fish in upper Tana River basin, Kenya.

A total of 280 market and field (farmed and wild) fish were examined between 

July 2007 and March 2008 to determine occurrence and pathology of helminth 

infections. Forty three fish were obtained from the market while 237 (148 farmed 

and 89 wild) were from the field. Nile tilapia (Oreochromis nilotica), catfish 

(Clarias gariepinus) and other fish species were obtained from Gikomba fish 

market, Nairobi while farmed and wild tilapia and catfish were from Sagana fish 

breeding farm, Kirinyaga district and River Tana, respectively. Post-mortem 

examination was undertaken on the fish, lesions recorded, parasites and tissues 

collected for histology. Recovered parasites were preserved in 70 % alcohol while 

tissue sections were fixed in 10 % neutral formalin, processed, stained and 

examined for microscopic lesions.

Eight genera of helminth were recovered from tilapia and catfish in the field study 

and had variable prevalences. The prevalence were Diplostomum spp. -  35.4 %, 

Contracaecum spp. - 33.8 %, Paracamallanus spp. - 24.1 %, Acanthocephalus 

spp. - 13.9 %, Neascus spp. -  9.7 %, Clinostomum spp. -  8.0 %, Proteocephalus 

spp. — 2.5 % and Caryophyllaeidea spp. — 0.4 %. In the market survey,



XX

Contracaecum species were recovered at a prevalence of 30.3 % in tilapia and 

catfish, respectively. Digenean metacercariae were the most prevalent helminth 

among the field fish, with Neascus and Clinostomum spp. being recovered from 

tilapia. Contracaecum spp. prevalence in market tilapia and catfish was markedly 

higher than in farmed and wild fish at 20 % and 91 %, respectively. There were 

significant differences in Contracaecum spp. infection between tilapia and catfish 

and between farmed and wild fish of both fish species (p < 0.05).

In the market study, Contracaecum spp. worm load ranged from 1 -  593, with a 

mean intensity of 169 worms per fish, while in the field study fish, counts ranged 

from 1 -  846 worms and a mean intensity of 103.4 worms per fish (p < 0.05) for 

the two fish species. The mean Paracamallanus spp. worm count in the field 

catfish was 6.1 with a range of 1 -  41. There was a significant difference in 

infestation between the farmed and wild catfish (p < 0.05). Diplostomum spp. 

mean count was 5.2 with a range of 1 -  26 parasites per fish (p < 0.05) in the two 

fish species and between farmed and wild fish species. Clinostomum spp. mean 

count in tilapia was 2.4 with a range of 1 -  7 (p < 0.05). There was a significant 

difference in this parasite mean count in tilapia between farmed and wild fish (p < 

0.05). Acanthocephalus spp. mean count was 5.4 with a range of 1 -27, (p < 0.05). 

The mean Proteocephalus spp. count was 2.2, with a range of 1 -  4 parasites per 

fish (p < 0.05) for the two fish species. There was a significant difference in 

infection between farmed and wild catfish. Caryophyllaeidea spp. mean count was

low.
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There were more microscopic than gross lesions observed. Overall, microscopic 

lesions in both fish species were observed in the:- stomach -  25.7 %, intestines:- 

41.8 %, liver -  38.8 %, gills 22.4 %, spleen - 21.9 %, heart- 6.3 %, skin - 23.2 %, 

muscles -  4.6 %, kidneys - 15.6 %, brain- 19.4 %, testis -  1.7 %, ovaries -  1.3 % 

and aborescent organ -  0.9 %. Contracaecum spp. in the peritoneum caused 

proliferation of fibroblasts, eosinophils, lymphocytes, plasma cells and hetrocytes. 

Contracaecum, Paracamallanus, Acanthocephalus, Proteocephalus and 

Caryophyllaeidea species caused epithelial desquamation, goblet cell hyperplasia, 

exudation into the lumen, villi desquamation, necrosis of columnar epithelium and 

infiltration of eosinophils and other mononuclear inflammatory cells into the 

lamina propria and muscularis. Other lesions included melanomacrophage 

infiltration into skin cysts and liver parasitic cysts, bile duct and hepatic blood 

vessels occlusion and pressure atrophy of epithelial and endothelium accompanied 

by blood vessel congestion and cholestasis.

In this study the occurrence of Paracamallanus spp. in catfish and 

Acanthocephalus spp. in tilapia are reported for the first time in the upper river 

Tana basin in Kenya. Digenean metacercariae were more prevalent than all other 

helminths, with farmed males and adult fish having higher helminth prevalence 

than wild, females and the young fish, respectively. Seven types of ectoparasites 

namely Piscinoodinum, trichodina, Ichthyophthirius, ambyphrya, Lamprolegna 

and Ichthyobodo species and aquarium mites were recovered in varying 

prevalences. In conclusion, helminths were found to be more prevalent in fish in
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the upper river Tana basin and caused pathological lesions in apparently healthy 

looking tilapia and catfish. More research on the impact of helminthiasis on 

aquaculture fish production in the River Tana basin is recommended.

i
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CHAPTER ONE 

INTRODUCTION

There is a need for more protein sources to feed the ever increasing human 

population in Kenya estimated at 35 million (Achieng, 1994). Fish farming can 

assist to bridge this gap as the present fresh fish capture, from Lake Victoria, other 

major lakes and rivers which account for more than 96 % of the total fish 

production in the country, is currently overexploited (Greboval et al., 1994). 

Annually, the Kenya fish production is estimated to be 200,000 metric tons (mt), 

accounting for 4.3 % and 0.43 % of total agricultural production and export, 

respectively (Abila, 2003; FAO, 2003). This earns the fishermen over Kshs. 7 billion 

and Kshs. 4 billion in foreign exchange which contribute to poverty alleviation. 

Over 500, 000 people are directly employed by the sector and 1 million benefit from 

it (FAO, 2003; Gitonga and Ayoki, 2005).

The common riverine fish that are farmed in Upper Tana River basin are tilapia 

(Oreochromis and other Tilapia species), common carp (Cyprinus carpio), rainbow 

trout (Oncorhynchus mykiss) and catfish (Clarias spp.) (Balarin, 1985; Nyandat, 

2004; FAO, 2009). There are two major breeding farms in the River Tana basin, 

Kenya, located at Sagana town (Kirinyaga district) for tilapia and catfish; and 

Kiganjo (Nyeri district) for rainbow trout fish.

Among the major constraints to fish production are fish diseases especially parasitic 

infection, few and poorly trained extension staff; and inadequate financial support to 

the sector (Coche and Balarin, 1982; Fiovaranti et al, 2007). Fish parasites
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infections cause clinical or subclinical disease and pathology that may result in 

economic losses due to mortalities reduced production and increased cost of 

treatment. Some of the parasites which have been reported to cause mild to severe 

pathological effects in fish belong to the groups; Platyhelminthes-monogenean and 

digenean metacercariae, cestodes (larval and adults), aschelminthes and 

acanthocephalan worms, whose severity depend on infestation intensities (Moravec 

and Rehulka, 1987; Roberts, 1989; Obiakezie and Taege, 1991). Very little research 

has been undertaken to determine and document fish parasites, their pathological 

effects and their effect on production in Kenya (Mbuthia, 1993; Gichohi et al., 

2008).

River Tana which originates from Mt. Kenya and the Aberdare ranges transverses 

through Central Kenya where it supplies water to many aquaculture enterprises on 

its way to the Indian Ocean. In Central Kenya, aquaculture depends on riverine 

waters and there is therefore a possibility of the riverine wild fish sharing disease 

microorganisms and parasites with farmed fish. Wild fish can be reservoirs of 

parasites for aquaculture fish and vice versa. Thus investigations o f parasites of 

farmed fish need to be carried out together with those of wild fish in these rivers. 

There is therefore need for research of diseases and parasites o f riverine and 

aquaculture fish in Kenya and their effect on the host fish.
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1.1 Hypothesis

This study was undertaken to test the following hypothesis:

HO: Farmed and wild fish in the upper River Tana basin are not infested with 

helminths and when present they do not cause pathological lesions.

HI: That farmed and wild fish in the upper River Tana basin are often infested with 

helminths that cause pathological lesions in fish.

1.2 Objectives

1.2.1 General objective

The general aim of the study was to document the occurrence of helminth 

infections and compare the associated pathological lesions in fanned and 

wild fish in the Tana River basin.

1.2.2 Specific objectives

The specific objectives of this study were to:

1.0 Determine the types, prevalence and intensity of helminth infections in 

farmed and wild fish in River Tana basin, Kenya.

2.0 Asses and compare the lesions caused by these helminths on farmed and 

wild fish at their predilection sites.

1.3 Justification

Many farmers in Kenya and the River Tana basin in particular are engaged
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in fish fanning using riverine waters. However, research on fish diseases, 

parasites and their effect on production have been little and limited to 

parasite prevalences in fanned fish. There is therefore need for further 

research on the prevalence of fish diseases and parasites with emphasis on 

related pathology and their effect on production; with a view to instituting 

comprehensive control strategies.
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CHAPTER TWO 

LITERATURE REVIEW

2.1 Kenya fisheries

The Kenya’s fisheries sub-sector potential to contribute to the national economy 

through employment, poverty reduction, enhanced foreign exchange earnings and 

food security support is high. The sub-sector’s growth estimated at 4.1 % in 2005 

and its contribution of 0.5 % to the GDP in the year 2006 of this sub - sector could 

be higher if value additions at various stages of the supply chain are considered and 

pre and post harvest losses are minimized (Anonymous, 2009).

Kenya development plan sessional paper No.l o f 1986 as well as the millennium 

goals of 2002, put food security and self-sufficiency as the major goals in 

enhancing development in the country. Creation of employment (especially in 

smaller urban centres), will enhance income and foreign exchange generation, thus 

eradicating poverty (Anonymous, 1997a).

2.1.1 Marine fisheries

Kenya has a 640 km coastline and a 12 nautical mile territorial waters with 200 

nautical miles of the Exclusive Economic Zone (EEZ) in the Indian Ocean 

(Kariuki, 2006). The artisanal fleet comprise some 2, 000 sailing dhows, dugouts, 

outriggers and other small mostly non-motorized boats. These vessels work out of 

the larger ports of Lamu, Malindi, Mombasa, Shimoni, and Vanga, as well as from 

numerous local landing sites. A few freezer trawlers fish the shallow waters of
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Ungwana Bay for shrimp, but trawling opportunities are limited because coral 

outcroppings cover most o f the near shore floor and the shelf slopes steeply to 

depths of a hundred fathoms or more within a few kilometers of the reef (Gitonga 

and Ayoki, 2005). The contribution of the marine sector to overall national 

fisheries production is very modest at 3 % to 4 % annually. Food and Agriculture 

Organization fish statistics estimates for annual marine production in Kenya 

covering the period 1984 - 1997 indicate a high of 10,103 mt in 1990 and a low of 

4,101 mt for 1994. For the most part estimated harvests fluctuated between 6,000 -

10,000 mt during this period. The total marine catch for 2007 is noted as 6,959 mt 

valued at Kshs 496,224,000.00 (FAO, 2007). There is therefore a need to further 

explore other fish production areas for more fish production in the country.

2.1.2 Inland fisheries

Inland fish production accounts for 96 % of annual national total production for 

capture fisheries, mainly from Lake Victoria. Other lakes, rivers and aquaculture 

contribute the balance of the fish. The total inland fishery catch fluctuate between 

119,522 and 202,557 mt (Abila, 2003; FAO, 2003). Kenya's portion of Lake 

Victoria covers about 6 % (4, 080 km2) of the total lake area. The fish harvested 

are Lates niloticus (Nile perch) 60 %, Oreochromis niloticus (Nile tilapia) 10 %, 

the endemic small pelagic cyprinid Rastrineobola argentea (“dagaa or omena”) 20 

% and other fish 10 %. In 1995, 15, 000 mt of Nile perch fillet valued at US$37.5 

million was exported. The next big lake is Turkana with an area of some 7 500



7

km2. Its main fish species are Oreochromis niloticus, Lates niloticus, Labeo horie, 

Alestes baremose, and Hydroryncus forskahli (FAO, 1990). In the 1990’s, fish 

catches were 1,000 to 2,000 mt/annum. Lake Naivasha covers an area of 115-150 

km2, depending on rainfall cycles. The main fish is tilapia (O. niloticus), Common 

carp (Cyprinus carpio) and Black bass (Micropterus salmoides) fish. In 2005, it 

produced 99 mt of fish (Anonymous, 2005). Lake Baringo occupies 130 km2. Main 

fish species are O. niloticus, Barbus gregoris, Clarias mossambicus and Labeo 

cylindricus. In 2005, total fish catch was 43.3 mt (Anonymous, 2005). Several 

minor fisheries exist in rivers such as Tana and its reservoirs, Gucha/Migori, Mara, 

Nzoia, Sondu, Yala, Suam-Turkwell, Kerio, Ewaso Ngiro, Lessos and Turkwell 

gorge reservoirs; Athi-Galana-Sabaki, and Voi. Of these, River Tana and its dams 

produces more fish than other rivers (Anonymous, 2005).

2.1.2.1 Tana River basin

The Tana River originates from Mt. Kenya and Aberdare ranges and has a drainage 

area of 42, 217 km2. It travels for more than 800 km to drain into the Indian Ocean 

with a catchment area of 100,000 km2. Peak floods are in the months of November 

and May. It is divided into upper Tana River and its impoundments that include 

Masinga, Kamburu, Kiambere, Gitaru and Kindaruma reservoirs. The lower Tana 

River Basin has floodplains with numerous small lakes, including lakes Balisa and 

Shakabobo (FAO, 1990).
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The upper River Tana basin transverses the sloping ridges of Mt. Kenya and 

Aberdare ranges in old districts of Nyeri, Kirinyaga, Maragwa, Muranga and Embu 

to the more flat topography o f Kirinyaga, Yatta and Mbeere districts up to Masinga 

dam (Anonymous 1997 b; Jacobs et a l, 2007). This basin lies 100 -  150 kms 

North and North East of Nairobi, and encompasses the major towns of Nyeri, 

Embu, Muranga, Sagana, Kerugoya, Karatina, Kagio, and Kutus. The altitude of 

the basin varies from a high of 4,700 m on Mt. Kenya to a low of 730 m near the 

Kindaruma dam. Soils vary with the elevation in the basin, with andosols being 

predominant at higher elevations, nitosols at mid elevation and ferasols and 

vertisols being predominant at lower elevations (Jacobs et al, 2007). There are 

numerous aquacultural farms on the upper basin that utilize waters from the river 

or its tributaries. The main fish breeding farms (Kiganjo and Sagana) are located in 

this basin. Rainfall follows a similar elevation to that of the soils, with Mt. Kenya 

and Aberdare areas receiving 1800 mm/yr of rainfall, mid-elevations with 1200- 

1800 mm/yr and less than 700 mm/yr in elevations below 1000 m. Major land uses 

within this basin include forests, cropland agriculture (forests, tea, coffee 

subsistence farming and horticulture), rangelands (livestock farming, irrigation and 

fishing) and aquaculture (Achieng, 1994).

2.1.3 Aquaculture

In 1910, European settlers imported into Kenya, trout (Onchorynchus mykiss and 

Salmo trutta), black bass (Micropterus salmoides) and common carp (Cyprinus
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carpio) through the auspices of Kenya Angling Association. These fish were 

stocked into rivers for sport fishing but black bass was also stocked into Lake 

Naivasha (Achieng, 1994). Aquaculture started in 1948, with the establishment of 

the first two fish culture stations in Sagana and Kiganjo (World Bank, 1980 a and 

b). Yatta fish hatchery, located on an irrigation channel from the Thika River near 

Thika town, was built in 1982 and stocked in 1983. The Kenya Department of 

Fisheries was started in 1954 with a programme of dam and pond construction. 

Since 1984, eight fish fry production centres (FPC) financed by the United Nations 

Development Program (UNDP) and the Belgian Survival Fund (BSF) were 

completed (Achieng, 1994). In the private sector, the Bamburi Cement farm Ltd. in 

Mombasa (a subsidiary o f Bamburi cement Portland cement company) has 

included a fish culture project in its programmes since 1971, testing ponds, cages, 

tanks and raceways for tilapia, carp, catfish and Macrobrachium spp. culture 

(Achieng, 1994).

In Kenya, a few thousand farmers practice fish fanning amongst other farming 

activities as the inputs are almost the same. However, information of extent, 

production, number of small-scale farmers, pond numbers, pond size and small 

reservoirs fisheries on a national basis is incomplete. Official estimates are some 

10,400 small ponds owned by about 7,500 fish farmers (Nyandat, 2004). The total 

fish production in aquaculture was 1,012 mt in 2003 (FAO, 2003). Due to this, 

aquaculture is properly seen in the context of agricultural activities. The 

contribution of this activity at the national level is minor, though at the farmer level
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it has important effects on nutrition and income. Most of the production of 

aquaculture is local for consumption and that which is sold can fetch a high price 

of upto Ksh 600.00 per kilo. Fish farming can be practiced in most farming areas, 

thus making it possible for the rural consumer to have fish, which is otherwise 

mainly a preserve of the urban consumers and the communities mostly around the 

fisheries.

Aquaculture is one of the fastest growing food-producing sectors in the world, with 

an annual growth rate of approximately 10 %, as against 2.8 % observed in

terrestrial fanned meat production (FAO, 2003). The food and agricultural

organization estimates that as the world population increases, the global fish 

demand w grow by 70 % in the next 35 years. This situation would require a

sevenfold increase in aquaculture production by 2025. However, frequent

infectious disease outbreaks in the aquaculture industry account for the single 

largest cause of economic loss ($ 8 million worldwide) thus curtailing the 

production and economic development of the sector (Subasinghe, 1997). The 

intensive nature, stress related to environmental conditions like overcrowding, poor 

hygiene and temperature variations greatly favour disease outbreak and 

transmission in aquaculture setups (Roberts, 1989; Ghiirardelli etal., 2006).

In Kenya, due to qualitative over fishing, the wild fish capture rates are unlikely to 

increase much beyond the current production figures of 200,000 mt (FAO, 1990). 

Thus the gap between the national fish requirement and national production can 

only be met through fish farming, as the alternative of importing is too expensive.
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There is therefore urgent need for further development of fish farming to bridge 

this gap (Achieng, 1994). Kenya has identified aquaculture development as a core 

sector for economic stimulus program and allocated 1.12 billion Kenya shillings 

for its development through the budgetary system (GOK, 2009). Oreochromis, 

Salm onid  and Clarias species are the most common farmed species (Balarin, 1985, 

Nyandat, 2004).

C larias gariepinus (catfish), synonymous with C. m ossam bicus, C. lazeras and C. 

senegalensis, is endemic to Africa. Its distribution range from Natal and the 

Orange river in South Africa through Central, West, East and North Africa where 

it is under culture (Teugels, 1986). The widespread distribution is a reflection of 

their ability to tolerate a wide range of environmental variations. C larias species 

have rapid growth, a high reproductive potential and sturdy resistance to 

environmental variations (Hecht et al., 1988; Macharia et al., 2005). Clarias 

gariepinus spawn naturally in floodplains during the rainy season, and spawning 

is induced by rise in water levels (Clay, 1977; FAO, 1996a). However, sperms 

and ova collection from the wild is unreliable and limited to the rainy season. 

Demand for C. gariepinus fingerlings in Kenya, both for aquaculture and as bait 

has increased substantially in the last few years. The Fisheries Department 

estimates that the demand for C. gariepinus fingerlings for aquaculture activities 

is 10 million per year (Macharia et al., 2005).

O reochrom is niloticus (Nile tilapia), which is also endemic to Africa, is a member 

of cichlid fishes commonly referred to as tilapia. The Nile tilapia (<O. nilo ticus) was
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one of the first fish species cultured. Illustrations from Egyptian tombs suggest that 

Nile tilapia were cultured more than 4,000 years ago. Positive aquacultural 

characteristics of tilapia are their tolerance to poor water quality and the fact that 

they eat a wide range of natural food organisms (Anonymous, 2008). Tilapia is a 

hardy, prolific, fast-growing tropical fish native to Israel, where it has been farmed 

for about 2,500 years. It requires water temperatures from 24.4 to 28.9°C. 

Biological constraints to the development of commercial tilapia farming are due to 

their inability to withstand sustained water temperatures below 10 to 11.1 °C and 

early sexual maturity that results in spawning before the fish reach market size. 

They are prolific breeders and were once considered a national pest in Indonesia 

until the citizens began using them as a food source (Popma and Masser, 1999). 

Tilapia inhabit a variety of fresh and less commonly brackish water habitats, from 

shallow streams and ponds through to rivers, lakes, and estuaries. Most tilapias are 

omnivorous with a preference for soft aquatic vegetation and detritus. Tilapia can 

survive on a diversity of food with algae being probably their most common food 

in the wild. On fish farms, they are fed on a high-protein pelleted feed. When 

raised in a controlled environment they can achieve growth rates of up to 3 % of 

body weight per day (average 2 %). All tilapia species are nest builders; fertilized 

eggs are guarded in the nest by a brood parent. Species of Oreochromis are mouth 

brooders; eggs are fertilized in the nest but parents immediately pick up the eggs in 

their mouths and hold them through incubation and for several days after hatching 

(Popma and Masser, 1999). In Oreochromis species only females practice mouth
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brooding, while in Sarotherodon species either the male or both male and female 

mouth brood. In all Oreochromis species, the male excavates a nest in the pond 

bottom (generally in water shallower than 3 feet) to mate with several females. The 

female spawns in the nest (about two to four eggs per gram of brood female). After 

the male fertilizes the eggs the female then picks them and incubates the eggs in 

her mouth (buccal cavity) until they hatch. Fry remain in the female’s mouth 

through yolk sac absorption and often seek refuge in her mouth for several days 

after they begin to feed.

Sexual maturity in tilapia is a function of age, size and environmental conditions. 

Tilapia populations in large lakes mature at a later age and larger size than the 

same species raised in small farm ponds. For example, the Nile tilapia matures at 

about 10 to 12 months weighing 350 to 500 grams in several East African lakes. 

Under good growth conditions, this same species will reach sexual maturity in farm 

ponds at an age of 5 to 6 months and 150 to 200 grams. When growth is slow, 

sexual maturity in tilapia is delayed a month or two but stunted fish may spawn at a 

weight of less than 20 grams. Tilapia has become the third most important fish in 

aquaculture after carps and salmonids, with world-wide production reaching 

1,505,804 mt in 2002 (FAO, 2003).

2.2 Parasites of fish

Natural populations of plants and animals always have parasites in a normal 

complex dynamic equilibrium. Within the fresh water environment, the apex of the



14

predator -  prey pyramid tend to be infected by a considerable parasitic range, 

sometimes occurring in normally large numbers in the natural environment. 

However, an unusual event o f natural or human origin may disturb this equilibrium 

leading to an epizootic of one or more of the parasites. Before regulating 

mechanisms in the environment come into play to establish a new equilibrium, 

serious loss of fish may occur in the intervening period (Chubb, 1965).

Fish parasites are diverse and number in thousands, many of which are harmless. 

Many Phyla of the animal kingdom are represented here. These include Protozoa, 

Platyhelminthes, Aschelminthes, Acanthocephala, Arthropoda, Annelida and 

Chordates. These will parasitize wild and farmed fish and many are host specific. 

The number of parasites necessary to cause harm to fish varies considerably with 

the fish species, size, and health status. However, parasites cause serious outbreaks 

of disease in farmed fish due to the presence of dense population of fish kept in a 

particular environment favouring the propagation of certain parasite species 

(Roberts, 1989; Overstreet and Curran, 2004; Karvonen et al., 2005 and 2006).

2.2.1 Fish helminths

2.2.1.1 Phylum Platyhelminthes

These are the flatworms where members dorso-ventrally flattened, bilaterally 

symmetrical and acoelomate. They lack an anus, specialized skeletal, circulatory 

and respiratory systems. Most of them are hermaphrodites (monoecious) (Myers,

2002).
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2.2.1.1.1 Class Monogenea

Monogenea are small parasitic flatworms mainly found on skin, fins and gills of 

fish. They are rarely longer than about 2 cm. Marine forms are generally larger 

than those found on fresh water hosts. Monogeneans lack respiratory, skeletal and 

circulatory systems and have none or weakly-developed oral suckers. Monogenea 

attach to hosts using hooks, clamps and a variety of other specialized structures. 

They are often capable of dramatically elongating and shortening as they move. 

Like all ectoparasites monogeneans have well developed attachment structures. 

The anterior structures are collectively termed the prohaptor, while the posterior 

ones are collectively termed the opisthaptor. The posterior opishaptor with its 

hooks, anchors, clamps etc. is typically the major attachment organ. 

Monogenea are acoelomate. They have a simple digestive system consisting of a 

mouth opening with a muscular pharynx and an intestine with no anus. They are 

generally hermaphroditic. Monogeneans are among the lowest invertebrates that 

possess three embryonic germ layers—endoderm, mesoderm, and ectoderm in 

addition to a head region that contains concentrated sense organs and nervous 

tissue (brain).

2.2.1.1.1.1 Sub-class Monopisthocotylea

These are primarily fish ectoparasites which may live on the gills, skin and fins of 

fish as opposed to order Polyopisthocotylea which are mainly gill dwelling blood 

suckers (Cone, 1995). They are oviparous or viviparous and with a direct life cycle.
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These parasites are small worms of upto 3cm in length, possessing a posterior 

haptor and an anterior organ attachment. The gyrodactylids- G yrodactylus and 

Gyrodactyloides are 0.3 - 1mm and viviparous in length found on the skin, gills 

and the fins with species being host specific. D actylogyrus (oviparous), 

C ichlidogyrus and G yrodactylus spp. are main genera endemic in lakes affecting 

most tropical fish on the skin and gills with the first two causing pale gills and 

excess mucus secretion (FAO, 1996b).

2.2.1.1.1.2 Sub-class Polypisthocotylea

Polyopisthocotylea have multiple parts to the haptor, typically clamps. The Genus 

Diclidophora, which is primarily found in marine fish and primitive freshwater fish 

like sturgeons and paddlefish while Genus Protopolystom a, found in aquatic 

clawed toads (Xenopus species).

2.2.1.1.1.3 Prevalence and intensity

High fish densities and introduction of new certain fish species in farms may 

cause outbreaks. Introduction of Polypterus senegalus into aquaria caused an 

exponential increase in infestations with M acrogyrodactylus p o lyp teri, resulting in 

worm burden of 690-7340 per fish within 20-25 days (FAO, 1996b). High 

incidences of monogenean infestations (approaching 100%) and intensities of 20- 

100 or more worms per fish were recorded by Papema, 1964a, 1979 and Batra, 

1984. In the dam of Loumbila, Burkina Faso five monogeneans C ichlidogyrus
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tilapie (26.7 % - 53.3 %), Cichlidogyrus rognoni (6.7 % - 21.4 %), Cichlidogyrus 

thurstone (21.4 % - 73 %), Cichlidogyrus galli (20 % - 60 %) and Scitogyrus 

longicomis (14.3 % - 53.8 %) were recorvered in Oreochromis nilotica. Otachi, 

(2009) recovered Monogenean Dactylogyrids and Gyrodactylids at prevalences of 

17.85 % + 6.57 (mean intensity 3.4) and 6.06 % + (mean intensity -  3.3.) in caged 

Oreochromis niloticus respectively in Machakos, whereas in open ponds the 

prevalence were 14.95 % + 3.28 (mean intensity -  1.9) and 3.33 % ± 2, 

respectively. In Sagana open ponds the prevalences were 17.84 % + 8.21 (mean 

intensity 3.76) and 4.17 % + 2.75 (mean intensity -  11.5), respectively.

2.2.1.1.1.4. Clinical signs and pathological lesions

Most monopisthocotyleans cause significant tissue damage through their disruptive 

attachment and grazing on exposed and vulnerable integument (Cone, 1995). 

Monogeneans cause corneal opacity, pale gills, excess mucus production, visceral 

cyst formation and fleshing in fish. Heavily infested fish have thickened cuticle, 

frayed fins, skin ulcers and damaged gills due to the feeding activities of the 

parasites and damage of attachment hooks. Gyrodactylus salaris has been 

implicated with the heavy losses of Atlantic salmon juveniles in rivers in Norway

(Johnsen and Jensen, 1986).
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2.2.1.1.2 Class Trematoda 

2.2.1.1.2.1 Order Digenea

These are endoparasites of vertebrates with a life cycle involving at least one 

intermediate host (heteroxenous). Both adult and metacercarial stages are found in 

fish with the exception of genus Aporocotyle. All digeneans undergo part or all of 

their larval development in molluscs. They have two suckers, one anteriorly and 

the other antero-ventral. The family Heterophyidae, genus H eterophyes and 

H aplorchis spp. are found in tilapia in internal organs in cysts while family 

Clinostomatidae, genus C linostom um  spp. are found in tilapia and other cichlids 

fish in skin and internal organs as cysts called yellow grubs (Malek and Mobedi, 

2001). The family Diplostomatidae, genus D iplostom um  spp. and N eascus spp 

synonymous to Posthodiplostom um  spp. are found in various fish on the skin, gills 

and eyes causing blackspot or eye fluke blindness and is one o f the most 

widespread and important disease of fish (Violante-Gonzalez, et al., 2009). Adult 

G ym narchus niloticus are found in Clarias, B agrus spp. and Synodontis victoriae 

fish species visceral organs and digestive tract, where worms are visible. 

Sanguinicola  spp. were found in Synodontis a n d  A uchenoglanis fish species in the 

blood vessels as adult worms (FAO, 1996b).
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2.2.1.1.2.2.1.2 Prevalence and intensity

Research and data on blood flukes infecting African fish is scarce. However, 

Khalil, (1969) reported blood flukes in 6% of Auchenoglanis occidentalis 

examined in the Sudan Nile.

Studies undertaken in Finland have shown that prevalence of D iplostom um  spp. is 

directly related to the density of the Lym nnae  spp. their intermediate hosts 

(Voutilainen et al., 2008). Otachi (2009) working with farmed open and caged 

pond tilapia in Central and Eastern Kenya isolated mainly free living diplomastid; 

Tylodelphis spp. in the vitreous humour of fish at prevalences of 47.25 % / 41.58 

% (mean intensity -  7/4) in open/caged pond and 25.68 % (mean intensity -  13.5) 

tilapia in Machakos and Sagana, respectively. Zekarias and Yimer (2008) in 

Awassa dam in the Ethiopia observed encysted Clinostom um  spp. in branchial 

cavity in O. niloticus at prevalence of 75.7 %, Euclinostom um  spp. in branchial 

cavity, kidney, liver, gall bladder at 30 %, and unencysted metacercariae from 

brain at 22.5 % in C larias gariepinus. Al-Bassel (1990) reported the occurrence of 

the monogenean parasite G yrodactylus fu n d u li in a Tilapia n ilo tica  fish farm, 

reaching 10-50 parasites/fish, while Dayhoum (2003), reported the occurrence of 

the parasite in Tilapia ga lilaea  fish farms with an intensity of 9-32 parasites/fish in 

Egypt. Dayhoum (2003), in Egypt observed C linostom um  tilapiae parasitizing 

fish in very high prevalences in the viscera, while Aloo (2002) found C linostom um  

spp. on the skin of tilapia fish in Lake Naivasha and Oloiden bay in Kenya. Barson 

and Avenant — Oldewage, (2004) in Sharptooth catfish, Clarias gariepinus, from
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the Rietvlei Dam near Pretoria, South Africa found metacercariae o f one larval 

digenean, O rnilhodiplostom um  sp. (prevalence 14 %, mean intensity = 140, n = 7), 

encysted in the muscles.

2.2.1.1.2.2.1.3 Clinical signs and pathological lesions

With the exception of extraintestinal parasites like sangunicoliid blood flukes and 

cyst forming didymozoids, very few adult stage digeneans cause significant harm 

to fish (Papema, 1995). Metacercariae encyst in the skin and fins of fresh water 

fish, with melanin being deposited around the cyst giving them the ugly 

“blackspots. Metacercariae o f the Strigeiod: P osthodiplostom um  cutico la  (Neascus  

cuticola) are commonly found in the skin of cyprinids in Europe and North 

America causing retarded growth in highly infected young fish and fry. The 

disease caused by some blood flukes, sanguinicoliasis, primarily results from a 

large number of fluke eggs sequestered in the afferent brachial arteries and may 

asphyxiate the host (Bullard et al, 2004). Weight loss, deformities, blindness and 

death in fish are some of the effects provoked by the presence of metacercariae in 

the eyes (Shariff et al., 1980; Chappell, 1995). In Kenya, D iplostom atids or eye 

flukes have been recorded in many fresh water fish species in Kirinyaga and 

Machakos where they caused eyefluke blindness (Mbuthia, 1993, Otachi, 2009). 

C linostom um  complanatum  causes yellow grubs in the muscle of fish and make 

them unsuitable for human consumption (Malek and Mobedi, 2001). There is need
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to evaluate the prevalence, intensity and pathological damage of these parasites in 

riverine and aquaculture set-ups in Kenya.

2.2.1.1.3 Class Cestoda

All species of fish are hosts of either larval or adult tapeworms. These are 

endoparasites with at least one intermediate host in their life cycle. Their body 

(strobila) is divided into a number of segments called proglottids, each with a 

single set of reproductive organs, the exception being the order C aryophyllaeidea  

that is not segmented (Schmidt, 1986). The scolex (the attachment organ) is present 

at the anterior end. Adult worms are white in colour and elongated. They are 

parasitic in the intestines of the host fish, with the larval forms often found 

encysted amongst the viscera and musculature of host fish. The scolex of the larvae 

is fully developed but their strobila is short and unsegmented. This class includes 

tapeworms such as Bothriocephalus aegypticus, Caryophayllaeus, 

Ptychobothriidea  and Protocephalidea  (Proteocephalus largoprolotis) found in 

various fishes in visceral organs and gastrointestinal tract causing granulomatous 

lesions (Mbuthia et al., 1993). Am philinidae spp. worms are visible in the 

intestines of infested fishes.

2.2.1.1.3.1 Prevalence and Intensity

Gichohi et al. (2008) reported the occurrence o f Proteocephalus spp. in market 

catfish at 9.1 % while Aloo (2002) reported the occurrence of A rm irthalingam ia
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and Cyclustera  spp. in tilapia in Lake Naivasha and Oliden bay in varying 

prevalences. Ayanda (2009) reported prevalences of 1 .3% for A m onotaenia  spp. 

and 3.8% for Polyonchobothrium  clarias in C larias gariepinus in Ilorin, North -  

Central Nigeria. Adikwa and Ibrahim (2004), reported occurrence of 

Polyonchobothrium  spp. and M onobothroids spp. in C. gariep inus  in Kano, 

Nigeria. Dayhoum (2003) reported the occurrence of cestodes at 4 % prevalence in 

Clarias spp. and Tilapia spp. in varying prevalences in different inland waters in 

Egypt. Mean intensity was 0.1 tapeworms per fish, with range of 1 -  4, while 

Moyo et al. (2009) reported prevalences of 60 % Bothriocephalus acheilognathi 

(mean intensity -  5), 80% Polyonchobothrium  clarias  (mean intensity -  5), and 80 

% Proteocephalus g landuliger (mean intensity -  1) in Claras gariep inus and no 

cestode in O reochrom is macrochir, O reochrom is m ossam bicus and 

Serranochrom is robustus in Insukamini Dam Zimbabwe. The study of the 

sharptooth catfish in South Africa, by Barson and Avenanat -  Oldewage, (2006) 

found two cestodes, Polyonchobothrium  clarias in the stomach at prevalence of 71 

%, mean intensity of 5 and Proteocephalus g landu liger  in the anterior intestines, 

with a prevalence 14 % and a mean intensity of 2.

2.2.1.1.3.2 Clinical signs and pathological lesions

Cestodes plerocercoid infest the body cavity of fish where they may grow to very 

large sizes causing swollen abdomen, compression and distortion o f the viscera, 

granulomatous lesions when encysted and inhibition of gonadal maturation.
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Severity is in older fish, which accumulate the parasites over time. The host 

cellular response to tapeworm infections may result in total (some 

Diphyllobothrium spp.) or partial (Ligula spp.) encapsulation by fibroblasts 

(Rahkonen and Valtonen, 1998). Initial reaction is infiltration by neutrophils and 

lymphocytes then macrophages with fibroplasia (Hoole and Arme, 1983). 

Diphyllobothrium dentriticum and D. latum plerocercoids were reported to cause 

heavy mortalities in coregonids and brook trout by migrating through the viscera, 

including the heart (Hoffman and Dunbar, 1961). In fresh water fish they may 

become encysted among the viscera causing adhesions of the viscera, sterility if the 

gonads are affected and sometimes death (Williams, 1967).

Digenean metacercariae are zoonotic with members of Opisthorchidae and 

Heterophyidae being implicated. Opisthorchis tenuicollis and O. sinensis adults are 

found in the bile ducts of fish eating mammals including man. Heterophyes 

heterophyes is a common parasite of man in the Middle East and Asia. The broad 

pseudophylidean, Diphyllobothrium latum has been recorded in man in many parts 

of the world.

Bothriocephalidae aegypticus, Caryocephalidae, Ptychobothriidae and 

Protocephalidea spp. cause granulomatous lesions in visceral organs in cichlids 

and various, fish in Lake Victoria and Tigoni (Mbuthia, 1993; Mbuthia et al., 1993; 

Mbuthia, 2000) in Kenya. Bothriocephalus acheilognathi is a large cestode of 

carps and other cyprinids, together with Caryophyllaeid spp. cause hemorrhagic 

enteritis in these fishes (Bauer et al., 1973; Molnar et al., 2003). There are no
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studies to show prevalence, intensity and the damage which these parasites may 

cause in riverine fish in Kenya.

2.2.1.2 Phylum aschelminthes

2.2.1.2.1 Class nematoda

The class nematode is considered the most economically important helminths of 

fish. Nematodes are bilaterally symmetrical, coelomate elongate worms with 

cylindrical body tapering at both ends. They posess a solid resistant cuticle that 

make them last longer at postmortem conditions. Most are large enough to be seen 

with a naked eye and are often found in cysts in the liver, muscles, heart, blood 

vessels, eyes, gonads, viscera surfaces and rarely under the skin (Dick and 

Choundury, 1995). Their mouth is terminally anterior, with the gut clearly divided 

into esophagus and intestines. Sexes are separate. Those that parasitize fish require 

at least one intermediate host (Papema, 1980).

2.2.1.2.1.1 Prevalence and intensity

Zekarias and Yimer, (2008) in a study in Lake Awassa in Ethiopia found 

Contracaecum spp. in the pericardial cavity (39.7 %) and mesentry (80.5 %) of 

Oreochromis niloticus and Clarias gariepinus, respectively. In addition, they 

found the nematodes Ampliceacum spp. (41.0 %) and Eustrongyles spp. (16.5 %) 

in the mesentry and musculature respectively, of C. gariepinus.
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A prevalence of up to 70% and a mean intensity of 9.5 parasites in H. 

M alabaricus in River Parana in Brazil was observed (Mauricio et a l ,  2003), while 

similar prevalences and sometimes with even higher infections were recorded in 

other fish species in Colombian marshes and rivers (Olivero - Verbel e t al. 2006). 

In Kenya, Aloo, (2002) recorded the C ontracaecum  spp. in O reochom is 

leucocystis and Tilapia z illi from Lake Naivasha and Oloiden bay at varying 

prevalences while Barson (2004) reported the occurrence of the 3rd stage 

Contracaecum  species at prevalence of 42.6 % with an intensity of 1-7 worms per 

fish (mean intensity = 2.2) in the body cavity of catfish (C larius gariep inus) from 

Lake Chivero, Zimbabwe.

Pericardial Contracaecum  infection among tilapia in a contaminated pond often 

approaches 100%, usually with 1-4 worms per fish. In Lake Naivasha, Kenya, 

85% of Tilapia leucosticta  were reported infected with a mean of 9 worms per 

fish, in L. Baringo 70% of O. niloticus with 5 worms per fish, in L. Magadi 30% 

of T. graham i with a mean of 2 worms per fish and in Lake George 30% of (270 

mm long) O. niloticus with a mean of 1 worm per fish (Papema, 1974b; 

Malvestuto & Ogambo Ongoma, 1978).

Barson and Avenant -  Oldewage (2006) got a mean intensity of 16.3 (range 3-44) 

in catfish from Rietvlei dam even though prevalences and intensities of up to 100 

% and 700 -  2000 worms per fish have been reported elsewhere (Mashego and 

Saayman, 1981; Boomker, 1982). However, a study in Insukamini Dam, 

Zimbabwe, did not observe any Contracaecum  spp. in catfish but they were there
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in Oreochromi mossambicus and Serranochromis robustus at prevalences of 11.1 

% and 40 %, respectively (Moyo and Yalala, 2009). Ninety four per cent of 

Oreochromis niloticus, 82% of Sarotherodon galilaeus and 69% of Tilapia zillii 

were reported to have Amplicaecum larvae in the sinus venosus, at 2-8 worms per 

fish in the Nile, Sudan. Amplicaecum also occurred in the body cavity of various 

predatory fishes at prevalence levels of 10-37% with worm burdens of up to 36 

per fish (Khalil, 1969).

Adikwa and Ibrahim (2004) recorded two camallanid nematodes (Paracamallanus 

and Procamallanus spp.) in catfish with a prevalence of 40.9 % in Kano, while 

Akinsanya and Otubanyo (2006) recorded low prevalence of Paracamallanus spp. 

in Lekki lagoon in Lagos Nigeria, suggesting that this nematode is a fresh and 

brackish water parasite in Nigeria. Boomker (1982) reported 53.5 % in South 

African fresh water fish while Ayanda (2009), in his study of farmed and wild 

catfish in Nigeria, recovered camallanids (5.625% for Paracamallanus spp. and 

0.625% for Procamallanus laevionchus) in only wild catfish. Akinsanya and 

Otubanyo, (2006) recorded five helminth parasites in Clarius gariepinus including 

Paracamallanus spp. Helminth infection overall prevalence of 4.72% was 

recorded with the male showing a slightly higher prevalence (5.75%) than the 

females (3.76%).

Akinsanya et al. (2008), found Raphidascaroides spp. at a prevalence o f 31.2 % in 

Synodontis clarias with male specimens having a higher rate of infection (37.8%)

than females at 23.5%.
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2.2.1.2.1.2 Clinical signs and pathological lesions

Contracaecum spp. in the family Anisakidae have been found in the dermis and 

viscera of tilapia spp, Bagrus docmac, Clarias mossambicus, Protopterus and 

Haplochromis spp. as granulomatous lesions. Tissue reaction to larval 

Contracaecum spp. involves epithelioid formation, fibrous encapsulation of larvae 

that may result in multiple mesenteric infections with extensive fibrosis and 

visceral adhesions in larger fish (Mbahinzireki, 1980; El Din et al., 2009). Heavy 

carnallanids (Paracamallanus cyathopharynx and Procamallanus laevionchus) 

infections have been reported in the stomach o f Clarias spp., and many other 

catfish. Spirocamallanus spiralis have also been reported in the stomachs of other 

catfish firmly attached to the mucosa without serious harm (Papema, 1964a,b; 

Khalil, 1969; Mashego and Saayman, 1981; Boomker, 1982). Eustrongytides spp. 

in the family Dioctophymidae have been found encysted in the dermis and visceral 

organs. Genus Philometra are long (up to 16 cm), thin and red in colour, found in 

the skin and fins of the fish host. Philometra lusiana is found in scale pockets on 

the anterior part of the body (Bauer et al., 1973) and if larvae lodge in visceral 

cavity, they disrupt the normal function of the swim bladder causing loss of 

equilibrium and starvation. Larvae of Philometra rubra are found encapsulated in 

the body cavity of stripped bass in the USA causing severe peritoneal adhesions 

(Papema and Zwemer, 1976; Moravec et al, 2003; Gene et a l, 2005). Infected fish 

may develop bad looking ulcers. The larvae of Anisakis and Pseudoterranova spp. 

may encyst within muscles of host fish and if ingested raw or undercooked by man
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may cause eosinophillic granulomas of the gut (Roberts, 1989). It is not clear 

wheather some of these parasites occur in rivers in Kenya.

2.2.1.3 Phylum acanthocephala

They are also called “spiny or thorny headed worm” and are elongate cylindrical 

worms armed with an anterior retractile proboscis carrying hooks.. They have no 

gut and the sexes are separate, with males being smaller than the females. They are 

mostly gut worms with at least one intermediate host in their life cycle (FAO, 

1996b).

2.2.1.3.1. Prevalence and intensity

Aloo and Dezfuli (1997) reported cystacanths o f Polyacanthorhyncus kenyensis 

infestation prevalences of 30.4 % to 86 %, intensity of 1 -  104 in Oreochomis 

leucostiticus; 33.7 % and intensity of 1 -  12 in Tilapia zilli and 6.9 % prevalence 

and an intensity of 1 -  40 in Micropterus salmoides in Lake Naivasha. In Lake 

Kariba, Doellou, 1992a;b, recorded Ancathogyrus tilapiae prevalence of 63 % 

(range of 1 -  100) in tilapia fish. In Egypt, Neoechinorrhynchus rutili infestation in 

two tilapia fish species was recorded at of 62.9 %, 71.4 % whereas the 

acanthocephalan parasite Acanthosentis tilapiae was found in Bahr Youssef and 

Fayoum fish farms in the same country with infection intensity ranging from 1-2 

parasites/fish to 5-8 parasites/fish, respectively (Dayhoum, 2003). Riverine and 

aquaculture set-up appear to have low prevalences. In the Sudan Nile, Khalil
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(1969) reported abundant Tenuisentis niloticus infestation of 93 % (range of 5 -  

27), in Heterotis niloticus, 26 % Neoechinorrhynchus spp. ( 6 - 4 3 )  in Citharus 

citharus and 60 % unidentified acanthocephalan (2 -  5) in Synodontis batensoda.

2.2.1.3.2 Clinical signs and pathological lesions

The most obvious sign of infection by acanthocephalan worms is fibrotic nodules 

on the surface of the intestines in some species. The viscera of infected fish may be 

inflamed, discoloured or enlarged. (FAO, 1996b). Ancathogyrus tilapiae was found 

in various fishes and cichlids in the digestive tract while Pomphorhynchus larvae 

hooks were found embedded in intestinal wall of fresh water fish causing fibrous 

capsule formation (Hine and Kennedy, 1974). Acanthocephala jacksoni was found 

to cause a number of haemorrhagic ulcers in cultured brook and rainbow trout in 

Europe and North America (Bullock, 1963). Ancathogyrus tilapiae has been found 

in the digestive tract of cichlids and various fishes in Lake Victoria and other 

tropical lakes (Papema, 1964 a) while Neoechinorhynchus and Echinorhyncus spp. 

have been found in tilapia in Ghana (Edoh et al., 2008).

Histologically, there is necrosis of cells at site of attachment with accompanying 

infiltration of fibroblasts, lymphocytes and macrophages into the lamina propria 

(Dezfuli et al., 1990), causing a chronic fibrinous inflammation with increased 

connective tissue thickening (Bullock, 1963). Fibroplasia may extend to the 

muscularis mucosa in some species (de Buron and Nickol, 1994). Their occurrence 

and effect on riverine and aquaculture fish in Kenya are not well documented,
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hence the need for such studies.

2.3 Diagnosis of fish helminths

The body size of fish helminths vary from less than one millimetre up to several 

tens of centrimetres and thus most are observable with the naked eye. The use of 

binocular microscope is necessary in most cases. A detailed examination of a live 

and/or freshly caught (dead) fish are preferable. After external examination of the 

body surface, fins, gills and nasal cavity, the fish body is dissected and individual 

organs and tissues (digestive tract, liver, urinary bladder, kidneys, gall-bladder, 

swim-bladder, mesenteries, eyes, brain, pieces of muscles) are thoroughly 

examined for the presence of endoparasites.

Generally, external parasites are kept in clean freshwater for a few hours without 

serious damage, but all internal macro-parasites are preserved in saline and fixed 

within a few minutes to one hour in 70 % ethanol or 2-4 % formalin. Trematodes 

and cestodes are usually fixed slightly pressed between a glass slide and a 

coverslip. Trematodes and cestodes are usually stained with carmine, nematodes 

cleared in glycerine or lactophenol and observed under microscope for 

morphological differentiation (Lorn and Dykova, 1991).
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2.3.1 Phylum platyhelminthes

2.3.1.1 Class Monogenea

Most diagnosis is made by the type, location o f the parasite and clinical signs 

(FAO, 1996b). Monogeneans are diagnosed as hermaphroditic, single testis, 

ectoparasitic flat worms with sclerotized copulatory organ, attached to skin or gills 

by special posterior organs. They have ovary and follicular vitelline glands with a 

few eggs, with the exception of Gyrodactilidea, which are viviparous. The anterior 

end has apical sensory structures, a mouth with or without accessory suckers and 

special glands or clamps for attachment.

2.3.1.1.1 Monogenean

Monopistocotylean have a single posterior haptor with one or two pairs of anchors 

with 1 2 - 1 6  hooks. The functional haptor of the adult develops anterior to larval 

haptor and has lateral rows of suckers or clamps supported by cuticular sclerites 

usually acting as clamps (Hoffman, 1999).

2.3.1.2 Class Trematoda

2.3.1.2.1 Adult digenean trematodes

The diagnosis is based on the recovery and identification of the adult trematode or 

their eggs from cysts in tissues or body cavities at necropsy. They are smooth, 

spiny or corrugated, oval, dorsoventrally flattened worms, with anteroventral 

mouth surrounded by a sucker and an additional sucker or acetabulum. Most are
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spiny or corrugated, oval, dorsoventrally flattened worms, with anteroventral 

mouth surrounded by a sucker and an additional sucker or acetabulum. Most are 

hermaphrodites. Some H eterophyes spp. have a specialized copulatory organ. 

Sanguinicolidae (blood flukes) have spiny, slender bodies that lack anterior ventral 

suckers and pharynx. They lay thin shelled unoperculated eggs (FAO, 1996b) 

while, Didymozoidae are thread-like without ventral suckers and pharynx.

2.3.1.2.2 Digenean metacercariae

Diagnosis is based on clinical signs and the recovery of the members of some 

families or even certain genera through characteristic structural affinities at 

necropsy, aided by additional features such as the type and location of encystment. 

To a limited extent, mature trematodes may be obtained from metacercariae 

through experimental infection of known or suspected definitive hosts such as 

herons and pelicans in the case of families Strigeoidea  or C linostom atidea  (Ukoli, 

1966a,b; Donges, 1974), dogs and cats for family H eterophyiidea  spp. or in 

laboratory mice, rats, chicks or ducklings when the trematode is non-fastidious in 

its choice of definitive host as in case of heterophyiids (Sommerville, 1982).

2.3.1.3 Class cestoda

The diagnosis is based on the recovery of eggs or segment residues from faecal 

material and recovery of tapeworms at necropsy. Tapeworms are identified by the 

presence and shape of their scolexes, the number and shape of scolex modification 

(suckers, grooves, hooks, spines and glandular areas), presence and size of the neck;
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segmentation of strobila (mono or polyzoic), the type of reproductive organs 

(monoecious or hermaphroditic), number and shape of ovaries and testis, the type of 

vitellaria and the opening of the cirrus or atrial pore (Schmidt, 1986; FAO, 1996b).

2.3.1.3.1 B o th r io c e p h a lu s  a c h e ilo g n a th i

These worms have an arrowhead or heart shaped, fleshy scolex with 

anterolaterally directed narrow slit like openings (bothridia). They lack a distinct 

neck and their mature strobila are broad, long and acraspedote (Choudhury et al., 

2006). The proglottids have rounded edges while gravid segments are longer and 

broad (Scholz, 1997).

2.3.1.3.2 Other adults tapeworms

Diagnosis is based on the recovery of the tapeworms or segments at necropsy. 

C aryophyllaeideans and A m phillids are unsegmented (monozoic) whereas 

Pseudophyllideans and Protoecephalideans are segmented (polyzoic) (Van As and 

Basson, 1984).

2.3.1.3.3 Larval tapeworms

These are mostly found whole in the body cavities (Ligula pleurocercoids) or 

encysted as cysticercoids (Cyclophyllideans) (Mashego, 1982).
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2.3.2 Phylum aschelminthes

Nematodes are identified using the labial parts, presence of annulations, presence 

and shape of esophagus, ventriculus and caecum, the presence o f cuticle, the 

structure of excretory system and shape and type o f the genital organs (papillae and 

spicule) (Anderson et al., 1974). The shape and structure of the buccal capsule may 

also be used to identify the nematodes, like in the family Camallanoidea (Chaubad, 

1975). Labia are lobes or lips which surround the mouth. Annulations are deep 

transverse grooves occurring at regular intervals in the cuticle. Ventriculus is 

glandular modification of the distal portion of the esophagus in some nematodes, 

which may have a solid appendage of varying length, extending posteriorly into the 

intestines. Caecum is a blind diverticula or pouch of the intestines. Genital papillae 

are retractile setae in the anal region of males which may be preanal, postanal or 

caudal in position. Spicules are sclerotized copulatory structures of male 

nematodes, usually paired but may be seperate. Most larval nematodes lack a 

cuticle (Anderson et al., 1974; FAO, 1996b).

2.3.3 Phylum acanthocephala

The worms are sac-like, containing lemnisci connected to the proboscis and genital 

organs opening posteriorly. Their sexes are separate and the male are usually 

smaller with genital opening within a membranous bursa. An alimentary canal is 

absent. The number and arrangement of the hooks on the proboscis are the main 

criteria for differentiation o f species (Kabata, 1985). Apart from the anterior 

lemnisci and the probosci receptacle, the only conspicuous interior organs are the
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reproductive system. In males there are two testes followed posteriorly by 1-8 

cement glands. The efferent ducts from the testes and the cement glands open 

posteriorly through a small copulatory organ surrounded by an invaginable bursa. 

Acanthocephalan ovaries fragment early in development to form ovarian balls, 

floating freely in the pseudocoelom. The female system terminates in a vagina, 

regulated by a vaginal sphincter that discharges through the vaginal pore (Amin, 

1987).

■
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CHAPTER THREE 

MATERIALS AND METHODS

3.1 Study area

Two studies, a market survey and a field study were undertaken in this study. In 

the market survey four purposive sampling visits were undertaken between 

January and May 2006 at Gikomba wholesale fish market, Nairobi to purchase 

fresh fish. A stratified random sampling, based on species was used to select fish 

that were purchased from those sold at the market. The fish were grouped into four 

genera (Oreochromis (tilapia), Clarias (catfish), Cyprinus (common carp) and 

Barbus (barbus) species. These are the commonest fish catches landed at various 

sites on the River Tana basin (Anonymous, 1997b). They were then transported in 

cool boxes with ice to the laboratory, at the Department of Veterinary Pathology, 

Microbiology and Parasitology for postmortem examination and other tests.

The field study was carried out at the Sagana aquaculture centre, a department of 

Fisheries breeding farm in Sagana town, Kirinyaga district (100 km North East of 

Nairobi, altitude 1230 m, latitude 0°39'S and longitude 37°12'E); and at the upper 

River Tana basin below the Sagana bridge, where the four districts o f Kirinyaga, 

Mbeere, Machakos and Maragwa intersect (Fig 1). Upper River Tana basin 

includes the western highland forest catchments of Mount Kenya and the Eastern 

Aberdare ranges up to the Masinga dam, the greatest regulator of the River Tana 

system downstream (Jacobs et al., 2007).



Figure 1: Map of study area (Jacobs et al., 2007)



38

This area is 100 -  150 kms North and Northeast of Nairobi, and encompasses the 

major towns of Nyeri, Embu, Muranga, Sagana, Kerugoya, Karatina, Kagio, and 

Kutus. River Tana arises from the slopes of Mt. Kenya with several tributaries 

from the Aberdare ranges.

The altitude of the basin varies from a high of 4700 m on Mt. Kenya to a low of 

730 m near the Kindaruma dam. The highlands of Mt. Kenya and Aberdare ranges 

slopes have annual rainfall of 1800 mm/yr while mid-highlands have 1200-1800 

mm/yr and lowlands (below 1000 m) have 700 mm/yr and below. Major land uses 

within the basin include forests, agro-forestry (forests, tea, coffee subsistence 

farming and horticulture), rangelands (livestock farming, irrigation and fishing) 

and aquaculture (Jacobs et al., 2007).

3.2 Study design

3.2.1 M arket survey

A total of 43 wild fresh dead fish were randomly selected from five fish mongers 

dealing with fish from River Tana basin at the Gikomba fish market, Nairobi. 

These comprised of 15 Oreochromis spp., 11 Clarias spp., 10 Cyprinus carpio and 

7 Barbus spp. They were transported in cool boxes to the laboratory for 

postmortem examination
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3.2.2 Field study

Purposive selection of sampling sites (Sagana fish breeding farm and Masinga 

Dam) was undertaken due to financial and time limitations. At the sampling sites, 

systematic random samples of fish were taken where every other fish was selected 

for examination from the fish presented. This ensured that the sample was 

representative, evenly distributed, sampling error minimized and that all fish had 

equal chance of selection. Postmortem examination was performed on all fish at 

the site of purchase; various fish tissue samples were taken, marked, recorded and 

transported in preservatives to the laboratory for further processing.

3.2.3 Field study sample size

A total of 237 (129 were tilapia and 108 catfish) live fish fish were selected, and 

examined for lesions and parasites at the site. Eighty-five tilapia fish (Oreochromis 

nilotica) and 63 catfish (Clarias gariepinus) were farmed from Sagana Fish 

breeding farm, while 44 tilapia and 45 catfish were wild fish purchased from the 

fishermen at the Sagana bridge and fish landing sites in Masinga dam.

Total sample size for the field study was calculated following the formula given by 

Martin et. al. (1987).

N = 4PQ/L2,

Where: N is the estimated sample size, P is the prevalence (estimated at 0.5),

Q is 1 -P and L = the precision required (+ or -  error around the estimate).
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A precision (L) of 0.1(10%) was set, while 4 is approximately (1.96)2 for 95% 

confidence level.

Therefore N = 4x 0.5 x 0.5 = 100 fish per species
(0. 1)2

3.2.4 Age and sex assessment

Sex of the fish was determined at postmortem. The age of fish was sourced from 

farm records for the farmed fish while those from the wild was determined by size 

and the development of sexual organs at postmortem and recorded as either young 

or adult.

3.3 Postmortem examination

Postmortem examination in the field study was performed on all fish at site of 

purchase. Live fish were stunned with a single blow to the back of the head and 

pithed to separate the central nervous system from the spinal cord. All fish were 

then subjected to postmortem examination and lesions recorded (Roberts, 1989; 

Theodore, 2000; Untergasser, 1989) as briefly outlined below.

The skin was examined grossly for ectoparasites at site. Thereafter skin scrapings 

were taken and preserved in 70 % ethanol and transported to the laboratory for 

further examination of parasites.

Each fish was laid on its side on a paper towel in a dissection tray to prevent 

slipping, and a midline incision made with a scalpel blade starting at the anterior 

end of the vent. A lateral incision from the vent side in an arc, on the abdominal
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wall of the fish up to the upper comer of the operculum was made to expose the 

swim bladder and other organs. The body wall was then lifted and the organs 

observed grossly in situ. A third incision connecting the two previous incisions 

(opercula incision) allowed the skin and muscular flap to be completely removed. 

The gills, liver, peritoneal cavity, swim bladder, spleen, heart, and musculature 

were examined grossly and under a dissection microscope for helminths.

Worms collected were preserved in 70 % ethanol prior to identification. Visceral 

organs, sections of the stomach, intestines, liver, swim bladder, gills, musculature 

and skin were taken, preserved in buffered 10 % formalin and processed for 

histopathology (Roberts, 1989; Untergasser, 1989).

3.3.1 Examination of gastrointestinal content for parasitic infection

The gut was separated into stomach and intestines, preserved in 70 % ethanol. The 

contents of each gastrointestinal segment were expressed out and examined in 0.64 

% physiological saline and thin transparent intestinal or stomach sections placed on 

slide and dissected with dissecting needles to expose contents which were 

examined at various magnifications for worms, worm eggs, flagellates and cysts 

according to Roberts (1989) and Untergasser (1989).

3.3.2 Processing of Platyhelminthes and Acanthocephala worms for 

identification

On isolation, the worms were fixed in hot formal saline (4 %) solution for 24 

hours, washed in distilled water for another 24 hours and then stored in 70 %
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ethanol before identification. The Platyhelminthes whole mounts in 70 % ethanol 

were downgraded to water, stained by Gower’s Carmine stain followed by a slow 

differentiation in 0.5 % hydrochloric acid (HCL) in 70 % ethanol for 1-12 hours 

depending on the size of worms. Platyhelminthes sections were stained using 

Heidenhain's azan stain (Roberts, 1989).

3.3.3 Helminth identification

Worms collected from the body cavity were preserved in 70 % ethanol, manually 

counted and recorded. Trematodes were identified using morphological features as 

described by Cone (1995) and Papema (1995). Nematodes were identified using 

morphological features as described by Anderson et al. (1974) and FAO (1996b). 

Acanthocephalans were identified using morphological features and the species 

differentiated by the number and arrangement of the hooks on the proboscis 

(Kabata, 1985) while tapeworms were identified using the size and shape of 

scolexes, number and modification (armed or unarmed) of suckers, the size of 

segments, cirrus pouch, number of testis and positioning, the shape and positioning 

of vitellaria, ovaries and uterus, and the position of uterine diverticula (Schmidt, 

1986; FAO, 1996b).

3.3.4 Helminth infection severity scoring criteria

Helminths recovered were identified, counted and infection severity scored as:- 

Mild ( 1 - 5 0  worms), Moderate (51 - 100  worms) and Severe (above 100 worms)
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for abdominal infections. Branchial Contracaecum species infection severity was 

scored as: - Mild (1-2 worms), Moderate (3-5 worms) and Severe (above 5 worms).

3.3.5 Identification of ectoparasites

Ectoparasites were identified using morphological features as described by 

Untergasser (1989) and Woo (1995).

3.4 Tissue processing for histopathology

Standard histological procedures for tissue processing were used as described by 

Luna (1968). All tissues were trimmed to approximately 1 cm long and labeled 

using a tag. Formaldehyde was rinsed from tissues using tap water, and thereafter 

they were passed through ascending grades of alcohol to dehydrate in 80 % for 4 

hours and then 96 % in 2 changes for 2 hours. The tissues then underwent through 

three changes of isopropanol for 1.5 hours each. The alcohol was cleared using 

amyl acetate for 1 hour, then through xylene in two changes for 2 hours and 2.5 

hours, respectively. Two molten wax changes at 60 °C was used for impregnation 

each for 3 hours then followed by embedding using molten wax in paper boats. 

Tissues were then mounted in wax on wooden tissue blocks ready for microtomy. 

Five-micron thick sections were cut using a microtome (Leitz Wetzlar, Germany) 

and mounted on labeled glass slides.

The tissues were then dewaxed using xylene for two stages each for 5 minutes, 

followed by rehydration using descending grades of alcohol. Absolute alcohol in
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two stages each for 5 minutes and then 90 %, 80 %, 70 %, and 50 % each for 3 

minutes and then placed in water for 5 minutes. They were stained using 

hematoxylin and then counterstained with 1% eosin and dehydrated using 

ascending alcohol grades, cleared using two changes of xylene and mounted using 

Dibutyl phthalate xylene (DPX) mountant. Mounted tissues on slides were then 

examined under light microscope (X 4, X 10 and X 40 magnification) for any 

cellular changes. Lesions seen were described and scored as none for no lesion, 

mild where the inflammatory cells involved were few primary mononuclear 

inflammatory cells or severe where many mononuclear inflammatory cells were 

accompanied by fibroblasts and melenomacrophages.

3.5 Data analysis

Data for market study was entered in Ms excel, exported to Instat® Statistical 

package for descriptive statistics (Steel and Torrie, 1980). The one for the field 

study was entered in Ms Excel, exported to Genstat* (Genstat Discovery Edition 3) 

for descriptive statistic and for analysis. Z -  test, Chi Square test, one and two way 

ANOVA were used to analyze the data. The prevalence of parasites was defined as 

the total number of individuals of a host infected with a particular species divided 

by the number of host examined while the mean parasite intensity was defined as 

total number of parasites in infected hosts divided by the number of infected hosts 

(Margolis et al., 1982).
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CHAPTER FOUR 

RESULTS

4.1 Prevalence of helminth infestations

A total of 43 wild fresh fish of various ages, sexes, sizes and comprising of 34.9% 

Oreochromis spp., 25.6% Clarias spp., 23.3% Cyprinus carpio and 16.3% Barbus 

spp were examined in the market survey. In the field study, a total of 237 live fish 

composed of 129 tilapia and 108 catfish were examined. Eighty-five O.nilotica and 

63 C. gariepinus were farmed from the Sagana Fish breeding farm, while 44 tilapia 

and 45 catfish were wild fish. The examined tilapias were 72 adults and 57 young 

fish, divided into 75 males and 54 female fish. Catfish were 58 adults and 50 young 

fish which were 51 males and 57 females fish (Table 1).

In the market survey, 43 fish were examined and the main worms observed in the 

fish were 30.3 % Nematodes, 4.6 % tapeworms (adult and pleurocercoids) and 2.6 

% trematodes. Of these, 23.3 % nematodes and 2.3 % cestodes were recovered in 

catfish while 7 % nematodes, 2.3 % cestodes, 2.3 % trematodes were recovered in 

tilapia. No helminths were recovered in common carp and barbus fish (Fig. 2; 

Appendix 1). The nematode recovered in the two fish species was 3rd stage 

Contracaecum spp. larvae which was found embedded in fibrin mesh and free in 

the abdominal cavity and in some cases entangling the visceral organs (Fig. 3 and 

4).

In the field study, helminths encountered were in the phyla: - Aschelminthes 

(nematodes), Platyhelminthes (digenean trematodes and cestodes) and
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Acanthocephala species. A total of 156 (65.8 %) fish had one or more helminth 

parasites. The overall prevalence of each helminth was Diplostomum spp. 35.4 %, 

Contracaecum spp. 33.8 %, Paracamallanus spp. 24.0 %, Acanthocephalus spp. 

13.9 %, Neascus spp. 9.7 %, Clinostomum spp. 8 %, Proteocephalus spp. 2.5 % 

and 0.4 % fCaryophyllaeidea spp. (Fig. 5; Appendix 2). Of these helminthes, 

Contracaecum spp., Diplostomum spp. and Proteocephalus spp were common to 

both fish species while Acanthocephalus spp., Clinostomum spp. and Neascus spp. 

were recorded only in tilapia. Paracamallanus spp. and Caryophyllaeidea spp. 

were observed in catfish only (Fig. 6). There was no significant difference (p > 

0.05) in overall helminth infestation between tilapia and catfish sampled in the 

field study (Appendix 3).
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Table 1: I otal number of wild, farmed tilapia and catfish of different age and sex examined for parasites 

and lesions

Type of 
fish
examined

Wild fish Framed fish
Adults Young Sub-

total
Adults Young Sub-

total
Total

Males Females Males Females Males Females Males Females

Tilapia 12 9 15 8 44 29 22 19 15 85 129

Catfish 18 7 7 13 45 12 21 14 16 63 108

GRAND TOTAL 237
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Figure 2: Percentage Prevalence of helminths observed in different fish in the market 

survey

Figure 3: Heavy peritoneal Contracaecum species, 3rd stage larvae infestation in a 

market catfish (arrow)
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A B

Figure 4: Contracaecum species 3rd stage larvae: enclosed in fibrin strand (A), and 

two larvae separated from the fibrin mesh (B)

Figure 5: Prevalence of different types of helminthes species recovered in the 

field fish
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Figure 6: Prevalence of helminthes observed in tilapia and catfish species from 

the field study

4.1.2. Prevalence of nematodes

4.1.2.1 Prevalence of C ontracaecum  species larvae

Ninety one per cent of catfish and 20 % of tilapia examined from the market fish 

had Contracaecum spp. larvae in the abdominal and branchial areas (Fig. 7) and of 

these, 30 % (3/10) catfish and 33 % (1/3) tilapia had the worms free in the 

branchial cavity whereas, 70 % (7/10) catfish and 66.7 % (2/3) tilapia had the 

worms encased in fibrin mesh in the abdominal cavity (Fig. 3 and 8). The 3rd stage 

larvae possessed post-labial rib-like structures in a terminally anterior mouth with a 

gut clearly divided into esophagus and intestines with a small globular ventriculus 

giving off to a posteriorly directed appendix with suture-like depressions. They
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possessed a cuticle but lacked reproductive organs (Fig. 9).

Figure 7: Prevalence of Contracaecum spp. 3rd stage larvae in market catfish 

and tilapia

b igure 8: A tilapia fish showing a Contracaecum spp., 3rd stage larva in the 

branchial cavity (arrow)
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I

A B

Figure 9: Contracaecum species, 3rd stage larvae sections showing head region 

(A) with terminally anterior mouth (arrow a) and post-labial rib-like 

structures (arrow b) and tail region (B) both with fully developed cuticle 

(arrow c) (X10)

In the field study, Contracaecum spp. was isolated from both catfish and tilapia 

species from the abdominal and branchial cavities. Out of the 237 fish sampled, 

33.8 % (16 tilapia and 64 catfish) were infected with Contracaecum spp. Of these, 

branchial cavity worm infection accounted for 6.8 % while, abdominal cavity had 

27 % (Appendix 3). The infection varied from mild (1 worm) to severe (846 

worms). I here was a significant difference in Contracaecum spp. infection 

between the tilapia and catfish species (p < 0.05) (Appendix 3) while, no 

significant difference was noted in the infection between fish sex and the age 

groups (P > 0.05).
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The prevalence o f  Contracaecum spp. in tilapia was 12.4 % (n = 129) (Fig. 6 and 

Appendix 4). Branchial worm prevalence in tilapia was 9.3 % compared to 3.1 % 

for the abdominal worms. Of the 85 farmed tilapia sampled, only one young male 

fish (1.2 %) had the worm while prevalence in 44 wild tilapia sampled was 34.1 

% (15/44) of which 9 were males and 6 females (Appendix 4). Adult tilapia had a 

prevalence of 12.5 % (9/72) while young tilapia had 20.6 % (7/57) worms 

(Appendix 4). Prevalence in male tilapia was 18.5 % (10/54) while female fish 

had a prevalence of (6/75) 8 %. There was a significant difference in the 

Contracaecum spp. infection in tilapia fish between the farmed and wild fish (P < 

0.05), while no significant differences in infection was noted between the sex and 

between age group (P > 0.05) (Appendix 4). One hundred and eight (108) catfish 

were examined for Contracaecum spp. infection with overall prevalence of 59.3 % 

recorded. Branchial cavity infection prevalence was 3.7 % while that of abdominal 

cavity was 55.6 %. An overall prevalence of 18.5 % was recorded in farmed, while 

wild catfish had 40.7 % (Appendix 5). Adult catfish had an overall prevalence of 

37.0 % while young ones had 22.2 % (Appendix 5). Male catfish had a higher 

Contracaecum spp. prevalence infection than female fish at 32.4 % and 26.9 %, 

respectively (Appendix 5). Sixty - three farmed catfish examined had a prevalence 

of 31.7 % (20/63) recorded (Appendix 5). O f these, 30.2 % (19/63) fish had 

abdominal and 1.6 % (1/63) had branchial cavity infesetions. Forty five wild 

catfish were sampled with a prevalence of 97.8 % (44/45) recorded o f which 8.9 % 

(4/45) was branchial infection while abdominal infection accounted for 88.9 %
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(40/45). The infection varied from moderate to severe. There was a significant 

difference in the infection in catfish between the farmed and wild fish (P < 0.05), 

while no significant differences were noted in the infestation between the fish sex 

and between the age groups (P > 0. 05) (Apendix 5).

4.1.2.1.2 Intensity of C ontracaecum  species larvae

In the preliminary market study, an overall mean intensity of Contracaecum spp. 

was 114. Catfish sampled had a mean worm count of 169 (range 1 -  593) 

representing a severe infection, whereas the tilapia had a mean of 1 (range 1 -5) 

which was mild. The overall mean intensity o f Contracaecum spp. in all the 237 

fish sampled in the field study was 103.4 with a range of 1 - 846 worms per fish, 

with a mean Contracaecum count of 3.4 worms for tilapia and 128.3 worms for 

catfish. The infection varied from Mild (1 -  50), Moderate (51 -  100) to severe 

(above 100). Worm load per fish ranged from 1-15 in branchial area and 1-8 in the 

abdominal cavity. The infection in tilapia ranged from mild (1-8 worms per fish) in 

abdominal cavity to mild (1-2), moderate (3-5) and severe (6-15 worms) in 

branchial cavity. There were significant differences in the mean worm load 

between the species and the management (farmed and wild), sexes and the ages 

(young and adults) (P < 0.05).

Farmed catfish mean load was 3.5 worms per fish, wild 185.1; female catfish had a 

mean load of 77.4 while males had 167.8, whereas adult catfish had a mean count 

of 161.2 while for the young fish was 69.7. d. In catfish, there was significant 

differences in the mean worm load between the farmed and wild, and between the
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sexe and age (P < 0.05). Tilapia mean Contracaecum spp. intensity for adults and 

young was equal at 3.4 worms per fish; farmed fish had a mean intensity of 1 

worm, while wild had 3.6 worms per fish. Female tilapia mean Contracaecum spp. 

intensity was 3 worms per fish while males had fish 3.7. There were significant 

differences in mean worm load within the management (farmed and wild) (P < 

0.05) but no significant differences were observed between fish sexe and age 

groups (P > 0.05).

4.1.2.2. Prevalence of P aracam allanus  species

This tiny (<lmm) viviparous worms (Fig. 10) was found exclusively in 57 

intestines and stomachs of the 108 (63 farmed and 45 wild) catfish in the field 

study but not in the market fish. The Paracamallanus spp. recovered had a 

bilaterally symmetrical buccal capsule which was divided into two levels; a smaller 

anterior part with vertical chitinoid plates for attachment to gastrointestinal mucosa 

and a larger cavity behind the valves (Fig. 11). Their esophagi were divided into a 

shorter anterior muscular part and a longer posterior glandular section. Both adult 

males and females worms were isolated. The male worms had a ventral caudal 

papillae and spicule while the females had mid -  lateral genital pore (Fig. 12 and 

13). Overall 24.1 % (57/237) catfish were infested with the Paracamallanus spp., 

out of which 23.2 % (55/237) had the nematode in the intestines; while 0.8 % 

(2/237) was recorded in the stomach of the catfish (Appendix 2).
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Overall prevalence of Paracamallanus spp. prevalence in the catfish sampled was 

52.8 % (n = 108) with the wild catfish having an prevalence of 37 % (n =108), while 

farmed had a prevalence of 15.7 % (n =108) (Appendix 6). Adult catfish had an 

overall prevalence of 34.3 %, young fish 18.5% whereas male and female catfish 

had prevalences of 25.9 % and 26.9 %, respectively (Appendix 6). The prevalence 

in farmed catfish was 27.0 % (n = 63), wild 88.9 % (n = 45); males 54.9 % (n = 51), 

females 50.9 (n = 57) while yong and adults had 41.7 % (n = 48) and 61.7 % (n= 

60), respectively. There was a significant difference in the infection between the 

farmed and wild fish and age group (P< 0.05), but no significant difference was 

noted in the rate of infection between sex in catfish (P > 0.05) (Appendix 6).

4.1.2.2.1. Intensity of P aracam allanus  species

Paracamallanus spp. had a mean worm intensity of 6.1 with a range of 1 - 41 

worms per fish. Farmed catfish had mean worm load of 7.3, wild -  5.6 worms per 

fish; adult had 6.8, young -  4.4 worms per fish while female and male catfish had 

7.3 worms and 4.9 worms per fish, respectively. There was no significant 

differences in the mean worm load between farmed and wild, sex and age groups 

of the catfish examined (P > 0.05).
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Figure 10: A section of the viviparous female Paracamallanus species showing 

free larval worms in the coelom (arrow) (X 20)

Figure 11: A Paracamallanus species showing the vertical chitinoid plates (arrow 

A) and the buccal cavity divided into two levels:- the upper smaller -  (arrow B) 

and lower larger parts (arrow C) X 10
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Figure 12: A male Paracamallanus species worm from a catfish showing a

spicule (arrowed) X 10

(arrow) X 40
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4.1.2.3. P revalence  o f  tre m a to d e s  (d igenean) p a ra s ite s  

4.1.2.3.1. P revalence  of Diplostomum  species

Diplostomum spp. (“eye flukes”) had a cup-shaped fore body with the suckers, and 

a cylindrical hind body containing the immature gonads. Their metacercariae were 

found free in the vitreous humour of the eyes in farmed fish of tilapia and catfish 

(Fig. 14).

Overall a total of 84 out of the 237 fish examined were infected with the 

Diplostomum spp., giving a prevalence of 35.4 % (Fig. 5 a n d  A p p en d ix  2). In 

tilapia fish, prevalence was 54.3 % (n = 129) while catfish fish had a prevalence of 

16.7 % (n = 108), respectively (Fig. 6 a n d  A p p e n d ix  3). This parasite was found 

in farmed tilapia and catfish, only. Of the 85 farmed tilapia examined, 82.4 % had 

the parasite either free or encysted in the vitreous humor (A p p en d ix  7), while 45 

farmed catfish examined 28.6 % had the helminth (A ppend ix  8). Prevalence in the 

adult and young tilapia was 35.7 % and 18.6 %, while for catfish it was 12 % and

4.6 %, respectively (A p p en d ix  7 and  8). The prevalences in male and female 

tilapia was equal at 27.1 %, while in catfish the female fish had a lower prevalence 

of 15.7 % compared to the male of 17.5 %. (A p p en d ix  7 a n d  8) Wild fish of both 

fish species did not have the parasite. There were significant differences in the 

Diplostomum spp. infection between the farmed and wild, male and female and 

between young and adult tilapia fish (P < 0.05; A p p en d ix  7). In catfish, there was 

a significant difference between wild and farmed fish (P < 0.05) but none between 

the catfish sex and age group (P > 0.05; A p p en d ix  8).
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V
A

Figure 14: A Diplostomum spp. metacercariae isolated from the vitreous humour 

of a catfish (arrow) (X 20)

4.1.2.3.2. Prevalence of C linostom um  species

The metacercariae of Clinostomum spp. (“whitespots”) are yellowish or orange in 

colour and were about 10 cm X 3 cm in size, dorsoventrally flattened, oval, with a 

smooth body with a sucker around the anteroventral mouth and a additional sucker 

or acetabulum. They had a digestive system consisting of a pharynx connected to 

the mouth opening and a short oesophagus and two blind intestinal ceaca (Fig. 15). 

This parasite was isolated from farmed tilapia only and appeared as white spots on 

the skin between or on scales and in the muscles.

Overall, of all the 237 fish examined 8.0 % had Clinostomum spp., white spots 

(Fig. 5 and Appendix 2). A prevalence of 14.7 % (n = 129) in tilapia fish was 

recorded (Fig. 6; Appendix 3). Adult tilapia fish had a prevalence o f 10.1 % (n =
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129), young 4.7 %, while female and male tilapia had prevalences of 8.5 % (n = 

129) and 6.2 % (n = 129), respectively (Appendix 9). Prevalence in farmed tilapia 

was 22.4 % (n = 85) while wild had no parasite. Male tilapia had a prevalence of 

20. 4 % (n = 54), female 10.7 % (n = 75) while in young and adult tilapia the 

prevalences were 10.5 % (n = 57) and 18.1 % (n = 72), respectively. Overall a 

significant difference in the infection between the two fish species was observed (P 

< 0.05), (Fig. 6). In tilapia fish, a significant difference in infection between farmed 

and wild fish was observed (P < 0.05), but there was no significant difference in 

the infestation rate between sexes and the age groups of the tilapia (P > 0.05; 

Appendix 9).

Figure 15: A photomicrograph of Clinostomum spp. metacercariae expressed from 

a white spot from the skin of a tilapia showing the ventral acetabulum 

(arrow) (X10)
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4.1.2.3.3. Prevalence of N ea scu s  species

The metacercariae of the genus Posthodiplostomum or Neascus spp. (“blackspots”) 

were morphologically similar to that of Diplostomum spp. and were isolated from 

black spots on the skin and muscles of farmed tilapia fish only. Overall prevalence 

was 9.7% (n = 237), (Fig. 5; Appendix 2). A total of 129 tilapia fish were 

examined, out of which 17.8 % had the parasite encysted in the skin or in muscles 

(Fig. 6; Appendix 10). Overall prevalences for adult tilapia was 10.9 % (n = 129), 

young 7 % (n = 129) while female and male fish had 10.1 % and 7.8 %, 

respectively (Appendix 10). Prevalence in farmed tilapia was 27.1 % (n = 85); in 

male tilpia prevalence was 18.5 % (n = 54), female 17.3 % (n = 75) while in young 

and adult tilapia the prevalences were 15.8 % (n = 57) and 19.4 % (n = 72), 

respectively. In tilapia fish, a significant difference was noted in infection between 

the farmed and wild fish (P < 0.05) while there was no significant differences in the 

infection rate between fish sex and age groups (P > 0.05; Appendix 10).

4.1.2.3.4 Mean intensity of digeneans

The overall mean intensity of Diplostomum spp. infection was 5.1 parasites with a 

range of 1 -  26 parasites per fish eye. Overall, there were significant differences in 

the mean intensity infection between the fish species wild (P < 0.05). The mean 

Diplostomum spp. intensity in tilapia fish was 6.1 with a range of 1 -  26 parasites 

per fish eye. A mean intensity of 6.1 for farmed and 0 for wild tilapia helminth per 

fish eye was recorded. Adult tilapia had a mean intensity of 5.7 and young 7, while,
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female tilapia had a mean of 6.9 and males 5.8 parasites per fish eye. A significant 

difference was observed in the mean eyefluke intensity between farmed and wild 

tilapia (P < 0.05). No significant differences were seen in the mean intensity 

infestation in the sex and age group of fish (P > 0.05). In catfish, the mean intensity 

of the eye flukes infection was 1.75, with a range of 1 -  5 per fish eye. Mean 

intensity of 1.75 and 0 for farmed and wild catfish, respectively was observed, 

while 2 and 1.4 was noted for females and male of the catfish, respectively. Adult 

catfish had a mean intensity of 2, while, young had a mean of 1. There wasa 

significant difference in maen imtensity of Diplostomum spp. infection between 

farmed and wild fish (P < 0.05). No significant differences were observed in the 

mean intensity of the eye fluke’s infection per eye between the sex and age groups 

(P > 0.05).

The overall mean intensity of Clinostomum spp. in all fish sampled was 2.4 with a 

range of 1 -  7 cutaneous cysts per fish and a mean worm load o f 0 and 2.4 in 

catfish and tilapia, respectively. The overall mean intensity for adult tilapia fish 

was 2.3 and 2.7 for young fish, while in farmed and wild tilapia it was 2.4 and 0 

cysts per fish, respectively. Male tilapia fish had a mean intensity of 2.5 while the 

females had a mean intensity of 2.3 cysts per fish. There were significant 

differences in the mean intensity of Clinostomum spp. cysts between farmed and 

wild (P < 0.05), but no significant differences were observed in the mean intensity 

between the fish sex and age groups (P > 0.05).
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Infection with Neascus species ranged from mild ( 1 - 5 0  cysts), moderate (51 -  

100 cysts) to severe (over 100). The overall mean intensity of Neascus spp. was 9.5 

with a range of 1 - 151 cysts per fish, while mean intensity in tilapia was 17.4. 

Farmed tilapia had a mean intensity of 26.4, females 85, males 115.5, adults 116.3 

while young tilapia had a mean intensity o f 68.4 cysts per fish. There was 

significant difference in infection between farmed and wild tilapia, the sex and age 

groups (P < 0.05).

4 .1.2.4. P revalence o f cestodes

4.1.2.4.1 P revalence o f Proteocephalus species

Proteocephalus species observed were polyzoic tapeworms with lateral follicular, 

vitellaria and a scolex with 4 simple suckers (F ig . 16). The tapeworm had a median 

uterus with lateral branches and lateral vitalleria with irregularly alternating genital 

pores (F ig . 17). Proteocephalus spp. were isolated in only farmed tilapia and wild 

catfish with an overall prevalence of 2.5 % (n =237), (Fig. 5; A p p en d ix  2). Overall 

prevalence in tilapia was 0.8 % (n = 129) and in catfish 4.6 % (n = 108) (A ppend ix  

3). Farmed tilapia had a prevalence of 1.2 % (n = 85), adult 1.4 % (n = 72) and 

male tilapia had 1.9 % (n = 54). Wild tilapia, all young and females did not harbour 

the cestode (A ppendix  11). Wild catfish had a prevalence of 11.1 % (n = 45), adult

8.3 5 (n = 60) and male catfish had a prevalence o f 4.6 % (n = 51). Farmed catfish, 

all young and females did not harbor the cestode (A ppend ix  12). Adult and male 

farmed tilapia had a prevalence of 0.8 % (A p p en d ix  11) each while adult and male
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catfish had a prevalence o f 5.2 % each (Appendix 12). There was a significant 

difference in the tapeworm infection between the fish species (P < 0.05) (Fig. 6; 

Appendix 3). In tilapia, no significant differences were observed in the infection 

between the fish sex, the age groups, the farmed and wild fish (P > 0.05) 

(Appendix 11) whereas in catfish there were significant differences in the infection 

between the fish sex and between the farmed and wild fish (P < 0.05) but none (P > 

0.05) between age group (Appendix 12).

Figure 16: Head region o f an adult Proteocephalus spp. tapeworm from tilapia 

fish with obvious suckers (arrows) X 20
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Figure 17: Lateral vitalleria (arrow) with median uterus (A) with lateral 

branches (B) in Proteocephalus spp. proglottid from 

a catfish (X 40)

4.1.2.4.2 Prevalence of Caryophyllaeidea species

This is non-segmented (monozoic) tapeworm with single set of male and 

reproductive organs, a simple scolex with shallow grooves and suckers (Fig. 18). 

The tapeworm had mid-ventral and posteriorly located genital pores.

This tapeworm was isolated in a wild catfish with an overall prevalence of 0.4 % (n 

=237), (Fig. 5; Appendix 2). Prevalence in the catfish species, farmed, young and 

female catfish was 0.9 % (n = 108). There were no significant differences in the 

infection in the catfish between age groups, sex and the farmed and wild fish (P > 

0.05).

ft
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suckers (arrows) (X 10)

4.1.2.4.3 M ean  in tensity  o f  cestodes

The overall mean intensity of Proteocephalus spp. in all fish was 2.2, with a load 

of 1 -  4 parasites while Caryophyllaeidea  spp. had a mean of 1 per fish. The 

overall mean intensity of P roteocephalus spp. in adult and young fish was 2.4 and 

0, respectively. The catfish had a mean of 2.4 while tilapia had 0.01. Farmed 

tilapia fish had a P roteocephalus spp. overall mean intensity of 1, wild had 0. 

There were significant differences in the overall mean intensities of 

Proteocephalus spp. infection between the species and the farmed and wild tilapia 

and catfish (p < 0.05). No significant difference was observed in the mean
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intensities between the sex and age groups of both fish species (P > 0.05). The 

overall mean intensity of Caryophyllaeidea spp. infection in the catfish and tilapia 

was 0.01 and 0, respectively, while in adult and young fish it was 0 and 0.01, 

respectively. Farmed fish had an overall mean intensity of 0 while wild had 0.01. 

Male fish had an overall mean intensity of 0.01 while females had 0. There was a 

significant difference in the overall mean intensity between ages (P < 0.05) but 

none between the species, the sex and between the farmed and wild catfish (P > 

0.05).

4.1.2.5 Prevalence of A ca n th o cep h a lu s  species

These worms were tiny, bilaterally symmetrical worms, pseudocoelomate and 

lacked an alimentary canal. They possed a spined retractable proboscis, (thus 

“thorny headed worms”), that was sometimes invaginated in a saccular receptacle 

and used for attachment to the intestinal mucosa (Fig. 19 and 20). A big number of 

immature acanthors with ovarian balls in the coelom were also seen (Figure 21). 

Both male and female worms were isolated, with an obvious membranous bursa of 

the male being prominent.

Overall prevalence of Acanthocephalus spp. infection was 13.9 % (Fig. 5; 

Appendix 2). These worms were isolated in tilapia fish only with a prevalence of 

25.6 % (Fig. 6; Appendix 3). Farmed tilapia had a prevalence of 15.5 % (n = 129), 

wild 10.1 % (n =129); male tilapia had a prevalence of 13.2 % (n = 129), female 

12.4 % (n = 129), whereas young and adukt tilapia had prevalences of 5.4 % (n =
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129) and 20.2. % (n = 129), respectively (Appendix 14). Prevalence of in farmed 

tilapia was 23.5 % (n = 85), wild 29.5 % (n = 44); in males prevalence was 31.5 % 

(n = 54), in females 21.3 % (n = 75) while in young and adult tilapia the prevalence 

were 12.3 % (n = 57) and 36.1 % (n = 72), respectively. A significant difference 

was observed in infection between adult and young tilapia (P < 0.05) but none (P > 

0.05) in between the sex and farmed and wild tilapia (Appendix 14).

4.1.2.5.1 Mean intensity of A can th o cep h a lu s  species

The overall mean intensity of Acanthocephalus spp. in tilapia fish was 5.4 with a 

range of 1 -  27. Mean intensity in wild tilapia fish was 8.2 while farmed tilapia had

3.5 worms per fish. Female and male tilapia fish had worm intensities of 5.5 and

5.2 worms per fish, respectively. Mean intensity in farmed and wild tilapia was 3.5 

and 8.2 worms per fish while adult and young tilapia mean intensities were 4.7 and 

7.7 worms per fish, respectively. There were significant differences in the mean 

worm intensities between the farmed and wild tilapia and between the age groups 

(P < 0.05). There were no significant differences in the worm intensity between the 

sex of tilapia fish (P > 0.05).
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Figure 19: An Acanthocephalan worm with a protruding probosci armed with 

hooks (arrow) from tilapia fish (X40)

Figure 20: Acanthocephalus spp. with an invaginated proboscis (arrow) from a 

tilapia fish (X10)
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Figure 21: A female Acanthor from an intestinal cyst in tilapia fish showing free 

ovarian globules in the coelom (arrow) (X 10)

4.2 Prevalence of ectoparasites

Out of the 237 tilapia and catfish examined, 85.7 % (203/237) harboured 

ectoparasites. The major ectoparasites encountered were in the genus 

Piscinoodinum 25.3 %, Trichodina 18.6 %, Ichthyophthirius 2.1 %, Ambyphrya

1.3 %, Amyloodinum, Ichthyobodo spp 1.3 %. and aquarium mites. Farmed fish 

had a higher prevalence o f ectoparasites (tilapia -  38.8 %; catfish -  30.6 %) 

compared to wild fish (tilapia -  6.2 %; catfish -  1.9 %). Prevaence of ectoparasites 

in tilapia was 27.9 % Piscinoodinum, 24.1 % Trichodina, 15.5% 7% Lamproglena 

spp. 3.9 % aquarium mites and 2.3 % Ichthyophthirius. Prevalence in catfish was 

12.0 % Trichodina, 1.9 % Ichthyophthirius, 2.8 % Ichthyobodo, 27.9 %
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Piscinoodinum, and and 0.9 % aquarium mites. Only farmed tilapia had 

Lamproglena spp. while Ichthyobodo spp. was found in farmed catfish. The 

prevalences of ectoparasites are summarized in Fig. 22 and Appendix 15. Overall, 

there was no significant difference in ectoparasite infestation between tilapia and 

catfish sampled (P > 0.05), except in Trichodina and Lamprolegna spp infestation 

(P < 0.05; Appendix 15).

■ Tilapia

■ Catfish

Figure 22: Percent prevalence of ectoparasites recovered from tilapia and catfish 

species in the field study

4.3 Gross and microscopic lesions in tilapia and catfish

In the market study, grossly, the common carp (Cyprinus carpio) and Barbus spp. 

(barbus) did not have worms although they had worm lesions. A total of 5/43 (2/43
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tilapia, 2/43 barbus and 1/43 common carp) had swellings around the mouth, while 

2 tilapia had grayish lesions on the intestines. Other lesions observed grossly were 

heamorrhages on the skin, base of fins and eyes in 25/43 (7/43 catfish, 7/15 tilapia, 

5/7 common carp and 6/10 Barbus) fishes. Muscular haemorrhages were seen in 

15/43 fishes (8/11 catfish, 3/15 tilapia, 3/10 barbus and 1/7 common carp) and 

exophthalmia was seen in one tilapia. Severe peritonitis characterized by blood 

stained ascitis, fibrin and adhesions around the Contracaecum spp. larvae and 

organs in the peritoneal cavity was observed in 10/11 (91%) of the catfish and one 

tilapia fish.

On histological examination of the tissues, four 26.7% (n = 15) tilapia fish had 

parasites. One of these had a pleurocercoid tapeworm stage in the bile duct in the 

liver. This parasite caused bile duct dilatation, pressure atrophy of liver 

parenchyma and necrosis of adjacent pancreatic acinar cells (Fig. 23). Another one 

had a Cryptocotyle-like parasite in the gill arches that was surrounded by intense 

inflammation (Fig. 24), while parasitic granulomas in the intestines were observed 

in the other two tilapia fish (Fig. 25).

All Contracaecum spp. infected catfish and tilapia showed severe infiltration of 

mononuclear and polymorphonuclear cells as well as fibroblasts into the 

mesenteries, intestinal and stomach serosal surfaces. The fish with the swollen 

mouth areas showed inflammation of the bucco-pharyngeal region with 

pyogranulomatous lesions, characterized by heterophils, plasma and other
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mononuclear cells. One barbus spp. had a purulent peritonitis characterized by 

heterophils and mononuclear cells (Fig. 26 and 27).

In the field study, a total of 237 fish were examined for gross and microscopic 

lesions in the gastrointestinal tract and other organs. A total of 15.6 % of the fish 

examined had gross lesions of which tilapia fish accounted for 51.9 % while those 

of catfish were 48.1 % (Appendix 16). Farmed tilapia had a higher mean 

prevalence of gross lesions than wild tilapia at 6.7 % and 3.1 %, respectively while 

in catfish, the wild (13 %) had higher than the farmed (6.5 %) (Appendix 17 and 

18). Peritoneal and mesenteric adhesions were seen in 28.3 % of Contracaecum 

spp. infested fish. Gross lesions in tilapia had a mean prevalence of 9.7 % with 

visceral organs peritoneal adhesions having a prevalence of 3.1 % (Appendix 17). 

In catfish, the mean prevalence of gross lesions was 19.4 % with peritoneal 

adhesions having a prevalence of 58.3 %. (Appendix 18). The mean prevalence of 

microscopic lesions in all fish was 17.2 % (Appendix 19) with tilapia having a 

prevalence of 22.7 % (Appendix 20), while catfish had 18.0 % (Appendix 21). A 

significant difference was noted in organ adhesions between tilapia and catfish (P < 

0.05) but none was noted in the overall gross lesions between the tilapia and catfish 

(P > 0.05), (Appendix 17 and 18).
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F ig u re  23: Tapeworm pleurocercoids (arrow) in the bile duct of a tilapia 
causing pressure atrophy of bile duct epithelium (A), liver parenchyma 
(B) and necrosis of pancreatic acinar (C) (H & E; X 40)

F ig u re  24: Cryptocotyle -  like parasite (A) on the gill arch and accompanying 
cellular inflammation (B), (H & E; X 40)
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F ig u re  25: Numerous parasitic granulomas in the intestinal wall of a tilapia fish
(arrows) (H & E; X 40)

* ig u re  2t>: intestinal wall (A) and peritoneum (B) of Barbus spp. fish showing severe 
inflammation (arrow) (H & E; X 10)

i
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F ig u re  27: A higher magnification of figure 25, showing inflammatory cells: 
heterophils -  B, plasma cells -  C, macrophages -  E and lymphocytes 
-  D (H & E; X 40)

4.3.1 L esions in the  g a s tro  in testina l tra c t

4.3.1.1 S tom ach

No gross lesions were observed in the stomachs of fish examined but 

microscopically, 25.7 % (n  = 237) of all fish examined had changes of which 23.4 

% (n = 64) was attributable to parasites (F ig . 28; A ppend ix  19). Stomachs in 

tilapia and catfish had microscopic lesions at prevalences of 27.1 % (n = 129) and

26.9 % (n =108), respectively (A ppendices 20 a n d  21) while tilapia, 8.6 % of the 

lesions were associated with Contracaecum spp. larvae, in catfish 41.4 % of the 

lesions were attributed to Contracaecum spp. and Paracamallanus spp. In both 

tilapia and catfish, the lesions observed were desquamation of the epithelium, 

hyperplasia of goblet cells and exudates in the lumen (Fig. 29). Infiltration of
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eosinophils, neutrophils, fibroblasts and macrophages into the lamina propria was 

observed in these stomachs. Contracaecum spp. larvae sections encapsulated in 

fibrous capsules in the lamina propria and muscularis were seen in both tilapia and 

catfish (F ig . 30). The lesions in catfish were related to the helminths (P < 0.001; 

A p pend ix  22).

4.3.1.2 In te s tin es

Grossly, 0.42 % (1/237) intestines examined had white parasitic cysts visible on the 

serosal surface of the intestines (A ppend ix  16). On incision, the cysts contained 

juvenile acanthocephalans, acanthors, which had free ovarian globules free in the 

coelom. O f the intestines examined, 41.8 % (n = 237) had lesions, of which 67.7 % 

(n = 99) were attributable to helminth parasites. (F ig . 28; A p p en d ix  20). Of the 

intestines of tilapia examined microscopically, 38 % (n = 129) had lesions with 51 

% (25/29) of these, attributed to Contracaecum larvae, Acanthocephalus spp. and 

Proteocephalus spp. (A p p en d ix  20). In catfish, 46.3 % (50/108) intestines had 

lesions with 84 % (42/58) of these attributed to the helminths in the genus 

Paracamallanus spp, Contracaecum spp, Proteocephalus and the family 

Caryophyllaeidae (A p p en d ix  21). The lesions observed were desquamation of 

villi, necrosis and flattening of the columnar epithelium and pinkish detritus 

exudates into the lumen. Infiltration of macrophages, lymphocytes, plasma cells 

and eosinophilic granulocytes (F ig . 31) into the lamina propria was also noted in
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the intestines affected. The helminths were related to the pathological lesions (P < 

0.001; Appendix 22).

4.3.2 L esions in o th e r  o rg an s

4.3.2.1 E yes

Forty seven point eight percent (113/237) of the eyes examined, had gross lesions. 

Of these tilapia had 77.9 % (88/113), while catfish had 22.1 % (25/113), 

(A p p en d ix  16). These included heamorrhages, cysts, exophthalmia, opacity and 

congestion. There aws a relationship between opacity and the parasites (P < 0.001; 

A p p en d ix  22).

4.3.2.2 L iv e r

Grossly, 4.2 % (n =237) of the livers examined had lesions, which included 

paleness, heamorrhages and white-grayish nodules. Of the liver gross lesions, 

tilapia fish had a higher prevalence of 90 % (9/10) while catfish accounted for 10 

% (1/10), (A ppend ix  16). Microscopically, 38.8 % (n = 237) of the livers had 

lesions of which, 84.9 % (n = 92) were attributable to parasites (Fig. 28 ; A ppend ix  

19). Forty three point four percent (n = 129) tilapia livers had microscopic lesions, 

with those attributable to parasites being 48.2 % (n = 56), while in catfish 33.3 %

(n = 108) had microscopic lesions, with none being attributable to parasites
V*

(A p p en d ix  19). These lesions were centri-lobular necrosis of hepatocytes, 

parasitic tracts in the liver parenchyma and extensive infiltration of
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melanomacrophages (Fig. 32 a n d  33). Sections o f Acanthocephalus spp. worms in 

bile ducts and portal vessels caused vasculitis, pressure atrophy of the bile duct 

columnar epithelium and destruction of the endothelium. Cholestasis due to 

blockage in the bile ducts by the parasites was also observed. Infiltration by 

melenomacrophages, lymphocytes, plasma cells and eosinophilic granulocytes was 

also noted. The helminths associated with the lesions in tilapia fish were identified 

as Acanthocephalus spp. (F ig . 34 and  35). The lesions in tilapia were related to 

helminths (P < 0.001; A p p en d ix  22).

4.3.2.3 Skin

Of the fish skins examined grossly, 52.3 % (n = 237) had lesions of haemorrhages 

and parasitic cysts of which, tilapia fish had 62.1 % (n = 124) while catfish had a 

prevalence of 37.9 % (A p p en d ix  16). Microscopically, 23.2 % (n = 237) of the 

skin sampled had lesions, of which 78.2 % (n = 55) were associated with parasites 

(F ig . 28; A ppend ix  19). Of the tilapia skins sampled, 52.7 % (n = 129), had 

microscopic lesions, with 63.2 % (n = 68) related to parasites while in catfish, 11.1 

% (n = 108) of the skins had microscopic lesions which were not related to any 

helminth (A ppend ix  20 a n d  21). Microscopic lesions included fibrous 

encapsulation of metacercariae, proliferation of goblet cells, and infiltration of 

melanomacrophages into the dermis around the cyst and pressure atrophy of 

neighbouring tissue (Fig. 36). The lesions were related to parasites in tilapia (P < 

0.001; A p p en d ix  22).
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4.3.2.4 S keleta l m uscles

Skeletal muscle hemorrhages were the gross lesions observed in all the fish 

examined. Overall prevalence of these hemorrhages was 23.2 % (n = 237) of which 

tilapia and catfish accounted for 3.6 % (n = 55) and 96.4 % (n = 55), respectively 

(A p p en d ix  16). In the tilapia fish examined, 1.6 % (n = 129) of the muscles had 

gross lesions, while in catfish it was 49.1 % (n = 108), (A p pend ix  17 an d  18). 

Microscopically, 4.6 % of all muscles examined had lesions (Fig. 28 ; A ppend ix  

19). In tilapia, microscopic muscle lesions prevalence was 5.4 % while in catfish it 

was 3.7 % (A ppend ix  20 a n d  21). The lesions seen were sections of metacercariae 

in fibrous capsules infiltrated by melenonomacrophages with atrophy, degeneration 

and necrosis of muscle fibers.

4.3.2.5 H e a r t

Of the hearts examined grossly, none had gross lesions, but 6.3 % (Fig. 28; 

A p p en d ix  16) had microscopic lesions that involved necrosis of myocytes, 

infiltration of mononuclear inflammatory cells and eosinophilic granulocytes into 

the spongy and compact muscle layers of the ventricle. In tilapia, 7.8 % of the 

hearts and 4.6 % in catfish had microscopic lesions (A ppend ix  20 a n d  21). The 

lesions were not related to the helminth parasites (P > 0.001).
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4.3.2.6 S pleens

Twenty-one point nine percent (n = 237) of the fish spleens examined had 

microscopic lesions but no gross ones (F ig  28; A p p en d ix  19). In tilapia 18.6 % (n 

= 129) of the spleens had microscopic lesions while in catfish the prevalence was

25.9 % (n = 108) (A p p en d ix  20 an d  21). The lesions were mainly severe 

proliferation of melanomacrophage centres, congestion and increase o f the white 

pulp and were not related to the helminth parasites (P > 0.001).

4 3.2.7. Gills.

Grossly 4.6 % (n = 237) of the gills had gross lesions which were heamorrhages 

and paleness of which; tilapia fish had a prevalence of 45.5 % (n = 129), while 

catfish had 54.5 % (n = 108) (A p p en d ix  16). On microscopic examination, 22.4 % 

(n = 237) of all the gills examined had lesions (F ig . 28; A ppend ix  19). In tilapia, 

the prevalence of microscopic lesions was 13.9 % (n = 129), while in catfish 13.9 

% (n = 108) (A ppend ix  20 a n d  21). These microscopic lesions were proliferation 

of goblet and chloride cells at distal lamellae, telangiectasis, hypertrophy and 

necrosis of the epithelium leading to clubbing. Some sections of ectoparasites were 

observed in the epithelium. There was also infiltration of macrophages, 

lymphocytes and eosinophils in the interstitial spaces. There was no statistical 

association of the lesions with the helminth parasites.
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4.3.2.8 K idneys

One point seven percent (n = 237) and 15.6 % (n = 237) of all kidneys examined 

had gross and microscopic lesions (Fig. 28; A p p en d ix  16 an d  19). Kidney gross 

lesions were white cysts and paleness, while microscopic lesions showed the 

proliferation of melanomacrophages centres, pinkish exudates in the tubules and 

infiltration of lymphocytes, heterophils and eosinophillic granulocytes into the 

interstitium. There was no relationship of the lesions to the helminth parasites (P > 

0.001).

4.3.2.9 O th e r  o rg an s

Overall, grossly 11.4 % of the operculum, 2.1 % catfish aborescent organs, and 0.4 

% buccal cavities had heamorrhages (A p p en d ix  16). Minimal lesions were 

observed in the reproductive organs, with 0.4 % of testis examined showing gross 

lesions of heamorrhages (A p p en d ix  16) and 1.7 % showing microscopic lesions of 

proliferation of melanomacrophages, infiltration of eosinophillic granulocytes and 

loss of germinal epithelium (F ig . 28; A p p en d ix  19). There was no o f the lesions to 

the helminth parasites (P > 0.001).
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F ig u re  28: Overall prevalence o f microscopic lesions in different organs of all fish 

examined

F igure  29: Desquamated villi (A), luminal exudates (B ) and helminth sections (C) 

in a catfish stomach (H & E; X 20)
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F ig u re  30: Lamina muscularis of a catfish stomach with cross section of the

Contracaecum 3rd stage larvae (arrows) in a fibrous capsule (H & E; X 20)

F ig u re  3 1 : Lamina propria of a tilapia intestine with infiltration of eosinophillic

granulocytes (arrows) X 40

I
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F ig u re  32: Eosinophilic granulocytes (black arrow) and melanomacrophages
(white arrow) and other inflammatory cell infiltration into the liver 
parenchymaof a tilapia fish (H & E; X 20)

F ig u re  33: A tilapia liver with a section of a helminth (A) on its migration tracts 

(arrow) (H & E; X 40)

l
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tilapia bile duct showing the hooks with accompanying epithelial 
atrophy (arrow) (H & E; X 40)

F ig u re  35 : A section of Acanthocephalus spp. (arrow) within a hepatic blood 

vessel in a tilapia fish (H & E; X 40)

I
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F ig u re  36: A Neascus spp. metacercariae (A) in the dermis of a tilapia

encapsulated by double wall of inner fibrous tissue (white arrows) 

and melano-macrophages (black arrows) (H & E; X 40)

i
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C H A P T E R  F IV E

D ISC U SSIO N , C O N C L U S IO N S  A N D  R E C O M M E N D A T IO N S

5.1 D iscussion

This study has shown that market fish, wild and fanned fish from Tana River basin 

in Kenya are often infected with helminths that cause both gross and microscopic 

pathological changes. The helminths recovered from this study were nematodes: 

Contracaecum and Paracamallanus spp.; trematodes (digeneans): Diplostomum, 

Clinostomum, Neascus spp.; cestodes: Proteocephalus and Caryophyllaeidea spp.; 

Acanthocephalans: Acanthocephalus and Cryptocotyle-like spp.

Overall, helminth prevalence was 65.8 % (n = 237) for the field study fish while 

the market fish had a prevalence of 50 % (n = 43). The difference could be due to 

the less fish with trematodes that were possibly rejected before reaching the market 

on aesthetic reasons, though this was not confirmed. Ectoparasites were also 

prevalent (7.8 %) in the field fish, with Piscinoodinum and Trichodina spp. being 

most prevalent. Most ectoparasites could have died off or lost in handling during 

transportation to sampling sites. There was no significant difference observed in 

the mean prevalence of total helminth infestation between tilapia (68. 4%) and 

catfish (61.2 %) examined from the field study, thus suggesting that helminth are a 

general problem in the study area.

Nematodes comprised the larger percentage of helminths recovered at a prevalence 

of 30.3 % and 45.3 % in the market and field study, respectively. Trematodes 

(digenean) parasites (41.5 %) and tapeworms (4 .6  %) in the field and market
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studies, respectively, were the next prevalent helminths. This is similar to other 

previous findings of helminth infections in Africa by other works (Douellou, 1992 

a, b; Barson and Avenant-Oldewage, 2006). The nematodes were more prevalent 

in wild fish compared to farmed ones, while the digeneans were more prevalent in 

the farmed fish. This high prevalence of the nematodes in the wild may be 

attributed to the high abundance of the definitive piscivorous birds in the wild, 

especially around Masinga dam. In the farmed fish, management practices such as 

proper stocking, proper environmental conditions, reduced pollution and enhanced 

predator control may have contributed to the lower incidence of nematodes. The 

high prevalence of digenean helminths in the farmed fish may be attributed to the 

good mesotrophic ponds with a good continuous water exchange, fringed by 

trailing weeds in the Sagana Fish Breeding farm which offered good conditions for 

the propagation of the intermediate hosts, the snails. These conditions may further 

attract the definitive hosts, the piscivorous birds, (Papema, 1980).

The two nematodes recovered in this study have been reported elsewhere in 

African and this country at variable prevalences (Malvestuto and Ogambo- 

Ongoma, 1978; Boomker, 1982; Aloo, 2002; Adikwa and Ibrahim, 2004; Barson, 

2004) in lakes, but have not been reported in aquacultural and riverine systems in 

Kenya. In addition, Zekarias and Yimer (2008), in their study at Lake Awassa in 

Ethiopia, found the nematode Eustrongylides spp., which was absent in this study. 

Contracaecum spp. was more prevalent in both tilapia and catfish at 33.8 %, while 

Paracamallanus spp. was recorded in catfish only at a prevalence of 52.8 %.
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Contracaecum spp. as in most of the Anisakidae family are intermediate host 

unspecific. Similar results and sometimes with even higher infections were 

recorded in other fish species in Colombian and Brazilian marshes and rivers 

(Mauricio et al, 2003; Olivero - Verbel et al. 2006). In Kenya, Aloo, (2002) 

recorded the Contracaecum spp. in Oreochomis leucocystis and Tilapia zilli from 

Lake Naivasha and Oloiden bay while Barson (2004) reported the occurrence of 

the 3rd stage Contracaecum species in catfish (Clarius gariepinus) from Lake 

Chivero, Zimbabwe. However, there are no previous records of its occurrence in 

River Tana and farmed fish in Kenya. Neither has it been reported in catfish in 

Kenya.

In the field study, Contracaecum spp. infection in catfish (59.2 %) was higher 

compared to tilapia (12.4 %). Branchial area infection in tilapia was higher (9.3 %) 

than abdominal cavity (3.1 %), whereas in catfish abdominal cavity infection was 

higher (55.6 %) than branchial (3.6 %). There could be a predilection difference in 

the two fish under the study. Comparison of abdominal and branchial 

Contracaecum spp. infestation has not been done before. These findings suggest 

that Contracaecum spp. predilection site in tilapia is the branchial area whereas in 

catfish, it is in the abdominal cavity. The fish immune systems may be involved in 

the arrest of their migration forming fibrous capsules around them. These findings 

are like those by Papema (1974), Malvestuto and Ogambo - Ongoma (1978) and 

Barson and Avenant-Oldewage (2006) in overall prevalences in tilapia and catfish; 

however, these authors did not compare Contracaecum spp. infection prevalences
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between catfish and tilapia; branchial and abdominal infectivity and intensities as 

in this study. The overall mean intensity of the Contracaecum spp. at 103.4 with a 

range of 1- 846 in all fish, tilapia 3.4 (1- 15 worms) and catfish 128.3 (1 -  846) 

worms per fish was much higher than that reported by Barson and Avenant -  

Oldewage (2006) who got a mean intensity of 16.3 (range 3—44) in catfish from 

Rietvlei dam even though prevalences and intensities of up to 100 % and 700 -  

2000 worms per fish have been reported elsewhere (Mashego and Saayman, 1981; 

Boomker, 1982).

Prevalences of Contracaecum spp. in wild tilapia (11.6 %) and catfish (40.7 %) 

were higher than those in farmed fish at 0.8 % and 18.5 %, respectively. This may 

be attributed to the high abundance of the definitive piscivorous birds in the wild 

compared to the farms where the use of repulsive and deterrence methods of 

shotguns, slings and scare-crows was observed. Alternatively, it may be a parasite 

of wild fish more than farmed fish. The prevalence and intensities in catfish of 

Contracaecum spp. infection was higher than in tilapia. This could be a parasite of 

catfish more than tilapia. However, tilapia may have a low prevalence due to the 

fact that the fish are more of herbivores and are more likely to get the infection 

directly from the environment than the catfish which are voracious omnivorous 

that will feed on all intermediate hosts including other smaller fish including their 

young ones, who may be infested, thus accumulating the worms (Malvestuto and 

Ogambo-Ongoma, 1978).
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There was a higher prevalence and intensity in adult than young tilapia and catfish 

may be due to the accumulation of the worms over a longer period and their larger 

size which tend to be too big for the piscivorous bird, which will feed on small and 

medium sized fish (Gichohi et al., 2008; Zekarias and Yimer, 2008). However, a 

study in Insukamini Dam, Zimbabwe, did not observe any Contracaecum spp. in 

catfish but they were there in Oreochromi mossambicus and Serranochromis 

robustus at prevalences o f 11.1 % and 40 %, respectively (Moyo and Yalala, 

2009). They did not however compare the prevalence in the age and sex groups of 

fish. The male fish in catfish had higher prevalence and intensity compared to the 

female ones. Maybe the male fish are more aggressive and tend to spend more 

time feeding than the females, thus collecting more helminths from the water 

enviroment. There were no significant differences in the prevalence and intensities 

between the sex in both fish species.

This study documents for the first time Paracamallanus spp. in catfish from River 

Tana basin, Kenya. These helminths were isolated in catfish only and mainly from 

the intestines with a few from the stomach and are generally parasites of the 

gastrointestinal tract as reported by FAO (1996 b) and Ayanda (2009). The 

Paracamallcmus spp. prevalence in catfish this study was 52.8 % while mean 

intensity was 6.1 worms per fish (range 1-41), while Boomker (1982) reported

53.5 % in South African fresh water fish which was much higher than that 

recorded by Ayanda, (2009) in catfish of 5.625 % in Nigeria. There has been no 

other such study done in Kenya. Adikwa and Ibrahim (2004) recorded two
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carnal Ian id nematodes (Paracamallanus and Procamallanus spp.) in catfish with a 

prevalence of 40.9 % in Kano, while Akinsanya and Otubanyo (2006) recorded 

low prevalence of Paracamallanus spp. in Lekki lagoon in Lagos Nigeria, 

suggesting that this nematode is a fresh and brackish water parasite in Nigeria. In 

this study Procamallanus spp. were not found. Akinsanya et al. (2007), also 

found Paracamallanus spp. in African silver catfish (Chrysichthys nigrodigitatus), 

suggesting that the helminth may be genus specific in catfish but species 

unspecific. Infection in the wild catfish (37 %) was higher than in farmed (17 %) 

which maybe due to the better availability of the copepod intermediate host. 

Ayanda (2009), in his study of farmed and wild catfish in Nigeria, recovered 

camallanids (5.625% for Paracamallanus spp. and 0.625% for Procamallanus 

laevionchus) in only wild catfish. Like in studies with silver catfish, elsewhere 

there were no significant differences in prevalence and intensities of 

Paracamallanus spp. infection in Clarias gariepinus between the sex, but there 

was significant difference in infestation in the silver catfish between the length and 

the weights (Akinsanya et al., 2007), which were not measured in this study.

Three species of digenetic trematodes were recorded in this study. These were 

Diplostomum, Clinostomum and Neascus spp. Diplostomum spp. overall 

prevalence was 35.4 % with a mean intensity o f 5.2 metacercanae per fish and a 

range of 1 -  26. Prevalence in tilapia was higher at 54.3 % with a mean intensity 

of 2.4 worms per fish and a range of 1 -  26, while catfish had a prevalence of 18 

% and mean intensity of 1.8 worms and range of 1 -  5 per fish. This was in
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agreement with the findings by Violante-Gonzalez el al. (2009) in Mexico in 

tilapia. Otachi (2009) working with farmed open and caged pond tilapia in Central 

and Eastern Kenya isolated mainly free living diplomastid; Tylodelphis spp. in the 

vitreous humour of fish at prevalences of 47.25 % / 41.58 % (mean intensity -  7/4) 

in open/caged pond and 25.68 % (mean intensity -  13.5) tilapia in Machakos and 

Sagana. He did not compare the Diplostomastid infection in tilapia and catfish, 

neither did he examine the fish in the wild. Only farmed tilapia and catfish had the 

parasite indicating that the intermediate host, the common snails (Bulinus 

truncates, Lymnnae and Melanoides tuberculata), were in abundance in the farms 

as compared to the riverine system. Studies undertaken elsewhere have shown that 

prevalence of Diplostomum spp. is directly related to the density of the Lymnnae 

spp. intermediate hosts (Voutilainen et al., 2008). In addition, Diplostomum spp. 

metacercariae eye infections have been found to increase the vulnerability of the 

affected fish to predators by changing their behavior and by coming much often to 

the surface, where they become easy targets for the predators (Seppala et al., 

2004).

Due to control of predators in fish farms in contrast to the wild, Diplostomum spp. 

infested fish will tend to survive more compared to the wild where they will 

certainly be predated by the piscivorous birds. Otachi (2009), attributes the 

differences in prevalences to varying water temperature and caging. In addition, 

the increased stocking density in fish farms compared to the wild may enhance the 

infestation rates in those fish (Karvonen et a l, 2005; Violante-Gonzalez et al.,
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2009). Significant differences in the infestation between the ages which has not 

been compared elsewhere may be attributed to longer exposure period of the 

adults.

Neascus and Clinostomum spp. were isolated in only farmed tilapia at prevalence 

of 17.8 % (N = 129) and 14.7 % (N = 129), respectively, but not in catfish. The 

infection in the farmed tilapia like in Diplostomum spp. infection was probably 

due to the abundance of the intermediate hosts, the common snails and the 

increased stocking density. Significant differences were observed in infection 

between the farmed catfish and tilapia as the parasites seem to prefer the tilapia 

fish where it may encyst under the scales. Fish digeneans are intermediate host 

specific, their occurrence is dependant on the availability of particular snail species 

in the particular waters. They have thus been suggested as possible biological 

monitors of fish migration and water quality (Overstreet and Howse, 1977; 

Mackenzie, 1983; Lester, 1990).

The predilection site of Clinostomum spp. in this study was the skin, while 

Zekarias and Yimer (2008) in Awassa dam in the Ethiopia observed Clinostomum 

spp. in branchial cavity in tilapia, suggesting that these were different species. In 

addition they also found Euclinostomum spp. in the branchial cavity, liver, kidney 

and gall bladder and an unidentified large digenean spp. in between the teeth and 

cranium in tilapia and a digenean metacercaria in brain tissue in Clarias 

gariepinus. These digeneans were not found in this study. Dayhoum (2003), in 

Egypt observed Clinostomum tilapiae parasitizing fish in very high prevalences in
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the viscera, while Aloo (2002) found Clinostomum spp. on the skin of tilapia fish 

in Lake Naivasha and Oloiden bay in Kenya. FAO (1996 b) and Ukoli (1969) 

suggest transcontinental distribution of metacercariae infestation of Neascus, 

Clinostomum, Euclinostomum, Centorcestus, Phagicola and Haplorchis spp. 

following the migration pattern of the definitive hosts, the piscivorous birds.

In this study two species o f tapeworms (Proteocephalus and Caryophyllaeidea 

spp.) were recovered. Proteocephalus spp. was more prevalent (2.5 %) than 

Caryophyllaeidea spp. (0.4 %). Gichohi et al. (2008) reported the occurrence of 

Proteocephalus spp. in market catfish at 9.1 % while Aloo (2002) reported the 

occurrence of Armirthalingamia and Cyclustera spp. in tilapia in Lake Naivasha 

and Oliden bay. Ayanda (2009) reported prevalences of 1.3% for Amonotaenia 

spp. and 3.8% for Polyonchobothrium clarias in Clarias gariepinus in Ilorin, 

North -  Central Nigeria. Adikwa and Ibrahim (2004), reported occurrence of 

Polyonchobothrium spp. and Monobothroids spp. in C. gariepinus in Kano, 

Nigeria. Dayhoum (2003) reported the occurrence of cestodes at 4 % prevalence in 

Clarias spp. and Tilapia spp. in varying prevalences in different inland waters in 

Egypt. Mean intensity was 0.1 tapeworms per fish, with range o f 1 -  4, while 

Moyo et al. (2009) reported prevalences of 60 % Bothriocephalus acheilognathi 

(mean intensity -  5), 80% Polyonchobothrium clarias (mean intensity -  5), and 80 

% Proteocephalus glanduliger (mean intensity -  1) in Claras gariepinus and no 

cestode in Oreochromis macrochir, Oreochromis mossambicus and
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Serranochromis robustus in Insukamini Dam Zimbabwe, which was much higher 

than in this study.

Acanthocephalus spp. was observed in tilapia (Oreochromis nilotica) fish at a 

prevalence of 25.6 %, with a mean intensity of 5.4 and a range of 1 -  27 worms 

per fish. This is unlike previous findings of 63 % (range of 0 -  100) prevalence 

recorded in Ancaththogyrus tilapiae infection in Lake Kariba (Doellou, 1992 a; b), 

Neoechinorrhynchus rutili infestation seen in two tilapia fish species in Egypt of

62.9 %, 71.4 % (Dayhoum, 2003). Aloo and Dezfuli (1997) reported prevalences 

of 30.4 % to 86 % of cystacanths Polyacanthorhyncus kenyensis infestation in 

Oreochomis leucostiticus in Lake Naivasha. Riverine and aquaculture set-up 

appear to have low prevalences. In the Sudan Nile, Khalil (1969) reported 

abundant Tenuisentis niloticus infestation of 93 % (range of 5 -  27), in Heterotis 

niloticus, 26 % Neoechinorrhynchus spp. ( 6 - 4 3 )  in Citharus citharus and 60 % 

unidentified acanthocephalan (2 — 5) in Synodontis batensoda, whose intensities 

are close to those in this study. There were no significant differences in the 

prevalences between the farmed and wild tilapia (Oreochromis nilotica) and 

between the sex .However a significant difference was observed in the age groups 

(P > 0.05). This is probably because the intermediate hosts, the amphipod; 

copepods, isopods, and ostracods maybe well distributed in these waters. 

Ectoparasites showed a low overall prevalence in all fish examined, with 

Piscinoodinum spp. and Trichodina spp. being the most prevalent. Ubiquitous 

ectoprotozoan parasites are cosmopolitan due to transcontinental dispersion
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through cultured tilapia and carp and have been implicated in mass mortalities of 

tropical marine and fresh water fish (Papema, 1980). The higher infection in 

farmed fish may be attributed to the higher stocking density of fish in the farm 

thus aiding in spread through contact and can take the infection to wild fish.

Gross and microscopic lessons associated with the helminths were recorded in 

different organs and tissues of apparently healthy looking fish in this study. 

Grossly, there was haemorrhages of the abdominal wall muscles in the 

Contracaecum spp. infested fish, some of these lesions were similar to those 

reported by Mbahinzireki (1980), FAO (1996 b) and Elarafi (1991, 1992) in 

various fish species, however they did not describe severity of the lesions. The 

microscopic examination of the stomach infested with Contracaecum and 

Paracamallanus spp. showed desquamation o f the epithelium, proliferation of 

goblet cells and pinkish exudates in the lumen. Cellular reaction involved 

infiltration of eosinophils, lymphocytes, fibrocytes and macrophages in the lamina 

propria. Some worm sections encased in fibrous capsule in the lamina muscularis 

were also observed. El-Din et al. (2009) reported secretion of mucus on mucosal 

epithelium, hyperplasia of goblet cells, cellular infiltration, degeneration of 

connective tissue and formation of compact connective tissue around the 

Procamallanus laevionichus in Clarias gariepinus in Egypt. The lesions in this 

study were mild to severe and would most probably affect the growth of fish. 

Though most authors declare that there is no clear observable effect of the 

Contracaecum spp. infestation in fish, no studies have been undertaken to prove
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this, by comparing growth rates of infested and non infested fish of same age and

size.

The intestines of the catfish which had the nematodes Paracamallanus and 

Contracaecum spp and cestodes Proteocephalus and Caryophyllaeidea spp 

showed villi desquamation, necrosis and flattening of the columnar epithelium. 

Pinkish exudate in the intestinal lumen, with infiltration of heterophils, 

lymphocytes and eosinophilic granulocytes into the lamina propria was also noted. 

These lesions will most probably affect food absorption efficiency, and subsequent 

reduction in growth rates. Some parasite sections were also observed in the lamina 

muscularis of the intestines, with accompanying proliferation of fibroblasts and 

other mononuclear inflammatory cells. There is very little information from 

previous studies on pathology of tissue dwelling nematodes as shown in this study, 

with those reported so far being of other nematode and fish species by Meguid and 

Eure (1996), Heupel and Bennet (1998), Khatoon and Bilqees (1996), Ramallo et 

al. (2000), Moravec et al. (2003), Menezes et al. (2006) and El Din et al. (2009). 

Similar lesions were also observed in tilapia fish infected with Acanthocephalus 

spp. and Proteocephalus spp. In one fish case, nodular granulomatous lesions of 

the intestines contained the parasite lesions similar to those observed by Wabuke- 

Bunoti (1980) in the intestines and liver of Clarias spp infested with 

Polyonchobothrium clarias in Lake Victoria. Though cestode intensities observed 

was low in this study, the intestines of infected fish may become plugged by the 

worms and in some instances get perforated as observed elsewhere by Hoffman
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(1980). In the tilapia livers, sections of the Acanthocephalus spp. in the bile ducts, 

portal veins and parenchyma caused pressure atrophy of the epithelial lining the 

vessels, cholestasis, congestion and necrosis of hepatocytes. There was also 

infiltration of eosinophils, heterophils, lymphocytes and melanomacrophages. The 

lesions observed showed that though grossly, the fish may look unaffected, 

microscopic lesions due to parasitism occur and these will most probably lead to 

sub-clinical losses, which cause more economic losses than clinical parasitism. 

Though these lesions are similar to those associated with nematode and cestode 

infections of other fish as described by Dick and Choundry (1995) and FAO (1996 

b), this study has in addition described and documented host fish cellular response 

to these helminths.

Overall, an association between opacity and Diplostomum spp. eye infection was 

demonstrated. The eye opacity was either mono or bilateral in occurrence. 

Diplostomiasis in young fish may cause severe mortalities especially during the 

migration phase to the eyes, since they cause serious damages (Overstreet and 

Curran, 2004). In skins examined, tilapia fish had gross lesions of white and black 

cysts and hemorrhages attributed to injury during capture. Clinostomum spp. 

(white spots) seen as unsightly cysts caused pressure atrophy in contrast to the 

finding by Coulibay et al. (1995), who did not look at the microscopic lesions. The 

double walled metacercariae cysts are produced by the epithelia of the fish in 

reaction to infection. This may also cause inmtation on the skin and excess mucus 

secretions leading to an inflammatory response at the site of attachment (Adeyemo
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and Agbede, 2008). Microscopically, infiltration of eosinophilic granulocytes into 

the dermis seen in this study was similar to that seen by Garcia et al. (1993) in 

Clinostomum complanatum infection on the skin of tilapia species.

The Neascus spp. cysts, some of which were in the muscles, were fibro-capsules 

infiltrated by melanomacrophages. Microscopic lesions observed were 

proliferation of goblet cells, infiltration of eosinophilic granulocytes and 

melanomacrophages. The lesions observed were similar to those described by 

Hoffman (1960) and Ukoli (1969). Spleen reaction of the proliferation of 

melanomacrophage centres seemed to be a typical reaction of the chronic fish 

infections or parasitim (Ferguson, 1989).

These parasites and the lesions they cause in fish will most probably affect the 

health of the fish in addition to causing economic loss to the farmer or fishermen 

due to depressed growth, mortality and rejection in the market of the affected fish 

on aesthetic reasons. Maria et al. (2005), has related prevalence of some parasites 

to the health of Oreochromis niloticus by changes observed in the hematocrit and 

differentiated leucocyte counts in Brazil, this was not done in this study.

5.2 CONCLUSIONS

1. Helminths and ectoparasites were prevalent in tilapia and catfish in the 

Upper River Tana Basin.

2. The trematode, Diplostomum spp. was the most prevalent helminth 

occurring in the eyes of fish causing opacity.
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3. The nematode Paracamallanus spp. was found in fanned and wild 

catfish, in Kenya for the first time.

4. Acanthocephalus spp. was found in farmed and wild tilapia in the River 

Tana basin for the first time.

5. Prevalence and intensity of helminths in farmed tilapia was higher than in 

the wild tilapia.

6. Adults of both tilapia and catfish species had more parasites than the 

young fish.

7. The fish helminths recovered caused gross and microscopic lesions in 

affected fish, subclinical infections, which may lead to economic loss 

especially to aquaculture farms.

5.3 R E C O M M E N D A T IO N S

1. More research on seasonal prevalence and pathology of endo and ecto 

parasites of fish should be undertaken.

2. A detailed study on the impact of helminth infestations on production of 

fish and probable intervention measures is recommended.



104

C H A P T E R  SIX

R E F E R E N C E S

A bila, O . R. (2003). Case study: Kenya fish exports. In: Food Safety in Food 

security and Food Trade, International Food Policy Research Institute, 

Washington D. C.

A chieng, A. P. (1994). Aquaculture development and research in sub -  Sahara 

Africa, Kenya In: National reviews, CIFA Tech. Paper. 23 suppl., pp. 169 -207. 

A deyem o, A. O a n d  A gbede , S. A. (2008). Histopathology of tilapia tissues 

harbouring Clinostomum tilapiae parasites. African Journal o f  Biomedical 

Research, 11: 115-118.

A dikw a, I. A. an d  Ib ra h im , E . A. (2004). Studies on the endoparasites in the 

gastro -  intestinal tract of Clarias gariepinus (Tugels) in Wase dam, Kano State, 

Nigeria. African Journal o f  Applied Zoology and Enviromental Biology, 6, ISSN: 

111*9-023X , accessed at http://ajoI.info/index.php/ajazeb/ 

article/view/41173 on 31/12/2009.

A k in san y a , B. an d  O tu b a n y o , O. A. (2006). Helminth parasites of Clarias 

gariepinus (Clariidae) in Lekki Lagoon, Lagos, Nigeria. Revista de Biologia 

Tropical, 54: 93 -  99.

A k in san y a , B. O tu b a n jo , O . A. an d  Ib id ap o , C . A. (2007). Helminth bioload of 

Chrysichthys nigrodigitatus (Lacepede 1802) from Lekki Lagoon Lagos, Nigeria. 

Turkish Journal o f Fisheries and Aquatic Sciences 7: 83-87.

http://ajoI.info/index.php/ajazeb/


105

A k in san y a , B., H assan  A .A . an d . A deogun , A .O . (2008). Gastrointestinal 

Helminth Parasites of the fish Synodontis clarias (Siluriformes: Mochokidae) 

from Lekki lagoon, Lagos, Nigeria, acessed at http://www.biologia. ucr.ac.cr/rbt/ 

attachments/volumes/vol56-4/ on 26/08/2010

A l-B assel , D. (1990). Studies on the helminth parasites of some fishes from 

inland water in Egypt. PhD thesis, Cairo University, Cairo.

Aloo, P .A ., (2002). A comparative study of helminth parasites from the fish 

Tilapia zillii and Oreochromis leucostictus in Lake Naivasha and Oloidien Bay, 

Kenya. Journal of Helminthology, 76: 95-102.

Aloo, P . A. an d  D ezfuli, B. S. (1997). Occurrence of cystacanths of 

Polyacanthorhynchus kenyensis larvae (Acathocephala) in four teleostean fishes 

from a tropical lake, Lake Naivasha, Kenya. Folia Parasitologica, 44: 233 -  238. 

A m in, O . M . (1987). Key to the families and subfamilies of Acanthocephala, with 

erection of a new class (Polyacanthocephala) and a new order 

(Polyacanthorhynchida). Journal o f Parasitology, 73: 1216-1219.

A n d erso n , R . C., C h a b a u d , A . G . an d  W ilm o tt S. (1974). Keys to the Nematode 

Parasites o f  Vertebrates, CIH Keys, 1 - 1 0 .  Headley Brothers Ltd Publishers, 

London.

A n o n y m o u s (1997 a). The 8th National Development Plan for the Period 1997 -  

2001. Government Printer, Nairobi, Kenya.

A n o n y m o u s (1997 b). Mbeere District Development Plan fo r the Period 1997 -  

2001. Government Printer, Nairobi, Kenya.

http://www.biologia


106

A nonym ous (2005). In: Where found, Ministry o f Fisheries Development website, 

accessed at http:/www.fisheries.go.ke.index.php on 23rd August 2009.

A nonym ous (2008). Tilapia history and tilapia future, An AC Tropical Fish 

website accessed at http://www.aquaticcommunity.com/tilapia.php on 30th August 

2009.

A nonym ous, (2009). Fisheries sector contribution to national economy, Ministry of 

Fisheries Development website, accessed at http:Avww.fisheries.go. ke.index, 

php on 2 8 th November 2009.

A y an d a , O . I. (2009). Comparative parasitic helminth infection between cultured 

and wild species of Clarias gariepinus in Ilorin, North -  Central Nigeria. Scientific 

Research and Essay, 4: pp. 018-021, ISSN 1992-2248. Accessed at http: 

/Avww.academicjournal.org/SRE on 2nd May 2009.

B ala rin , J .  D. (1985). National Reviews for Aquaculture Development in Africa. 

7. Kenya. In: FAO Fish Circular, (770.7): p. 69.

B arso n , M . (2004). The occurrence of Contracaecum sp. larvae (Nematoda: 

Anisakidae) in the catfish, Clarius gariepinus (Burchell), from Lake Chivero, 

Zimbabwe. Onderspoort Journal o f  Veterinary Research, 71: 35-39.

B arson , M . and  A v en an t-O ld ew ag e , A. (2006). Nematode parasites of Clarias 

gariepinus (Burchell, 1822) from the Rietvlei Dam, South Africa. Onderstepoort 

Journal o f  Veterinary Research, 73: 87-94.

http://www.fisheries.go.ke.index.php
http://www.aquaticcommunity.com/tilapia.php


107

Batra, V., (1984). Prevalence of helminth parasites in three species of cichlids 

from man-made lake in Zambia. Zoological Journal o f the Linnean Society, 82: 

319-333.

Bauer, O. N., Musselius, V. A. and Strelkov, Yu. A. (1973). Diseases o f Pond 

Fishes in Jerusalem: Israel programme for scientific translations, 219 p.

Boomker, J. (1982). Parasites of South African freshwater fish. 1. Some 

nematodes of the catfish {Clarias gariepinus (Burchell, 1822)} from the 

Hartbeespoort dam. Onderstepoort Journal o f Veterinary Research, 49: 41 —51. 

Bullard, S. A., Goldstein, R. J., Goodwin, R. H. and Overstreet, M . R. (2004). 

Cardicola forsteri (Digenea: Sanguinicolidae) from the Heart of a Northern 

Bluefin Tuna, Thunnus thynnus (Scombridae), in the Northwest Atlantic Ocean. 

Comparative Parasitolology, 71: 245-246.

Bullock, W. L. (1963). Intestinal histology of some salmonids fishes with 

particular reference to the histopathology of acanthocephalan infections. Journal 

o f Morphology, 112: 23-44.

Bougou, M., Kabre, G. B., Marques, A. and Sawadogo, L. (2008). Dynamics of 

Population of Five Parasitic Monogeneans of Oreochromis niloticus Linne, 1757 

in the Dam Loumbila and Possible Interest Pisciculture, Pakistan Journal o f  

Biological Sciences 11:1317 -  1323, ISSn 1028 -  8880.

Chappell , L. H. (1995). The biology of diplostomatid eye flukes of fishes. 

Journal o f  Helminthology, 69: 97-101.



108

Chaubad, A. G. (1975). No. 3 Keys to genera of the order Spirurida In: R. C. 

Anderson, A.G Chabaud and S. Willmott, (eds), CIH Keys to the Nematode 

Parasites of Vertebrates, Commonwealth Agricultural Bureaux, Famham Royal, 

Bucks,England.

Choundhury, A., Charipar, E., Nelson, P., Hodgson, J. R., Bonar, S. and Cole, 

R. A. (2006). Update on the distribution of the invasive Asian fish tapeworm, 

Bothriocephalus acheilognathi, in the U.S. and Canada. Comparative 

Parasitololgy, 73: 269-273.

Chubb, J. C. (1965). Report on parasites of freshwater fishes of Lancashire and 

Chesire (England). Lancaster and Chesire Fauna Committee Report, 35: pp. 1-5. 

Clay, D. (1977). Sexual maturity and fecundity of the African catfish (Clarias 

gariepinus) with an observation on the spawning behaviour of the Nile catfish 

(Clarias lazera). Zoological Journal o f the Linnean Society, 4 :3 5 1 - 365.

Coche, A. G. and Balarin, J . D. (1982). Kenya: Report o f the Preparatory 

Assistance Mission. A report prepared for the Fisheries Development Programme 

in the Lake Basin Region Project. FAO, Rome. FI: DP/Ken/80/006, Field Doc. 1: 

p. 127.

Cone, D. K. (1995). Monogenea, (Phylum Platyhelminthes). In: P. T. K., Wooa 

(ed), Fish Diseases and Disorders, Protozoan and Metazoan Infections. CAB 

International, Wallingford, pp. 289-327.



109

Coulibay, N. D., Salembere, S. and Bessin, R. (1995). Larval Clinostomosis in 

Cichlid Fish in Lake Kompeinga, Burkina Faso. A threat to Fishing and public 

Health. Francophones Sante, 5:199-205.

Dayhoum, A. H. M. A. (2003). A general survey o f the helminth parasites of fish 

from inland waters in the Fayoum Govemorate, Egypt. Parasitological Research, 

accessed at http://www.springer.com/content on 9/7/2009. 

de Buron, I. and Nickol, B. B. (1994). Histopathological effects of the 

acanthocephalan Leptorhynchoides thecatus in the ceca of the green sunfish, 

Lepomis cyanellus. Transactions o f  the American Microscopical Society, 133: 

161-168.

Dezfuli, B. S., Grandi, G., Franzoi, P. and Rossi, R. (1990). Histopathology in 

Atherina boyeri (Pisces: Artherinidae) resulting from infection by Telosentis 

exiguus (Acanthocephala). Journal o f  Parasitology, 55: 337-344.

Dick, T. A. and Choudhury, A. (1995). Phyllum Nematoda, In: .P. T. K., Woo, 

(ed), Fish Diseases and Disorders, Protozoan and Metazoan Infections, CAB 

International, Wallingford, pp. 415-446.

Donges, J . (1974). The life cycle of Euclinostomum heterostomum (Rudolph, 

1809) (Trematoda: Clinostomatidae). International Journal o f Parasitology, 4: 79- 

90.

Douellou, L. (1992 a). A survey of fish parasites in Lake Kariba, Zimbabwe 

(1989-1992), Final report. ULKRS [University of Zimbabwe Lake Kariba 

Research Station] Bulletin, 1/92.

http://www.springer.com/content


110

Douellou, L. (1992 b). Parasites of Oreochromis (Oreochromis) mortimeri 

(Trewavas, 1966) and Tilapia rendali rendali (Boulanger, 1836) in Lake Kariba, 

Zimbabwe. University of Zimbabwe Lake Research Station Bulletin 2 

(Proceedings of seminar series): 14-31.

Edoh, D. A., Ewool, J., Owusu, E. O. and Davies, H. (2008). Scanning Electron 

Microscopy Csem) of Neoechinorhynchus sp. and Echinorhyncus sp. 

(acanthocephala: Neoechinorhynchidae and Echinorhynchidae), in the black 

chinned tilapia, Sarotherodon melanotheron (rupell, 1852) from cultured and open 

lagoon in Ghana. African Journal o f Science and Technology, Science and 

Engineering Series, 9: 90 -  95.

Elarafi A. E. (1991). Aspects of biology of larval Contracaecum osculatum 

(rudolphi, 1802), from Mergalus mergalus (L), in Scottish waters, PhD thesis, 

University of Aberdeen, United Kingdom, p. 122.

Elarafi A. E. (1992). The histopathology of larval anisakid nematode infections in 

the liver of whiting Mergalus mergalus (L), with some observations on the blood 

leucocytes of the fish. Journal o f  fish Diseases, 5: 411 -  419.

El-Din, S. N. E. A., Khalil, A. I., El-Sheekh, H. E. and Radwan, N. A. (2009). 

Histopathological effect of the spiruroid nematode Procamallanus laevionichus in 

the stomach and intestines of Nile catfish, Clarias gariepinus. Egypt Journal 

o f Experimental Biology (Zoology), 5: 1009 -  1013.

FAO (1990). Kenya, In: Source Book for Inland Fisheries Resources o f  Africa, 

Vol. 1. CIFA. Technical Paper 18/1., 65 -  92.



I l l

FAO (1996 a). Artificial reproduction and pond rearing o f African catfish 

(Clarias gariepinus an C. angullaris), FAO fisheries Technical Paper, Rome, 

362:73.

FAO (1996 b). Parasites, Infections and Diseases o f  Fishes in Africa. I. Papema, 

(ed.), An Update, C1FA Technical Paper 31, FAO, Rome. pp. 220.

FAO (2003). Aquaculture production Year book o f  Fishery Statistics 96/1, Food 

and Agriculture Organization of the United Nations, Rome, Italy.

FAO (2007). The State o f World Fisheries and Aquaculture-2006, FAO Fisheries 

and Aquaculture Department, Food and Agriculture Organization of the United 

Nations Rome, accessed at http://www.fao.org on 9/07/2009.

FAO (2009). The State o f World Fisheries and Aquaculture-2008, FAO Fisheries 

and Aquaculture Department, Food and Agriculture Organization of the United 

Nations Rome, accessed at http://www.fao.org on 9/07/2009.

Ferguson, H. W. (1989). Text and Atlas of Comparative Tissue Responses in 

Diseases of Teleosts, Systemic Pathology of Fish, Iowa, State University 

Press/Ames: p 139.

Fiovaranti, M. I., Florio, D., Konency, R., Lorber, J., W athuta, E. M., 

Magana, A. M., Otachi, E. O., Matolla, G. K., Warugu, H. W., Liti, D., 

Mbaluka, R., Thika, B., Onega, D., Akoll, P. and Waidbacher, H. (2007). 

Preliminary data on the parasitofauna of wild and cultured fish from Kenya and 

Uganda,. Journal o f Parassitologia, 49: 56.

http://www.fao.org
http://www.fao.org


112

Garcia, M. L. J., Osorio, S. O. and Constantino, F. (1993). Prevalance of 

parasites and the histological lesions they produce in Tilapia from Amela Lakes. 

Tecoman Colima. Veterinarian M exico, 4:199-205.

Gene, E., Gene M. A., Gene, E., Cengizler, I. and Can, M. F. (2005). Seasonal 

variation and pathology associated with helminthes infecting two Serranids 

(Teleostei) of Iskenderun Bay (Northeast Mediterranean Sea), Turkey. Turkish 

Journal of F isheries a n d  Aquatic Sciences, 5: 29-33.

Ghiiraldelli, L., Mauricio, L., Gabriela, T. J., Marcelka, M. Y. and 

Washington, B. (2006). Ectoparasites communities from O reochrom is niloticus 

cultivated in the state of Santa Catarina. B razil Jo u rn a l o f  Fisheries, 1:181 -  190. 

Gichohi, C. M., Mbuthia, P. G., W aruiru, R. M., Ngatia, T. A., Maingi, N., 

Weda, E., H. and Otieno, R. (2008). Prelimnary study of the prevalence of 

helminths and their associated pathological lesions in four fish species from River 

Tana. Bulletin  o f  A nim al Health Production o f  A frica, 56: 38 -  45.

Gitonga, N. K. and Ayoki, R. (2005). Kenya fish fiscal reforms. A paper 

presented at a FAO workshop on exchange of views on fiscal reforms, Rome. 

Government of Kenya (GOK) (2009). Ministry of Finance Ministerial budgetary 

allocation for the period, 2009 -2010.

Greboval, D., Bellemans. M. and Fryd, M. (1994). Kenya, In: K enya Fisheries 

C haracteristics o f  the Shared  L akes o f  East Africa, p. 66.



113

Hecht, T., Uys, W. and P. J. Britz. (1988). The culture of sharp tooth catfish 

Clarias gariepinus in Southern Africa. South Africa National Scientific 

Programmes Report, No. 153.

Heupel, M. R. and Bennet, M. B. (1998). Infection of the epaulette shark, 

Hemiscyllium ocellatum (Bonnaterre), by the nematode parasite Proleptus 

australis Baylis (Spirurida: Physalopteridae). Journal o f  Fish Diseases, 21: 407 -  

413.

Hine, P. M. and Kennedy, C. R. (1974). Observations on the distribution, 

specificity and pathogenicity of acanthocephalan Pomphorhyncus laevis (Muller). 

Journal o f Fish Biology, 8: 521 — 535.

Hoffman, G. L. (1980). Synopsis of Strigeoidea (Trematoda) of fish and their life 

cycles. Fishery Bulletin, 60: 439 -  469.

Hoffman, G. L. (1999). Parasites of North American Freshwater Fishes, Cornell 

University Press, Ithaca, New York, p 539.

Hoffman, G. L. and Dunbar, C. E. (1961). Mortality of eastern brook trout 

caused by pleurocercoid (Cestoda): Pseudophylidea: Diphylobothridae) in the 

heart and viscera. Journal o f Parasitology, 47: 399-400.

Hoole, D. and Arme, C. (1983). Ultrastructural studies on cellular response of 

fish hosts following experimental infection with the plerocercoid of Lingula 

intestinalis (Cestoda: Pseudophyllidea). Parasitology, 87: 139-149.



1)4

Jacobs, J. H., Angerer, J. Vitale, J., Srinarasan, R. and Kaitho, R. (2007).

Mitigating economic damage in Kenya’s Upper Tana River Basin: An application 

of Arc-View Swat. Journal o f  Spatial Hydrology, 7: 1.

Johnsen, B. O. and Jensen, A. J. (1986). Infestation of Atlantic salmon, Salmo 

satar by Gyrodactylus Solaris in Norwegian waters. Journal o f Fish Biology, 29: 

233-41.

Lom, J. and Dykova, I. (1991). Diagnosis of fish parasites, In: Svobodova, Z. and 

Vykusova, B. (ed), Manual for International Training Course on fresh-Water Fish 

diseases and Intoxications: Diagnostics, Prophylaxis and Therapy, Research 

Institute of Fish Culture and Hydrobiology, Vodfinany, Czecholovakia, 2: p 270. 

Kabata, Z. (1985). Parasites and Diseases o f Fish Cultured in the Tropics, 

London and Philapheldia -Taylor and Francis.

Kariuki, J. (2006). Kenya, In: Review o f the State o f  World Marine Capture 

Fisheries: Indian Ocean, FAO Fisheries and Aquaculture Department, FAO 

Technical Paper 489.

Karvonen, A, Paukku, S., Seppala, O. and Valtonen, E.T. (2005). Resistance 

against eye flukes: naive versus previously infected fish. Parasitology Research, 

95: 55-59.

Karvonen, A., Savolainen, M. and Seppala, O. (2006). Dynamics of 

Diplostomum spathaceum infection in snail host. Parasitology Research, 99: 341—

345.



115

Khalil, L. F. (1969). Studies on the helminth parasites of freshwater fishes of the 

Sudan. Journal o f  Zoology, 158: 143-170.

Khatoon, N. and Bilqees, K. N. (1996). Histopathology of the stomach of the 

fish Rachycentron canadius (L.) infected with the nematode Rhapidascaris spp. 

(Ralliet et Henry, 1915). Proceedings of Pakistan Conference on Zoology, 16: 37 -  

40.

Lester R. J. G. (1990). Reappraisal of the use of parasites for fish stock 

identification. Australian Journal fo r  marine and freshwater research , 41: 885 -  

864.

Luna, L. G. (1968). Manual o f the Histological Staining Methods o f the Armed 

Forces Institute o f  Pathology. 3rd edition, Me Graw, New York.

Macharia, S. K., Ngugi, C. C. and Rasowo, J. (2005). Comparative study of 

hatching rates of African catfish {Clarias gariepinus Burchell 1822) eggs on 

differet subtrates, In: NAGA Worldfish Center Quarterly, 28: 3: 23 -  26.

Malek, M. and Mobedi, I. (2001). Occurrence of Clinostomum complanatum 

(Rudolphi, 1819) (Digenea: Clinostomatidae) in Capoeta capoeta gracilis 

(Osteichthys: Cyprinidae) from Shiroud River, Iran. Iranian Journal o f  Public 

Health, 30: 95-98.

MacKenzie, K. (1983). Parasites as biological tags in fish population 

studies. Advances in Applied Biology, 7: 251 -  331.

Malvestuto, S. P. and Ogambo-Ongoma, A. (1978). Observation on the



116

infection of Tilapia leucosticte (Pisce: Cichlidae) with Contracaecum (Nematoda: 

Heterocheilidae) in Lake Naivasha, Kenya. Journal o f  Parasitology, 64: 383. 

Margolis, L., Esch, G. W., Holmer, J. C., Kuris, A. M. and Schad, G. A. 

(1982). The use of ecological terms in parasitology, (Report of an Ad Hoc 

Committee of the American Society of Parasitology). Journal o f Parasitology,

68: 131-133.

Maria, J. T. R., Nilza, N. F. and Jose, L., L. (2005). Parasitological and 

heamatological analysis of Nile tilapia (Oreochromis nilotica; Linnaeus, 1757) 

from Gurarapiranga reservoir, Sao Paolo, Brazil. Acta Science Biological Science, 

27: 231 -237 .

Martin, S. W., Meek, H. and Willeberg, P. (1987). Sampling, In: Veterinary 

Epidemiology. Iowa State University Press,Ames. pp. 29 -35, 73 -  74.

Mashego, S. N. (1982). A seasonal investigation of helminth parasites of Barbus 

species in water bodies in Lebowa and Venda, South Africa. PhD Thesis, 

University of the North, Sovenga, South Africa, p. 191.

Mashego, S. N. and Saayman, J . E. (1981). Observation on the prevalence of 

nematode parasites of catfish, Clarias gariepinus (Burchell, 1822) in Lebowa, 

South Africa. South African Journal o f  Wildlife Research, 11: 4 6 -4 8 .

Mauricio, L. M., Rosemeire S. S., Haroldo K. T., Nilton G. M. and Rodrigo Y. 

F. (2003). Infection and susceptibility of three fish species from the Parana River, 

Presidente Epitacio, State of S3o Paulo, Brazil, to Contracaecum sp. larvae 

(Nematoda: Anisakidae). Animal Sciences, Maringa, 25: 1: 73-78.



117

Mbahirinzireki, G. B. (1980). Observation on some common parasites of Bargrus 

docmac Forsahl (Pisces: Siluroidea) of Lake Victoria. Hydrobiology, 75: 273 - 

280.

Mbuthia, P.G. (1993). Some diseases of farmed tilapia in Kabete. The Kenya 

Veterinarian, 17: 13-15.

Mbuthia, P. G. (2000). Some zoonotic diseases of fish. The Kenya Veterinarian, 

20 :5 1 -5 2 .

Mbuthia, P. G., Ogara, W. O., Ndarathi, C. M., Kaburia, H. F. A., Kayihura, 

M. and Kagunya, D. K. (1993). Liver pathology due to tapeworms in tilapia fish 

in Kenya. A paper presented at IFS/SIPATH seminar on “Animal diseases of 

gastrointestinal tract and liver”, held on 20th -  25th September 1993 at ILCA, 

Addis Ababa, Ethiopia. Published as proceedings.

Meguid, M. and Eure, H. E. (1996). Pathology associated with Spiruroid 

nematodes Camallanus oxycephalus and Spinectus carolini in the intestine of 

green sunfish, Lepomis cyanellus. Journal o f  Parasitology, 82: 118-123. 

Menezes, R. C., Tortelly, R., Tortelly-Grandson, R., Noronha, D. and Pinto, 

R. M. (2006). Camallanus cotti Fujita, 1927 (Nematoda, Carnallanoidea) in 

ornamental aquarium fishes, pathology and morphology. Memoirs o f the Oswaldo 

Institute Cross, 101: 683-687.

Molnar, K., Majoros, G., Csaba, G. and Szekely, C. (2003). Pathology of 

Atractolytocestus huronensis, Anthony, 1958 (Cestoda, Caryophyllaedae) in 

Hungarian pond-farmed common carp. Acta Parasitologica, 48: 222 -  228.



118

Moravec, F. and Rehulka, J. (1987). First record of cosmocercid nematode 

Raillietnema synodontis Vassilliades, 1973, from the aquarium-reared upside- 

down catfish Synodontis eupterus Boulanger. Folia o f  Parasitology, 34: 163 -164. 

Moravec, F., Glamuzina, B., M arino, G., Merella, P. and Di Cave, D. (2003). 

Occurrence of Philometra lateolabracis (Nematoda: Philometridae) in the gonads 

of marine perciform fishes in the Mediterranean region. Diseases o f  Aquatic 

Organisms, 53: 267-269.

Moyo, D. Z., Chimbira, C. and Yalala, P. (2009). Observations on the helminth 

parasites of fish in Insukamini dam, Zimbabwe. Research Journal o f Agriculture 

and Biological Sciences, 5: 782-785.

Myers, P. (2002). Platyhelminthes, In: Animal Diversity Web. Accessed 

December 29, 2009, http://animaldiversity.ummz.umich.edu/site/accounts/ 

information/Platyhelminthes.html.

Nyandat, B. (2004). Aquaculture management and Development in Kenya, Paper 

presented at FAO World Fish Centre Workshop on Small Scale Aquaculture, 

Limbe, Cameroon.

Obiakezie, A. I. and Taege, M. (1991). Mortality in the hatchery reared fry of 

African catfish, Clarias gariepinus (Burchell) caused by Dactylogyrus groschafti 

Ergens, 1973. Bulletin o f European Association o f Pathologists, 11: 82-85. 

Olivero-Verbel, J., Baldiris-Avila, R., Guette-Fernandez, J., Benavides- 

Alvarez, A., Mercado-Camargo J. and Arroyo-Salgado, B. (2006).

http://animaldiversity.ummz.umich.edu/site/accounts/


119

Contracaecum sp. infection in Hoplias malabaricus (moncholo) from rivers and 

marshes of Colombia. Veterinary Parasitology, 140: 1/2.

Otachi, O. E. (2009). Studies on occurrence of protozoan and helminth parasites 

in Nile tilapia (Oreochromis nilotica, L.) from Central and Eastern Provinces, 

Kenya. MSc. Thesis, Egerton University, Nakuru, Kenya, p. 78.

Overstreet, R. and Curran, S. (2004). Defeating diplostomoid dangers in USA 

catfish aquaculture. Folia o f Parasitology, 51:153-165.

Overstreet, R. M. and Howse, H. D. (1977). Some parasites and diseases of 

estuarine fishes in polluted habitats of Mississippi. Annuals o f New York Academy 

o f Science. 298: 427 -462.

Paperna, I. (1964 a). Parasitic helminthes of inland-water fishes in Israel. Israel 

Journal o f Zoology, 13: 1 -20.

Paperna, I. (1964 b). The metazoan parasite fauna o f Israel inland water fishes. 

Bulletin o f Fish Culture in Israel, 16: 3 - 66.

Paperna, I. (1974). Contraceacum in pericardium of fishes from East African 

lakes. Proceeds o f  Helminthological Society Washington. 41:2 52.

Paperna, (1980). Parasites, infections and Diseases of Fish in Africa, CIFA 

Technical Paper, 7: p. 216.

Paperna, I. (1995). Digenea, (Phylum Platyhelminthes), In: P.T.K. Woo (ed), 

Fish Diseases and Disorders, Protozoan and Metazoan Infections, CAB 

International, Wallingford, 1: 329-389.



120

Paperna 1. and Zwerner, D. E. (1976). Parasites and diseases of stripped bass, 

Morone saxatilis (Walbaum) from Lower Chesapeaker Bay. Journal o f fish 

Biology, 9: 267-281.

Popma, T. and Masser, M. (1999). Tilapia Life History and Biology, a Southern 

Region Aquacultural Center Publication No. 283, United States of America. 

Rahkonen, R. and Valtonen, E. T. (1998). Role of water temperature on the size, 

migration activity and pathogenicity of Diphyllobothrium dendriticum (cestoda), 

pleurocercoids in brown trout salmo trutta m. lacustris (L). Annales Zoological 

Fennici, 35: 107 - 113.

Ramallo, G., Teran, H. and Teisaire, E. (2000). Effects produced by Spinectus 

jamundensis (Nematoda, Cysidicolidae) in the stomach of the shad, Prochilodus 

lineatus (Pisces, Prochiliodae). Boletin Chileno de Parasitologia, 55: 36 -  38. 

Roberts, R. J. (1989). Parasitology of teleosts, In: Fish Pathology. Bailliere 

Tindall, London, Philadelphia, Sydney, Tokyo and Toronto, pp. 242 -  345. 

Schimdt, G. D. (1986). Handbook o f  Tapeworm Identification, CRC Press Inc., 

Florida.

Scholz, T. (1997). A revision of the species of Bothriocephalus Rudolphi, 1808 

(Cestoda: Pseudophyllidea) parasitic in American freshwater fishes. Systematic 

Parasitology, 36: 85 -  107.

Seppala, O., Karvonen, A. and Valtonen, E. T. (2004). Parasite-induced change 

in host behaviour and susceptibility to predation in an eye fluke-fish interaction. 

Animal Behavior, 68: 257-263.



121

Shariff, M., Richards R. H. and Sommerville, C. (1980). The histopathology of 

acute and chronic infections of rainbow trout Salmo gairdneri Richardson with eye 

flukes, Diplostomum spp. Journal o f  Fish Diseases, 3: 455-465.

Sommerville, C. (1982). The life history of Haplorchis pumilio (Loos 1886) from 

cultured tilapias. Journal o f Fish Diseases, 5: 233-241.

Steel, R. G. D. and Torrie, J . H. (1980). A biochemical approach, 2nd ed, 

Tokyo, McGraw-Hill Koga Ltd.

Subasinghe, R. (1997). Fish health and quarantine. Review of the state of World 

Aquaculture, FAO fisheries circular. Food and Agriculture Organization of the 

United Nations, Rome, Italy 886: 45-49.

Teugels, G. G. (1986). A systematic revision of the African species of genus 

Clarias (Pisces:Claridae). Koninklijk Museum voor Midden-Afrika,Tervuren, 

Belgium.

Theodore R. M. (2000). Standard necropsy procedures for Finfish, In: (eds) 

Theodore R. M., Fish_Palhology Section Manual, Special Publication No. 12, 2nd 

Edition, Alaska Department of Fish and Game, Commercial Fisheries Section, pp. 

3-6.

Ukoli, F. M. A. (1966 a). On Clinostomum tilapiae n. sp. and C. phalacrocoracis 

Dubois, 1931, from Ghana, and a discussion of the systematics of the Genus 

Clinostomum Leidy, 1856. Journal o f  Helminthology, Aft: 187-214.

Ukoli, F. M. A. (1966 b). On Euclinostomum heterostomum (Rudolphi, 1809). 

Journal o f Helminthology, 40: 227-234.



122

Ukoli, F. M. A. (1969). Preliminary report of the helminth infection of Fish in the 

river Niger at Shagnum. In: L.E. Obeng (ed.) Man-made Lakes; the Accra 

symposium. Accra, Ghana, University Press for Ghana Academy of Sciences, pp. 

269-283.

Untergasser, D. (1989). Handbook o f Fish Diseases. T.F.H. Publications, 

Neptune City.

Van As, J. G. and Basson, L. (1984). Checklist of freshwater fish parasites from 

Southern Africa. South African Journal o f Wildlife, 14: 49-61.

Violante-Gonzalez, J., Garcia-Varela, M., Rojas-Herrera, A. and Gil S. G. 

(2009). Diplostomiasis in cultured and wild tilapia Oreochromis niloticus in 

Guerrero State, Mexico, Parasitolgical Research accessed at 

http://www.springerlink.com/content on 9/7/2009.

Voutilainen, A., Ooik, T., Puurtinen, M., Kortet R. and Taskinen J. (2008).

Relationship between prevalence of trematode parasite Diplostomum spp. and 

population density of its snail host Lymnaea stagnalis in lakes and ponds in 

Finland. Aquatic Ecolology, 43: 351-357.

Wabuke-Bunoti, M. A. N. (1980). The prevalence and the pathology o f cestode 

Polyonchobothrium clarias (Woodland, 1925) in the teleost, Clarias mossambicus 

(Peters). Journal o f  Fish Diseases, 3: 223.

Williams, M. O. (1967). The Neascus (Postdiplostomulum) stage of Diplostomum 

spatheacum (Digenea) cercaria and short term maintenance of post-penetration 

larvae in vitro. Journal o f Helminthology, 62: 293-302.

http://www.springerlink.com/content


123

Woo, P. T. K. (1995). In: Preface, Fish Diseases and Disorders, Vol. 1, CAB 

International, Wallington, U.K., p. ix.

World Bank (1980 a). Kenya Fisheries Project, Staff Appraisal Report, World 

Bank Document Report. No. 2864- KE, p. 57.

World Bank (1980 b). Kenya Fisheries Project, Vol. II. Annexes, World Bank 

Document Report. No. 2864- KE, p. 74.

Zekarias, T. and Yimer, T. (2008). Study on parasites of fish at Lake Awassa, 

Ethiopia. Bulletin of Animal Health and Production in Africa, 55: 151 -  155.



124

CHAPTER SEVEN 

APPENDICES

Appendix 1: Types of helminths and overall prevalence in fish examined in the

market survey

Fish 
species 
(n = 43)

Helminths
C ontracaecum  spp. Cestode T rematodes

No
infested

Prevalence
(%)

No
infested

Prevalence
<%)

No
infested

Prevalence
(%)

Tilapia 3 7% 1 2.3 1 2.3
Catfish 10 23.3 1 2.3 0 0

Common
carp

0 0 0 0 0 0

Barbus 0 0 0 0 0 0
Total 13 30.3 2 4.6 1 2.3

Key

No. -  number infested

% - percentage



Appendix 2: Types of helminths, their location in the fish body and overall prevalence in examined 

fish (N = 237)

Helminth species Predilection site Prevalence Overall percentage P value

Observed Prevalence
Diplostomum Vitreous humour 35.4 35.4
Contracaecum Branchial area 6.8 33.8

Peritoneal cavity 27.0
Paracamallanus intestines 23.2 24.0

Stomach 0.8
Acanthocephala Intestines 13.9 13.9
Neascus Skin/muscle 9.7 9.7
Clinostomum Skin/muscle 8.0 8.0
Proteocephalus Intestines 2.5 2.5
Caryophyllaeidea Intestines 0.4 0.4
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Appendix 3: Types of helminths recovered, number of fish infested and their 

prevalence in tilapia and catfish

Helminth

Species

Tilapia (N = 129) Catfish (N = 108)

Prevalence

(%)

Prevalence

(%)

Contracaecum 12.4 59.3

Paracamallanus 0 52.8

Diplostom um 54.3 16.7

Clinostom um 14.7 0

N eascus 17.8 0

Proteocephalus 0.8 5.2

Caryophyllaeidea 0 0.9

Acanthocephalus 25.6 0
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Appendix 4: C ontracaecum  species infection in tilapia fish from the field study

(N = 129)

Factor
Variable Number 

of fish 
examined

Number
infected

Overall
prevalence

(% )

Prevalence
(%)

P
value

Type Farmed 85 1 0.8 1.2 -0
Wild 44 15 11.6 34.1

Sex Male 54 10 7.8 18.5 0.129
Female 75 6 4.7 8.0

Age Young 57 7 5.4 12.3 0.8173
Adults 72 9 7.0 12.5

Appendix 5: C ontracaecum  species infection in catfish from the field study
(N = 108)

Factor
Variable Number 

of fish 
examined

Number
infected

Overall
prevalence

(% )

Prevalence
(%)

P
value

Type Farmed 63 20 18.5 31.7 0
Wild 45 44 40.7 97.8

Sex Male 51 35 32.4 68.6 0.0467
Female 57 29 26.9 50.9

Age Young 48 24 22.2 50.0 0.1311
Adults 60 40 37.0 66.7

Appendix 6: P aracam allanus  species infection in catfish from the field study
(N = 108)

Factor
Variable Number 

of fish 
examined

Number
Infected

Overall
prevalence

(% )

Prevalence
(%)

P
value

Type Farmed 63 17 15.7 27.0 -0
Wild 45 40 37.0 88.9

Sex Male 51 28 25.9 54.9 0.822
Female 57 29 26.8 50.9

Age Young 48 20 18.5 41.7 0.0608
Adults 60 37 34.3 61.7

P < 0.05 -  Significantly different
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Appendix 7; D ip lo sto m u m  species infection in tilapia from the field study (N = 129)

Factor
Variable Number 

of fish 
examined

Number
infected

Overall
prevalence

(% )

Prevalence
(%)

P
value

Type Farmed 85 70 54.2 82.4 -0
Wild 44 70 0 0

Sex Male 54 35 27.1 64.8 0.0001
Female 75 35 27.1 46.7

Age Young 57 24 18.6 42.1 0.0221
Adults 72 46 35.7 63.9

Appendix 8: D ip lo sto m u m  species infection in catfish from the field study (N = 108)

Factor
Variable Number 

of fish 
examined

Number
infected

Overall
prevalence

(% )

Prevalence
(%)

P
value

Type Farmed 63 18 16.7 28.6 -0
Wild 45 0 0 0

Sex Male 51 8.0 7.4 15.7 0.9992
Female 57 10 9.3 17.5

Age Young 48 5.0 4.6 10.4 0.1939
Adults 60 13 12.1 21.7

Appendix 9: C lin o sto m u m  species infection in tilapia from the field study (N = 129)

Factor
Variable Number 

of fish 
examined

Number
infected

Overall
prevalence

(%>

Prevalence
(%)

P
value

Type Farmed 85 19 14.7 22.4 0.0009
Wild 44 0 0 0

Sex Male 54 11 8.5 20.4 0.1998
Female 75 8 6.2 10.7

Age Young 57 6 4.7 10.5 0.1716
Adults 72 13 10.1 18.1

Key
%  - percent
P < 0.05 -  Significantly different
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A ppendix 10: N ea scu s  species infection in tilapia from the field study (N = 129)

Factor
Variable Number 

of fish 
examined

Number
Infected

Overall
prevalence

(% )

Prevalence
(%)

P
value

Type Farmed 85 23 17.8 27.1 0.0004
Wild 44 0 0 0

Sex Male 54 10 7.8 18.5 0.953
Female 75 13 10.1 17.3

Age Young 57 9 7.0 15.8 0.7596
Adults 72 14 10.9 19.4

A ppendix 11: P roteocephal us species infection in tilapia from the field study (N = 129)

Factor
Variable Number 

of fish 
examined

Number
Infected

Overall
prevalence

(% )

Prevalence
(%)

P
value

Type Farmed 85 1 0.8 1.2 0.7384
Wild 44 0 0 0

Sex Male 54 1 0.8 1.9 0.8697
Female 75 0 0 0

Age Young 57 0 0 0 0.9084
Adults 72 1 0.8 1.4

A ppendix 12: P roteocephalus species infection in catfish from the field study (N = 108)

Factor
Variable Number 

of fish 
examined

Number
Infected

Overall
prevalence

<%)

Prevalence
(%)

P
value

Type Farmed 63 0 0 0 0.8658
Wild 45 5 4.6 11.1

Sex Male 51 5 4.6 9.8 0.9537
Female 57 0 0 0

Age Young 48 0 0 0 0.1127
Adults 60 5 4.6 8.3

Key
%  - percent
P <  0.05 -  Significantly different
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Appendix 13: C aryophyllaeidea  species infection in catfish from the field study
(N= 108)

Factor
Variable Number 

of fish 
examined

Number
Infected

Overall
prevalence

(% )

Prevalence P
value

Type Farmed 63 0 0 0 0.8658
Wild 45 1 0.9 2.2

Sex Male 51 0 0 0 0.9537
Female 57 1 0.9 1.8

Age Young 48 1 0.9 2.1 0.9116
Adults 60 0 0 0

Appendix 14: A ca n th o cep h a lu s  species infection in tilapia from the field study
(N = 129)

Factor
Variable Number 

of fish 
examined

Number
Infected

Overall
prevalence

(% )

Prevalence
(%)

P
value

Type Farmed 85 20 15.5 23.5 0.5961
Wild 44 13 10.1 29.5

Sex Male 54 17 13.2 31.5 0.2718
Female 75 16 12.4 21.3

Age Young 57 7 5.4 12.3 0.004
Adults 72 26 20.2 36.1
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Appendix 15: Ectoparasites infection in the tilapia and catfish from the field study

Ectoparasite spp. Tilapia ( N = 129) Catfish (N = 108) P value

number Prevalence number Prevalence

infested (%) infested (%)

Piscinoodinum 36 27.9 24 22.2 0.3937

Trichodina 31 24.1 13 12 0.028

Ichthyophthirius 3 2.3 2 1.9 0.3101

A m byphrya 3 2.3 0 0 0.3101

Lamproglena 9 7.0 0 0 0.0139

A quarium  mites 5 3.9 1 1.9 0.3059

Ichthyobodo 0 0 3 2.8 0.1858

Key
%  - percentage 

P < 0.05 -  Significantly different



A p p en d ix  16: G ro ss  lesions a n d  th e ir  d is tr ib u tio n  in tilap ia  a n d  ca tfish  from  th e  field s tu d y

Organ Number 
of fish 
with 
gross 
lesions 
(N = 237)

Prevalence
(%)

(overall)

Distribution of lesions by species
Tilapia (N = 129) Catfish (N = 108)

number 
with lesions

revalence
(%>

number
with
lesions

Prevalence
(%>

Skin 124 52.3 77 59.7 47 4.6
Gills 11 4.6 5 3.9 6 5.6
Operculum 27 11.4 16 12.4 11 10.2
Fins 56 23.6 13 10.1 43 39.8
Eyes 113 47.8 88 6.8 25 23.1
Liver 10 4.2 9 7.0 1 0.9
Muscles 55 23.2 2 1.6 53 49.1
Kidneys 4 1.7 4 3.1 0 0
Peritoneum 73 30.8 10 7.8 63 58.3
Testis 1 0.4 1 0.8 0 0
Aborescent
organ

5 2.1 0 0 5 4.6

Buccal cavity 1 0.4 0 0 1 0.9
Intestines 1 0.4 1 0.8 0 0

Key
% - percentage
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Appendix 17: Gross lesions, number of fish affected and their prevalence in farmed 

and wild tilapia fish (N = 129) from the field study

Prevalence (%)

Gross Lesion Tissue Number of fish Wild fish Farmed Total

Affected fish

Hemorrhages Skin 34 16.3 10.1 26.4

Operculum 16 4.6 7.8 12.4

Fins 13 6.1 3.9 10.1

Eyes 17 13.2 0.0 13.2

Liver 1 0.0 0.8 0.8

Muscles 2 1.6 0 1.6

Testis 1 0.0 0.8 0.8

peritoneum 3 0.0 2.3 2.3

Parasitic Cysts Skin 43 4.7 28.7 33.3

Kidney 1 0.0 1.2 0.8

Eyes 6 0.0 8.6 8.6

peritoneum 3 0.0 2.3 2.3

Intestinal 1 0.0 1.2 0.8

Paleness Liver 8 0.8 5.4 6.2

Gills 5 0.9 3.1 3.9

Kidney 3 0.0 2.3 2.3

Exophthalmia Eyes 36 5.4 22.5 27.9

Congestion Eyes 35 1.5 25.6 27.1

Adhesions peritoneum 4 3.1 0.0 3.1

Key
% - percentage
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Appendix 18: Gross lesions, number of fish affected and their prevalence in farmed 

and wild catfish fish (N = 108) from the field study

Prevalence (%)

G ross Lesions Tissue Number affected Wild fish Farmed Total

Fish
Hemorrhages Skin 47 30.6 13 43.6

Muscles 53 34.3 14.8 49.1

Fins 43 24.1 15.7 39.8

Operculum 11 4.6 6.5 8.5

gills 2 0.0 1.9 1.9

Eyes 15 11.6 0.0 11.6

Buccal-pharyngeal 1 0.0 0.9 0.9

Aborescent organ 5 4.6 0.0 4.6

Paleness Gills 4 2.8 0.9 3.7

Liver 1 0.0 0.9 0.9

Opacity Eyes 10 3.1 4.7 9.3

Adhesions peritoneum 63 39.8 18.5 58.3

Key
% - percentage



A p p en d ix  19: O c c u rre n c e  o f  m icroscop ic  lesions an d  th e ir  p rev a len ce  in v a rio u s  o rg an s  o f  tilap ia  an d  catfish

from fie d study
Organ Lesions

alone

Lesions with 

Parasite

Parasite (s) 

Alone

Without 

parasite 

or lesion

Prevalence

(%)

Stomach 49 15 6 167 25.7

Intestines 32 67 34 104 41.8

Liver 14 78 7 138 38.8

Gills 33 20 31 153 22.4

Spleen 52 0 0 185 21.9

Heart 13 2 12 111 6.3

Skin 12 43 16 166 23.2

Muscles 7 4 0 226 4.6

Kidneys 37 0 0 200 15.6

Brain 44 2 0 191 19.4

Testis 4 0 0 233 1.7

Ovaries 0 3 0 234 1.3

Aborescent 2 0 3 230 0.9

Key
% - percentage



Appendix 20: Occurrence of microscopic lesions and their prevalence in various organs of tilapia from field 

_____________ study_____________ ___________________________________________
Organ Number 

with lesions 

Alone

Number with 

lesions and 

with parasite

Number 

with parasite 

alone

Number with 

without parasite 

or lesion

Prevalence

(%)

Stomach 32 3 1 93 27.1

Intestines 24 25 13 67 38.0

Liver 29 27 7 66 43.4

Gills 21 17 26 65 29.5

Spleen 24 0 0 115 18.6

Heart 10 0 11 108 7.8

Skin 25 43 0 61 52.7

Muscles 5 2 0 122 5.4

Kidneys 14 0 0 115 10.9

Testis 4 0 0 125 3.1

Brain 16 1 0 112 13.2

Key
% - percentage



A p p en d ix  21: O c c u rre n c e  o f m icroscop ic  lesions a n d  th e ir  p rev a le nce in v a rio u s  o rg an s  o f  ca tfish  from  field s tu d y
Organ Number with 

lesions alone

Number with 

lesions and with 

parasite

Number with parasite i 

alone

Number without 

parasite or lesion

Percentage

(%)
prevalence

Stomach 17 12 5 74 26.9

Intestines 8 42 21 37 46.3

Liver 36 0 0 72 33.3

Gills 12 3 5 88 13.9

Spleen 28 0 0 80 25.9

Heart 3 2 1 102 4.6

Skin 12 0 0 96 11.1

Muscles 2 2 0 104 3.7

Kidneys 23 0 0 85 21.3

Ovaries 0 3 0 105 2.8

Testis 0 0 0 108 0

Brain 28 1 0 79 25.9
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Appendix 22: Pearson’s Two by two tests of association

a - Stomach -  catfish

Helminth + Helminth - Total
Lesion+ 12 17 29
Lesion - 5 74 79

Total 17 91 108

X2= 19.65 with 1 df.

p< 0.001

b - Intestines - tilapia

Helminth + Helminth - Total

Lesion+ 25 24 49

Lesion - 13 67 80

Total 38 91 129

X2= 17.68 with 1 df.

p< 0.001

c - Intestines -catfish

Helminth + Helminth - Total

Lesion+ 42 8 50

Lesion - 21 37 58

Total 63 45 108

X2= 25.23 with 1 df.
p< 0.001

k
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Appendix 22: Pearson’s Two by two tests of association (continued) 
d - Liver - Tilapia

Helminth + Helminth - Total

Lesion+ 27 29 56

Lesion - 7 66 73

Total 34 95 129

X2= 24.36 with 1 df.

p< 0.001

e - Eye opacity (catfish and tilapia combined)

Helminth + Helminth - Total

Lesion+ 26 10 36

Lesion - 62 139 201

Total 88 149 237

X2 = 22.39 with 1 df

p< 0.001

f -  Skin -  Tilapia
Helminth + Helminth - Total

Lesion+ 43 25 68

Lesion - 5 56 61

Total 43 86 129

X2= 41.69 with 1 df
p< 0.001

k


