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Abstract

A study was conducted to evaluate the relative resistance to a natural or induced gastrointestinal (Gl) nematode infection
in hair and wool breeds of lambs. In Experiment 1, natural GI nematode infection was evaluated among fall born Dorper
crossbred (DOr = 17) or St. Croix (SCr = 17) lambs. Ewe and wether lambs were weaned at 841 days of age and
dewormed. Fecal egg counts (FECs) and blood packed cell volume (PCV) were determined between weaning and 56 days
later. In Experiment 2, natural Gl nematode infection was evaluated among spring born DO (7/8 or 3/4 besp24),

Katahdin (KA;n = 26), SC ¢ = 8), and Suffolk (SUn = 10; wethers only) ewe and wether lambs from weaning{@03

days of age; April) to 115 1.3 days of age (June). In both studies, lambs grazed bermudagrass overseeded with ryegrass,
previously grazed with sheep, and were supplemented with 225-500 g of corn/soybean meal supplement. In Experiment 3,
the relative resistance was examined among D& (8), KA (n = 8), and SC#{ = 9) ewe lambs to induced Gl nematode
infection (20,000Haemonchus contortus L3). Lambs were weaned at 62 2.3 days of age, dewormed 22 days later and
inoculated 6 days later (Day 0). In Experiment 1, FEC was gre&ter (.04) at weaning in DO lambs and PCV was similar
between DO and SC lambs. In Experiment 2, FEC was greatest and PCV least in DO lambs when compared with other breeds
(breedx time, P < 0.003). In Experiment 3, FEC was greater in DO and KA lambs compared with SC lamb®9(02). By

Day 42, four DO, six KA, and three SC lambs had been dewormed. With a low to moderate challenge, resistance to infection
was similar among the three hair breeds examined and greater than the wool breed lambs. When the challenge escalated, St
Croix lambs were most resistant and Dorper crossbred lambs were similar or less resistant than Katahdin lambs.
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1. Introduction

Hair sheep can be integrated into a small to
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2002, Burke and Burner, unpublished observations of St. Croix or 3/4 Dorper—1/4 Romanov; ewe= 11;
sheep in peach orchard, 2001). Management require-wether:n = 6) with St. Croix (SC; ewen = 7;
ments of hair breeds is relatively low compared with wether: n 10) lambs for relative resistance to
traditional wool breeds because shearing is unneces-Gl nematode infection under winter grazing pasture
sary and treatment for Gl nematode parasites may beconditions. Lambs were born in October 2000 and
reduced due to resistance to infecti@o(rtney et al., weaned at 84t 1.1 days. Lambs were vaccinated
1985; Zajac et al., 1990; Gamble and Zajac, 1992; againstClostridium chauvoei, C. septicum, C. nowyi
Wildeus, 1997. The latter is of utmost importance Type B, C. haemolyticum, C. tetani, and C. perfrin-
because current anthelmintics available, as well as gens Types C and D (6vexin &) at weaning and
some approved for other species, have become inef-43 days later. Lambs were dewormed with ivermectin
fective for controllingHaemonchus contortus (Miller (lvome®, 0.2mg/kg) at weaning (Day 0), typical
and Barras, 1994; Wooster et al., 200a&ne of the of past management. Pastures consisted of 2.8ha
most economically and physiologically devastating of bermudagrass overseeded with annual ryegrass.
Gl nematode parasites affecting small ruminants. The bermudagrass remained dormant throughout the
St. Croix (Courtney et al., 1985; Zajac et al., trial. The pastures had been recently grazed by sheep
1990; Gamble and Zajac, 199and Katahdin sheep and were considered to be contaminated with Gl
(Presson, 1986are relatively resistant to GI nema- parasites. All lambs were pastured together. Lambs
tode parasite infection. Dorper lambs, a South African were provided with up to 5009 per lamb per day of
breed of sheep introduced to the US in 1995, have corn/soybean meal supplement (15.0% CP, DM) and
not been evaluated under southeastern US condi-had trace mineralized salt available ad libitum.
tions for parasite resistance. Mature Dorper crossbred Fecal egg count (FEC), as determined by a modi-
ewes were nearly as resistant to nematode infection fied McMaster techniqué/hitlock, 1948, and body
as St. Croix and Katahdin ewes and more resistant weight data was collected at Days 0, 28, and 56 post
than Hampshire ewes with a moderate infection level weaning. Blood packed cell volume (PCV) was deter-
(Burke and Miller, 2002 However, studies conducted mined at 14 days intervals. The study was terminated
in Kenya determined that Dorper sheep were less after the Day 56 fecal and blood collection.
resistant to parasite infection than the Red Maasai
(Mugambi et al., 1996, 1997; Baker et al., 1999
Lambs under 6 months of age are more susceptible
to infection than older shees¢€hallig, 2009. The The objective of Experiment 2 was to compare
objective of these experiments was to compare the Gl Dorper crossbred (DO: 7/8 Dorper,= 9; DS: 3/4
nematode parasite resistance of weaned Dorper lambsDorper-1/4 St. Croixp = 15) with Katahdin (KA,
to that of St. Croix, Katahdin, and the more suscepti- n = 26), St. Croix (SC;z = 8), and Suffolk (SU;
ble Suffolk breed to a natural pasture infection or an » = 10) lambs for relative resistance to Gl nema-
experimentaH. contortus infection. tode parasite infection under summer grazing pasture
conditions. Lambs born in February and March 2001
were weaned at 6& 1.3 days (Day 0). Hair breeds
included both ewe and wether lambs, whereas SU
breed included wethers only. All hair breed lambs

2.2. Experiment 2

2. Materials and methods

All experimental procedures were reviewed and ac-
cepted by the Agricultural Research Service Animal
Care and Use Committee in accordance with the NIH
guide for the care and use of laboratory animals.

2.1. Experiment 1

The objective of Experiment 1 was to compare
Dorper crossbred (DO; 1/2 Dorper—1/4 Romanov—1/4

were produced by the Agricultural Research Ser-
vice, Booneville sheep flock. The SU lambs were
purchased from a local producer at weaning. Hair
breed lambs were not dewormed at weaning and had
been exposed to infective pastures with dams before
weaning. Lambs were vaccinated as described above.
All lambs were pastured together on 2.8 ha of pri-
marily bermudagrass at approximately 24lambs/ha
and were supplemented with up to 2259 per lamb
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per day of corn/soybean meal mix. Lambs had ac- 2.4. Satistical analyses
cess to free choice trace mineralized salt. All lambs
within a breed group were dewormed with ivermectin Data were analyzed using the mixed models pro-
(lvomec®, 0.2 mg/kg) when FEC for that breed group  cedure ofSAS (1996) The mathematical model used
was greater than 1000 epg. for PCV, FEC, and body weight included breed, sex,

FEC, PCV and body weight data was collected the interactions (Experiments 1 and 2), and a repeated
at Days 0, 28 and 56. The FEC for all breeds was statement for date of measurematitt¢ll et al., 1999.
greater than 1000 epg on Day 28, therefore, all lambs In Experiment 1, the 1/2 DO and 3/4 DO were pooled
were dewormed with ivermectin (Ilvom&cSheep because they were not statistically different. Contrasts
Drench, 0.2mg/kg). Based on a FEC reduction test were determined using the PDIFF option in SAS. FEC
comparing Days 0 and 28, there was a 3.6-fold in- data were log transformed:(IREC+1). Statistical dif-
crease in FEC which indicated that the treatment ferences among breeds between the two analyses were
was ineffective. Therefore, all lambs were dewormed similar, therefore statistical inferences were made on
with moxidectin (Cydectifi, 0.2mg/kg) on Day transformed data and untransformed LS means were
59 and study was terminated. A follow up FEC presented.
was conducted on Day 84 to evaluate the effect of
moxidectin. Eggs in the feces collected on Day 56
were cultured to determine predominant genera of 3. Results
nematode.

3.1. Experiment 1
2.3. Experiment 3
FEC were reduced 66.4% between Days 0 and 28

The objective of Experiment 3 was to evaluate Dor- for both breed types in response to ivermectin. The
per crossbred (3/4 or 7/8 Dorper;= 8) compared FEC was greater in DO compared with SC lambs on
with KA (n = 8) and SC £ = 9) ewe lambs for rel-  Day 0 (P < 0.04), but similar after lambs were de-
ative resistance to Gl nematode parasite infection to wormed (breec time, P > 0.10; Fig. 1A). The PCV
an induced infection wittH. contortus. Lambs born was similar between breeds of lamissg. 1B). Body
in October 2001 were weaned at£2.4 days of age  weight was greater for DO compared with SC lambs
and vaccinated as described previously. Lambs wereon Days 0 (1% > 17.4kg), 28 (230 > 19.2kg) and
housed in an open-sided barn with a concrete floor 56 (27.2 > 24.1kg; breed« time, P < 0.03). All vari-
with free access to bermudagrass hay and trace min-ables examined were similar between ewe and wether
eralized salt. Lambs were supplemented with 500 g lambs. Lambs gained between 119 (St. Croix) and 135
per head per day of a corn/soybean meal mix. Lambs (Dorper) g per day ® > 0.10).
were dewormed with levamisol (Tramisole soluble
drench powdé?; 8.0mg/kg) and 6 days later FEC 3.2. Experiment 2
was determined to be less than or equal to 50 epg.
Lambs then were inoculated with 20,08D contor- On Day 56, FEC was greater and PCV least in DO
tus L3 (Day 0). FEC was determined every 7 days lambs compared with all other breeds (breetime,
between Days 14 and 42 and PCV determined twice P < 0.003;Fig. 2). The FEC was greater in KA wether
weekly during that time. Individual lambs were de- compared with KA ewe lambs (215> 16820 epg,
wormed with moxidectin (Cydectfy 0.2 mg/kg) if P < 0.02), but FEC between sexes of DO, DS, and SC
PCV was<15, and removed from the study. Lambs lambs and PCV between sexes of all breeds was simi-
were weighed on Days 0 and 28. Too few animals lar. Fecal cultures indicated theit contortus was the
remained on study (12 lambs removed) by Day 42 for predominant (80—-100%) nematode species, followed
meaningful comparison of body weight at that time. If by Cooperia (8—18%) andTrichostrongylus (0-4%).
lambs did not require anthelmintic treatment, for sta- Body weight between sexes was similar. The SU
tistical comparison, number of days to treatment was lambs were heaviest and SC lambs lightest throughout
considered 42. the trial (P < 0.001;Fig. 3. If the initial body weight
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Fig. 1. Least squares means and standard errors of fecal egg counts (A) and packed blood cell volume (B) in Dorper crossbred (DO;

closed circle) and St. Croix lambs (SC; open triangle) during winter natural pasture challenge infection. A kireednteraction was
detected for FEC K < 0.09). The asterisk (*) indicates treatment with ivermectin (Ivofhe@.2 mg/kg).

was used as a covariate, body weights increased to ain DO compared with SC lambs (8602 4217 epg;
greater extentin SU compared with SC lambs (bseed P < 0.005) and tended to be greater in KA (5170 epg)
time, P < 0.001). Or average daily gains were greater compared with SC lambsP( < 0.07; breed effect,

in SU (158 g per day) compared with SC (102g per P < 0.02; Fig. 4A). FEC was similar between DO

day) and KA (129.3g per day) lambs (< 0.05).

and KA lambs. PCV was greater in SC compared

Average daily gain of Dorper type lambs (DO, 127g with KA lambs on Days 21 P < 0.02) and 28
per day; DS, 132 g per day) was similar to other breed (P < 0.08; Fig. 4B), but otherwise was similar among

types.

3.3. Experiment 3

When lambs were artificially challenged witH.

breed types. The number of days before anthelmintic
treatment was necessary tended to be greater for
SC compared with KA lambs (DO: 35.9 days; KA:
31.8 days; SC: 38 + 24 days; P < 0.08). By
Day 42, 50% (four of eight) DO, 75% (six of eight)

contortus, on all days measured, FEC was greater KA, and 33% (three of nine) SC lambs had been
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Fig. 2. Least squares means and standard errors of fecal egg counts (A) and blood packed cell volume (B) in 7/8 Dorper crossbred (DO;
closed circle), 3/4 Dorper-1/4 St. Croix (DS; open circle), Katahdin (KA; open triangle), St. Croix (SC; open diamond), and Suffolk
lambs (SU; closed square) during a summer natural pasture challenge infection. Altireedinteraction was detected for both variables

(P < 0.003). The asterisk (*) indicates treatment with ivermectin (Ilvofhe@.2 mg/kg) for all lambs. The double asterisks (**) indicate
treatment with moxidectin (Cydecftn 0.2 mg/kg).

dewormed. Number of lambs that remained in the 26.2kg; KA: 20.4kg; SC: 19 + 0.9kg) and Day
study for FEC and PCV evaluation for each breed 28 (DO: 27.1kg; KA: 20.6kg; SC: 19 + 0.9Kg;

is indicated inFig. 4 for each day of determina- P < 0.001), but weight gain was similar among breed
tion. The DO lambs were heaviest on Day 0 (DO: types.
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Fig. 3. Least squares means and standard errors of body weight in 7/8 Dorper crossbred (DO; closed circle), 3/4 Dorper-1/4 St. Croix
(DS; open circle), Katahdin (KA; open triangle), St. Croix (SC; open diamond), and Suffolk lambs (SU; closed square). A breed effect
was detectedK < 0.001).

4. Discussion lambs that had remained on the study were repre-
sented compared with five of eight Dorper lambs on
When the natural nematode challenge was rela- Day 35 and four of eight lambs on Day 42 after inocu-
tively low (Experiment 1) or moderate (Experiment lation. In fact, PCV in the Katahdin lambs declined at
2), FEC of Dorper lambs was greater compared with a greater rate between Days 14 and 21 after inocula-
St. Croix or Katahdin lambs, but PCV, for most ob- tion compared with Dorper and St. Croix lambs. The
servations, was similar among the hair breeds. This fact that more Katahdin lambs required anthelmintic
suggests that under these conditions, physiological treatment and that those treatments were adminis-
response to nematode infection was similar among tered sooner than those required for Dorper lambs
hair breeds. When FEC was similar between Dor- suggests that they were more susceptible than Dorper
per and Suffolk lambs, PCV was greater for Dorper lambs.
lambs, suggesting greater tolerance to the effects of Resistance was similar in mature Katahdin and St.
haemonchosis. Resistance to infection in St. Croix Croix ewes to a natural nematode infecti®@u(tke and
lambs has been documented previousBoyrtney Miller, 2002). If Katahdin lambs are more susceptible
et al., 1985; Zajac et al., 1990; Gamble and Zajac, to hematode infection than St. Croix lambs, this sug-
1992. Greater tolerance in Dorper compared with gests that the host response that contributes to parasite
Hampshire sheep has also been documeriRegs{on resistance may be slower to develop in the Katahdin
and Allonby, 1979 When the challenge infection breedWatson et al. (1994ttributes a similar immune
escalated (FEC- 2500 epg) in association with the unresponsiveness in Merino sheep to lower numbers
pasture acquireH. contortus, Dorper lambs were less  of CD4+ and CD8t cells and lower levels of specific
resistant than any other breed. However, when lambs antibodies. In additionSchallig (2000)described in-
were experimentally inoculated withl. contortus, creased peripheral blood eosinophils and mast cells
infection was similar between Dorper and Katahdin in the abomasum of older compared with younger
lambs. Although FEC declined in Katahdin lambs lambs, and suggested a deficiency exists in thg Th
after 28 days (untransformed data), only two of eight response to nematode infection in younger animals.
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Fig. 4. Least squares means and standard errors of fecal egg counts (A) and blood packed cell volume (B) in Dorper crossbred (DO;
closed circle), Katahdin (KA; open triangle), and St. Croix lambs (SC; closed square) after experimental infection wittH2@®@®6r tus

infective larvae (Day 0O: day of inoculation). A bregdime interaction was detected for FE@ & 0.05). Number of lambs per breed that
remained in the study is indicated for each day of determination after treatment with anthelmintic became necessary.

Similarly, Gamble and Zajac (1992nd Bahirathan The FEC, although significantly less in Katahdin ewe
et al. (1996)noted that an age-related resistance was lambs, only differed by 606 epg.
more pronounced in St. Croix compared with Dorset  The influence of St. Croix on infection levels was
lambs and Gulf Coast Native compared with Suffolk apparent in the 3/4 Dorper—1/4 St. Croix lambs com-
lambs, respectively. More s@ourtney et al. (1985) pared with the 7/8 Dorper lambs in terms of FEC in
reported earlier resistance in St. Croix compared with Experiment 2. The St. Croix crossbreeding appeared
crosshred wool lambs. to offer an advantage when the natural challenge es-
Katahdin wether lambs were apparently more sus- calated. Studies have demonstrated thatiesses of
ceptible to nematode infection than ewe lambs in Ex- a resistant and susceptible breed display an interme-
periment 2Courtney et al. (1983)oted greater resis-  diate response to infectiorA(harante et al., 1999a;
tance of ewe compared with ram lambs after reaching Li et al., 200). On the other handaAmarante et al.
puberty. A mechanism for a sex difference is unclear. (1999b)reported similar resistance of Bnd resistant
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(Florida Native) ewes compared with the susceptible low. Dorper lambs were more resistant to the infec-
(Rambouillet) breed, suggesting that maturity of ani- tion than Suffolk lambs when infection was low in
mals used in the latter study was involved in resistance. Experiment 2. However, as the nematode challenge
Studies have shown that the Romanov breed, also usedescalated, resistance was greatest in St. Croix lambs,
in the Dorper crossbreeding, appear to be susceptiblefollowed by Katahdin and Dorper lambs. Under the
to parasite infectionGruner et al., 1986, 1992Baker conditions of this study, it appears that the Dorper
etal. (1999noted that Red MaasaDorper eweswere  breed compares favorably with other hair breeds under
as susceptible tél. contortus nematode infection as  low, but not high infection level conditions, as might
Dorper ewes, whereas the Red Maasai possessed parase encountered throughout the southeastern United
site resistance. It is possible that the percentage DorperStates.
lambs used in this study represent a more parasite re-
sistant population compared with other Dorper sheep
derived from South Africa due to the crossbreeding Acknowledgements
used in this flock. Nonetheless, the Dorper—St. Croix
lambs used in this study seem to possess some para- We express our thanks to Wesley Jackson for animal
site resistance. management; Jackie Cherry, Guy Robson, Todd Pre-
Nematode resistance to ivermectin was apparent in ston for technical aid; Darwin Jones, Michael Schmidt
Experiments 1 and 2 based on the observation that for help with animal handling. Mention of trade names
FEC were reduced by 66.4% in Experiment 1 and or commercial products in this manuscript is solely
increased 3.6-fold in Experiment 2 after ivermectin for the purpose of providing specific information and
treatment. Culture of fecal eggs indicated that  does not imply recommendation or endorsement by
contortus was the predominant (80-100%) nematode the US Department of Agriculture.
species. Ivermectin resistance bl contortus has
been documentedMiller and Barras, 1994; Wooster
et al., 200}. The failure of treatment with ivermectin
gave_rise to an important observatio_n thajt the Iz_imbs Amarante, A.F.T., Craig, T.M., Ramsey, W.S., Davis, S.K., Bazer,
acquired a more intense nematode infection quickly.  Fw., 1999a. Nematode burdens and cellular responses in the
Subsequent treatment with moxidectin effectively  abomasal mucosa and blood of Florida Native, Rambouillet and
eliminated the nematode infection and terminated the  crossbreed lambs. Vet. Parasitol. 80, 311-324.
study. Amarante, A.F.T., Craig, T.M., Ramsey, W.S., El-Sayed, N.M.,

. . . Desouki, A.Y., Bazer, F.W., 1999b. Comparison of naturally
In EXpe”ment_ 1_’ St. Croix Ia\_mbs gamEd I_ess than acquired parasite burdens among Florida Native, Rambouillet
Dorper lambs. Similarly, St. Croix and Katahdin lambs ~ and crossbreed ewes. Vet. Parasitol. 85, 61—69.
gained less than Suffolk lambs in Experiment 2. A de- Bahirathan, M., Miller, J.E., Barras, S.R., Kearney, M.T., 1996.
sired rate of gain for wool breed lambs would be be- Susceptibility of Suffolk and Gulf Coast Native suckling lambs

tween 200 and 3009 per dENIRC 1985 and has not to naturally acquired strongylate nematode infections. Vet.
b det ined in hair sh _’I_h fi Parasitol. 65, 259-268.
€en determined In hair sheep. 1he continuous NeMa-g,.o R | Mwamachi, D.M., Audho, J.0., Thorpe, W., 1999.

tode infection likely contributed to poor gains during Genetic resistance to gastro-intestinal nematode parasites in
these studies along with hot summer conditions in Ex-  Red Maasai, Dorper and Red MaasaDorper ewes in the
periment 2. In Experiment 3, lambs did not gain atall  sub-humid tropics. Anim. Sci. 69, 335-344.
while under observation, which may be attributed to Burke, J.M., Miller, J.E., 2002. Relative resistance of Dorper
. . crossbred ewes to gastrointestinal nematode infection compared
t_he rEIatlvely heavy Cha”enge _Of the nematode infec- with St. Croix and Katahdin ewes in the southeastern United
tion as well as the stress of being housed on concrete.  states. Vet Parasitol. 109, 265-275.
Courtney, C.H., Parker, C.F., McClure, K.E., Herd, R.P., 1985.
Resistance of exotic and domestic lambs to experimental
5. Conclusion infections with Haemonchus contortus. Int. J. Parasitol. 15,
101-1009.

. . . Fraser, E.C., Kabzems, R., Lieffers, V.J., 2001. Sheep grazing
Parasite resistance among hair breed lambs was for vegetation management in the northern forests of British

similar when the nematode challenge was relatively  Columbia and Alberta. For. Chron. 77, 713-719.
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