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ABSTRACT: Response of goats to natural helminth infection was investigated among 277 Nigerian indigenous goats
belonging to three different breeds [West African dwarf (WAD), Red Sokoto (RS) and Sahel White (SW)] through the
determination of parasitological and haematological parameters. The results showed that 65% of the sampled animals
were positive for one helminth or two. Mixed infection due to Haemonchus contortus and Trichostrongylus colubriformis
constituted 33.33% prevalence rate, while Haemonchus contortus and Oesophagostomum columbianum mixed infection
had 26.67% rate of infection among the sampled animals. However, single infection due to either of Haemonchus
contortus, Oesophagostomum columbianum, Trichostrongylus colubriformis, Strongyloides papilosus, Cooperia punctata,
Trichuris ovis, Paramphistomum cervi and Moniezia benedini constituted 5.0%. There was no significant (p>0.05) difference
in mean faecal egg count (FEC) among the breeds investigated. Similarly, correlation coefficient between Haemonchus
worm count (HWC) and FEC showed positive correlation value which was significantly (p<0.01) higher among WAD (0.661)
than SW (0.427) and RS (0.350) breeds. Three (3) different haemoglobin types (HbAA, HbAB and HbBB) were detected
among the goats investigated. Goats with HbAA showed significantly (p<0.05) higher PCV compared to those with
HbAB/HbBB alleles. In addition, Sahel White and Red Sokoto breeds had microcytic, hypochromic anaemia with a
significantly (p<0.05) lower haematocrit values than the West African Dwarf breed. Eosinophil count of RS and SW goats
did not vary significantly between the parasitized and the non-parasitized goats. However, in WAD, the eosinophil count
was significantly higher (p<0.05) in parasitized than non-parasitized goats. In conclusion, the WAD breed appears to be
more resistant to helminthes infections and H. contortus in particular, than RS and SW, and this may be due to high
frequency of HbAA alleles in this breed. The advantage of this relative resistance could be exploited by crossbreeding
WAD with other breeds.
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INTRODUCTION carried out in different geographical locations in Nigeria
revealed that Haemonchus contortus, Trichostrongylus
colubriformis, Oesophagostomum and Gaigeria species are
the commonest and are generally responsible for most field
outbreaks of Parasitic Gastro Enteritis (PGE) in small
ruminant (Fabiyi, 1970, Chiejina 1987). The use of
anthelmintics, management of grazing land, adequate
stocking rate and appropriate rotation strategies are the
available control measures (Soulsby, 1982). There are

Caprine parasitic gastrointestinal infection is worldwide in
distribution (Baker et al, 1999; Chiejina et al, 2002),
especially in the tropical and other sub tropical areas,
ostensibly due to poor management practices and
inadequate control measures (Akhtar et al, 2000). In
addition, different countries have reported varied parasite
species from their microenvironment where livestock are
found (N’Depo, 1987; Bishop and Stear, 2001). Studies
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emerging evidences that suggest a genetic basis for
resistance to gastro intestinal nematodes by livestock
(Walkden-Brown et al., 2008). There have been reports of
both inter and intra breed genetic differences responsible for
resistance to infection by gastrointestinal nematodes. On
goats, Costa et al. (2000) reported from Brazil variability of
resistance of three breeds of nematode free goats introduced
to contaminated paddock as measured by their egg per gram
(EPG), packed cell volume (PCV) and haemogolobin
concentration (Hb). Similar observation on resistance to
Haemonchus contortus by the Nigerian West African Dwarf
goat was reported (Fakae et al., 1999; 2004; Chiejina and
Behnke, 2011). However, there have been few or no
published reports on genetic parameters responsible for
resistant traits in the three different breeds of Nigerian goats
(WAD, Red Sokoto and Sahel white), particularly the role of
haemoglobin genotype in conferring resistance to helminth
infection or otherwise.

The distribution of haemoglobin polymorphism among
Nigerian indigenous goat breeds was previously investigated
(Alphonsus et al, 2012, Agaviezor et al, 2013) with
haemoglobin types A, AB and B being the most commonly
encountered haemoglobin types in older animals, while
haemoglobin AC among the younger animals. Alphonsus et
al. (2012) observed that the haemoglobin type AA was
predominant among the indigenous breeds (RS, SW and
WAD) when compared to the AB and BB types with the trend
of dominance decreasing from the more humid, high altitude,
rain forests breeds of goats to the dryer, low altitude regions
of the Sahel zone. Similarly, the HbA has been reported to
confer genetic resistance to helminth infection in the West
African dwarf sheep. This is thought to also occur in the WAD
goat, since the WAD goat has been reported to possess high
frequency of HbAA alleles compared to RS and SW breeds
of goats.

The present study aimed to determine the responses of these
indigenous breeds of Nigerian goats to naturally acquired
helminthes infection through the determination of
haematological and parasitological parameters and
investigate the role of haemoglobin type in this response.

MATERIALS AND METHODS
Experimental Animals

Three breeds of Nigerian goats [West African Dwarf (WAD),
Sahel White (SW) and Red Sokoto (RS)] commonly
slaughtered at the Bodija Municipal Abattoir, Ibadan were
randomly selected and used for this study. The care and use
of experimental animals’ protocol was strictly adhered to
during the time of sampling (Ochei and Kolkatar, 2000).
Breeds were identified phenotypically according to Steel
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(1996). All the goats sampled were tagged at the neck for
proper identification.

Collection of Samples

Prior to slaughter, blood sample was collected from the
jugular vein of each goat into sterile bottles containing
Ethylene Diamine Tetra Acetic Acid (EDTA) as anticoagulant,
while about 10 grams of faecal sample was collected directly
from the rectum of each goat into faecal sample bottle.
Briefly, the index finger was inserted directly into the rectum
after wearing a hand glove and proper restraint of the animal.
The faeces collected were transferred to the sample bottle
before been transported to the laboratory. Following
slaughter and evisceration, abomasum of each identified goat
was ligated at both ends and separated from the mesenteric,
omasal and the duodenal attachments. All samples (blood,
faeces and abomasa) were properly labeled to ensure that
samples from each goat were treated as a unit.

Table 1: Faecal egg count (FEC) expressed as Mean = SD and
Haemonchus abomasal worm count (range) of three breeds of
Nigerian goats infected naturally with helminthes. The left
column shows the range of worm count and the number infected is
shown in parenthesis. Different superscripts in rows and columns
differed significantly (p<0.05)

Worm count WAD RS sw
1-50 (38)  1121.05£765.88" 2108.33+1361.80°  2345.76+1965.94°
51-100 (19) 2305.26+1467.22° 3080.00+1662.70% 2896.00+1805.84"
101-150 (11)  4309.09+2023.09° 4837.50+2748.47° 4737.69+1408.08"
Total (68) 2696.52+1401.32° 3827.52+1301.19% 3179.94+£1293.35"

Determination of Packed Cell Volume (PCV), Eosinophil
count and Haemoglobin types

The packed cell volume (%) was determined using the micro
haematocrit method (Murray et al., 1983), Eosinophil count
according to the standard procedure described by Dacie and
Lewis (1995). The haemoglobin type of each goat was
determined by electrophoresis of lysed erythrocytes on
cellulose acetate strip using electrophoresis buffer of pH 8.6
with known Hb haemosylate type standard of AS, SC of
human blood according to the methods of Olusanya (1975)
and Rifkin and Yong (1984).

Examination of abomasum for Haemonchus species

For each goat sampled, the abomasum was ligated at both
ends in situ and transported in physiological saline solution to
the Veterinary Medicine laboratory, Department of Veterinary
Medicine, University of Ibadan, Ibadan, Nigeria. In the
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laboratory, the abomasa were opened along the greater
curvature. Thereafter, adult worms were counted and
identified to species level on a stereo microscope using
morphometric and morphologic characteristics described by
Soulsby (1982).

Faecal Examination and larval culture

Faecal egg count was determined by the modified McMaster
method. Briefly, the two chambers of the McMaster slide
were filled with resulting mixture of 1 g faecal matter and 14
ml of saturated sodium chloride solution. The mixture was left
for 2 minutes before commencing counting. The value of
eggs per gram (Epg) was obtained by multiplying the number
of eggs in the two chambers by 100. Faeces were cultured to
the third stage larvae in order to identify parasite species
(Hansen and Perry, 1990; Zajac and Garya, 2006).
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infection rate was distributed thus; 68 WAD (68.00%), 59 RS
(60.82%) and 53 SW (66.25%).Similarly, mixed infections
consisting of Haemonchus contortus and Trichostrongylus
colubriformis was found among 60 (33.33%) goats, while
48(26.67%) had Haemonchus contortus-Oesophagostomum
columbianum combination. Single infection by either of
Haemonchus contortus, Oesophagostomum columbianum,
Trichostrongylus  colubriformis,  Stronyloides papillosus,
Cooperia punctata, Trichuris ovis, Paramphistomum ovis and
Moniezia benedini was found in 72(40%) goats. The result of
faecal egg count (FEC) and abomasal worm count among
naturally infected breeds of Nigerian goats is presented in
Table 1. Abomasal worm count range of (1-50) had the
highest frequency of 38 worms, while ranges of (51-100) and
(101-150) had 19 and 11 worms respectively.

Table 2: Haematological parameters [PCV (%) and Eosinophil (x10%/L)] of three Nigerian breeds of goat.

Different superscripts in rows and columns differed significantly (p<0.05)

Helminth status WAD RS
n PCV n

Non-Parasitized 32 31.58+5.43° 38

Parasitized 68  25.32+7.60% 59

n Eosinophil n

Non-parasitized 32  1.00+0.40" 38

Parasitized 68  3.39:0.90" 59

Statistical Analysis

Data generated were analyzed using the Statistical Analysis
System version 8.0 (SAS, 2003). The data were tested for
significant differences among breeds by the means of
Analysis of variance (ANOVA). The means were separated
using Duncan multiple range test. Pearson Product Moment
Correlation (PPMC), which tested for relationship between
parameters, was also used. All significant differences were at
0.05 levels.

RESULTS

Effect of helminthes infection in three breeds of Nigerian
Goats

A total of 277 Nigerian goats [100 West African Dwarf (WAD),
97 Red Sokoto (RS) and 80 Sahel White (SW)] were
screened for gastro-intestinal helminthes. Among the
screened goats, 180 (65%) were positive for one helminth
or two. Based on the number of goats sampled per breed, the

sSw Total (Mean)
PCV n  PCV n PCV
32.00£6.94° 27 29.41+559" 97  30.96+6.39"
22.40£7.99" 53  20.55:4.78"° 180  23.67:5.36%
Eosinophil n Eosinophil n Eosinophil
0.85:0.40° 27  0.90:+0.60" 97  0.95:0.40°
2.93:0.60° 53  1.95+0.70° 180  2.90+0.30°

There was no statistical significant (p>0.05) difference in FEC
among the breeds examined, however the WAD breed with
worm count (101-150) showed a significantly (p<0.05) higher
value when compared to those with lower worm count. There
was a significant positive correlation between haemonchus
worm count and FEC in all the breeds examined.
Haemonchus worm count (HWC) of 101-150 showed higher
correlation coefficient between FEC and HWC in WAD breed
(+0.661) than RS (+0.365) and SW (+0.427) at p<0.01.

Effects of helminthes on haematology of goats

The effect of natural infection with helminthes on three
breeds of Nigerian goats is presented in Table 2. There was
a statistically significant difference between the parasitized
and the non-parasitized goats distributed across all the three
breeds. A significantly (p<0.05) lowered PCV was observed
among the parasitized animals when compared with their
respective non-parasitized in all the three breeds
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investigated. Similar trend was observed in the total (mean)
of parasitized and non-parasitized goats.

Eosinophil count of both parasitized and non-parasitized
goats of RS and SW breeds and the total (mean) did not
show any significant difference (p<0.05). However,
significantly (p<0.05) higher count was observed among
parasitized WAD when compared to the non-parasitized.

Results presented in Table 3 showed that there was no
significant (p<0.05) difference in mean HWC and PCV values
among goats across all the breeds. However, those with
worm range of 101-150 showed a significantly lowered PCV
when compared to the total of all the breeds investigated.

Haemoglobin types

The result of the distribution of various haemoglobin types
among three breeds of Nigerian goats naturally infected with
helminthes is presented in Table 4. HbAA type significantly
(p<0.05) differed from HbAB and HbBB types within each of
the three breeds of goats investigated. However there was
not statistically significant difference in the haemoglobin
types among the breeds examined. Table 5 presents the
result of the PCV, Mean worm count and FEC of three
breeds of Nigerian goats infected with helminthes naturally.
The mean FEC and worm count among goats with the three
different alleles showed no significant (p<0.05) variation,
while mean PCV of goats with HbAB, HbBB and total (mean)
were significantly (p<0.05) lower than for those with HbAA
alleles.
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papilosus, Cooperia punctata, Trichuris ovis, Paraphistomum
cervi and Moniezia benedini were also found among the
goats examined. Similar prevalence of infection has
previously been reported in Nigeria (Fakae, 1990).However,
the infection rate seems higher for some regions of the world
(Qamar et al, 2011). The predominant gastrointestinal
parasites in this study agrees with similar studies by previous
workers in Nigeria (Schillhorn van Veen, 1978; Chiejina,
1987; Fakae et al., 1999) who reported that H.
contortus,Oesophagostomum columbianum and T.
colubriformis were the most common and are generally
responsible for most field outbreaks of parasitic enteritis in
small ruminants. The mixed infection due to H. contortus and
T. colubriformis and H. contortus and O. columbianum infers
that concurrent infection with more than one member of the
PGE complex family is a common phenomenon. The species
of parasite encounter also agrees with an earlier report that
Strongyle infections predominantly H. contortus, T.
colubriformis and O. columbianum were very common in the
rain forest and derived savannah zones of Nigeria, which
provides environment favorable for the development of the
pre-parasitic stages (Fagbemi and Dipeolu, 1982). The
prevalence of (0.70%) of cooperiasis as reported in this study
contradicts earlier report that Cooperia spp. is not an
important cause of ovine and caprine parasitic
gastrointestinal parasitism in Nigeria (Fabiyi, 1970). The
parasitological (FEC and HWC) and haematological (PCV
and Eosinophil counts) parameters were observed to vary
in order of WAD, RS and SW, with the latter manifesting the

Table 3: Mean PCV (%) and Haemonchus worm count [HWC (Mean and range)] of three Nigerian breeds of goats infected with
helminthes. Different superscripts in rows and columns differ significantly (p<0.05)

WAD RS sw
Worm Count | HWC PCV HWC PCV HWC PCV
1-50 | 38.63+0.18" 27.37+5.04" | 34.83+12.18" 25.44+4.66" | 42.20+7.67" 25.60+6.05"
51-100 | 77.11£15.90° | 24.89+4.25" | 72.33+13.84" 22.73+5.71" | 79.60+16.93" 21.10£4.31"
101-150 | 128.18222.61" | 20.35:6.42 | 117.50£16.26° | 15.00:3.55° | 126.63£14.28" | 15.6321.85"
Total | 87.45212.38° | 25.32+7.60" | 75.39+20.42° 22.40+7.99" | 82.36+5.36" 20.55+4.78"
DISCUSSION
The present study reports on the parasitological and severest (low PCV, high FEC and HWC) form of

haematological response of three breeds of Nigerian goats to
natural helminthes infections. Similarly, haemoglobin types
were determined. We report an infection rate of 65% in this
study with parasite species consisting of Haemonchus
contortus, Oesophagostomum columbianum and
Trichostrongylus colubriformis predominating. Strongyloides

haemonchosis. Similarly, correlation coefficient between
HWC (1-150) and FEC (fecundity) shows high positive
correlation value as significantly higher (p<0.01) correlation
factor was found among WAD (0.661) than SW (0.427) and
RS (0.350). The apparent relative improved parameters
(higher PCV and lowered FEC and HWC) of WAD in this
study compared to other breeds investigated might be
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attributed to the higher frequency of the haemoglobin HbAA
genotype in the breed. It is known that carriers of HbA have
demonstrated resistance against helminthes infections. The
higher PCV and lowered FEC / HWC in the goats with
haemoglobin HbAA genotype compared to those of HbBB
which had lower PCV and higher FEC/HWC as observed in
this study lend credence to the report of Allonby and Urquhart
(1975) that less severe anaemia and other pathological
lesions occurred in sheep of HbAA genotype. Several studies
have suggested that haemoglobin genotypes that are
genetically determined are of the different alleles and that
HbAA alleles provided higher resistance to H. contortus than
HbBB alleles (Laffau et al., 1981, 1990). Similarly, the
relatively low FEC, adult haemonchous worm counts and
higher PCV of the WAD goats might reflect a higher
frequency of HbAA alleles in the sample than in the RS and
SW samples. Sheep with HbAA type were better able to cope
with haemorrhagic and climatic stress because of
physiological advantage of having higher affinity for oxygen
than HbBB. When sheep with HbAA become anaemic, they
produce HbC (Blunt and Evans, 1963). These might also be
applicable to WAD goats with HbAA alleles, given the higher
frequency of the genotype in the randomized WAD sample.

Table 4: Distribution of haemoglobin types among three breeds
of Nigerian goats infected with helminthes. Different superscripts
in rows differed significantly (p<0.05)

Haemoglobin types {n (%)}

Breed (n) HbAA HbAB HbBB
WAD (68) 33 (48.53)° 22(32.35)° 13(19.12)°
RS (59) 27 (45.76)° 18(30.50)° 14 (23.73)°
SW (53) 25(47.17)> 13 (24.53)° 15 (28.30)°
Total (180) 85 (47.22)° 53 (29.44)° 42 (23.33)"

Table 5: Mean PCV, Worm count (WC) and FEC of three breeds
of infected Nigerian goats based on their haemoglobin types.
Different superscripts in rows differed significantly (p<0.05)

Parameter Mean PCV Mean WC Mean FEC

HbAA (n=85) 26.25+ 5.60° 75.80+40.50° 3780.20+1129.2°
HbAB (n=53) 23.90+7.00°° 87.30+34.17° 4750.78+2400.8"
HbBB (n=42) 20.70£9.50™ 88.37+20.30° 4550.20+1489.00"
Total (Mean£SD) 23.80+5.90" 81.17+38.40° 4336.00+1490.30"
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The foregoing findings indicate that WAD was more resilient
than SW and RS breeds and suggest that, there are
variations in host acquired immune responsiveness to
helminthes infection among the breeds examined. However,
the consistent patterns of responsiveness in WAD are an
important feature of this host parasite relationship and that of
FEC is likely to be strongly influenced by the WAD genetic
makeup. The practical values of these heritable FEC positive
responsiveness has been demonstrated in a number of
successful selective breeding programmes (Windon, 1990;
Gray, 1991). There is good evidence that the same variability
in egg per gram of faeces, which have been found to be
heritable, may be true of WAD in this study. In conclusion,
this study has demonstrated that there are variations in the
response of the breeds of goat examined to natural helminth
infections as evidenced by variations in PCV, FEC and HWC
and that the type of haemoglobin genotype play an important
role in the resistance of the examined goats to helminth
infection.
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