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ABSTRACT  
This study was conducted in Qassim region, Central of Saudi Arabia on 562 animals (310 sheep and 252 

goats) to determine the prevalence and aetiology of clinical mastitis in sheep and goats in addition, to 

characterize the genetic basis of multidrug resistance of the isolated bacteria. 
The overall prevalence of clinical mastitis (CM) was 9.43% (53/562) where it was 7.74% (24/310) and 

11.50% (29/252) in sheep and goats, respectively. Bacteriological examination of the milk from clinically 

mastitic animals revealed Staphylococcus aureus (84.91%), Coagulase Negative Staphylococci (CNS) 

(5.66%), S. agalactiae (7.55%) and Escherichia coli (1.88%). Clinically, the symptoms were differed 
from animal to another according to the isolated pathogens. Disk diffusion method and specific PCR 

technique were used to determine the sensitivity of the isolated Staphylococcus aureus.  

The nuc gene was confirmed by PCR targeting specific region of 16s rDNA region of the S. aureus (nuc 
gene) in all S. aureus isolates. Tet-k and tet-m responsible for tetracycline resistance were detected in 

55.55 % and 75.55 % respectively. MRSA was identified in 86.66% of the isolated bacteria. 

Finally it can be concluded that sheep and goat mastitis represent a great problem. Also multidrug 

resistant genes were detected for the first time in Saudi Arabia in the isolated pathogens, so great attention 
must be paid toward the uses of antimicrobials during mastitis treatment where these resistant bacteria can 

be transmitted from animal to human.  
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INTRODUCTION  
Small ruminant (sheep and goats) rearing provide vast range of products and services such as immediate 

cash income, meat, milk, skin, manure, risk spreading/ management and social functions (Adane and 

Girma, 2008). 

Mastitis is recognised as one of the most important diseases affecting dairy sheep industry resulting in 
substantial economic losses worldwide due to reduced milk production, quality, and weak lambs 

(Bergonier et al., 2003; Contreras et al., 2007; Gebrewahid et al., 2012; Pantosi, 2012). 

Intramammary infections (IMI) in dairy small ruminants are mainly of bacterial origin by either 
contagious pathogens (Staphylococcus aureus (S. Aureus) and Streptococcus agalactiae (S. Agalactiae) or 

environmental pathogens (Escherichia coli), Pseudomonas aeruginosa, Streptococcus uberis and 

coagulase-negative staphylococci (Radostits et al., 2000; Bergonier et al., 2003). Staphylococci are the 
main etiological agents of small ruminants intramammary infections (IMI), where, S. aureus is the most 

common pathogen isolated in clinical cases and coagulase-negative staphylococci (CNS) are the most 

prevalent in subclinical cases (Fthenakis, 1994; Lafi et al., 1998; Bergonier et al., 2003). 

Mastitis can be cured by treatment with antibiotics after identification of the causative agents. Antibiotic 
sensitivity tests can be performed to ensure adequate treatment. In sheep, intramammary antibiotic 

therapy using a combination of penicillin, nafcillin, and dihydrostreptomycin has been found to be 

effective in reducing the load of mastitis pathogens after lambing (Chaffer et al., 2003). Owing to the 
important role of antimicrobials in mastitis control programs, the determination of antimicrobial 

susceptibilities of mastitis pathogens is necessary for therapy and monitoring the spread of resistant 
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strains among populations (Gentilini et al., 2002; Bengtsson et al., 2009). Also, antimicrobial resistant 

bacteria of animal origin can be transferred to humans via food chain and can pose public health problems 
(Skovgaard, 2007). 

Antibiotic resistance is one of the important problems encountered in the treatment and control of 

mastitis. Mastitis caused by resistant bacteria is difficult to cure and has severe consequences. Thus, 
determination of the antibiotic susceptibilities of pathogens causing mastitis is of crucial importance for 

the treatment and control of mastitis in dairy ewes Tel et al. (2012).  

Currently, nothing is known about the molecular basis of antimicrobial resistance in bacteria isolated 

from cases of mastitis in KSA. So, the aim of the present work was directed to determine the prevalence 
of clinical mastitis in sheep and goats and the microbial agents associated with such infections. In 

addition to characterize the genetic basis of multidrug resistance of the essential isolated bacteria. 

 

MATERIALS AND METHODS 

Animals: 
A total of 562 female animals (310 sheep and 252 goats) of different ages and localities at Qassim region 
were used in this study. Each animal was subjected to complete clinical examination and a full record was 

kept regarding species, breed and parity status.   

Milk samples: 
A total of 86 individual milk samples were collected under complete aseptic conditions from the above 
mentioned animals. The udder was washed by warm tap water and soap, and then dried completely. The 

teats were disinfected with a piece of cotton wool soaked in 70% Ethyl alcohol. From each half, first 

streams of milk were rejected and then about 60 ml of milk was drawn into a sterile MacCarteny bottle. 
The collected sample was subjected to bacteriological examination. 

Bacteriological examination: 

a. Direct microscopic examination (Cruickshank et al. 1975). 

It was made by staining of the prepared smears from milk sediment either before or after incubation with 
Loffler's methylene blue and Gram's stain. 

b. Cultivation of milk sediment: 

Ten ml of each milk sample was incubated aerobically at 37oC for 18 hours, then, centrifugated at 3,000 
rpm for 20 minutes. The cream and supernatant fluid were discarded. From the sediment, loopfuls from 

the sediment were picked up and staked onto the surface of blood agar, modified Edward's medium (for 
Streptococcus spp.), mannitol salt agar (for Staphylococcus spp.) and MacConkey's agar (for 

Enterobacteriaceae. The inoculated plates were incubated at 37
0
C for 24-48 hours. Suspected pathogenic 

bacterial colonies, appearing on different medium were subcultured to get a pure culture and preserved on 
soft agar for further identification. Smears from the isolates were prepared and stained with Gram's stain 

to be examined microscopically. The isolation and identification of bacteria will be carried out by 

conventional techniques of Murray et al. (1995) and will be confirmed by the API 20E system. 
Differentiation between the different coliform bacteria was based on its colonial and biochemical 

characters (Cruickshank et al., 1975). Fermentation of mannitol, catalase test, haemolysis on blood agar 

and coagulase test were used for differentiation of staphylococci. Haemolysis on blood agar, growth on 

MacConkey's agar medium, CAMP test, sodium hippurate hydrolysis test and growthrowth on 6.5% NaCl 
were used for Differentiation of streptococci (Quinn et al., 1994). 

Antimicrobial sensitivity test: 

Antimicrobial discs (Oxoid) were used to identify the antimicrobial sensitivity of the detected isolates. 

They included, amoxycillin (10 g), enrofloxacin (5 g), cephradinine (30 g), doxycycline (30 g), 

penicillin G (10 unit), gentamicin (10 g) and sulphamethoxasole-trimethoprim (25 g). As described by 
Francis and Carroll (1986). A single colony from each isolate of recovered bacterial species was picked 
up and inoculated in nutrient broth. The inoculated broth was incubated aerobically for 18 hours at 37

0
C. 
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Table 1: PCR primer sequence, amplicon size and PCR condition 

Gene 

Targeted 

Primer sequence (5-3) Vol. for 100 

pmol/µl 

Amplicon size 

(bp) 

Reference PCR conditions 

Nuc F-GTAGGTGGCAAGCGTTACC 

 

R- CGCACATCAGCGTCAG 

338  

 

314  

 

 

 
280 

Brakstad et al., 

(1992) 

1 cycle of 950 for 5 min 

30 cycles of 950C for 30 s 

550C for 30 se 
720C for 1 min 

1 cycle of 720C for 5 min 

mecA F-AAAATCGATGGTAAAGGTTGGC 
R-AGTTCTGCAGTACCGGATTTTGC 

361  
 

346  

 
 

 

532 

- 

Strommenger et al., 
(2003) 

 

1 cycle of 950 for 5 min 
30 cycles of 950C for 30 s 

550C for 30 se 

720C for 1 min 

1 cycle of 720C for 5 min 
tet(K) F-GTAGCGACAATAGGTAATAGT 

R-GTAGTGACAATAAACCTCCTA 

181 

215 

 

 

 
360 

Strommenger et al., 

(2003) 

 

1 cycle of 950 for 5 min 

30 cycles of 950C for 60 s 

550C for 60 s 
720C for 90 s 

1 cycle of 720C for 5 min 

tet(M) F-AGTGGAGCGATTACAGAA 
R-AGTTCTGCAGTACCGGATTTTGC 

340 
344 

 
 

 

360 

Strommenger et al., 
(2003) 

 

1 cycle of 950 for 5 min 
30 cycles of 950C for 60 s 

550C for 60 s 

720C for 90 s 

1 cycle of 720C for 5 min 

 

 

 
 

Table 2: Prevalence of clinical mastitis in examined animals and halves. 

Animal species No. of the examined No. of examined Clinical mastitic cases Clinical mastitic quarters 

 Animals halves No. % No. % 

Sheep 

goats  

310 

252 

620 

504 

24 

29 

7.74 

11.50 

39 

47 

6.29 

9.33 

Total 562 1124 53 9.43 86 7.65 
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The culture was then flooded on Muller-Hinton agar plate and excess fluid was drained from the plate. Then 

antibiotic discs were then applied to the surface of the agar. The inoculated plates were incubated aerobically 
at 37

0
C overnight. Zone diameter of growth inhibition was measured by a caliper and compared with the 

interpretive standards of Konemann et al. (1992). 

Genotyping detection: 
Detection of nuc , mecA, tet-k and tet-m genes 

The genotypically identified nuc gene was genotypically confirmed by a colony PCR targeting specific 

region of 16s rDNA region of the S. aureus (nuc gene). The genotypically identified MRSA was 

genotypically detected by colony PCR targeting mecA gene responsible for methicillin resistance. The 
presence of tet-k and tet-m genes responsible for tetracycline resistance was detected also by colony PCR.  

The primers (Integrated Gulfbiosystems) used are stated in Table 1. Briefly the PCR mix was mixed together 

with respective 2 µl of forward and reverse primers on ice. The PCR mix (PuReTag
TM

 Ready-To-Go
TM

 PCR 
beads, LOT: 4885456, GE Health care company, United States) consisted of: 

Sterile distilled water 

10X PCR buffer (500 Mm KCL, 100 mM Tris-HCL (Ph 9.0), 1.0% Triton X100)  
25 mM MgCl2 

100 Mm dNTPs (10 mM each dATP, dTTP, dGTP, dCTP) 

Taq polymerase  

To each cold PCR tube containing the PCR reaction, a colony was added. To do this, we used a fine yellow 
pipette tip attached to a pipette (set at 30 µl to avoid addition of air into the PCR reaction) and pipetted up 

and down to mix. Sufficient mixing was result in complete cell lyses and high yields.  

 

PCR recycler conditions 

The PCR recycler conditions for each gene detection were illustrated in table 1. 

Agarose gel electrophoresis 
The amplified products were run on 1.5 % agarose gel in Tris-Acetate EDTA (TAE) buffer for 45 min. The 
ethidium bromide stained bands were examined under an ultraviolet transilluminator and photographed with 

a specific camera. 

Statistical Analysis: 
Chi-square was carried to the obtained data according to Snedecor and Cochran (1980). Probabilities less 

than 0.05 were considered significant. 

 

RESULTS AND DISCUSSION  

Mastitis is one of the most serious health and economic problems in all dairy sheep flocks all over the major 

sheep breeding countries (Kirk and Glenn, 1996). Ovine clinical mastitis is typically gangrenous and causes 

death (Marco, 1994). 
The overall prevalence of clinical mastitis (Table 2) among the examined animals was 9.43%. The 

prevalence among examined sheep was not significantly (p 0.1472) lower (7.74%) than that among examined 

goats (11.51%). Also, the percent of clinically infected halves of the examined sheep (6.29%) was not 
significantly (0.0706) lower than that of goats (9.33%). The annual incidence of clinical mastitis in small 

ruminants is generally lower than 5%, but this incidence can increase sporadically (Contreras et al., 2007). 

Islam et al. (2012) found that the prevalence of clinical mastitis (CM) was 4 and 6% in sheep and goats, 
respectively. In sheep higher prevalence (75%) was observed previously by Marogna et al. (2010). 

Gebrewahid et al. (2012) observed statistically significant association between risk factors such as breed and 

the occurrence of the subclinical mastitis. In goats, lower prevalence was recorded previously by Bekele et 

al. (2010) who recorded prevalence rate of 4.3% whereas, higher prevalence was recorded by Ameh and Tari 
(2000) who recorded a prevalence rate of 51 (17%) and Marogna et al. (2012) who detected intra-mammary 

infections in 22.7% of all goats examined. 

javascript:__doLinkPostBack('','ss%7E%7EAR%20%22Megersa%2C%20Bekele%22%7C%7Csl%7E%7Erl','');
http://www.sciencedirect.com/science/article/pii/S0921448811003294#bib0015
http://www.sciencedirect.com/science/article/pii/S0921448811003294#bib0015
http://www.sciencedirect.com/science/article/pii/S0921448811003294
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Infectious mastitis outbreaks of small ruminants are usually caused by Gram positive bacteria, mostly 

Staphylococcus and Streptococcus species (Bergonier et al., 2003; Contreras et al., 2007).  
In this study as shown in table 3, Staphylococcous sp. were isolated from 90.57% of the infected animals 

where it was isolated from 87.5% of the infected sheep and from 93.10% in goats. Among Staphylococci, 

S. aureus were the most predominant organism isolated from infected animals (84.91%) where it was 
isolated in a percentage of (79.17%) in sheep and (89.65%) in goats. Similar findings were reported by 

Ameh and Tari, (2000), Hall and Rycroft, (2007), Leitner et al., (2007); Kwanashie et al., (2012) who 

reported that Among staphylococci, S. aureus werer considered the most important pathogenic agent of 

mastitis in dairy goats, where it has been found with frequencies ranging from 4% to 40% of all isolated 
microorganisms. Also; Kyozaire et al. (2005); Hall and Rycroft (2007); Marogna et al. (2012) recorded 

that Staphylococcus species were the most common isolated bacterial in case of goats intramammary 

infections and it can account for over 90% of all bacterial species identified in this condition.  
Similar results were reported by Mørk et al. (2007) who showed that S. aureus were the most common 

cause of clinical mastitis in sheep where they recovered from 72.9% of cases of gangarenous mastitis in 

sheep.  

Table 3: Microorganisms isolated from clinical mastitic quarters 
Isolated organisms Infected sheep (24) Infected goats (29) Total infected (53) 

No. % No. % No. % 

Staphylococcus. Spp. 

S. aureus 

CNS 

S. agalactiae 

E. coli 

21 

19 

2 

2 

1 

87.5 

79.17 

8.33 

8.33 

4.17 

27 

26 

1 

2 

0 

93.10 

89.65 

3.45 

6.90 

0 

48 

45 

3 

4 

1 

90.57 

84.91 

5.66 

7.55 

1.88 

 

In previous studies, Lafi et al. (1998); McDougall et al. (2002) and Batavani et al. (2003) reported that 
the most frequently isolated bacterial pathogen in sheep was coagulase-negative Staphylococcus spp. 

(41% to 79% of cases) and S. aureus, with a range of (3.8% to 22%). Other pathogens less commonly 

reported in sheep include s. agalactiae, (McDougall et. al., 2002; Batavani et. al., 2003). 
E. coli was isolated from clinically mastitic halves in a percentage of 1.88%, where it was 4.17% and 0% 

in goats. Similar results were reported previously by Ryan and Greenwood (1990) and Contreras et al. 

(1995) who found that Gram-negative bacteria were rarely induce mastitis in goats. 

Antimicrobial therapy is commonly implemented for mastitis prevention and control. Unfortunately, 
despite the best possible antimicrobial treatments, failures of bacteriological cure are common, especially 

for S. aureus mastitis, and antimicrobial resistance (AMR) is considered one of the reasons for low cure 

rates (Barkema et al., 2006). 
Staphylococcus aureus belongs to the group of major contagious mastitis pathogens, whereas the 

coagulase negative staphylococci (CNS) are also capable of causing opportunistic bovine mastitis. Many 

of these strains are resistant to penicillin or ampicillin because of the long-term use of β-lactam antibiotics 
in agricultural and healthcare settings (Moon et al., 2007). 

The results of the antimicrobial sensitivity test as shown in tables 4, 5, 6, 7 and 8 revealed resistant S, 

aureus in 45 (93.75%), 37 (79.16%), 12 (25%), 0 (0%), 28 (58.33%), 0 (0%) and 5 (10.42%) isolates to 

penicillin, amoxycillin, cephradinine, enrofloxacin, doxycycline, sulphamethoxasole-trimethoprim and 
gentamicin respectively and 0 (0%), 7 (14.58%), 7 (14.58%), 13 (27.08%), 11 (22.92%), 22 (45.83%) and 

33 (68.75%) were intermediate resiatatant to penicillin, amoxycillin, cephradinine, enrofloxacin, 

doxycycline, sulphamethoxasole-trimethoprim and gentamicin respectively. The development of bacterial 
resistance was associated with the intensive use of these antibiotics without rules and inadequate dose. 

Goni et al. (2004) mentioned that the overuse of antibiotics increases the risk of antibiotic resistance and 

has become a public health problem. The detection of S. aureus strains in sheep resistant to 
aminoglycoside antibiotics should be considered a public health concern, given the similar resistance 

mechanism to strains isolated in humans. 

http://www.sciencedirect.com/science/article/pii/S0921448811003294#bib0075
http://www.sciencedirect.com/science/article/pii/S0921448811003294#bib0105
http://www.sciencedirect.com/science/article/pii/S0921448811003294#bib0090
http://www.sciencedirect.com/science/article/pii/S0921448811003294#bib0075
http://www.sciencedirect.com/science/article/pii/S0921448811003294
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Table 4: Results of the antimicrobial sensitivity tests against isolated staphylococci (Number of 

isolates = 48). 

Antimicrobial disc Resistant  Intermediate  Sensitive 

No. % No. % No. % 

Penicillin G (10 unit) 45 93.75 0 0 3 6,25 

Amoxycillin (10 g), 38 79.16 7 14.58 3 6.25 

Cephradinine (30 g) 12 25 7 14.58 29 60.42 

Enrofloxacin (5 g) 0 0 13 27.08 35 72.92 

Doxycycline (30 g) 28 58.33 11 22.92 9 18.75 

Sulphamethoxasole-trimethoprim(25g) 0 0 22 45.83 26 54.17 

Gentamicin (10 g) 5 10.42 33 68.75 10 20.83 

 

Table 5: Results of the antimicrobial sensitivity tests against isolated S. areus (Number of isolates= 

45) 

Antimicrobial disc Resistant  Intermediate  sensitive 

No. % No. % No. % 

Penicillin G (10 unit) 43 95.56 0 0 2 4.44 

Amoxycillin (10 g), 36 80 6 13.33 3 6.67 

Cephradinine (30 g) 12 26.67 6 13.33 27 60 

Enrofloxacin (5 g) 0 0 12 26.67 33 73.33 

Doxycycline (30 g) 26 57.78 10 22.22 9 20 

Sulphamethoxasole-trimethoprim (25 g) 0 0 21 46.67 24 53.33 

Gentamicin (10 g) 4 8.89 31 68.89 10 22.22 

 

Table 6: Phenotyping results of the antimicrobial sensitivity tests against isolated S. areus from 

sheep (Number of isolates = 19). 

Antimicrobial disc Resistant  Intermediate  sensitive 

No. % No. % No. % 

Penicillin G (10 unit) 18 94.73 0 0 1 5.26 

Amoxycillin (10 g), 15 78.94 2 10.52 2 10.52 

Cephradinine (30 g) 8 42.10 5 26.31 6 31.57 

Enrofloxacin (5 g) 0 0 1 5.26 18 94.73 

Doxycycline (30 g) 9 47.36 3 15.78 7 36.84 

Sulphamethoxasole-trimethoprim (25 g) 0 0 14 73.68 5 26.31 

Gentamicin (10 g) 3 15.78 7 36.84 9 47.36 

 

Table 7: Phenotyping results of the antimicrobial sensitivity tests against isolated S. aureus from 

goats (Number of isolates = 26). 

Antimicrobial disc Resistant  Intermediate  sensitive 
No. % No. % No. % 

Penicillin G (10 unit) 25 96.15 0 0 1 3.84 

Amoxycillin (10 g), 21 80.76 4 15.38 1 3.84 

Cephradinine (30 g) 4 15.38 1 3.84 21 80.76 

Enrofloxacin (5 g) 0 0 11 42.30 15 57.69 

Doxycycline (30 g) 17 65.38 7 26.92 2 7.69 

Sulphamethoxasole-trimethoprim (25 g) 0 0 7 26.92 19 73.07 

Gentamicin (10 g) 1 3.84 24  1 3.84 
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Table 8: Results of the antimicrobial sensitivity tests against isolated Coagulase Negative Staphylococci 

(Number of isolates = 3). 
Antimicrobial disc Resistant  Intermediate  Sensitive 

No. % No. % No. % 

Penicillin G (10 unit) 2 66.67 0 0 1 33.33 

Amoxycillin (10 g), 2 66.67 1 33.33 0 0 

Cephradinine (30 g) 0 0 1 33.33 2 66.67 

Enrofloxacin (5 g) 0 0 1 33.33 2 66.67 

Doxycycline (30 g) 2 66.67 1 33.33 0 0 

Sulphamethoxasole-trimethoprim (25 g) 0 0 1 33.33 2 66.67 

Gentamicin (10 g) 1 33.33 2 66.67 0 0 

 

The presence of mastitis bacteria that are resistant to antimicrobials has obvious implications for the 

treatment of infected animals. It is of particular concern if the causative agents have multidrug resistance 

phenotypes. There could potentially also be implications for the transmission of resistance to the 
consumer if raw, unpasteurized milk or milk products contained such resistant bacteria. The fact that 

occurrence of antimicrobial resistance varies between countries and regions have the potential to 

complicate that matter. Food animals and foods of animal origin are traded worldwide; thus, the 
occurrence of antimicrobial resistance in one country may be a problem for other countries. The fact that 

resistance genes do not respect phylogenetic, ecological, or geographical boundaries implies that 

antimicrobial use and the resulting resistance in one ecological niche may have consequences for the 
resistance situation in another niche (Okeke and Edelman, 2001). The ability of bacteria to acquire and 

disseminate exogenous genes via mobile genetic elements, such as plasmids and transposons, has been the 

major factor in the development of multiple drug resistance (Okeke and Edelman, 2001). 

The nuc gene was detected in a percentage of 100% of the isolated S. aureus isolates representing a 
percentage of 100% in sheep and goats (fig 1). S. aureus could be distinguished from coagulase-negative 

staphylococci on the basis of inhibition of nuclease activity by specific antibodies (Gudding, 1983). Also, 

Costa et al. (2005) mentioned that mecA/nuc RT-PCR assay is a suitable and practical tool for the routine 
detection of methicillin resistance and identification of S. aureus. Synthetic oligonucleotide primers of 21 

and 24 bases, respectively, were used in the polymerase chain reaction (PCR) to amplify a sequence of 

the nuc gene, which encodes the thermostable nuclease of S. aureus. The amplification of the nuc gene 
has potential for the rapid diagnosis of S. aureus infections (Brakstad et al., 1992). 

 
 

Figure 1: Agarose gel electrophortesis for nuc gene. M: molecular weight marker. Lane 1 to lane 6 

isolates from sheep and from lane 7 to lane 12 isolates from goats. Lane 1: CNS negative isolate from 

Central Qassim, lane 2 positive isolate from West Qassim, lane 3 positive isolate from multiparous sheep 

and lane 4 positive samples from primiparous sheep. Lane 5 positive isolates from Najdi sheep and lane 

6 positive isolates from Naemi. Lane 7: positive isolate from goat from Central Qassim, lane 8 positive 

isolate from West Qassim, lane 9 positive isolate from multiparous goat and lane 10 CNS negative isolate 

from primiparous goat. Lane 11 positive isolate from Ardi sheep and lane 12 positive isolates from 

Syrian Damascus goat 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Gudding%20R%5Bauth%5D
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Antibiotics especially tetracyclines are extensively used in Saudi Arabia for treatment of most infectious 

diseases. But little surveillance work has been done to assess the extent of resistance. This is the first 
report disclosing genetic basis of antibiotic resistance in S. aureus from Saudi Arabia. 

The presence of tet-k responsible for tetracycline resistance was detected in a percentage of 55.55 % 

representing a percentage of 57.89 and 53.84 in sheep and goats respectively (table 9 and Fig. 2). Schmitz 
et al. (2001) detected tet(K) in 73 % (292/400) MRSA and 96 % (192/200) MSSA isolates (Schmitz et 

al., 2001). Huys et al, in 2005, in a collection of S. aureus from poultry processing plants reported 58 % 

(22/38) tet(K) in South Africa [Huys et al., 2005). Ullah et al. (2012) in Pakistan detected tet(K) gene in 

58 S. aureus isolates while tet(M) was not detected. So, this is an indication that the resistance to 
tetracyclines is mainly by efflux pumps mediated by tet(K) in S. aureus in northwestern Pakistan. The 

tet(K) gene protects bacteria from tetracycline by a resistance mechanism known as tetracycline efflux. 

This mechanism prevents the accumulation of tetracycline within bacterial cells by the synthesis of a 
cytoplasmic membrane protein which pumps tetracycline out of the cell at a quicker rate than it enters. 

This also suggests that when screening S. aureus for tetracycline resistance genes, tet(K) must always be 

screened for first. 
 

Table 9: Genotyping results of the isolated S. aureus from sheep and goats. 

Species  No of 

isolates 

Nuc positive Mec-A positive Tet-k positive Tet-m positive 

No % No % No % No % 

Sheep  19 19 100 17 89.47 11 57.89 15 78.94 

Goats  26 26 100 22 84.61 14 53.84 19 73.07 

Total  45 45 100 39 86.66 25 55.55 34 75.55 

 

 
 

Figure 2: Agarose gel electrophortesis for tetk gene. M: molecular weight marker. Lane 1 to lane 6 

isolates from sheep and from lane 7 to lane 12 isolates from goats. Lane 1: positive isolate from 

sheep from Central Qassim, lane 2 negative isolate from sheep from West Qassim, lane 3 negative 

isolate from sheep from multiparous sheep and lane 4 positive isolate from primiparous sheep. 

Lane 5 positive isolate from Najdi sheep and lane 6 positive isolate from Naemi sheep. Lane 7: 

positive isolate from Central Qassim, lane 8 negative isolate from West Qassim, lane 9 positive 

isolate from multiparous goat and lane 10 positive isolate from primiparous goat. Lane 11 negative 

isolates from Ardi sheep and lane 12 negative isolates from Syrian Damascus goat.  

 
The presence of tet-m responsible for tetracycline resistance was detected in a percentage of 75.55 % 

representing a percentage of 78.94 and 73.07 in sheep and goats respectively (Fig. 3). 
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Figure 3: Agarose gel electrophortesis for tetm gene. M: molecular weight marker. Lane 1 to lane 6 

isolates from sheep and from lane 7 to lane 12 isolates from goats. Lane 1: positive from sheep from 

Central Qassim, lane 2 positive isolate from West Qassim, lane 3 positive isolate from multiparous 

sheep and lane 4 negative isolate from primiparous sheep. Lane 5 positive isolate from Najdi sheep 

and lane 6 negative isolate from Naemi sheep. Lane 7: positive isolate from Central Qassim, lane 8 

positive isolate from West Qassim, lane 9 negative isolate from multiparous goat and lane 10 

positive isolate from primiparous goat. Lane 11 negative isolates from Ardi sheep and lane 12 

positive isolates from Syrian Damascus goat.  
 
There are 38 acquired tetracycline resistance genes that are known and all use one of three strategies to 

render the bacteria resistant (Roberts, 2005). These include (Chopra and Roberts, 2001) efflux proteins, 

(Roberts, 2005) ribosomal protection proteins and (Speer et al., 1992) enzymatic inactivation of 

tetracycline. 
MRSA was detected in 86.66% of S. aureus isolates (Fig 4). Simko and Bartko (1996) reported a 

percentage of 68% S. aureus isolates resistant to penicillin. Lollai et al. (2008) reported a resistance of 

4.1% in dairy ewes. Tel et al. (2012) found that 27.2% of S. aureus isolates isolated from ovine mastitis 
showed resistance to penicillin G. Islam et al. (2012) found that S. aureus that isolated from subclinical 

mastitis in sheep and goats were found most sensitive to gentamicin (Gn) and Tel et al. (2012) 

demonstrated that S. aureus isolates from gangrenous mastitis were mainly resistant to penicillins (which 
are susceptible to the staphylococcal beta-lactamase enzyme). The higher resistance rate to beta-

lactamase susceptible penicillins found in this study might be due to the uncontrolled and common use of 

these antimicrobials.  

 
 

Figure 4: Agarose gel electrophortesis for mec A gene. M: molecular weight marker. Lane 1 and 

lane 2: negative isolates from sheep, lane 3, 4 and 5 negative isolates from goats, lane 6, 7, 8 and 9 

positive isolates from sheep. Lane 10, 11 and 12 positive isolates from goat.  
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S aureus are resistant to antibiotic treatment due to their ability to exist both intracellularly and in L-forms 

and due to their location within microabscesses in the udder (Sears et. al., 1987). 

Finally it can be concluded that sheep and goat mastitis represent a great problem. Also multidrug 

resistant genes were detected among the isolated pathogens for the first time in Saudi Arabia, so great 

attention must be paid toward the uses of antimicrobials during mastitis treatment were these resistant 

bacteria can be transmitted from animal to man.  
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