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Abstract
Despite cross breeding of Djallonke and Sahelian sheep due to the higher growth rate and �nal body weight of the Sahelian breeds
over the years, little scienti�c evidence exists on the ability of the crosses to withstand diseases compared to their Djallonke parents. A
study involving 700 Djallonke and two crosses of the Djallonke and Sahelian breeds (50% Sahel × 50% Djallonke, 75% Sahel × 25%
Djallonke) was conducted, and documented incidence of diseases, parasites and mortalities in these animals. Enteritis (82%), Ehrlichia
ruminantium (6.2%) and orf (6.2%) were more prevalent in 25% Djallonke than both 100% and 50% Djallonkes. Similarly, pneumonia
was more prevalent in 50% Djallonkes, individuals of all age groups and females than all other genotypes, adults and males,
respectively. Enteritis prevalence was also higher in lambs and males than animals of all age groups and females, respectively.
Coccidiosis was more prevalent in individuals of all age groups and males, than lambs and females, respectively. More abscess and
trauma cases were found in males than females. Signi�cantly higher levels of tapeworms and �ea infestations were seen in lambs
than weaners and adults. Conversely, more mange mite and tick infestations were seen in adults than weaners and lambs. Higher
levels of mortalities were recorded in all other genotypes, lambs, females and in haemoncosis cases than in 100% Djallonke, all other
age groups, males and taeniasis cases, respectively. The Sahel x Djalloke crosses are more susceptible to infectious diseases and
record higher mortality rates than the pure Djallonke genotypes. 

Introduction
There is well documented literature on current state of knowledge for between-animal genetic variation of resistance to infections in
small ruminants. These heritable differences between animals are opportunities for breeders to breed animals to enhanced tolerance to
diseases (Bishop and Morris, 2007). Genetic selection has improved productivity in animals considerably over the years, with the
breeding goal of creating a population with high economic production e�ciency (Luiting, 1990). However, apart from a favourable
increase in production, animals in a population that have been selected for high production e�ciency seem to be more at risk for
behavioural, physiological and immunological problems (Luiting, 1990). Broilers selected for high body weight, for instance have lower
antibody response when they were challenged with sheep erythrocytes than the low body weight line (Miller et al., 1992). Nestor et al.
(1996) reported higher percentage of mortality in turkeys selected for high body weight at 16 weeks compared to a random-bred control
line in a natural outbreak of erysipelas. In pigs, Lacombe boars selected for high lean tissue growth rate in an experiment showed
signi�cantly more leg weakness in the foreleg (29.5%) and rear leg (41.5%) than non- selected control boars (Sather, 1987). Pigs with
high leanness and growth rate had worse leg and osteochondrosis (OC) scores in both the elbow and the knee joint (Lundeheim, 1987).
Much controversy exists about the relationship between production and health traits in Cattle. Shanks et al. (1978) compared the
prevalence of diseases and digestive disorders in cows selected for high milk production and unselected controls with low genetic
potential and reported 9% more cases of digestive disorders, 5% more cases of foot rot, 14% more cases of skin or skeletal disorders,
11% more cases of udder oedema and 2% more cases of mastitis.

The Djallonke sheep is the main breed in Ghana, but today large number of the Sahelian breeds are also found, especially, in the
Northern part of the country (Birteeb et al., 2012). Djallonke sheep has the lowest economic traits. They take longer time to mature and
give birth late, compared to the Sahelian breeds (Annor et al., 2007). The Sahelian sheep is larger in size, has higher growth rate, and is
currently preferred by many farmers.

Despite the advantages of the Sahelian genotype in terms of conferring higher growth rate, higher body weight at maturity and,
consequently, higher mutton yield, the genotype is said to have high mortality rate due to its susceptibility to most diseases and
parasites compared to the Djallonke genotype (Goossens et al., 1999),which is said to be tolerant to most diseases and parasites. For
instance, cross breeding of the Djallonke with the Sahelian sheep is said to increase the cross-breds susceptibility to trypanosomiaosis
(Goossens et al., 1999). There is, however, little scienti�c evidence supporting this hypothesis. The present study, therefore, sought to
establish the effect of eroding Djallonke genotype on the prevalence of diseases and mortalities in a �ock of Sahelian x Djallonke
cross bred sheep. The study was speci�cally designed to investigate the relationship between declining Djallonke genotype (100%
Djallonke, 50% Djallonke and 25% Djallonke) and prevalence of diseases and parasites in Sahel x Djallonke crossbred sheep.

Materials And Methods

Study location
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This study was done at the Small Ruminant Breeding Station of the Council for Scienti�c and Industrial Research, Nyankpala, Ghana.
Nyankpala is located 16 km West of Tamale, and lies within latitude 90° 25 N and 100° 00'N and on longitude 10° 00' W. The area has
a unimodal rainfall pattern, and the rainy season lasts from May to October. Annual mean rainfall is 1,043 mm. Temperatures generally
�uctuate between 15 oC and 42 oC, with mean annual temperature of 28.3 oC. The mean annual day time relative humidity is 54%.
There is cold harmattan wind from November to February, and a period of warm dry months from March to April. The dry season is
from November to April (Nyadzi, 2016).

Data collection

Experimental animals and management
Data on daily incidence of diseases and mortalities of 700 sheep were obtained from farm records, covering the period from January
2017 until December 2020. These involved animals of varying genetic composition including 100 100% Djallonke, 375 50% Djallonke
(50% Sahel x 50% Djallonke), and 225 25% Djallonke (75% Sahel x 25% Djallonke). About 250 males and 450 females were involved.
Animals were also categorised into three groups based on age, namely: lambs (3 months of age and below; 152), weaners (over 3 – 12
months of age; 250) and adults (above 12 months old; 298). All procedures used were approved by the University for Development
Studies Institutional Review Board.

The animals are kept under semi-intensive system. They are allowed to graze in the �eld and paddocks from 9:00 am every morning
until 3:00 pm. They are then given concentrates as supplementary feed. The animals are vaccinated against PPR annually. They are
clinically examined every morning for ill health and treatment given where required. Prophylactic treatments were given every 1-2
months. The cause of deaths were established at the Central Veterinary Laboratory, using General Necropsy Technique (King et al.,
2014), while diseases were mostly diagnosed clinically based on symptoms, and subsequently con�rmed through an appropriate
laboratory test at the Central Veterinary Laboratory. 

Pregnant ewes are given supplementary feed in the form of concentrates to meet their nutritional requirements, and to reduce
incidences of pregnancy toxaemia and other metabolic diseases during the peri-partum period, improve formation of colostrum in
appropriate quantity and quality, and increase milk yield during the lactation period. During the �nal stage of pregnancy, health
management of ewes includes administration of appropriate anthelmintic drugs, aimed at eliminating gastrointestinal helminths and
preventing the build-up of parasitic burdens in the environment, and thus, reducing infection of lambs during their neonatal period.
They are then moved from the breeding to the lambing pen. The ability of lambs to survive to weaning is determined by genetics,
behaviour, physiology, and the environment, including on-farm management practices (Everett-Hincks and Dodds, 2008). Those
lambed at the breeding pens were weighed and transferred with their mothers to the mothering pens, where they are kept and fed with
supplementary feed and water. After the age of 3 weeks, the dams and lambs are allowed to graze at the paddocks. Twined, Orphaned
and mis-mothered lambs that could not suck, and those from agalactic mothers were given supplementary cow milk, but most of them
die of starvation due to inadequate milk supply.

Data analysis
Data was analysed using SPSS (version 20). The effects of age, sex and genotype on disease prevalence and mortalities were
ascertained using the chi-square procedure. All comparisons were done at 5% signi�cance level.

Results

Effects of genotypes, age, and sex on prevalence of infectious diseases in
sheep
The effects of genotype, age and sex on prevalence of infectious diseases in Djallonke and Sahel x Djallonke crossbred sheep are
shown in Table 1. The 50% Djallonkes were more susceptible to pneumonia than both 100% and 25% Djallonkes. There was, however,
no difference (P > 0.05) between the l00% and 25% Djallonkes in levels of susceptibility. The level of prevalence of enteritis were
signi�cantly (P < 0.05) higher in 25% Djallonke than all the genotypes. Similarly, 50% Djallonkes were more (P < 0.05) susceptible than



Page 4/15

100% Djallonkes. The 25% Djallonkes were more susceptible to Ehrlichia ruminantum and orf than all other genotypes, while the 50%
Djallonkes were more (P < 0.05) susceptible to coccidiosis than all the genotypes involved. Adults were more (P < 0.05) susceptible to
pneumonia than both weaners and lambs. Conversely, lambs were more (P < 0.05) prone to enteritis than both growers and adults.
Lambs and adults were also more prone to Ehrlichia ruminantum than weaners. Adults and growers were more susceptible to
coccidiosis than lambs. Age did not in�uence (P > 0.05) the incidence of eczema, pinkeye, mastitis, foot rot and orf. Females were more
(P < 0.05) susceptible to pneumonia than males. Conversely, males were more (P < 0.05) susceptible to enteritis and coccidiosis than
females. No difference (P > 0.05) was, however, found between males and females in the prevalence of other infectious diseases under
study.

Effects of genotype, age and sex on prevalence of non-infectious diseases
in sheep
There were no signi�cant differences (P > 0.05) among genotypes in the prevalence of non-infectious diseases (Table 2). The
prevalence of dystocia, abortion and still births in adult ewes are shown in Table 2. Weaners and adults were more (P < 0.05)
susceptible to abscess and trauma than lambs, while lambs were more susceptible to anaemia than older animals (Table 2).
Conversely, mineral de�ciencies increased with increasing age (P < 0.05) (Table 2). Signi�cantly (P < 0.05) higher trauma and abscess
cases were found in males than in females. On the other hand, higher (P < 0.05) mineral de�ciencies and anaemia cases were found in
females (Table 2).

Table 2
The prevalence of dystocia, abortion and still births in adult ewe

  Pneumonia

%

Enterits

%

Eczema

%

pink
eye

%

Ehrlichia
ruminantium

%

Mastitis

%

Foot
rot

%

Coccidiosis

%

Orf

%

X2 (5) P -
value

Genotype                      

100% 14.0 26.0 2.0 1.0 2.0 0 2.0 0 1.0 37.815 0.002

50% 26.0 34.0 0.2 0.3 1.4 0.3 0.3 3.0 0    

25% 13.0 82.0 0.8 1.3 6.2 0 0 0 6.2    

Age                      

Lambs 5.0 91.0 0 0 3.9 0 0 0.8 0 58.957 < 
0.001

Weaners 8.0 42.0 0.3 0.3 1.3 0.3 0 3.4 0    

Adults 39.0 37.1 1.5 1.5 4.4 0 1.1 5.0 1.5    

Sex                      

Male 6.0 53.3 0.6 0.6 2.7 0 0 5.0 0.3 16.977 0.030

Female 12.2 44.0 0.8 0.9 3.3 0.3 0.8 2.4 1.1    
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  Dystocia

%

Abscess

%

Abortion

%

Mineral
de�ciencies

%

Still
births

%

Retained
placenta

%

Anaemia

%

Trauma

%

X2 (5) P -
value

Genotype                    

100% 3.0 1.0 2.0 0 1.0 2.0 0 0 19.360 0.152

50% 0.3 0.3 0.8 1.3 0.3 0.5 0 0.5    

25% 0.9 0.4 0 0 0.4 0 0.9 0.4    

Age                    

Lambs - - - - - - 1.6 0 36.107 0.001

Weaners - 0.8 - 0.3 - - 0 0.3    

Adults 2.2 0.7 1.5 1.5 1 1.5 0 0.7    

Sex                    

Male - 0.6 - 0.3 - - 0 0.9 20.833 0.040

Female 3.4 0.2 2.3 1.1 1.7 2.3 0.5 0    

-Not Applicable

Effects of genotype, age and sex on prevalence of parasites in sheep
Genotype and sex had no in�uence (P > 0.05) on the prevalence of ectoparasites in sheep (Table 3). However, �ea infestations were
higher (P < 0.05) in lambs than adults and weaners. Conversely, Ticks and mange mite infestations were higher (P < 0.05) in adults than
weaners and lambs (Table 3).

Genotype has no signi�cant effect on the level of endoparasite infestation in sheep (Table 4). However, weaners, adults and females
were more (P < 0.05) susceptible to haemonchosis than lambs and males, respectively. Conversely, lambs and males were more prone
to taeniasis than older individuals and females, respectively.

The in�uence of genotype, age, sex, infectious and non-infectious diseases, and parasites on mortality rate in sheep

Signi�cantly higher (P < 0.05) levels of mortality occurred among the 25% and 50% Djallonkes than the 100% Djallonke genotype
(Fig. 1). Mortalities in a �ock of sheep due to Ehrlichia ruminantum was higher (P < 0.05) than mortalities due to any other disease.
This was followed in descending order by enteritis, coccidiosis and pneumonia. The least cause of mortalities were A�atoxicosis,
haemorrhagic septiceamia and endometritis (Fig. 2). The predominant (P < 0.05) non-infectious cause of mortality in the �ock was
anaemia, followed by starvation and ruminal impaction. The least were trauma, dystocia and bloat (Fig. 3). Mortality rates among
lambs were signi�cantly higher (P < 0.01) than those in weaners and adults. Similarly, the mortality rate in weaners was higher than
that in adult (Fig. 4). Signi�cantly more females (P < 0.05) and animals with haemonchosis died during the study period than males
(Fig. 5), and individuals with taeniasis (Fig. 6), respectively.

Discussion
The high level of susceptibility to a number of infectious diseases among the Sahelian × Djallonke crosses compared to the pure
Djallonke con�rms the results of Goossens et al. (1999). The authors noted that the Sahelian genotype is more susceptible to diseases
and parasites compared to the Djallonke genotype. The declining Djallonke genotype in the crosses may therefore, be responsible for
this heightened level of susceptibility. Courtney et al. (1985) also noted that the Florida native sheep are better able to withstand
secondary infections than domestic cross-bred lambs. The differences found among the various age groups in susceptibility to
infectious diseases may be due to age speci�city of some diseases in sheep (Sweeney, 1996). For instance, higher level of enteritis
was found in lambs than all other age groups, and this is attributable to enterotoxaemia type C, caused by Clostridium perferinges type
C (MSD Veterinary Manual, 2021). Similarly, Aruni et al. (1998) reported higher level of susceptibility to infectious diseases in young
than in older individuals, and attributed their observations to the under developed immunity among lambs. In contrast, Courtney et al.
(1985) noted that age had little or no effects on susceptibility to infectious diseases in some breeds of sheep.
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Females were found to be less susceptible to enteritis and coccidiosis than males, and this is in line with the �nding that females
exhibit more-robust immune response to antigenic challenge, including infection and vaccinations than males (Fish, 2008). Courtney et
al. (1985) also reported higher levels of resistance to secondary infections among ewes compared to rams, and attributed the lower
immunity found in the rams to the effect of the male sex hormone on the immune cells of the body. In contrast to these �ndings,
pneumonia was more prevalent in females than males in the present study.

The insigni�cant effect of genotype on the prevalence of non-infectious diseases found in the present study is dissimilar to the report
of Dwyer and Bünger (2012) who noted that the Texel sheep required most assistance at birth than the Scottish blackface and the
Mule ewes. This was attributed to increased lamb birth weight and litter size. The insigni�cant effects of genotype on the prevalence of
non-infectious diseases, particularly dystocia, may therefore, be linked to the lower litter size and birth weights of the Djallonke and its
crosses, compared to its temperate counterparts. The higher level of mineral de�ciency in adults and females found in this study may
be related to lactation, as calcium is required in milk secretion (Neville and Peaker, 1981), and poor nutrition in lactating mothers could
lead to calcium de�ciency (Reinhardt et al., 2011), and thus milk fever. The pastures grazed on by the animals used in the present
study may be de�cient in calcium and other relevant minerals.

Pralomkarn et al. (1997) reported lower haemonchus contortus burden in 100% Thai native goats, compared to 50% Thai × 50% Anglo-
Nubia goats. Similarly, higher worm burden was reported in Sumatra × Java fat-tailed lambs compared to Sumatra × Barbados black
belly sheep. In contrast to these �ndings, the results of the present study showed no differences among genotypes in the prevalence of
parasites. The insigni�cant effects observed in the present study may be due to the fact that some of the parasites lack host speci�city
(Tripet and Richner, 1997). Courtney et al. (1985) reported higher level of resistance to Haemonchus contortus among ewe lambs
compared to ram lambs following puberty. Similarly, Romjali et al. (1997) found higher worm burden in males than females. Windon
and Dineen (1981) also reported greater immune response in female than male lambs vaccinated with irradiated larvae of
Trichosostrorrgylus colllbriforrrlis. A con�icting observation was, however, made by Yakhchali and Hosseine (2006). The authors
observed higher levels of infestation in female sheep and goats than males. The results of the present study partialy agree with these
con�icting observations. While females were more susceptible to haemonchosis, males were more prone to taeniasis. The higher
haemonchus in adults and weaners compared to lambs may be due to the fact that lambs do not go out for grazing, unlike adults and
weaners that might be grazing in infested pasture

The signi�cantly higher �eas cases observed in lambs than weaners and adults in this study is in conformity with the reports of other
workers (Yeruham et al., 1997;Tesfaye et al., 2012). The authors also noted pronounced aneaemia in infested kids and lambs than
adult animals. These �ndings are attributable to the favourable conditions such as warm weather and humidity, inappropriate litter
management for �eas development (Yeruham et al., 1997) and, shorter hair and thinner skin in the young animals, allowing easy
access to the skin, and enabling �eas penetration without di�culty (Tesfaye et al., 2012). It is, therefore, not surprising that more
aneamia cases were found in lambs than older animals in the present study, also, mortalities in the �ock were related more to aneamia
than any other non-infectious cause of mortality.

The higher mortality rates observed in the crossbreds in the present study is similar to the observations of Ferreira et al. (2015) in
Targhee, Dorset and East Friesian crossbreds. The authors attributed this �nding to the fact that crossbreds are more susceptible to
diseases and are more likely to die from those diseases than the pure native breeds. Animals genetically selected for high production
e�ciency have also been cited as being more prone to behavioural, physiological and immunological problems (Luiting, 1990).

Similar to the results of the present study, El-Badry (1969) reported higher mortality �gures in females than males, and attributed his
�ndings to maternal conditions and higher female population ratio. In the present study, the female population was also higher than
males, since the animals were kept on the station strictly for breeding purposes. In contrast, Hazzard (1986) and Owen-Smith (1993)
reported higher mortality rate in males, and suggested that females have longer lifespan than males. The higher mortality rate
observed in lambs in this study may be linked to enteritis, starvation and anaemia, all of which were found to be higher in lambs than
older individuals. Other authors (Yeruham et al., 1989; Mandal et al., 2007; Ferreira et al., 2015) have also related higher lamb and kid
mortalities to anaemia, pneumonia, starvation, enteritis, endoparasitism and undetermined factors.

The �ock mortality rate of 33% due to Ehrlichia ruminantum observed in the present study was lower than the 77.6% mortality rate
reported by Mahan et al. (2001). Most (90.6%) of the mortalities linked to endoparasitic infestations were caused by haemonchosis,
and this is similar to the 87.1% reported by Fakae (1990), but higher than the 40% observed by Kagira and Kanyari (2001) in sheep.
Bekele et al. (1992) reported a rate of 21.2% and 15.2% due to pneumonia and enteritis, respectively, in a �ock of sheep. While the



Page 7/15

mortality due to pneumonia found in the present study is lower (11.7%) than the report of Bekele et al. (1992), that due to enteritis is
higher (29.2%) than the author’s report.

In conclusion, the Sahel x Djalloke crosses are more susceptible to infectious diseases, and record higher mortality rates than the pure
Djallonke genotypes. The eroding Djallonke genotype, however, has no effect on the prevalence of non-infectious diseases and
parasites. Ehrlichia ruminantum is the predominant infectious cause of death, while aneamia is main non-infectious cause of death in
the �ock. We recommend that farmers who intend to take advantage of the economic traits of the Sahalian × Djallonke cross-breds
must enforce strong biosecurity measures and proper health management practices.
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  Dystocia

%

Abscess

%

Abortion

%

Mineral
de�ciencies

%

Still
births

%

Retained
placenta

%

Anaemia

%

Trauma

%

X2 (5) P -
value

Genotype                    

100% 3.0 1.0 2.0 0 1.0 2.0 0 0 19.360 0.152

50% 0.3 0.3 0.8 1.3 0.3 0.5 0 0.5    

25% 0.9 0.4 0 0 0.4 0 0.9 0.4    

Age                    

Lambs - - - - - - 1.6 0 36.107  0.001

Weaners - 0.8 - 0.3 - - 0 0.3    

Adults 2.2 0.7 1.5 1.5 1 1.5 0 0.7    

Sex                    

Male - 0.6 - 0.3 - - 0 0.9 20.833 0.040

Female 3.4 0.2 2.3 1.1 1.7 2.3 0.5 0    

Tables
Table 1: Effects of genotype, age and sex on incidences of infectious diseases

  Pneumonia

%

Enterits

%

Eczema

%

pink
eye

%

Ehrlichia
ruminantium

%

Mastitis

%

Foot
rot

%

Coccidiosis

%

Orf

%

X2 (5) P -
value

Genotype                      

100% 14.0 26.0 2.0 1.0 2.0 0 2.0 0 1.0 37.815 0.002

50% 26.0 34.0 0.2 0.3 1.4 0.3 0.3 3.0 0    

25% 13.0 82.0 0.8 1.3 6.2 0 0 0 6.2    

Age                      

Lambs 5.0 91.0 0 0 3.9 0 0 0.8 0 58.957 <
0.001

Weaners 8.0 42.0 0.3 0.3 1.3 0.3 0 3.4 0    

Adults 39.0 37.1 1.5 1.5 4.4 0 1.1 5.0 1.5    

Sex                      

Male 6.0 53.3 0.6 0.6 2.7 0 0 5.0 0.3 16.977 0.030

Female 12.2 44.0 0.8 0.9 3.3 0.3 0.8 2.4 1.1    

Table 2: The prevalence of dystocia, abortion and still births in adult ewe

-Not Applicable
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Figure 1

Relationship between genotype and mortality rate in sheep

Figure 2

Relationship between mortality rate and infectious diseases in sheep
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Figure 3

Relationship between non-infectious diseases and mortality rate in sheep

Figure 4

Relationship between age and mortality rate in sheep
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Figure 5

Relationship between sex and mortality rate in sheep

Figure 6

Relationship between endoparasite infestation and mortality rate in sleep


