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Abstract
In Tunisia, livestock plays an important role in the economy; unfortunately, Tunisian 
sheep population faces several health challenges. The aim of this trial was to study 
phenotypic variability of four local sheep breeds and strains to abomasum nematodes 
infection and to Babesia/Theileria parasites. Faeces, blood and abomasum contents 
were collected from 310 sheep slaughtered in eight commercial slaughterhouses across 
North Tunisia. Haematological and biochemical parameters were assessed. DNA was 
extracted and catch-all primers were used to detect both Theileria spp. and Babesia spp. 
DNA. Faecal egg counts (FEC) was quantitatively assessed using simple flotation tech-
nique followed by McMaster technique. Male and female worms were collected from 
all abomasum contents and counted under a stereomicroscope. The percentage of fae-
ces samples positive for GIN’s eggs was 30.82%. After worms’ recovery, the infection 
prevalence was estimated to 75.90%. The overall infection prevalence by Babesia spp. 
and Theileria spp. was 4.21%. The dispersion of observations plots obtained by principal 
component analysis (PCA) showed two clusters of individuals. The first cluster contains 
animals having positive Babesia/Theileria PCR, presence of nematodes in the abomasum 
contents and relatively low total worm count (TWC < 500) expect one animal which 
was found bearing high TWC (>500). In this same group, with a suspected form of re-
sistance, animals showed normal values of albumin and normal haematological param-
eters (red blood cell count [RBC], haemoglobin [Hb] and packed cell volume [PCV]). 
The second cluster represents all the other observations in which subgroups of animals 
were distinguished on the basis of their potential resistance to abomasum nematodes. 
Multiple correlations showed significant positive correlations between RBC/Hb, RBC/
PCV, PCV/Hb and FEC/TWC. Significant negative correlations were observed between 
TWC/RBC and TWC/Hb. It is concluded that the phenotypic variability among local 
sheep breeds is essential for more advanced genetic and genomic studies.
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1  | INTRODUC TION

In Tunisia, livestock plays an important role in the economy in terms of 
food security, employment and local production of animal source food. 
Sheep farming plays a vital role in graduating the poor rural communi-
ties from poverty and has a high social and financial importance (Rekik, 
Aloulou, & Ben Hamouda, 2005). In 2017, the agricultural sector contrib-
uted to 10% of the Gross domestic products (GDP) and recorded an av-
erage growth of 2.8% per year over the period 2011–2017, which was by 
far higher than figures of the national GDP (Chebbi, 2019). With a total 
population exceeding four million female units, this sector contributes 
to 48% of the total red meat production (Mohamed-Brahmi, Khaldi, & 
Khaldi, 2010). In Tunisia, there are four sheep breeds occupying distinct 
ecosystems from the north to the Sahara in the south (Rekik et al., 2005). 
However, the northern area which stretches over 24,000 km2, charac-
terized by mountainous and forest grazing areas, is different in a way that 
the four breeds coexist leading to the presence of various cross-bred ani-
mals which could reflect uncontrolled breeding practices by local farmers. 
Because of its topography, the north of the country seems to be the less-
suited ecosystem for the country dominant fat-tailed Barbarine breed 
(Rekik et al., 2005). Tunisian sheep population is facing several health 
challenges including parasitic infections such as toxoplasmosis (Gharbi 
et al., 2013), fasciolosis (Akkari, Gharbi, & Darghouth, 2011), lungworms 
and gastrointestinal helminths (Akkari, Gharbi, & Darghouth, 2012) that 
cause persistent production and economic losses (Waller, 1997a). These 
losses are due to decreases in weight and milk yield as well as wool 
and mortality increase (Soulsby, 1983) and huge control costs (Akkari 
et al., 2014). In return, resistant parasite populations to several chem-
ical anthelmintics are increasing (Jabbar et al., 2006). Due to the high 
cost of chemical anthelmintics, veterinary costs and sometimes their 
non-availability, small farmers are attempting to adapt ethno-veterinary 
practices as an alternative to control these parasites in several develop-
ing countries (Al-Shaibani, Phulan, & Shiekh, 2009; Deeba, Muhammad, 
Iqbal, & Hussain, 2009; Hussain, Khan, Iqbal, & Sajid, 2008; Sindhu, Iqbal, 
Khan, Jonsson, & Siddique, 2010). As gastrointestinal parasite resistance 
is under genetic control (Bishop, 2012; Bishop & Stear, 2003), genetic 
improvement could offer a solution to solve the problem caused by one 
of the most pathogenic gastro-intestinal sheep parasites: Haemonchus 
contortus (Kaplan, 2009).

Prior to genetic studies, phenotypic measurements are the first 
step to identify and characterize resistant animals. In Tunisia, the 
phenotypic and genetic resistance of the autochthonous sheep 
breeds to abomasum nematodes associated to Babesia/Theileria par-
asites, which represent an important animal health problem, have 
never been explored. The present work aimed at studying pheno-
typic variability of the local sheep breeds and strains to infection by 
abomasum nematodes and Babesia/Theileria parasites in the north-
ern area of the country where animals extensively graze natural 

vegetation throughout the year, hence increasing their exposure to 
GIN infection (Waller, 1997b). To gain a better understanding of re-
sistance to abomasum nematodes, phenotypic measurements were 
used, and different sheep clusters were identified.

2  | MATERIAL S AND METHODS

2.1 | Study area and animals

The samples were collected from 310 animals slaughtered in eight 
commercial slaughterhouses across North Tunisia located in five 
governorates: Tunis (slaughterhouse of Tunis), Ariana (slaughter-
houses of Ariana), Bizerte (slaughterhouses of Bizerte, Mateur 
and Sajnène), Béja (slaughterhouse of Béja) and Jendouba (slaugh-
terhouses of Jendouba and Tabarka) (Figure 1, Table 1). Fieldwork 
conditions allowed that out of a total number of 310 animals, abo-
masum contents, faeces and blood were collected from only 307, 
292 and 309 animals respectively. The samples were collected be-
tween September and December 2017; information about the sex, 
the breed and the age of the animals were collected before animal 
slaughtering (Table 2). Other general information was also collected 
from the owner, in particular the grazing pattern of the animals and 
the non-use of anthelmintic drugs during at least the year before.

2.2 | Sample collection and preparation

2.2.1 | Haematological and biochemical analyses

Blood samples were collected from each sheep by puncture of the 
jugular vein using sterile EDTA and heparinized tubes. EDTA tubes 
were used for DNA extractions and for haematological parameters 
estimation, namely red blood cell count (RBC) (×106/ml), haemoglo-
bin (Hb) (g/dl) and packed cell volume (PCV) (%). Haematological 
measurements were performed with an Auto Haematology analyser 
BC-2800Vet® (Shenzen Mindray Bio-Medical Electronics Co., Ltd).

Plasma samples were collected from heparinized tubes and were 
used to estimate albuminaemia (ALB) (g/L) and total proteins (g/L) 
with a Random Access Clinical Autolyzer® (Dialab). Threshold val-
ues considered for haematological and biochemical parameters are 
shown in Table 3.

2.2.2 | Faecal egg counts

For all faeces samples, faecal egg counts (FEC) were estimated using 
5 g of stool collected from each sheep by simple flotation technique 
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followed by McMaster technique. Eggs of gastro-intestinal helminths 
(including nematodes and cestodes) and Eimeria spp. were identified. 
Eggs of Trichuris spp. and Nematodirus spp. were identified based on 
their specific morphology. For positive faecal samples, the quantifi-
cation was done with the McMaster technique (Raynaud, 1970).

2.2.3 | Abomasum collection and worm recovery

As soon as the sheep is slaughtered and directly after removal of the 
intestinal tract, each abomasum was legated at both ends then cut 
and transported to the Laboratory of Parasitology at the National 
Veterinary School.

Each abomasum was opened along its greater curvature and its 
content was washed into a bucket. All abomasum nematodes were 
collected and conserved in ethanol 70% in identified Eppendorf tubes. 
As the identification of females is very difficult, they have been ex-
cluded and only abomasum male nematodes were identified according 
to the key of Euzeby (1982) and Taylor, Coop, and Wall. (2007).

2.2.4 | PCR amplification of Theileria/Babesia 18S 
rRNA gene

DNA was extracted from 300 µl of EDTA blood sheep samples 
using Wizard® Genomic DNA purification kit (Promega) according 

to the manufacturer's instructions then stored at −20°C until used. 
Catch-all primers (RLB-F and RLB-R) which detect both Theileria 
spp. and Babesia spp. piroplasms were used (Gubbels et al., 1999). 
These primers amplify the hypervariable V4 region of the 18S 
ribosomal ribonucleic acid (rRNA) gene of all Theileria spp. and 
Babesia spp. species. PCR reactions were performed in 25 µl vol-
ume consisting of 19 µl PCR buffer, 1.5 mM MgCl2, 200 µM of 
each deoxyribonucleotide triphosphate, 0.125 µg of Taq hot start 
Ab, 0.1 U of Uracil DNA glycosylase, 25 pmol of each primer and 
1.25 U of Super Taq DNA polymerase (Vivantis) and 3 µl of DNA 
sample (Gubbels et al., 1999). PCR products were examined by 
electrophoresis in 1.5% agarose gel stained with ethidium bromide 
and visualized under ultraviolet light.

2.3 | Statistical analyses

Measurements related to haematological and biochemical param-
eters, FEC, total worm count (TWC) and Babesia/Theileria infection 
were collected and compiled in a single Excel database. Risk fac-
tors (sex, breed, location and age group) were analysed with the 
chi square of Mantel–Haenszel using Epi Info 6 (Dean et al., 2011). 
Parasitological indicators were calculated by estimating the per-
centage of sheep having positive DNA of Babesia/Theileria, positive 
faeces for GIN’s eggs and presence of nematodes in the abomasum 
contents.

For GIN’s eggs and abomasum nematodes the following parasi-
tological indicators were estimated (Bush, Lafferty, Lotz, & Shostak, 
1997):

Prevalence = 100 × number of infected sheep/num-
ber of examined sheep

Intensity = Number of collected worm in the aboma-
sum/number of infected sheep

Abundance = Number of collected worm in the abo-
masum/number of examined sheep

Total Worm Count (TWC) = number of nematodes in 
examined abomasum

FEC = Number of GIN’s eggs/gram of faeces

All parasitological indicators were presented as % (± standard 
deviation).

To describe the association between the infection status of the 
studied sheep (Babesia/Theileria and abomasum nematodes) and 
both their haematological and biochemical profiles, principal com-
ponent analyses (PCA) were performed using SPSS® for Window® 
(IBM SPSS Statistics version 23, USA, 2010). For PCA, 6 variables 
were considered: Babesia/Theileria infection, presence or absence of 
nematodes in the abomasum contents, albuminaemia, RBC, Hb and 

F I G U R E  1   Districts delineating the sampling area in North 
Tunisia
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PCV. Outliers, represented by scattered points that don't belong to 
any of the clusters, were not considered.

Infection prevalences and clusters’ distribution were compared 
with the chi square of Mantel–Haenszel using Epi Info 6 (Dean 
et al., 2011). The concordance between simple flotation technique 
and worm recovery was estimated with the Kappa test (Toma, 
Dufour, Sanaa, & Bénet, 2007). The classification of Landis and 
Koch (1977) for the interpretation of the Kappa values was used: 
poor (<0); slight (0.01–0.20); fair (0.21–0.40); moderate (0.41–0.60), 
substantial (0.61–0.80), almost perfect (0.81–1.00). Multiple correla-
tions tests were performed with SPSS® for Window® (IBM SPSS TA
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TA B L E  2   Characteristics of the sampled animals

Parameter
Number of 
animals (%)

Sex

Male 90 (29.03)

Female 220 (70.97)

Breed

Barbarine 37 (11.94)

Cross breed 142 (45.81)

Noire de Thibar 59 (19.03)

Queue Fine de l’Ouest 72 (23.23)

Location (district)

Ariana (Ariana) 34 (10.97)

Beja (Beja) 54 (17.42)

Bizerte (Bizerte) 29 (9.35)

Sajnène (Bizerte) 40 (12.90)

Mateur (Bizerte) 50 (16.13)

Jendouba (Jendouba) 49 (15.81)

Tabarka (Jendouba) 25 (8.06)

Tunis (Tunis) 29 (9.35)

Age group (years)

<1 243 (78.39)

≥1 67 (21.61)

Overall 310

TA B L E  3   Sheep haematological and biochemical threshold 
normal valuesa

Parameter
Threshold 
value

Haematological parameters

Red blood cells (RBC) (1012/L) 5.0–14.0

Packed cell volume (PCV) (%) 26.0–45.0

Haemoglobin (Hb) (g/dL) 9.0–15.5

Biochemical parameters

Albumin (g/L) 24–30

Total proteins (g/L) 60–79

aBlood and Radostitis, 1989. 

http://fr.climate-data.org/
http://dateandtime.info/
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Statistics version 23, USA, 2010) to assess correlations between 
haematological parameters (RBC, Hb and PCV), faecal egg counts 
(FECs) and total worm counts (TWCs). All performed statistical tests 
were considered significant at 5% threshold value (Schwartz, 1993).

3  | RESULTS

3.1 | Parasitological indicators

Among the 292 examined sheep faecal samples, 90 were positive 
for GIN by simple flotation technique giving an overall infection 
prevalence of 30.82% (±2.70). The number of sheep aged 12 months 
or more with positive faeces for GIN’s eggs was significantly higher 
than for those aged less than 12 months [49.23 (±6.20) and 25.55% 
(±2.89) respectively; p = .001]. Animals belonging to the Barbarine 
breed had higher infection prevalence by simple flotation tech-
nique [55.56% (±8.28)] (p = .047) compared with Cross breed, Noire 
de Thibar and Queue Fine de l’Ouest sheep. Infection prevalence 
of animals from Béja [56% (±7.02)] and from Tabarka's slaughter-
houses [58.33% (±10.06)] was higher than in sheep from the other 

6 slaughterhouses (p < .001). There was no significant difference of 
infection prevalence by simple flotation technique according to sex 
(Table 4).

Among the 310 sampled sheep, 307 abomasum contents were 
collected of which 233 were infected by at least one nematode, cor-
responding to an overall infection prevalence of 75.90% (±2.44). As 
for faeces analyses, significantly higher infection prevalences were 
recorded in Barbarine breed, in the two slaughterhouses of Béja 
(Béja district) and Tabarka (Jendouba district) and for sheep older 
than 12 months (Table 4).

Eight nematode species were found in the abomasum: 
Teladorsagia circumcincta [55.16 (±2.82)], Teladorsagia trifurcate 
[34.87 (±2.82)], Haemonchus contortus [24.84 (±2.45)], Marshallagia 
marshalli [12.58 (±1.88)], Trichostrongylus vitrines [1.61 (±0.72)], 
Trichostrongylus axei [1.29 (±0.64)], Ostertagia lyrate [0.97 (±0.56)], 
Ostertagia ostertagi [0.65 (±0.45)] and Ostertagia occidentalis [0.65± 
(0.45)]. The overall mean infection intensity and abundance were 
estimated at 199.49 and 149.94 respectively. The highest worm 
mean infection intensity was recorded in a sheep from Bizerte dis-
trict (n = 2,991). The kappa concordance coefficient between sim-
ple flotation technique and worm recovery was 0.21 which is a fair 

TA B L E  4   Association between Babesia spp./Theileria spp. infection, faeces analyses for GIN and abomasum infected with worms in sheep 
and different parameters

Parameter

Babesia spp./Theileria spp. 
PCR GIN’s eggs in faeces

Presence of nematodes in 
the abomasum contents

Positive/examined 
(%)

p 
value Positive/examined (%) p value Positive/examined (%)

p 
value

Sex

Male 2/90 (2.22 ± 1.55) .26 21/85 (24.71 ± 4.68) .14 68/90 (75.56 ± 4.53) .9

Female 11/219 (5.02 ± 1.48) 69/207 (33.33 ± 3.28) 165/217 (76.04 ± 2.90)

Breed

Barbarine 1/37 (2.70 ± 2.67) .95 20/36 (55.56 ± 8.28) .047* 32/37 (86.49 ± 5.62) .03*

Cross breed
Noire de Thibar
Queue Fine de l’Ouest

6/142 (4.23 ± 1.69)
3/59 (5.08 ± 2.86)
3/71 (4.23 ± 2.39)

34/137 (24.82 ± 3.69)
20/58 (34.48 ± 6.24)
16/61 (26.23 ± 5.63)

112/139 (80.58 ± 3.36)
41/59 (69.49 ± 5.99)
48/72 (66.67 ± 5.56)

Location (district)

Ariana (Ariana) 0/33 (0) .64 6/29 (20.69 ± 7.52) <.001** 23/34 (67.65 ± 8.02) .002*

Beja (Beja) 3/54 (5.56 ± 3.12) 28/50 (56.00 ± 7.02) 48/52 (92.31 ± 3.70)

Bizerte (Bizerte)
Mateur (Bizerte)
Sajnène (Bizerte)
Jendouba (Jendouba)
Tabarka (Jendouba)
Tunis (Tunis)

3/29 (10.34 ± 5.66)
2/50 (4.00 ± 2.77)
2/40 (5.00 ± 3.45)
1/49 (2.04 ± 2.02)
1/25 (4.00 ± 3.92)
1/29 (3.45 ± 3.39)

10/29 (34.48 ± 8.83)
6/49 (12.24 ± 4.68)
10/39 (25.64 ± 6.99)
9/46 (19.57 ± 5.85)
14/24 (58.33 ± 10.06)
7/26 (26.92 ± 8.70)

24/29 (82.76 ± 7.01)
35/50 (70 ± 6.48)
25/39 (64.10 ± 7.68)
36/49 (73.47 ± 6.31)
24/25 (96 ± 3.92)
18/29 (62.07 ± 9.01)

Age group (years)

<1 10/242 (4.13 ± 1.28) .9 58/227 (25.55 ± 2.89) .001** 175/240 (72.92 ± 2.87) .02*

≥1 3/67 (4.48 ± 2.53) 32/65 (49.23 ± 6.20) 58/67 (86.57 ± 4.17)

Overall 13/309 (4.21 ± 1.14) 90/292 (30.82 ± 2.70) 233/307 (75.90 ± 2.44)

Abbreviations: GIN, gastrointestinal nematodes; p, probability.
*Significant (.001 ≤ p ≤ .05); 
**Highly significant (p < .001). 
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agreement between the two techniques according to the interpre-
tation of Cohen's Kappa values.

The overall infection prevalence in sheep by Babesia spp. 
and Theileria spp. was 4.21% (±1.14) (13/309); it did not signifi-
cantly differ according to sex, breed, age and location (p > .05) 
(Table 4).

3.2 | Principal component analysis (PCA) results

Two components were retained and were sufficient to explain the 
variance. The component plot showed that haematological param-
eters (RBC, Hb and PCV) were positively correlated with component 
1 (x-axis). Babesia/Theileria infection, presence/absence of nema-
todes in the abomasum contents and albuminemia were positively 
correlated with component 2 (y-axis) (Figure 2).

Each animal in the sample was plotted on the bases of its 
first and second component values. The dispersion of observa-
tions plots for PCA showed 2 clusters of animals; three animals 
were considered as outliers (Figure 3). The first one (red circle) 
represents animals having positive Babesia/Theileria PCR and rel-
atively low TWC (0 < TWC < 500) expect one animal which was 
found with high TWC (>500). These animals had biologically nor-
mal values for both albumin and haematological parameters (RBC, 
Hb and PCV). The second cluster (green circle) represents all 
other observations with 98% of animals having negative DNA for 
Babesia and Theileria, 75% of animals’ abomasum contents positive 
for nematodes and with variable haematological and biochemical 
parameters. Relationship between haematological and biochem-
ical results in the two animal clusters is summarised in Table 5. 
Other phenotypic traits (age, sex, breed and location) are depicted 

in Table 6. In cluster 1, represented by the most resistant animals 
at the phenotype level, percentage of females belonging to the 
Cross breed was significantly higher.

Out of the second cluster of animals (green circle), we conducted 
a further analysis, which led to the identification of 5 subgroups cor-
responding to animals that may have variable levels of phenotypic 
resistance (Table 7).

Subgroup 1 (n = 12): it includes animals with negative 
Babesia/Theileria PCR and with presence of nematodes in the abo-
masum contents. In this subgroup, TWC was > 500 associated with 
high FEC (FEC > 500). Animals belonging to this subgroup had nor-
mal values of RBC and PCV. Ninety-one per cent of the animals had 
normal values of Hb. Only 66.7% had normal values of albumin and 
total proteins. In this first subgroup, the percentage of infected fe-
males from Béja was significantly higher.

Subgroup 2 (n = 9): it includes animals with negative 
Babesia/Theileria PCR, presence of nematodes in the abomasum 
contents, TWC > 500 and low FEC (FEC < 500) with no impact on 
haematological parameters. All animals had normal values of total 
proteins and only 5/9 animals had normal values of albumin. In this 
subgroup, no significant differences were observed according to sex, 
breed, location or age.

Subgroup 3 (n = 81): it includes animals with negative 
Babesia/Theileria PCR and presence of nematodes in the abomasum 
contents. These animals had normal haematological and biochemical 
parameters. In this third subgroup, percentage of animals belonging 
to the Cross breed was significantly higher. No significant differ-
ences were recorded between age groups.

Subgroup 4 (n = 72): it includes animals that are not host suscep-
tible to infection by Babesia/Theileria and abomasum nematodes. In 
fact, 71/72 animals had negative Babesia/Theileria PCR and absence 
of nematodes in the abomasum contents. All these animals have 
normal values of RBC and PCV. Only 91.67, 48.61 and 81.94% of 
animals had normal values of Hb, albumin and total proteins. In this 
subgroup, the percentage of infected animals aged less than 1 year 
and belonging to the Noire de Thibar and Queue Fine de l’Ouest was 
significantly higher.

Subgroup 5 (n = 126): Animals in this subgroup are characterized 
by presence of nematodes in the abomasum contents. Ninety-six 
per cent of animals had negative Babesia/Theileria PCR. For hae-
matological parameters, 99.21; 75.40 and 97.62% of animals had 
normal values of RBC, Hb and PCV respectively. For biochemical 
parameters, 17.46 and 76.98% of animals had normal values of albu-
min and total proteins. In this subgroup, the percentage of infected 
males (51.14%) was significantly higher than females (38.21%) 
(p = .04).

3.3 | Relation between haematological parameters, 
worm recovery and simple flotation technique results

Multiple correlations showed significant positive correlations be-
tween RBC/Hb, RBC/PCV, PCV/Hb and FEC/TWC. Significant 

F I G U R E  2   Principal component analysis of different risk factors. 
Component plot: haematological parameters (RBC, Hb and PCV) 
positively correlated with component 1 and the result of PCR 
for (BAB_THE) Babesia/Theileria, (abomasum content) positive 
abomasum content for nematodes and (ALB) albumin positively 
correlated with component 2
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negative correlations were observed between: TWC/RBC and 
TWC/Hb (Table 8).

4  | DISCUSSION

In northern Tunisia, climate is favourable for sheep infection by 
abomasum nematodes, mainly Haemonchus spp. In this work, the 
choice of the geographic area was based on a previous study tar-
geting regions where gastrointestinal parasites, and particularly 
nematode infection in the abomasum, represents one of the main 
constraints to small ruminants’ production (Akkari et al., 2012). In 
fact, temperature and rainfall are primordial for the development 
and survival of infective gastrointestinal worms (Akkari et al., 2012). 

The parasitic burdens increase with the onset of rains in autumn 
(Akkari et al., 2012) and our sampling took place during this period 
(September to December) when prevailing temperatures are still 
favourable for the development of the studied parasite species. 
Targeting highly infected areas during optimal periods enhances 
probabilities to identify traits of resistance amongst sheep.

Infection prevalence of the sheep was estimated to 30.82% 
by the simple flotation technique. Other authors used the same 
technique and reported a significantly higher infection preva-
lence. Indeed, in Spain and Morocco, the infection prevalence 
was estimated to 87.9% (Martinez-Gonzillez, Diez-Bafios, & 
Rojo-Vfizquez, 1998) and 68% (Pallargues, Mage, Boukalouch, & 
Kkalayoune, 2007) respectively. Differences may be caused by 
variations in the production system and/or differences in the sus-
ceptibility of the studied breeds of sheep to infections by GIN.

In comparison to young animals aged less than one year, the in-
fection prevalence by GIN was higher in animals of 12 months and 
more (p = .001). The sampled sheep were exclusively grazing natural 
vegetation and as a result, older animals have been more exposed to 
parasites than younger counterparts. A higher prevalence of GIN in-
fection was found in faeces of Barbarine breed sheep. Such a higher 
susceptibility of the Barbarine breed could be explained by the fact 
that the study area is not the homeland of this breed and therefore 
animals may be experiencing signs of inadaptation to this new epi-
demiological context. In fact, Barbarine sheep are tradionally found 
in the meridional central and southern parts of Tunisia where the 
climate is semi-arid (<350 mm/year) to arid (<150 mm/year) (Ben 
Salem, Lassoued, & Rekik, 2011).

In concordance with results obtained by simple flotation tech-
nique, the highest infection prevalence of the abomasum contents 
was observed in (i) Barbarine breed, (ii) in Tabarka and Béja regions 
and (iii) in adult animals aged of 12 months or more. The kappa con-
cordance coefficient between simple flotation technique and worm 
recovery was 0.21 which is a fair agreement. The fair agreement 
could be explained by the number and the species of parasites pres-
ent in the abomasum which are able to influence the result of sim-
ple flotation technique (Amarante, 2000). In fact, high values of FEC 
could be related to several factors including the species of parasites, 
infection intensity, immunity, sex-ratio of parasites, prepatent period 
and even the period of the day. For example, in the case of H. contor-
tus, one of the main species found in this study, the oviposition rate 
is very high, ranging between 5,000–15,000 eggs/female/day but 
only 100 to 200/eggs/female/day are shed for Trichostrongylus spp. 
and Ostertagia spp. (Hansen, 1995).

The overall prevalence of Babesia and Theileria infection was 
4.21%. This prevalence was compared to values in the study of Rjeibi, 
Darghouth, and Gharbi (2016) by PCR which reached 16.3 and 7.8% 
for Theileria ovis and Babesia ovis respectively. The higher prevalence 
obtained in the work of Rjeibi et al. (2016) could be attributed to the 
sampling location. In fact, authors identified the different piroplasms 
from three Tunisian bioclimatic zones (north, centre, and south) and 
they found that Babesia ovis was found exclusively in sheep from 
the centre of Tunisia whereas Theileria ovis was found in all regions.

F I G U R E  3   Dispersion of observations plots for Principal 
component analysis. There are 2 clusters of sheep. Cluster one 
(red circle): sheep with positive Babesia/Theileria PCR, positive 
abomasum content for nematodes, with high values of albumin and 
normal values of haematological parameters (RBC, Hb and PCV). 
Cluster two (green circle): all other sheep

TA B L E  5   Description of sheep clusters obtained by principal 
component analysis (PCA)

Parameter Cluster 1 Cluster 2

Babesia:Theileria PCR

Positive 7/7 (100%) 6/302 (2.01%)

Negative 0/7 (0%) 296/302 (97.99%)

Nematodes in the abomasum contents

Presence 7/7 (100%) 226/300 (75.76%)

Absence 0/7 (0%) 74/300 (24.24%)

Haematological parameters under threshold values

Red Blood Cells 0/7 (0%) 2/302 (0.33%)

Haemoglobin 0/7 (0%) 39/299 (12.84%)

Packed cell volume 0/7 (0%) 3/302 (1.00%)

Biochemical parameters under threshold values

Albumin 0/7 (0%) 149/295 (50.68%)

Total Proteins 0/7 (0%) 46/295 (16.10%)
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In this survey, negative correlations were found between hae-
matological parameters (RBC, Hb and PCV) and TWC. The latter 
finding is evident since abomasum nematodes such as H. contortus 
are haematophagous and cause significant changes in haemato-
logical parameters, mainly anaemia (Al-Quaisy, Al-Zubaidy, Altaif, 
& Makkawi, 1987). In other studies, the experimental infection of 
Sahabadi sheep by GIN induced a significant decrease in haemoglo-
binaemia. In Merino sheep with an infection by 11,000 H. contor-
tus L3, the mean values of PCV and haemoglobinaemia decreased 
progressively. When the infection persisted, PCV and haemoglobin 
values continued to decline (Allonby & Urquhqrt, 1975).

PCA revealed two animal clusters, the first is composed of a 
small number of animals (N = 7). We consider this small group of an-
imals, with a higher number of females, as possible carriers of some 
kind of resistance to parasite infection. In this group, 6/7 animals had 
relatively low TWC (<500). This low burden could be attributed to 
the resistance of sheep to these parasites, but this hypothesis needs 
to be confirmed by genetic analyses. There were no Barbarine breed 
animals in this group. These findings may lend support to our first 
hypothesis that the sampling location in this study is not the natural 
agro-ecological niche for animals of this breed, hence showing signs 
of vulnerability to infection by abomasum nematodes. In this “resis-
tant” group, the number of females was significantly higher (p 0.05) 
hence suggesting that females may be more resistant than males.

Even if the immunity against Theileria/Babesia and abomasum 
parasites is totally different, the cluster Theileria/Babesia/presence 
of nematodes in the abomasum contents has been distinguished by 
the PCA. From this preliminary finding, we could conclude that such 
resistance has a genetic background. But this conclusion is very pre-
liminary and further studies are needed to confirm this hypothesis 
and understand its mechanisms.

Overall and based on the various parasitological as well haema-
tological and biochemical parameters of the animals in the clusters 
and subgroups, our results seem to point out that females of the 
cross breed may be the most resistant animals to abomasum nem-
atodes. This result is in concordance with other studies since Klein 
(2000a, 2000b) showed a marked susceptibility of male lambs to 
GIN’s compared to female lambs. This may be attributed to the 
difference in sex steroid hormone environment (androgens and 
oestrogens) which is one of the drivers of mammals’ immune re-
sponse (Klein, 2000 a, b). The variation in resistance to abomasum 
nematodes between breeds has also been largely documented in 
sheep. For example, In Brazil, Amarante, Bricarello, Rocha, and 
Gennari, (2004) showed a relative resistance of Santa Ines young 
male sheep compared to Suffolk and Ile de France sheep. In the 
highlands of Ethiopia, Getachew et al. (2015) suggested that Menz 
lambs present a higher level of resistance to H. contortus. In the 
same country, Haile et al. (2002) highlighted that Menz lambs 

Parameter Cluster 1 (n = 7) p value Cluster 2 (n = 300) p value

Sex

Male 1/307 (0.33%) .05* 88/307 (28.66%) <.001**

Female 6/307 (1.95%) 212/307 (69.06%)

Breed

Barbarine 0/307 (0%) .16 36/307 (11.73%) <.001**

Cross breed 4/307 (1.30%) 137/307 (44.63%)

Noire de Thibar 1/307 (0.33%) 58/307 (18.89%)

Queue Fine de 
l’Ouest

2/307 (0.65%) 69/307 (22.48%)

Location (district)

Ariana (Ariana) 0/307 (0%) .58 34/307 (11.07%) <.001**

Beja (Beja) 2/307 (0.65%) 51/307 (16.61%)

Bizerte (Bizerte) 2/307 (0.65%) 26/307 (8.47%)

Mateur (Bizerte)
Sajnène (Bizerte)
Jendouba (Jendouba)

0/307 (0%)
1/307 (0.33%)
1/307 (0.33%)

50/307 (16.29%)
38/307 (12.38%)
48/307 (15.64%)

Tabarka (Jendouba)
Tunis (Tunis)

1/307 (0.33%)
0/307 (0%)

24/307 (7.82%)
29/307 (9.45%)

Age group (years)

<1 4/307 (1.30%) .70 236/307 (76.87%) <.001**

≥1 3/307 (0.98%) 64/307 (20.85%)

Note: In bolded characters, statistically significant.
*Significant (.001 ≤ p ≤ .05). 
**Highly significant (p < .001). 

TA B L E  6   Characteristics of animals 
in the two clusters according to principal 
component analysis results
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acquire the ability to resist and tolerate endoparasite infections 
better than Horro lambs.

A surprising finding revealed by this study is that animals of the 
Barbarine breed seem to show low resistance to abomasum nema-
todes. This is not consistent with what has been reported by Ben Salem 
et al. (2011) in their review depicting this breed as being very resistant 
to environmental stressors and characterized by a strong metabolic and 
digestive adaptation to harsh environmental conditions. The presence of 
higher parasitological indicators and impact on haematological param-
eters should not allow us to conclude that this breed is not adapted to 
these parasites. Indeed, this breed could also be resilient to these patho-
gens. It means that they are infected (sometimes highly infected) but, 
thanks to a parsimony strategy, the immune system of infected animals 
develops only a mild immune reaction (Sigal, 2003). Despite harbouring 
a greater nematode burden and greater FEC, resilient animals perform 
well in the presence of the parasite (Morris et al., 1997). Differences be-
tween resilient and resistant animals appear in the time of occurrence of 
immune response. Differences between resilient and resistant animals 
are expressed in the immune response installation delay. In a study that 
compared the delay of immunity installation against gastro-intestinal 
nematodes parasites in resistant and resilient selection lines of Romney 
lambs, authors found that resistant animals developed immunity earlier 
and these animals were more physiologically mature than resilient ani-
mals (Hamie, McAnulty, Logan, Lundberg, & Greer, 2019).

5  | CONCLUSIONS

Our results to screen for possible indicators of resistance to abo-
masum nematodes in autochthonous Tunisian sheep breeds are pre-
liminary and we are not aware of such a similar work in the South 
Mediterranean. To summarize and when it comes to possible resist-
ance to abomasum nematodes, females from the cross breed can be 
spotted as being possible carriers of some kind of resistance. This 

may reflect a genetic basis for resistance, but further studies are 
needed to confirm this hypothesis. Phenotypic measurements are 
an important prerequisite to help understand forms of the resistance 
expressed by animals and identifying genomic regions and pathways 
associated with resistance to gastrointestinal parasites. When can-
didate genes related to resistance are found, they may help in the 
selection of animals with higher resistance to parasites.
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FEC RBC Hb PCV TWC

FEC Pearson correlation 1

p (bilateral)

RBC Pearson correlation −.015 1

p (bilateral) .795

Hb Pearson correlation −.011 .664** 1

p (bilateral) .857 .000

PCV Pearson correlation −.014 .852** .672** 1

p (bilateral) .814 .000 .000

TWC Pearson correlation .148* −.174** −.116* −.100t 1

p (bilateral) .012 .002 .043 .080

Note: In bolded characters, statistically significant at 5% threshold.
Abbreviations: FEC, faecal egg count; RBC, red blood cells; Hb, haemoglobinaemia; PCV, packed 
cell volume; TWC, total worm count; p, probability; t: tendency.
*Significant (.001 ≤ p ≤ .05). 
**Highly significant (p < .001). 

TA B L E  8   Matrix correlation between 
haematological and quantitative 
coproscopic parameters
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