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and the difference was fibrinogen concentration in mg/d! in accordance with the

methods described by the Diagnostic Veterinary Manual (MAFF, 1986).

6.4 Statistical Analyses

The data were analysed using Microsoft Excel statistical package. All continuous
variables (EPG, OPG, PCV, RBC, WBC, Hb, PP, Fb, MCHC and MCH) were
subjected to an unbalanced analysis of variance. Significance of their differences
was calculated with confidence interval analysis at 95% level. The monthly
differences in infection rates for the selected diseases were computed using Chi-

squared test, and the significance level was taken to be 5%.

6.5 Results
6.5.1 Parasitic infestation rates

The number of animals examined and the infestation rates with the parasites are
given in Table 6.1.

Table 6.1: Infestation rates of goats with gastrointestinal parasites

Parasitic Infestation n No. Infested  Infestation rate (%)
Nematodes 463 444 96
Coccidia 455 447 98

n = Number of goat faecal samples.

Nematodes followed by coccidia were the most prevalent gastrointestinal parasitic
infestations. The moﬂfhly variation results in EPG arempAresentredri‘n Table 6.2. The
Faecal Egg Counts (FEGs) of nematode eggs (strongyle type) was significantly
higher during February — March periods, which coincided with the time of heavy
rains in the study area. The overall picture of the FECs for the 165 animals
revealed that about 51% (84/165) of all the animals examined in the course of the
rainy season were shedding > 1000 to 5000 EPG while 33% (55/165) were
shedding FECs exceeding 5000 EPG during the same period.
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The results of the coocidia oocyst counts are presented in Table 6.3. The highest
level of infection was recorded in March (rainy season) with the maximum OPG
of 635,700 and minimum of <10 OPG while the mean for the month was 18,391
OPG. The results revealed that the overall OPG was generally high so that 45.5%
of the samples collected during the rainy season showed >5000 OPG and 37.6%
had between 1000 and 5000 OPG. Only-11% showed: low infection passing 500-
1000 OPG.
The results of the differential larval counts are presented in Table 6.4. The results
revealed the presence of third stage larvae (L3) of Haemonchus spp,
Trichostrongylus and Oesophagustomum species in all the 35 cultured samples.
Cooperia larvae were identified in only one of the samples collected in February.
There was a clear pre-dominance of Haemonchus species third stage larvae (Ls),
counts ranging between 59 to 86%. This was followed by Trichostrongylus spp,
with differential larval counts ranging between 7-35%. The differential larval
counts for Oesophagustomum sp. was the least distributed with percentage values

ranging between 6-18%.

The monthly prevalence of the strongyle larvae in the faecal cultures also revealed
the consistency of high Haemonchus larval counts throughout the study period.
There was also an apparent statistically significant (P<0.05) relationship between
the number of Lj; counted and the amount of rainfall. More L3 were recorded
during the late part of the rainy season (February-March) than early in the dry
season (April-June). The pattern of differential larval counts appeared to infer that
Haemonchus and Trichostrongylus species were the most important

gastrointestinal nematodes in the area where the goats originated.
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The monthly variations in mean _qn_d standayd ‘errors of the haematological
parameters are presented in Table 6.5. The PCV is negatively correlated to both
the EPG ( r = -0.124 ) and the OPG (r = -0.048). The monthly mean PCV values

during the study period appeared to fall within the normal range of 23 to 28.7 % for

goats (Jain 1986). The minimum mean PCV (%) value (25 + 5.77) was recorded in

April while the mean maximum PCV (%) value of 29 + 3.79 was observed in May.

This finding is similar to those of Muimo, (1989) but slightly lower than those

reported by Lovelace et al., (1993). The monthly variations in WBC, RBC and Hb

concentration, were within the values reported by others on Zambian goats

(Nakazawa ef al., 1989).
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Table 6.7: Zero matrix correlation of EPG, OPG, PCV and Plasma Proteins

EPG OoPG PCV P. Protein
EPG 1
OPG 0.053734 1
PCV -0.12447 -0.04825 1
P. Protein 0.106752 -0.0042 0.124639 1

6.6 Discussion

6.6.1 Helminthosis

Despite the wide use of FECs by several authors in the diagnosis of helminthosis for
several years, one of the basic assumptions in its use, i.e. that there is a relationship
between the number of eggs per gram of faeces and the total number of worms, has
always been a subject of controversy (Schroder, 1979). This has been because FECs
are influenced by a number of factors including differential fecundity of species of
parasites, ingesta volume, age of worms and host resistance (Tarazona, 1986). An
increase in FECs in goats may not primarily be due to an increase in worm burden but
in the egg laying capacity of the worms. The correlation between the EPG and the
actual worm burden is often quite good in young animals (Hansen and Perry 1994) but
the relationship slowly fades away as the animals gain immunity against the parasites
(Bisset ef al., 1996). In general, FECs can be used to indicate the extent and intensity
of parasites in the flock and may act as an indicator to the level of pasture

contamination (Momin and Avasatthi, 1986; Tarazona, 1986).

Adequate knowledge of the epidemiology of helminthosis in the area is a pre-requisite
to correct interpretation of faecal egg counts. The observation that the level of FECs
follows the pattern of rainfall has also been reported in Zimbabwe (Pandey et al.,
1994., Kusina et al, 1999) as well as in Tanzania (Connor et al, 1990) and
Mozambique (Jacquite et al., 1995). Observations on the monthly distribution of

nematode egg counts showed a distinct seasonal pattern which appeared to correspond
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to the intensity of rainfall in the study area. The higher FECs recorded for the months

of February and March agrees with the findings of Nalubamba (1996) who attributed

this pattern to increase in Haemonchus species egg count. The months of
February/March corresponds to the period of the year suitable for worm development
and survival. Warm temperature, highest rainfall coupled with high relative humidity
are said to be favourable for larval development (Soulsby, 1986). The overall
strongyle and coccidia egg/oocyst output encountered in this study could be described
as being mild to low compared to those reported for goats from the Luangwa Valley
(Nakazawa et al., 1989; Tada et al.,1994).

The low FECs for the months of May and June could also be attributed to the dry
conditions which reduce parasite survival and infestation. The self-cure phenomenon
(Allonby and Urquart, 1973) could be the possible explanation for the reduction in
FECs observed in this study in the dry season. This observation supports earlier
reports for Zambian goats in the traditional sector as well as those in the commercial
sector (Muimo, 1989). The two most important factors for larval development are the
temperature and rainfall (Hsu and Levine, 1977, Soulsby, 1986). Rainfall contributes
moisture which is an important factor in the development and translation of worm
eggs into L3 (Soulsby, 1986). A combination of 50mm or more of rainfall and 15-37°C
mean monthly temperatures is considered as optimum conditions for the pasture
transmission of Haemonchus species and 50mm or more of rainfall with only 6-20°C,
as optimum for the transmission of Trichostrongylus (Fraser et al., 1991). The small
size and low moisture content of the faecal pellets of goats predispose them to very
rapid drying during hot dry weather and therefore make them a much less suitable
environment for the development and survival of free living stages (Chiejina et al.,
1989). Previous studies (Chiejina, 1986) had revealed that though L; may be fully

developed, they would remain inactive in the faecal matter until the faecal pellets
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- disintegrate through the action-of rainfall or-other agents and the larvae released. This . .

indicates that rainfall promotes the availability of L3 on the pasture.

After the rainy season, the unfavourable temperature and moisture conditions inhibit
the development and survival of the L3 on the pastures and re-infection with new L3
could only be from pastures surrounding water points such as dambos, lakes and wells
where the micro-environments are favourable for L; survival and development
(Ogunsusi, 1979). Nalubamba (1996) attributed the acquisition of infections during the
dry season to the possibility that some L3 can develop and survive inside ovine and
caprine faecal pellets during the dry season on shaded pasture with adequate grass
cover. Other reports (Chiejina er al., 1989) have concluded that pastures used
exclusively by sheep and/or goats in the derived savahna@ may ‘be considered free of Ls

larvae one month after the end of the rains up to the end of the dry season.

The results of fhe PCV, Hb cohcéﬂtfﬁtibn .éﬁd total eryfhfoéyte count was apparently
unaffected by the gastrointestinal parasites as there were no significant differences
(P<0.01) in the means of these parameters and the normal values for goats (Jain,
1986). The results were in general agreement with previous reports in local Zambian
goats (Nakazawa et al., 1989) but contrary to the observations by Muimo (1989) who
reported a decline of PCV and Hb kuring periods of high FECs for goats in the
commercial sector. Allonby and Urqhart (1975) reported significantly depressed
haematological values in sheep with chronic haemonchosis but the animals appeared
clinically normal. The Haemonchus species are known to be vigorous blood suckers
and cause loss of blood resulting in anaemia and hypoproteinaemia (Urghart ef al.,
1992; Soulsby, 1986).
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In the present study, attention was focused on the level of egg output and correlation
between FECs and haematological parameters in order to assess pathological
influences of worms on animal health. PCV % has previously been used in this

assessment (Ross and Armour, 1960). Plasma protein levels and PCV values can give

a fair indication of the condition of animals infected with gastrointestinal worms and

consequently might be useful aids to assessing pathogenicity. Only about 12% of the

goats have plasma protein levels below the__ndfmél range. Plasma protein deficiency
could be attributed to the feeding and migratory habits of the parasites (Soulsby,

1986). The parasites are known to cause blood removal and inflammatory changes of

the gastrointestinal mucosa leading to malabsorption syndrome (Soulsby, 1986).

Hypoproteinaemia could be caused by impaired digestion and absorption and also loss
of protein from the body by haemorrhages or exudation from mucous membrane
(Urquart ef al., 1992). The exudation and leakage of plasma proteins into the

gastrointestinal tract through damage to the gastrointestinal tract mucous membrane

by worms could account for up to 10% of the total plasma volume per day (Holmes

and Coop, 1994).

The predominance of Haemonchus species in the differential larval counts reflects its
reproductive potential as a prolific egg producer (Soulsby, 1986; Vercruysse (1984).
In the overall differential larval counts, Haemonchus and Trichostrongylus species
dominated. This observation has been reported by several authors in Zambia
(Nakazawa et al., 1989; Nalubamba, 1996). The decrease in the number of L3 of
Oesophagustomum species in the dry season is contrary to reports by Vercruysse
(1983) and Agyei et al.,(1991) who found that they increased their proportion in the
dry season. The observation that 0.008% Cooperia larvae were obtained from the
faecal cultures concurs with previous reports that Cooperia species are better adapted
to sheep and the infrequent infection seen in goats could probably be acquired from

cattle (Nalubamba, 1996). Animals shedding >500 EPG reflects moderate infection,
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those with >1000 EPG output have clinical implication while an EPG output of >5000
is considered to be extremely high (Hansen and Perry, 1994).

6.6.2 Coccidiosis
Coccidia are normally present in goats of all ages with young animals being more

susceptible than adults but the economic effects of clinical coccidiosis in adult goats
cannot be easily quantified (Norton, 1986). This is because the animals usually suffer
from subclinical infections and so losses of productivity may not be easily appreciated
(Fernando, 1983). Observations in the present survey on the infection rate revealed
that the disease occurs in very high frequency (97%) similar to previous reports from
Zimbabwe (Chhabra and Pandey, 1991), Tanzania (Kulusiku ef al., 1996) and Kenya
(Kanyari, 1990a). The very high frequency of coccidian parasites in this study
appeared to indicate that the coccidian parasite is widespread in goats in the study
area. The majority of the animals were excreting significantly high OPG counts but
none of the animals was showing any physical signs of clinical disease at the time of
sample collection. This situation is not surprising as coccidiosis is generally

considered to be of subclinical importance in adult goats (Norton, 1986).

Goats usually encounter infection for the first time as kids and coccidiosis is usually
seen in goats of 3 weeks to 6 months of age (Hunter, 1991) and it is unusual not to
find oocysts in faecal matter of kids six weeks of age and above (Yvore et al., 1980).
The parasitic effects of the disease in young animals results in severe lesions of the
digestive mucosa (Yvore et al., 1980) with villi atrophy leading to diarrhoea, anorexia
and death (Amoo, 1991). Clinical disease is said to be self-limiting in adult animals
(Opoku-pare and Chineme, 1979) and immunity to coccidiosis in goats is acquired
very early in life and is maintained by continuous exposure to re-infection. According
to Hunter (1991), the pathogenic effects of coccidiosis are governed by the number of
infecting outputs and outbreaks tend to be associated with animals in conditions that

expose them to a large number of viable oocysts e.g. overcrowding, heavy faecal
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contamination of the environment and dirty wet environment. Hunter suggested that
infection may spread through a group of animals without any clinical disease and
animals become immunised in the process. Significant numbers of oocysts must be
detected before treatment is justifiable and 10,000 to 12,000 OPG is considered
significant (Hunter, 1991). The animals used for this study came from villages where
they are kept and maintained under extensive management system and it is surprising
that about 48% could be excreting such significantly high oocyst counts exceeding

5000 OPG.

Hunter (1991) is of the v1ew that multlple infections compnsmg more than a single
species of coccidian para51te are the rule in natural infections. About 97% of the faecal
samples examined in the present study were positive for helminth infestations co-
existing with the coccidian species. This has been reported to be a usual event but the
individual effects of the different parasites have previously been reported to be
difficult to separate (Kanyari, 1993; Callow 1984 cited in Kanyari 1988). However,
the major effects of concurrent helminthosis and coccidiosis have recently been
identified to be the suppression of host’s inflammatory response and reduced
liveweight gain (Rahman, 1994, Faizal ef al., 1999). Rahman suggested that
concurrent infection of helminthosis with coccidian parasite is an important factor to
consider in devising control measures and blamed the neglect of this factor for the
failures of many helminth control programs on small goat farms in most developing
countries. Determination of the coefficient of correlation of the OPG and EPG counts
revealed a positive correlation (r value = 0.0537) but the correlation is not statistically
significant. In similar studies Kanyari (1988) reported a negative correlation (r value =

-0.032) between the OPG and EPG in goats on Australian farms.
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There was no attempt made to identify the Eimeria involved in this study to the
species level, but Amoo (1991) have documented E ninakohlyakimovae followed by
E arloingiin 3:1 proportions in Zambian goats. These two species have been reported
" to be the most pathogenic “in goats (Pellerdy, 1965 cited by Vercruysse, 1982). -
Another specie of coccidia isolated in goats in Kenya was Eimeria apsheronia
(Kanyari, 1990b). The number of animals excreting >5000 OPG during the wet period
February (41%) and March (47.7%) was apparently high compared to the figures
reported in the neighbouring countries of Tanzania (Kalusiku er al., 1996) and
Zimbabwe (Chhabra and Pandey, 1991). It is worth mentioning that a large output of
oocysts is not necessarily correlated to extent of clinical coccidiosis. Gregory and
Norton (1986) reported that healthy animals may pass out millions of oocysts per gram
of faeces whereas in a kid dying of coccidiosis the count may be less than 10,000

OPG. They further explained that the high counts could be due to non-pathogenic

species, which could mask the significant number of E arloingi and E

ninakohlyakimovae. The diagnosis of coccidiosis on the overall presence of coccidia
parasites was reported to be difficult (Vercruysse, 1982). To arrive at a rational
diagnosis Vercruysse suggested that the clinician has to rely on the history and clinical
picture in the flock, supported by laboratory investigation of a large number of cases.
Clinical symptoms of diarrhoea with high faecal oocyst counts, should facilitate a

correct diagnosis (Vercruysse, 1982).

6.6.3 Control measures
Coccidiosis as one of the major economically important diseases of small ruminants

could be controlled by simple management practices (Opoku-pare and Chineme,

1979). The reports that dry conditions and lack of moisture are fatal to cocyst survival

and development could be utilized in preventive measures against the disease. The
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observation emphasizes the importance of dry, well-drained land for goat paddocks
and pasture (Longe, 1977). Oocysts passed in the faeces of infected animals sporulate
and become infective within a few days under moist conditions and can survive for up
to two years in the environment (Gregory, 1989). The ability of the oocysts to live for
long periods in wet situations may suggest the advisability of selecting sunny, well

drained terrain for goat lots and pasture in a dry environment.

- -'Fhe majority-of the coceidia-species-in-goats sporulate-between 18-48-hours {Soulsby,— - me .
1986) and this fact can be utilized in goat management to prevent re-infection (Longe,
1977). Daily removal of accumulated faecal material in a goat pen will not allow
accumulation of sporulated oocyst (Gregory and Norton, 1986). Other simple sanitary
measures such as frequent changing of bedding, feeding from racks and elevated
troughs rather than from the ground reduces the chances of feed being contaminated

with sporulated oocysts (Longe, 1977).
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CHAPTER SEVEN

Disease Profile 2: Ticks and Tick Borne Diseases

7.1 Introduction » 7 o

Ticks and tick borne diseases (TBDs) are a major problem affecting livestock
production and development in both the commercial and the traditional sector in
Zambia (Huhn, 1991). Of all the TBDs, East Coast Fever (ECF) is economically by
far the most important in cattle but it seldom affects small ruminants (Chizyuka and
Mangani, 1986). The main other TBDs in Zambia are heartwater, anaplasmosis and

babesiosis.

Ticks are considered to be the most important external parasites of domestic animals
in Southern Africa and are a serious constraint to the Zambian livestock industry.

They cause both direct and indirect damage to their hosts by their piercing and

sucking mouth parts resulting in blood Toss, transmission of pathogenic organisms,

tick worry and toxicosis (Mwase, ef al., 1991). The losses attributable to ticks and
TBDs in the Zambian livestock industry can be controlled through appropriate tick

control measures.

In effecting positive control measures against TBDs and their vectors, studies must
be carried out to establish the natural interactions between ticks and their hosts. This
will provide a better understanding of the incidence, distribution and infestation
rates of both the disease pathogens and their vectors. The importance of carrying out
such studies before the implementation of control measures was recognised many
decades ago (Matthysse, 1954) and repeatedly stressed (Pegram et al., 1986, Pegram
et al., 1989) and further emphasised (Huhn, 1991). Such studies are particularly
important in countries like Zambia where there is little published information on
identification and quantification of ticks and TBDs and their effects on goats under

the Zambian condition. This study therefore investigates the incidence and
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infection/infestation rates of common TBDs and their vectors in marketed goats that

originated from the Southern Province of Zambia.

7.1.1 Haemoparasites: Heartwater

Heartwater is an acute tick-borne disease of domestic and wild ruminants, which
was first recognised in South Africa (Provost and Benzuidenhout, 1987). The
disease is caused by an obligéte”ir‘lrtfacellular rickettsia Cowdria ruminantium that
parasitizes vascular endothelial “cells, neutrophils “and “macrophages of the
mammalian hosts (Prozesky and Du Plessis, 1987). The only known vectors of the
disease are ticks of the genus Amblyomma most importantly A. variegatum and A.
hebraeum which are widely distributed throughout sub-Saharan Africa (Uilenberg,
1983; Vries de et al., 1993).

Heartwater is endemic in most countries of Africa including Zambia and has spread
to the Caribbean islands (Burridge, 1985). In Zambia alone, about 2.7 million cattle
and about 800,000 small ruminants are estimated to be at risk from the disease
(University of Florida/US AID/SADC Heartwater Project,"1999b) and this could be a
serious threat to livestock production in the country.

To reduce the losses caused by heartwater, it is important to detect its presence in an
area and to monitor its spread. This is essential for developing an understanding of
the epidemiology of heartwater and for devising effective control measures. The
latter has been limited primarily because of the lack of precise information on
infection rates in both the vector and animal host (Norval ez al., 1990; Peter ef al.,
1999). In particular, the development of community based control strategies requires
field data on the disease prevalence in susceptible hosts and vectors (Norval et al,
1990).






