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Abstract
The variability between and within breeds with respect to nematode egg counts (EPG), packed
cell volume (PCV) and hemoglobin (Hb) was studied in 36 yearling female goats of the Caninde
(15), Bhuj (6) and Anglo-Nubian (15) breeds, exposed to Haemonchus contortus. Nematode-free
goats were turned to a contaminated paddock in late February. From then on, fecal egg per gram
counts (EPG), packed cell volume (PCV) and hemoglobin (Hb) were determined at 2-week intervals
up to Week 18. The EPG, transformed as [log(EPG + 75)], varied (P < 0.01) between goats within
breeds and between weeks of exposure, but not between goat breeds (P > 0.05). PCV and Hb were
affected by goat breeds (P < 0.05), by goats within breeds (P < 0.01) and by weeks of exposure
(P < 0.01). Anglo-Nubians had higher (P < 0.01) PCV and Hb than Caninde; Bhuj had intermediate
values. There were two EPG rises; one between Weeks 6 and 10 and the other between Weeks 14 and
16. The within breed variability was marked during the EPG rise on Week 6, when individual egg
counts ranged from 130 to 2500. The EPG rises coincided with drops in Hb. PCV presented a similar
trend, though not as marked. Haemonchus was responsible for more than 95% of nematode eggs
counted. Considering the goat as experimental unit, the correlation coefficients (r) were: −0.45,
P = 0.0064, between log(EPG + 75) and PCV; and −0.53, P = 0.0009, between log(EPG + 75)
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and Hb. The negative correlation between egg counts and blood values suggested breed differences
in PCV and Hb were related to resistance to H. contortus infection and/or to its effects. ©2000
Elsevier Science B.V. All rights reserved.
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In northeast Brazil, particularly in Ceara state, Haemonchus contortus is the most important helminth parasite of goats (Costa et al., 1991). Based on the genetic diversity between
and within goat breeds in northeast Brazil (Shelton and Figueiredo, 1981), it was considered
that a search for genetic variability in resistance to H. contortus might provide an option
for nematode control.
Genetic variability with respect to resistance to nematodes in sheep has been well documented, and it has been observed between breeds, between sire lines within breeds and
between individuals within breeds (Stewart et al., 1937; Gregory et al., 1940; Jilek and
Bradley, 1969). Such variability has encouraged the inclusion of this parameter in several
sire selection programs in Australia and New Zealand (Woolaston and Baker, 1996; McEwan et al., 1997). Concerning goats, Preston and Allonby (1978) reported differences in
mortality, egg counts and nematode establishment between Saanen, East African and Galla
breeds. Buvanendran et al. (1981) reported individual goat variability within the Red Sokoto
breed with respect to nematode egg counts. Costa and Pant (1983) observed higher red blood
cell counts in Anglo-Nubian kids, when compared with Caninde and Bhuj, exposed to the
same natural H. contortus infection. Cabaret and Anjorand (1984) reported higher counts
of Muellerius capillaris larvae in fecal samples of Saanen than in Alpine goats. The Saanen
goats also had higher gastrointestinal nematode egg counts than the Alpine goats (Richard
et al., 1990). Richard and Cabaret (1993), based on parasitological parameters, classified
Alpine × Saanen cross-bred kids into susceptibles, intermediates and resistants to Telodorsagia circumcincta primary infection. Mandonnet et al. (1996), in Guadeloupe, found a
sire effect on EPG (mean egg counts) from 203 six-month-old Creole kids. Patterson et al.
(1996) classified fibre-producing male goats, exposed to natural infection, into responders
and non-responders based on individual egg counts. Pralomkarn et al. (1997) observed Thai
native goats to be more resistant to trickle infection by H. contortus than their Anglo-Nubian
crosses. Baker et al. (1998) reported the post-parturient rise in egg counts to be higher in
magnitude and more persistent in Galla does than in Small East African does.
The purpose of the present work was to investigate breed and individual variability, with
respect to nematode resistance, in Caninde, Bhuj and Anglo-Nubian yearling female goats
exposed to natural H. contortus infection.
The work was conducted at the EMBRAPA goat research center in the state of Ceara in
northeast of Brazil from late February to early July, when transmission of H. contortus occurs
(Costa et al., 1991). Thirty-six yearling female goats were used: 15 of the Caninde breed, 6
from Bhuj and 15 from Anglo-Nubian breeds. To remove existing nematode parasites, all
goats were treated with oxfendazole at 8 mg/kg on Day −14, with levamisole at 15 mg/kg
on Day −7 and fenbendazole at 8 mg/kg on Day 0. Once worm-free, the goats were turned
out on a nematode-contaminated paddock. From Day 0 onward, EPG, PCV (packed cell
volume) and Hb (hemoglobin)were determined at 2-week intervals up to Week 18.
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Egg counts were determined by a modified McMaster technique. The mean of three
counts was taken as the individual goat EPG value on each week of exposure. The EPG
per nematode genus was determined on morphological basis following examination of
infective third-stage larvae cultured according to routine procedures. Blood was collected
in vaccum tubes coated with EDTA, and the PCV and Hb were determined according
to routine procedures. The EPG data were submitted to analysis of variance after being
transformed [log(EPG + 75)]. No transformation was applied to PCV and Hb. The EPG,
PCV and Hb were first analyzed according to goat breeds, goats within breeds and weeks
of exposure main effects, as well as the breed × weeks of exposure interaction. As the
goat within breeds effect was significant, the goat breed effect was further analyzed using
the goat within breed variance as the error term. For testing goat breed effect, only this
last analysis was considered. The EPG, PCV and Hb least-square means for breeds were
compared with a SAS (Statistical Analysis System) program (SAS Institute, 1989). The
correlation coefficients (r) between EPG, log(EPG + 75), PCV and Hb, and their level of
significance, using either single fecal and blood analysis or the goat as experimental unit,
were also calculated with a SAS program.
The EPG varied (P < 0.01) between goats within breeds and between weeks of exposure,
but not (P > 0.05) between goat breeds. The PCV was affected by goat breeds (P < 0.05),
by goats within breeds (P < 0.01) and by weeks of exposure (P < 0.01). The Hb varied
according to goat breed (P < 0.05), between goats within breeds (P < 0.01) and between
weeks of exposure (P < 0.01). There was a significant (P < 0.01) interaction between goat
breed and week of exposure on Hb values.
The average values per breed, for EPG, log(EPG + 75), PCV and Hb, during the entire
18-week period, are presented in Table 1. The Anglo-Nubians had higher (P < 0.01) PCV
and Hb than Caninde; and Bhuj had intermediate values. Similar trend was observed for
EPG, though not significant.
The weeks-of-exposure effect on EPG, PCV and Hb are shown in Fig. 1. The EPG showed
two rises, first between Weeks 6 and 10, and again between Weeks 14 and 16. On Week
6, the breed average EPG were 1000, 500 and 650, respectively, for Caninde, Bhuj and
Anglo-Nubians. These values ranged from 200 to 2500 in Caninde, 200 to 1030 in Bhuj
and from 130 to 1660 in Anglo-Nubians. The EPG rises coincided with two drops in Hb
values and may be explained by the negative correlation discussed in the next paragraph.

Table 1
Egg counts [EPG and log(EPG + 75)], packed cell volume (PCV) and hemoglobin (Hb) in yearling female goats
from Caninde, Bhuj and Anglo-Nubian breeds exposed to natural Haemonchus contortus infection
Mean ± Standard Error

Breeds

(15)c

Caninde
Bhuj (06)c
Anglo-Nubian (15)c

log(EPG + 75)

PCV %

Hb g/dl

397 ± 51
329 ± 81
302 ± 51

5.649 ± 0.093a

27.17 ± 0.44b

9.67 ± 0.16b
10.06 ± 0.26a,b
10.33 ± 0.16a

5.526 ± 0.147a
5.457 ± 0.093a

28.27 ± 0.69a,b
28.92 ± 0.44a

Values in the same column superscribed with different letters are different (P < 0.01).
Goat numbers per breed. The means were based on 10 (EPG and PCV) or 9 (Hb) determinations per goat.

a,b
c

EPG
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Fig. 1. Mean egg counts (EPG), packed cell volume (PCV), and hemoglobin (Hb) per goat breed and per week of
exposure to Haemonchus contortus.

Values for PCV presented a similar trend as Hb, though not as marked. Haemonchus was
responsible for more than 95% of the nematode eggs counted.
There was a negative correlation between egg counts and blood values. Considering the
goat as the experimental unit, the correlation coefficients (r) were: −0.54 (P = 0.0007)
between EPG and PCV; −0.63 (P = 0.0001) between EPG and Hb; and 0.92 (P = 0.0001)
between PCV and Hb and between EPG and log(EPG +75). Transformation of EPG values
reduced the correlation coefficients which were still significant [−0.45, P = 0.0064 between
log(EPG + 75) and PCV; and −0.53, P = 0.0009 between log(EPG + 75) and Hb].
The capability of a host to withstand parasite infection has been classified as follows:
resistance — the ability to suppress establishment and/or subsequent development of infection (Albers et al., 1987); and resilience — the ability to withstand the pathogenic effects of
parasite infection (Riffkin and Dobson, 1979). As reviewed by Bisset and Morris (1996),
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the major factor underlying resilience of sheep to H. contortus effects is simply the ability to
limit the size of infection. That is, in sheep–H. contortus interaction, host resilience would
be related to resistance. As clinical effects of H. contortus infection, altered PCV and Hb are
in fact markers of host resilience, as considered by Bisset and Morris (1996). However, as a
result of correlation between H. contortus infection and anemia, these parameters have also
been used to measure resistance in sheep (Albers et al., 1987), as well as in goats (Baker
et al., 1998).
In the present study the goats were exposed to natural H. contortus infection from the
time they were turned on to pasture in late February to early July. As yearlings raised
under pasture conditions in the same area, all had prior exposure to infection before the
experimental period. The goat breeds did not differ in EPG, but the Anglo-Nubians presented
higher PCV and Hb than the Caninde. The negative correlations between individual goat
egg counts and blood values suggested that breed differences in PCV and Hb were related
to host resistance to H. contortus infection and/or effects. The Caninde are native to the
region of study, which has a semi-arid climate, whereas, the Anglo-Nubians originate from
more humid regions. Pralomkarn et al. (1997) and Baker et al. (1998) also found more
resistant goat genotypes to originate from humid climates, which might be explained by
natural selection under conditions of higher challenge.
The within breed individual variability observed for EPG, PCV and Hb has been extensively reported in sheep (Woolaston and Baker, 1996) and goat breeds (Patterson et al., 1996;
Pralomkarn et al., 1997) and part of this is genetically controlled. The heritability of EPG
and PCV in sheep infected with H. contortus has been shown to range, respectively, from
0.26 to 0.34 and from 0.35 to 0.45 (Albers et al., 1987). The heritability of EPG in sheep
has also been estimated as 0.23 (McEwan et al., 1997). In goats infected with H. contortus,
the genetic role for the within breed individual variability of EPG and PCV values is not as
defined as in sheep, but as reviewed by Mandonnet et al. (1996), the heritability for PCV in
goats naturally infected with H. contortus has been estimated to be 0.22. Considering the
importance of the within flock variability in sheep, which has been exploited for resistance
selection in several breeding programs (McEwan et al., 1997) and the significance of this
phenomenon in the goat breeds studied now; it should receive major research attention in
future. Within breed variability has to be considered for at least two major reasons. First,
further work has to be conducted to estimate heritabilities for these parameters in goats
under our local conditions and to study correlations between these parameters and production traits. Second, the impact of within breed variability has to be considered in the
epidemiology and control of gastrointestinal parasites of goats.
The authors are grateful to Helena Araújo da Ponte and to Felipe Cavalcante Machado
for technical assistance.
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