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ABSTRACT

A cross-sectional study was carried out to determine the prevalence of gastrointestinal (GI) nematodes
and flukes (Fasciola and amphistomes) infection in communally grazed traditional cattle, zero-grazed
small-scale dairy cattle and intensively grazed large-scale dairy cattle through examination of helminth
eggs in faeces. Results indicated that the type of management, especially the grazing habit, has a
significant influence on the prevalence and intensity of GI nematodes and flukes. The prevalence of GI
nematodes in traditional, large-scale dairy and small-scale dairy cattle was 67%, 44.4% and 37%,
respectively, with the highest faecal egg counts in calves. The overall prevalence of Fasciola gigantica in
traditional, large-scale dairy and small-scale dairy cattle was 63.8%, 46.2% and 28.4%, respectively. The
prevalence of amphistomes was 81.9%, 55.5% and 41.1% in traditional, large-scale dairy and small-
scale dairy cattle, respectively. The high prevalence of flukes in the traditional system was attributed to
communal grazing and watering management practices. Stomach flukes recovered in examined cattle at
the abattoir were Calicophoron microbothrium and Cotylophoron jacksoni. About 42.1% of infected
animals had both Fasciola and amphistomes. The prevalence of both GI nematodes and flukes varied
greatly among villages and farms. The prevalence of both Fasciola and amphistomes was higher in
adults (58.5%, 75.2%) than in yearlings (36.5%, 51.5%) or calves (24.9%, 47.2%). The variation in the
prevalence of both GI nematodes and flukes among management and age groups within systems can be
used as an entry point towards rational use of anthelmintics for each management system. More studies
on seasonal transmission pattern of all these parasites are required in order to design rational,
economic and locally sustainable parasite control programmes.

Keywords: amphistome, helminths, management system, nematodes, Tanzania, trematodes

Abbreviations: df, degrees of freedom; epg, eggs per gram; FEC, faecal egg count; GI, gastrointestinal

INTRODUCTION
Helminth infections are an important cause of lost productivity in livestock worldwide,
often necessitating anthelmintic treatment (Vercruysse and Claerebout, 2001). The

southern highlands of Tanzania, especially Iringa district, are known to be a liver fluke
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endemic area (Mahlau, 1970; Makundi, 2001) and gastrointestinal (GI) nematodes are
highly prevalent in traditional nomadic cattle (Keyyu et al., 2003a). A questionnaire
survey conducted in the district indicated that farmers ranked helminthosis (worm
infection) as the second most important disease in cattle after East Coast fever (ECF)
in all management systems (Keyyu et al., 2003b). The cool and subhumid climate in the
southern highlands of Tanzania provides optimum conditions for development and
survival of free-living stages of GI nematodes, and there are numerous habitats for
snails that are intermediate hosts for flukes. Reports from meat inspectors in the
district have shown an increasing number of liver condemnations at abattoirs, reaching
100% condemnation in some villages (J.D. Keyyu, personal observation). In 2001, an
outbreak of acute fasciolosis occurred in sheep at Amani dairy farm and caused 33%
mortality (Nsengwa et al., 2001).

The prevalence of Fasciola gigantica has been well documented in a number of
countries in tropical Africa (Ogunrinade and Ogunrinade, 1980; Tembely ef al., 1988).
Reports of F. gigantica in Tanzania were documented some years ago in the Lake
Victoria zone, Northern Tanzania and the Southern Highlands (Hammond, 1965).
However, most of these studies were based on abattoir surveys, which rarely give
precise data on the origin of the animals and most of those studies were characterized
by poor experimental design, especially the sampling procedure. The study in Iringa by
Mabhlau (1970) involved only indigenous Zebu cattle under the traditional management
system in the ‘Great Ruaha Valley’, while that of Makundi (2001) was conducted in
only one village using tracers and could not give the prevalence in resident village
cattle. For the past two decades, there has been an increasing diversity in cattle
management systems in Tanzania and other developing countries as a way of
subsidizing household income. Little is known about the prevalence of helminth
infections among various cattle management systems. Moreover, despite some
emphasis on rational use of anthelmintics based on management system (Barger,
1999), the interaction between management factors and parasitism is still poorly
understood (Kassai, 1999) mainly owing to limited information on the helminth
situation among management systems. This study aimed to determine the prevalence
of helminth infections in three cattle management systems in Iringa district, Southern
Highlands of Tanzania.

MATERIALS AND METHODS
Study area

The study was conducted in Iringa district (currently Iringa and Kilolo districts) of
Iringa region in the Southern Highlands of Tanzania. The district has three main
agroclimatic zones namely the lower plain (lowland zone), central plain (mid zone) and
the highland zone (temperate plateau). The lowland zone lies at 900-1200 m above sea
level and the annual rainfall is below 600 mm; the mid zone lies at 1200-1600 m above
sea level and the annual rainfall is 600-1000 mm; the temperate plateau lies at 1600—
2700 m above sea level and the annual rainfall is 1000-1600 mm. Vegetation cover in
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the lower plain is mainly thickets and scattered bushes. Derived savannah grasslands
predominate in the mid zone, while typical rain forests are dominant in the highland
zone. This study was conducted in the mid zone and the highland zone. The district has
a unimodal rainfall; the rainy season is between December and May, while the dry
season is between June and November. This study was conducted from February to
March 2001.

Cattle management systems

The management systems investigated were large-scale dairy, small-scale dairy and
traditional (indigenous) systems. The large-scale dairy farms had improved or semi-
improved management systems. They had their own grazing land that was fenced or
not fenced and animals were given concentrates, chopped grass and mineral
supplementation. The common breeds were Ayrshire and Friesian and their crosses.
Small-scale dairy system mainly involved zero-grazing with occasional semi-zero and
tethering systems. In the former, the animals were permanently housed while those in
the semi-zero system were housed during the rainy season and taken out for grazing
during the dry season. The commonest feeding practice was the ‘cut and carry system’
whereby grasses were obtained by cutting from various places and carried for feeding
the housed animals. Supplementation was very low, irregular and confined to milking
cows. The common breeds were crosses of Ayrshire and Friesian with Boran or Zebu.

Traditional farms investigated were sedentary (stationary) herds where traditional
farmers also practised agricultural activities. Animals were grazed and watered on
communal areas during the day and housed around households in open kraals or
‘bomas’ at night. The indigenous breed, the Tanzania Short Horn Zebu (TSHZ, Iringa
red ecotype) was the only breed on all traditional farms. Traditional cattle were denied
of any form of modern animal husbandry such as supplementation, effective disease
control, etc.

Study design, sampling and selection of farms

The design was a cross-sectional observational study conducted in the highland and
the mid zones. A multi-stage stratified random sampling method was used to select
animals from zones, villages, management systems, farms and age groups. Farms in
each zone/village were categorized into large-scale dairy, small-scale dairy and
traditional farms on the basis of the management system, especially the grazing/
feeding habit. Furthermore, animals in each farm were stratified into three age groups:
calves (<8 months), weaners/yearlings (8-24 months) and adults (>24 months). The
study was carried out in four large-scale dairy farms and five villages (three in the
highland zone and two in the mid zone). The selected villages were those that had both
small-scale dairy and traditional farms and were within a one-day return field trip from
the Iringa municipality (63 km radius). At least two traditional and five small-scale
dairy farms were selected in each village.
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A total of 236 animals in large-scale dairy farms, 127 in small-scale dairy farms and
150 in traditional farms were sampled during the study (513 overall). At least 30
animals were randomly sampled in each large-scale dairy farm, a minimum of 10
animals in each traditional farm and a maximum of 5 animals in each small-scale dairy
farm. For this study, a farm was defined as any establishment with a minimum of one
animal.

Samples and sample processing

Faecal samples were taken for determination of the presence of Fasciola and/or
amphistome eggs and for quantitative determination of nematode eggs. The number
of nematode eggs per gram of faeces (epg) was used as an indirect measure of worm
burden in animals. Faecal samples were collected per rectum using gloved fingers. The
collected samples were labelled and placed in cool boxes and transported to the
Veterinary Investigation Centre (VIC) in Iringa for examination. The presence of
fluke eggs was determined by the sedimentation technique (Hansen and Perry, 1994).
The number of eggs per gram of faeces for GI nematodes was determined by the
modified McMaster method (MAFF, 1986). All samples collected were examined
within 36 h. Faecal samples that remained were pooled by management system and
cultured for recovery of third-stage larvae (L3) of nematodes as described by Hansen
and Perry (1994). The L; recovered were identified to genus level on the basis of length
and morphology using identification keys. Moreover, 16 infected traditional Zebu
cattle slaughtered at the regional abattoir were randomly selected and flukes were
collected for identification of species infecting cattle.

Data analysis

Data was entered, validated, cleaned in a database and then imported into Statistix for
Windows (Statistix, 1994) for analysis. Faecal egg counts (FECs) between management
systems, village and age groups was analysed by one-way analysis of variance based on
logarithmically transformed faecal egg counts [log(FEC + 25)]. Pairwise comparison
of means was carried using the least significant difference (LSD). FECs between sex
and zones were analysed by two-sample t-test. The proportion of animals excreting
Fasciola and/or amphistome eggs in faeces by management system, village, age, sex
and zone was analysed using the chi square (3°) test. The risk of an animal being
infected was analysed by SAS logistic regression (SAS, 1990). The overall level of
significance in all analyses was p <0.05.
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RESULTS
Prevalence of Fasciola and amphistomes

The only liver fluke species recovered was Fasciola gigantica while Calicophoron
microbothrium and Cotylophoron jacksoni were the only stomach flukes recovered
from the 16 traditional Zebu cattle examined at the abattoir. The prevalence of
Fasciola gigantica among management systems is shown in Table I. Management
system was found to have significant association with the prevalence (x> = 30.52, df =
2, p = 0.0001) as traditional cattle had significantly higher risk of infection than both
small-scale (p = 0.02) and large-scale (p = 0.008) dairy cattle. The prevalence of
amphistomes among management systems is shown in Table II. The prevalence of
amphistomes was associated to the management system (3> = 46.05, df = 2, p =
0.0001) and was highest in cattle under the traditional management system. The
prevalence of amphistomes was always higher than that of Fasciola in all
management systems, farms and villages. Out of 482 animals examined, 203 (42.1%)
were infected with both Fasciola and amphistomes. Concurrent infections were highest
in the traditional management system and lowest in the small-scale dairy management
system.

TABLE 1
Prevalence of Fusciola gigantica among management systems in Iringa District

Prevalence (%)

Management system Animals examined Mean Range
Large-scale dairy farms 236 46.2% 4-92
Small-scale dairy farms 102 28.4° 0-54
Traditional farms 144 63.8¢ 19-75
Overall 482 46.1 0-92

abCyalues with different superscripts in a column are significantly different (p <0.05)

Both Fasciola and amphistomes were prevalent in all villages and farms surveyed,
the prevalence varying greatly among villages and farms in the same management
system. Ifunda village had the highest prevalence of both Fasciola (73.2%) and
amphistomes (79%); Ilula village had the lowest prevalence of Fusciola (14.8%), while
Lulanzi village had the lowest prevalence of amphistomes (59.6%). There was no
significant difference (p = 0.91) in the prevalence of Fasciola between the highland zone
(47.5%) and mid zone (48%); the prevalence of amphistomes also did not differ
significantly between zones (60 vs 60.9%, p = 0.84).
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TABLE I1
Prevalence of amphistomes among management systems in Iringa district

Prevalence (%)

Management system Animals examined Mean Range
Large-scale dairy farms 236 55.5% 4-100
Small-scale dairy farms 102 41.1* 0-83

Traditional farms 144 81.9° 67-92
Overall 482 62.6 0-100

2bValues with different superscripts in a column are significantly different (p <0.05)

TABLE III
Age-specific prevalence of Fasciola gigantica among management systems and age groups in
Iringa District

Age
Adults Weaners/ Yearlings Calves
No. Prevalence No. Prevalence No. Prevalence

Management system (%) (%) (%)
Large-scale dairy 52 61.5% 146 50¢ 36 11*
Small-scale dairy 54 42.6° 17 0° 29 13.7%
Traditional 56 71.4° 74 59.5% 12 50°
Total 162 58.5 249 36.5 65 24.9

*Values with different superscripts in a column are significantly different (p <0.05)

The age-specific prevalence of F. gigantica among management systems is shown in
Table III. There was an association between age and prevalence in animals (> = 34.94,
df =2, p =0.001). In all management systems, adults (p = 0.05) and weaners/yearlings
(p = 0.042) had higher risk than calves. The age-specific prevalence of amphistomes
among management systems is shown in Table IV. The prevalence of amphistomes
among management systems was associated with the age of animal (x> = 38.06, df = 2,
p =0.0001). Adults had the highest prevalence, while calves had the lowest prevalence
of amphistomes. There was no significant association between sex and prevalence of
Fasciola (x* = 0.64, df = 1, p = 0.42) or amphistomes (x> = 0.06, df = 1, p = 0.81).
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TABLE IV
Age-specific prevalence of amphistomes among management systems and age groups in Iringa
District

Age
Adults Weaners/ Yearlings Calves
No. Prevalence No. Prevalence No. Prevalence
Management system (%) (%) (%)
Large-scale dairy 52 76.9% 146 55.5% 36 27.7%
Small-scale dairy 54 59.3° 29 23.5° 29 13.8°
Traditional 56 89.3°¢ 74 75.6° 12 100°
Total 162 75.2 249 51.5 65 47.2

*Values with different superscripts in a column are significantly different (p <0.05)

Gastrointestinal nematodes

The prevalence, faecal egg counts, range and the proportion of animals with less than
500 epg among management systems are shown in Table V. The 500 epg cut-off point
was selected based on salvage treatments for helminthosis in cattle in the District
(Keyyu, 2004). There was a significant difference in FEC among management systems
(p = 0.0001). Faecal egg counts were highest in the traditional system and lowest in the
small-scale dairy system. There was a significant difference in FEC among age groups
(p = 0.001). Calves had the highest FEC (280466 epg), weaners/yearlings were
intermediate (191422 epg), and adults had the lowest FEC (78 +10 epg). Pairwise
comparison of means indicated that FEC in calves and weaners/yearlings were not
significantly different. There was no difference in FEC between male and female
animals (175424 vs 165+22, p = 0.76). The intensity of infection did not differ
between the highland and the lowland zones (p = 0.81). Faecal egg counts varied
significantly among villages (p = 0.001), being highest at Ilula village (607 + 167 epg)
and lowest at Ifunda village (99 +17 epg). Overall, a high proportion (89.8%) of
animals had low FEC (<500 epg). Animals that had FEC >500 epg were mostly
calves and weaners.

Faecal culture

The overall proportions of infective larvae from cultures among management systems
indicated that the common GI nematodes were Cooperia spp. (39.8%),
Oesophagostomum spp. (35.9%), Haemonchus spp. (21.6%) and Trichostrongylus spp.
(2.5%). Other GI nematodes identified through egg morphology were Trichuris spp.,
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TABLE V
Prevalence and intensity of GI nematodes and the proportion of animals with less than 500 epg among
management systems

Percentage
Management Number Prevalence Mean with FEC
system examined (%) FEC+SE Range <500 epg
Small-scale dairy 127 37* 1074+ 19% 0-1200 100
Large-scale dairy 236 44 4% 1174+ 14% 0-1300 94.4
Traditional farms 150 67° 296 +46° 0-2900 80
Overall 513 50 167+16 0-2900 89.8

aValues with different superscripts in a column are significantly different (p <0.05)

Capillaria spp. and Strongyloides spp. Haemonchus spp. were more often observed in
cultures from dairy cattle while Oesophagostomum spp. were frequently observed in
cultures from traditional cattle.

DISCUSSION

The study indicated a significant influence of management practices especially the
grazing/feeding habit, on the prevalence of flukes and GI nematodes in cattle.
Moreover, the study indicated a high prevalence and widespread distribution of flukes
and a moderate prevalence and low intensity of GI nematodes. However, the fact that
faecal samples were collected at the height of the rainy season might have increased the
prevalence of GI nematodes and decreased the prevalence of flukes. The overall
prevalence of Fasciola in traditional cattle (63.8%) is higher than reported previously
in indigenous Zebu cattle in Iringa (Mahlau, 1970) and Mbeya (Ecimovic and Mahlau,
1973) regions in the Southern Highlands of Tanzania. The high prevalence is in line
with reports in other tropical countries (Ogambo-Ongoma, 1972; Silangwa, 1973;
Schillhorn van Veen, 1980; Tembely er al., 1988; Heinonen et al., 1995). The high
prevalence of flukes in a number of farms in the present study indicates that flukes in
cattle are a growing problem in the Southern Highlands of Tanzania. The prevalence of
flukes in the district may be higher than obtained in this study because some infected
animals might have been missed by the sedimentation technique, which is
characteristically poor in detection of fluke eggs.

The moderate to high overall prevalence of Fasciola (28.4%) and amphistomes
(41.1%) in zero-grazed small-scale dairy cattle gives some indication for anthelmintic
treatments in zero-grazed cattle especially those fed pastures from contaminated areas.
The ‘cut and carry’ system of obtaining food from pastures from valleys grazed by
traditional cattle during the dry season might have been responsible for infection of
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zero-grazed animals. Farmers should be educated on the importance of using personal
pasture and dry season feed reserves as means to ensure safe feed for zero-grazed
cattle. The high prevalence of flukes and GI nematodes in traditional cattle concurs
with studies in other tropical countries (Kaufmann and Pfister, 1990; Anene et al.,
1994; Moyo et al., 1996). The high prevalence might be a reflection of the management
practices; dairy farms had improved management with routine anthelmintic treatments
that may have reduced the prevalence and burdens compared to traditional farms. The
high stocking density in communal grazing and watering areas might have facilitated
pasture contamination and ingestion of infective stages by grazing traditionally
managed cattle.

The study has indicated a high prevalence of amphistomes in grazing animals. The
higher prevalence of amphistomes than of Fasciola concurs with other studies
(Nyundo, 1994; Szmidt-Adjidé et al., 2000; Mage et al., 2002). The high prevalence
may be due to the high biological potential of the intermediate snail host (Dinnik,
1964), the direction of control measures mainly against Fasciola and GI nematodes,
and the lack of effective drugs against amphistomes (Mage et al., 2002). The higher
prevalence of flukes in adults than young animals concurs with other studies (Mahlau,
1970; Silangwa, 1973; Schillhorn van Veen, 1980) and may be related to longer
exposure time during the animals’ life for adults (cumulative infections with age). It
may also be due to the fact that adults rarely receive routine anthelmintic treatments in
traditional farms (Keyyu et al., 2003b). Furthermore, it may be related to the
management system, whereby calves grazed around farms whereas adults were
trekked long distances to valleys, flood plains or swampy areas during the dry season,
so exposing adults to metacercariae-contaminated pastures.

All the nematode parasites recovered in faecal cultures have been reported
previously in Tanzania (Ecimovic and Mahlau, 1973; Mellau, 1997) and in other
tropical countries (Moyo et al., 1996; Waruiru et al., 2001) where Haemonchus spp. or
Cooperia spp. were the main genera. The study has indicated that most adults and
weanlings had FECs below the cut off point of 500 epg for salvage anthelmintic
treatments (Keyyu, 2004). The low FEC, especially in adult cattle, concurs with other
studies (Stuedemann et al., 1989; Couvillion et al., 1996; Nodtvedt et al., 2002). The
higher FEC in calves than adults concurs with other studies (Snyder, 1993; Anene et
al., 1994). The high FEC in calves might be due to limited previous exposure and
immaturity of the immune system resulting in a large proportion of ingested larvae
developing into adults.

In conclusion, the study clearly indicates that control measures should make use of
the variation in helminth prevalence and intensity among management systems and
age groups within management systems to achieve rational use of anthelmintics. Also,
the study indicates a need for specific extension messages in each management system,
as opposed to farmers with different management practices being given similar
messages with regard to anthelmintic treatments. Further studies on seasonal
transmission patterns of flukes and GI nematodes among management systems are
required for the design of affordable and cost-effective worm control programmes at
community level.
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