
 

 

 

 

 

 

 

 

 

 

 

 

Available in: http://www.redalyc.org/articulo.oa?id=289029240084

 

 

Red de Revistas Científicas de América Latina, el Caribe, España y Portugal

Sistema de Información Científica

González Garduño, Roberto; Mendoza de Gives, Pedro; Torres Hernández, Glafiro

Variability in the Infection of F1 Katahdin x Pelibuey Crossbred Lambs to Gastrointestinal Parasitic Nematodes

in a Warm Humid Climate

Acta Scientiae Veterinariae, vol. 42, núm. 1, enero, 2014, pp. 1-9

Universidade Federal do Rio Grande do Sul

Porto Alegre, Brasil

   How to cite      Complete issue      More information about this article      Journal's homepage

Acta Scientiae Veterinariae,

ISSN (Printed Version): 1678-0345

ActaSciVet@ufrgs.br

Universidade Federal do Rio Grande do Sul

Brasil

www.redalyc.org
Non-Profit Academic Project, developed under the Open Acces Initiative

http://www.redalyc.org
http://www.redalyc.org/comocitar.oa?id=289029240084
http://www.redalyc.org/fasciculo.oa?id=2890&numero=29240
http://www.redalyc.org/articulo.oa?id=289029240084
http://www.redalyc.org/revista.oa?id=2890
http://www.redalyc.org/articulo.oa?id=289029240084
http://www.redalyc.org/revista.oa?id=2890
http://www.redalyc.org/revista.oa?id=2890
http://www.redalyc.org
http://www.redalyc.org/revista.oa?id=2890


Acta Scientiae Veterinariae, 2014. 42: 1237.

 RESEARCH ARTICLE
    Pub. 1237

ISSN 1679-9216

1

Received: 26 June 2014                                                                   Accepted: 4 November 2014                                                      Published: 12 December 2014

1Unidad Regional Universitaria Sureste (URUSSE), Universidad Autónoma Chapingo (UACh), Teapa, Tabasco, México. 2Centro Nacional de Investigación 
Disciplinaria en Parasitología Veterinaria (CENID-PAVET), Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias (INIFAP), Jiutepec, 
Morelos, México. 3Programa de Ganadería, Campus Montecillo Colegio de Postgraduados (CP), Estado de México. México. CORRESPONDENCE:  
R. González-Garduño [robgardu@hotmail.com - Tel: +52 (936) 1005321]. Unidad Regional Universitaria Sureste-UACh, Km 7 .5, Carretera Teapa-
Vicente Guerrero, Apartado Postal 29. 86800 Teapa, Tabasco, México.

Variability in the Infection of F1 Katahdin x Pelibuey Crossbred Lambs to 
Gastrointestinal Parasitic Nematodes in a Warm Humid Climate

Roberto González Garduño1, Pedro Mendoza de Gives2 & Glafiro Torres Hernández3

ABSTRACT

Background: In sheep production systems based on grazing, gastrointestinal nematodes (GIN) are one of the main problems 
faced by farmers. The occurrence of anthelmintic resistance in GIN has endangered the productive activity of sheep, so 
that one alternative has been through the selection of sheep. The selection programs are based on evaluation of parasitism 
by measuring the fecal egg counts (FEC) of GIN due to the high correlation between the FEC and worm burdens. The 
identification of resistant and susceptible lambs requires knowing the FEC after the infection. The aim of this research was 
to determine the intra-breed variability on FEC of GIN in Katahdin x Pelibuey grazing sheep.
Materials, Methods & Results: The experiment was conducted in Tabasco, Mexico in a warm humid climate. The study 
was carried out in three stages: in stage I, the FEC was recorded in newly weaned lambs experimental infected with 1600 
infective larvae (L

3
) of Haemonchus contortus and Cooperia curticei (85% and 15% respectively). Twenty lambs were 

drenched with albendazole and 20 more lambs were considered as control without any anthelmintic treatment. In stage II 
acquired resistance was determined in the same animal group after a break period following the same treatments. In stage 
III new lambs were introduced to paddocks and the FEC was recorded in their first infection. Every 15 days fecal sample, 
live weight and blood samples were taken to determine FEC, daily gain weight and packed cell volume. Data were ana-
lyzed with a model of repeated measures over time. In order to establish the level of anti-parasitic resistance in the lambs, 
a categorization of the lambs according to their FEC was performed based on the EPG mean and standard deviation. Sub-
sequently another statistical analysis was performed by category to determine the EPG, PCV and DWG values per group. 
In primary infection, both lambs treated with albendazole and control group reached a maximum elimination at 32 days 
post-infection (4202 ± 558 EPG mean). In the second natural infection the same lambs had less FEC (989 ± 378 EPG), while 
in the newly weaned lambs of the third stage the FEC was rapidly increasing at 18 days (2950 ± 471). Derived from the 
categorization process of the lambs, it was observed that resistance animals had lower FEC (282 ± 197.5) and higher PCV 
(27.9 ± 2.5 %) than the susceptible animals (5424 ± 3790 FEC and 25.19 ± 1.95 %, respectively). However, weight gains 
were similar among the groups (0.04 ± 0.05 kg) and packed cell volume was similar between resistant and intermediate 
group. A negative correlation (r = -0.30) was obtained between PCV and FEC due to H. contortus population was abundant.
Discussion: During the pre-patent period, no paddock contamination occurred; so, no lamb re-infections were expected. 
This fact can explain why the subsequent reduction in the larvae population occurred after 35 days infection. A similar 
behavior in the FEC was observed in single infections in other studies.  It is important to remark that in the second stage the 
same experimental flock after deworming with levamisole showed evidence of acquired resistance against GIN after being 
exposed for second time to the infection. In the third stage, the increasing in the FEC and reduction of the PCV values in 
the flock required an urgent anthelmintic treatment; because six animals had shown a PCV ranged between 17 and 19%; 
so it was decided to terminate the experiment. It is concluded a low percentage of lambs showed the characteristics of 
resistance during the first infection, selection of animals with resistance to gastrointestinal parasitic nematodes is possible 
and it should be investigated in depth in further studies as a possible potential tool of parasitic control.

Keywords: Haemonchus contortus, Cooperia curticei, sheep, innate resistance, acquired resistance, parasitic nematodes.
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INTRODUCTION

In sheep production systems based on gra-
zing, GIN are one of the main problems faced by 
farmers [23]. The frequent administration of chemical 
anthelmintic drugs in the animals has promoted the 
anthelmintic resistance in several gastrointestinal pa-
rasitic nematode species [4,5]. For this reason, flock 
deworming using chemical drugs has being losing a 
good reputation as a suitable alternative of control of 
these parasites [3,12,18,24]. The occurrence of gas-
trointestinal nematodes resistant to anthelmintics has 
endangered the productive activity of sheep, so that 
an alternative for their control has been through the 
selection of sheep resistant to some strains of parasites. 
Genetic resistance against gastrointestinal nematodes 
has been studied for more than 20 years in countries 
such as Australia and New Zealand, where its use has 
been focused on genetic variation in breeds of wool 
sheep in the generation of resistant lines to gastrointes-
tinal nematodes [10]. These sheep selection programs 
are based on evaluation of parasitism by measuring the 
elimination of nematode eggs per gram of feces due 
to the fact that there is high correlation between the 
FEC and total adult parasites within the animal [11]. 
The identification of resistant and susceptible lambs 
requires knowing the FEC after the infection [19]. The 
aim of this research was to determine the intra-breed 
variability on FEC of GIN in Katahdin x Pelibuey gra-
zing sheep based on fecal egg count of gastrointestinal 
nematodes, live weight and packed cell volume.

MATERIALS AND METHODS

Location

The experiment was conducted at the ovine 
module of the Universidad Autónoma Chapingo 
(UACh), located in the Municipality of Teapa, Tabas-
co, Mexico. It is located at an altitude of 60 meters. 
Coordinates are 17° 34’ 30” North latitude and 92° 56’ 
15” West longitude. The region climate is defined as 
Af(m)wi’g, warm humid with rainfall throughout the 
year. The annual temperature average is 25.8ºC and 
rainfall of 3.976 mm [6].

Treatments and experimental stages 

This study was conducted in three experimental 
stages: stage I, from February to April 2010, Stage II, 
from May to July 2010, and Stage III, from September 
to November 2010. 

In the first stage, 40 Katahdin x Pelibuey 
crossbred, three months of age, newly weaned lambs, 
were used. These animals were housed and grazed on 
African Star grass paddocks (Cynodon nlemfuensis) 
previously established six months before they started 
grazing. In order to determine the variability in the 
resistance of lambs, before going into grazing, ani-
mals were experimentally infected with 1600 larvae 
of Haemonchus contortus and Cooperia curticei (85 
and 15%, respectively).

In the second stage, the same lambs of stage I 
were used after being treatment with levamisole (Ri-
percol 12%)1 at a dose of 7.5 mg kg-1 LW to eliminate 
the gastrointestinal parasitic nematodes, and they were 
stabled during fifteen days for recovery.

In the third stage, 36 newly weaned lambs free 
of parasites were used. Two lamb groups were formed 
at each Stage. Each group grazed on two African Star 
paddocks of 7500 m2 by paddock, within a 15 days 
of grazing period and 15 days of rest. One group was 
treated with albendazole (Valbazen 25%)1 by oral 
route at doses of 10 mg kg-1 of live weight (LW), with 
application every 40 days and another group remained 
without treatment (Table 1). All animals were given 
200 g of a commercial concentrate food daily with 
14% crude protein.

Every 15 days a fecal sample of each lamb 
was taken directly from the rectum. The number of 
nematode eggs was determined using the McMaster 
technique [22]. Coprocultures were performed to ob-
tain and identify nematode infective larvae [15]. The 
LW was also recorded to calculate the daily weight 
gain (DWG) and blood samples were taken from the 
jugular vein to determine the packed cell volume using 
the micro-hematocrit (Microcentrifuge Solbat M-600)2 

method [2].

Statistical analysis

Data were analyzed using the MIXED proce-
dure of SAS3 with a model of repeated measurements 
over time [20] selecting an autoregressive covariance 
structure. The number of nematode eggs in feces was 
transformed into a log [log 10 (EPG + 1)] to homo-
genize the variance and to obtain an approximation to 
the normal distribution. This procedure has been used 
in similar studies [1]. 

The model used was: Yijklm = μ + Di + Ej + 
(D*E)ij + Ak(ij) + Tl(j)  +  (D*T)il(j) + εijklm

Where:
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Y
ijklm

 = observation of a response variable (pa-
cked cell volume, eggs per gram of feces, live weight, 
daily weight gain)

μ = Constant mean
D

i
 = Fixed effect of the i-th treatment (i = with 

anthelmintic, control group)
E

j
 = Fixed effect of the j-th stage of evaluation 

(j = 1, 2 and 3)
(D*E)

ij
 = Fixed effect of the treatment x stage 

of evaluation interaction 
A

k(ij)
 = random effect of the k-th animal nested 

within the i-th treatment and j-th stage Ak(ij) ~ IIND 
(0, σ2

a
)

T
l(j)

 = Fixed effect of the l-th time at each stage 
(l = 1, 2, 3, 4).

(D*T)
il(j)

 = Fixed effect of the treatment x time 
interaction nested within the j-th stage.

ε
ijklm

 ~ IIND (0, σ2
e
). 

In order to establish the level of parasitic 
infection in the flock, a categorization of the animals 
according to their elimination of eggs per gram of 
feces after treatment, was performed based on the 
EPG mean and standard deviation as follows: Re-
sistant lambs = 0 - 642 EPG; susceptible lambs = > 
5018 EPG and intermedium lambs = 643 - 5017 EPG. 
Selection criteria was the mean ± five standard errors 
of EPG (2568 ± 369) and (3091 ± 506) EPG for first 
and second stage, respectively. In this way, the resis-
tant animal selection involved between 8 and 12% of 
the lambs. Subsequently another statistical analysis 
was performed in which these three categories were 
considered to determine the EPG, PCV and DWG 
values per group.

Table 1. Experimental stages and activities of Kathadin x Pelibuey grazing lambs.

Activity Date Treated group Group without Treatment

Stage 1: Artificial infection of weaned lambs and the first infection of newly established paddocks

Number of lambs 20 20

Artificial infection with L
3
* and out to pastures 17/02/2010 17/02/2010

Treatment 29/03/2010 Albendazole Not treated

Treatment 25/04/2010 Levamisole Levamisole

Samplings: March 10 and, March 28, April 10 and 24  

Stage 2: Re-infection of lambs on grazing

Number of lambs 19 20

Out to paddocks 10/05/2010 10/05/2010

Treatment 20/06/2010 Albendazole Not treated

Treatment 01/08/2010 Levamisole Levamisole

Samplings: June 5 and 19   July 3, 17 and 30

Stage 3: Natural infection of newly weaned lambs

Number of lambs 18 18

Out to paddocks 28/09/2010 28/09/2010

Treatment 10/11/2010 Albendazole Not treated

Samplings: October 23, November 9 and 21 

*1600 Haemonchus contortus infective larvae per lamb.
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RESULTS

The effects of the application of the anthelmin-
tic, experimental stages and the different dates in which 
the samplings were processed are shown in Table 2. 

Due to the experimental infection with 1600 
larvae of gastrointestinal parasitic nematodes in the 
first stage (March- April), both lambs treated with al-
bendazole and control group had similar FEC (Figure 
1) and reached a maximum elimination in the second 
sampling carried out at 32 days post-infection (4202 ± 
558 EPG mean). Later, counts decreased in both groups 
(2402 ± 458). The EPG found in the lambs of the first 
stage was 2568 ± 369. These lambs had less FEC in 
the second stage (989 ± 378 EPG). The newly weaned 
lambs in the third stage had a higher FEC (2950 ± 471), 
than lambs of the first stage (Figure 1).

In the first infection only five animals elimi-
nated less than 640 EPG, while eight lambs had more 
than 5,000 EPG, the lambs had less re-infection during 
the second stage in grazing and after treatment with 
levamisole, except one lamb (id 40) that had a high sus-
ceptibility (15,000 EPG) during the second infection 
and died at the beginning of the second stage (Figure 2). 

A similar variability in the FEC between the 
first natural infection and the first experimental infec-
tion was observed; although grazing lambs showed 
greater dispersion and the FEC up to 9,000 EPG 
(Figure 3).  

Derived from the categorization process of 
the lambs, it was observed that resistant lambs had 
lower FEC (282 ± 197.5) and higher PCV (27.9 ± 2.5 
%) than the susceptible lambs (5424 ± 3790 FEC and 
25.19 ± 1.95 %, respectively). However, weight gains 
were similar among the three groups (0.04 ± 0.05 kg) 
and packed cell volume was similar between resistant 
and intermediate group (Table 3).

In the first stage with the experimental infec-
tion the PCV of lambs rapidly decreased from 27.8 % 
to 25%. As a result of the recovery period, the PCV 
increased to 27.9 ± 3.5%; such value began in the 
second stage and remained stable during most of June 
and July but in the end fall again. In lambs of the third 
stage a strong decrease was registered in the PCV ap-
proximately twenty-five days of entering the grazing 
period (Table 4).

The lambs increased their LW in the first 
stage (18.5 ± 2.2 to 21.5 ± 2.9 kg) with DWG of 
60 ± 7 g, despite having been infected with larvae 
of GIN at the beginning of the experiment (Table 
4). During the second stage, all lambs continued 
gaining weight, but the animals of the albendazole 
dewormed group had a higher daily gain weight than 
the group without deworming (102 ± 32 g and 12 ± 
37 g, respectively). Lambs entering grazing in Sep-
tember (third stage) decreased their LW (17.3±3.7 
to 16.6±3.3, Table 4).

Figure 1. Experimental stages, sampling dates and fecal egg counts of gastrointestinal nematode by two 
groups of lambs: treated with albendazole and untreated.
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Figure 2. Individual elimination of gastrointestinal nematodes eggs in feces of Katahdin x Pelibuey 
lambs in two successive infections.

Figure 3. Histogram of frequencies of the nematode egg means eliminated by Katahdin x Pelibuey 
lambs.

Table 2. “F” values of variables studied in hair sheep with a model of repeated measurements over time with the autoregressive covariance structure. 

D.F.
Variable

Log (EPG+1) PCV§ LW¥ DWGФ

Stage (S): Type of infection 110 38.14** 3.77* 120.77** 47.26**

Treatment (D) 110 6.78** 0.67 10.67** 38.98**

Time (T)/S 328 12.78** 12.50** 29.38** Na

Stage* treatment 110 9.50** 1.15 4.65** 11.53**

D*T/S 328 5.07** 0.97 7.88** Na
**P ≤ 0.001. *P ≤ 0.05. Na: not applicable. §Packed cell volume. ¥Live weight. ФDaily weight gain.
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Table 3. Mean values (± S.D.) of daily weight gain (DWG), fecal egg count (FEC) and packed cellular volume (PCV) of Pelibuey x Katahdin 
lambs.

Group / period N DWGФ 
(Kg)

FEC¥ 
(epg)

PCV§ 
(%)

Resistant 5 0.062ª (0.033) 320ª (211) 28.6ª (2.1)
Intermediate 27 0.064ª (0.039) 1749b (841) 26.3ª (3.1)
Susceptible 8 0.057ª (0.011) 6739c (1272) 24.3b (1.8)

First stage 0.062a 2569b 26.2b

Resistant 5 0.025ª (0.053) 140ª (102) 28.3ª (1.9)
Intermediate 27 0.056ª (0.058) 625b (650) 27.9ª (2.3)
Susceptible 7 0.078ª (0.053) 1000c (1160) 27.2b (1.0)

Second stage 0.056a 630c 27.8ª
Resistant 3 -0.032b (0.039) 456ª (159) 25.9ª (3.9)

Intermediate 27 -0.004b (0.053) 2109b (1087) 26.9ª (2.4)
Susceptible 6 0.006b (0.073) 8830c (3082) 24.1b (0.9)

Third stage -0.005b 3092ª 26.4b

The different letters in the same row show the difference between categories (P < 0.05). §Packed cell volume. ¥Fecal egg count, eggs per 
gram o feces. ФDaily weight gain.

DISCUSSION

During the pre-patent period, no paddock con-
tamination occurred; so, no lamb re-infections were 
expected. This fact can explain why the subsequent 
reduction in the larvae population occurred after 35 
days infection. A similar behavior in the FEC was 
observed in Scottish Blackface sheep of nine months 
of age, stabled and infected with single dose of 5000 
nematode infective larvae (L

3
). In that study, after a 

gradual increasing in the EPG from day 20, the highest 
count was recorded closer to the 26th day with 4000 
EPG and then counts were reduced to about 2000 
EPG on day 38th [21]. In other research, experimental 
infections with 3000 to 20,000 infective larvae per 
lamb, values of 14000 EPG were found [8,16], so 
in the present work, low nematode egg elimination 
was expected using only 1600 L

3
 per lamb; since the 

original idea when this experiment was designed was 
to get a slowly infection of paddocks. But in seven 
months a high infection occurred when in the third 
stage, newly weaned lambs entered into the paddocks 
and the nematode egg count was rapidly increasing as 
a result of the parasitic re-infection during grazing.

In the second stage during the reinfection of 
the lambs, the EPG values decreased probably as a 
result of the increassed immunological mechanisms 
of lambs after challenge [14]. Such decreasing was 
extended to the second stage where the EPG elimina-
tion levels were very low. It is important to remark that 

in the second stage the same experimental lambs were 
used (after treatment with levamisole). Second stage 
showed evidence that this lambs acquired resistance 
against gastrointestinal nematode after being exposed 
for second time to the infection which was demon-
strated by the lower EPG when compared with the 
values recorded in the previous stage [7]. The reduced 
elimination of nematode eggs in re-infected animals 
has also seen in other studies, in which lambs that had 
already suffered a primary exposure to nematodes, in 
further expositions to nematodes showed a significantly 
better productive performance.

This study proved that albendazole was not 
effective against Haemonchus contortus and Cooperia 
curticei; since, larvae of both genera were recovered 
from fecal cultures of the treated group of animals. In 
the first stage, the FEC in albendazole treated lambs 
was similar to the non-treated groups. In the second 
stage the anthelmintic drug did not reduce the EPG 
counts neither the third stage of the parasites. The 
ineffectiveness of albendazole became more remark-
able when the FEC increased; despite the deworming 
(Figure 1).

Due to the fact that no reduction in the FEC by 
albendazole in the first experimentally infection neither 
in the natural infection (in grazing sheep) was recorded 
(Figure 2), the variability observed in the FEC values 
in both cases was grouped and it is shown in figure 3.  
The large variation in FEC has been shown in several 
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studies and has been the main element to be considered 
in breeding programs for sheep [10,16]; although the 
inheritance index and repeatability are small. In the 
present study the group of animals categorized as re-
sistant, had lower FEC in the second stage. This fact 
could be considered as a good indicator; since offers 
an alternative to long-term genetic improvement, as 
have being indicated in other studies [13]. In addition 
to the large variability in FEC of nematode eggs, in 
the three stages (overall mean: 2074 ± 1095 EPG) 
showed a high variation in daily weight gain (0.04 ± 
0.05 kg), which resulted not differences between dif-
ferent groups of lambs.

During the first deworming with levamisole 
showed 99% efficacy in reducing the EPG counts 
however, a limited effectiveness of albendazole was 
evident throughout the experiment in reducing the EPG 
values. In fact EPG values after lamb drenching were 
not satisfactory enough to keep below critical levels 
not only in the EPG elimination; but in the PCV val-
ues, especially during the third stage, in which despite 
deworming, EPG counts were higher than 3000 and 
PCV was reduced in some animals to very low values 
(17%). This situation probably was related to the phe-
nomenon of anthelmintic resistance to albendazole that 
had been determined in previous studies [9] and which 
was clearly demonstrated in this study. 

The decrease in PCV coincided with the FEC. 
The lambs of the second stage showed tolerance to in-
fection of parasites possibly by immunological reasons 
and the reduction of PCV was lower than in the first 
and third stages, perhaps because in these two stages 
lambs had never been grazing before weaning and a 
very strong reduction of PCV was observed in these 
lambs. This same behavior was noted in the study of 
Notter et al. [16], which emphasizes the increasing 
in the elimination of EPG and reduction of PCV to 
values close to 22% in the fourth and sixth week post 
experimental infection. Also in another study in the 
Canary Islands the same result was observed in an 
experimentally infected hair sheep flock [8].

A negative correlation (r = -0.30) has been 
obtained between PCV and FEC, especially when the 
major nematode is hematophagou specie such as H. 
contortus [7]. This behavior was similar to the one 
obtained in the present study, in which H. contortus 
was the most abundant. In the third stage due to the 
increasing in the FEC and reduction of the PCV, the 

flock required an urgent lamb deworming; being that 
six animals had shown a PCV record ranged between 
17 and 19%; which caused the conclusion of the ex-
periment.

In the last experimental stage, the reduction in 
weight of the animals was high as time passed, prob-
ably due to the increasing of the paddock contamina-
tion with gastrointestinal nematodes. So, high FEC 
values were observed in lambs and also diminishing 
in the live weight of the lambs was observed. Some 
environmental factors i.e., temperature and humidity 
could probably have a beneficial influence for the de-
velopment of free-living stages of nematode parasites 
of sheep [17], especially from October to December in 
the region of this study. Different results was observed 
in one study using Blackbelly x Virgin Island White 
crossbred lambs, experimentally infected and stabled, 
in which there was no weight loss, despite the fecal 
nematode eggs counts reached values between 1000 
to 3000 EPG [16]. But this situation indeed coincided 
with the values of FEC and change of LW obtained 
during the first stage of this study, in which the pad-
docks had been recently established.

In the first infection only five animals elimi-
nated less than 640 EPG, which supposedly were ani-
mals with innate resistance and eight susceptible lambs 
with more than 5,000 EPG. After a recovery period in 
stabling and deworming with levamisole, which was 
99% effective, the animals had less re-infection during 
the second stage of grazing, except one lamb with al-
bendazole treatment that again had a high susceptibility 
(15,000 EPG) during the second infection and died at 
the beginning of the second stage . 

CONCLUSIONS

The results obtained in the present research 
lead to conclude that although a low percentage of 
lambs showed the characteristics of resistance during 
the first infection, selection of animals with innate 
resistance to gastrointestinal parasitic nematodes 
is possible and it should be investigated in depth in 
further studies as a possible potential tool of parasitic 
control. On the other hand, albendazole which is an 
anthelmintic commonly used in warm and humid 
climate regions, was not an effective drug against 
gastrointestinal parasitic nematodes in F1 Kathadin x 
Pelibuey crossbred lambs. 
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