
 

Available online freely at www.isisn.org 

Bioscience Research 
Print ISSN: 1811-9506 Online ISSN: 2218-3973 

Journal by Innovative Scientific Information & Services Network  

RESEARCH ARTICLE             BIOSCIENCE RESEARCH, 2018 15(2): 862-872.            OPEN ACCESS 
                                                                                         
 

Antimicrobial resistance attributes of staphylococci 
isolated from rabbits 
 
Samah Eid and Abdel Hafeez Samir 
  
Reference Laboratory for Veterinary Quality Control on Poultry Production-Animal Health Research Institute, Egypt.

 

.  
*Correspondence: samaheid@ymail.com Accepted: 06 Mar 2018 Published online: 08 June 2018 

Out of total 158 samples 86 staphylococci were isolated, the samples (tracheal swabs and vaginal 
swabs, and liver) were collected from diseased and dead rabbits. Results of bacteriological examination 
revealed that 38/158 (24.1%), and 48 /158 (54.4%) of isolates were coagulase positive and coagulase 
negative strains, respectively. Investigating the phenotypic antibiotic resistance patterns of isolates by 
using disc diffusion method revealed that 100%, 39.5%, and 28.9% of coagulase positive isolates 
showed resistance to methicillin, tetracycline, and oxacillin, while 83.3%, 66.7%, and 50% of coagulase 
negative isolates showed resistance to the aforementioned antibiotics, respectively. Furthermore, the 
genotypic attributes for biofilm formation was tested by PCR and revealed that 60.5% of coagulase 
positive isolates were carriers of icaA gene and sdrD gene, and that 83.3% and 50% of coagulase 
negative isolates were carriers of icaA gene and sdrD gene, respectively. All, 86/86 (100%) of isolated 
staphylococci were positive for mecA gene. PCR revealed that 39.5%, 60.5%, and 0% of coagulase 
positive isolates were positive for   hlg, coA, and spaA genes, and meanwhile 50%, 33.3%, and 33.3% of 
coagulase negative isolates were positive for the same studied virulence genes. Thus , it was concluded 
that rabbits may represent a potential source for dissemination of staphylococci spp that are carriers for 
virulence and antibiotic resistance genes , imposing  a high public health risk to the exposed human, 
animals and environment . 
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INTRODUCTION 
Rabbit production farms represent a growing and 
promising investment in Egypt. Beside the 
investment in the commercial sector many 
Egyptian families rely on small scale household 
production for both meat consumption and as a 
source of income for their livelihood.  
     The genus Staphylococcus contains 
approximately 45 species and 24 subspecies; it is 
the most important genus in the family Staphy 
lococcaceae. Staphylococcus spp. is ubiquitous, 
normal inhabitants of skin and mucous 
membranes and is common environmental 
organisms. Typical staphylococci are Gram-
positive, coccoid in shape, and found in clusters , 

grown under aerobic  condition on solid media, 
Staphylococcus aureus is aerobic, facultative 
anaerobic, hemolytic, usually coagulase positive, 
catalase positive, fermentative for glucose and 
mannitol and gelatinase positive (Swayne, 2013). 
   Many Egyptian researchers investigated 
staphylococcus infection in rabbits, in this regard 
(Nassef and Shahata 1988) recorded the isolation 
of Staphylococcus aureus from intra-abdominal 
abscess in rabbits. Abd El Motelib and Salem 
(1991) recorded the isolation of staphylococcus 
aureus from rabbits with respiratory manifestation, 
and from mastitic does and their suckling rabbits. 
Staphylococcus septicemia in young rabbits was 
also recorded by (Girgis et al., 2003). In the same 
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regards, (Zhu, 2010) attributed the pathogenicity 
of staphylococcus due to its ability for invasion, 
inflammation and toxin production. Infection with 
MRSA which is defined by the presence of mecA 
or mecC genes has been reported in 
domesticated livestock. Hamed and Youssef 
(2013) isolated MRSA from diseased rabbits  with 
prevalence of multidrug resistant strains against 
different groups of antibiotics , they also found 
that MRSA isolates were implicated as the cause 
of infertility and high mortality for the rabbits 
involved in their study , beside the public health 
significance caused by its  dissemination in the 
surrounding environment. Isabela et al., (2016) 
emphasized that animals are reservoir of MDR 
Staphylococcus spp. 
     Nathan et al., (2011) defined a biofilm as to be 
a microbial community of cells that are attached to 
an interface, or to each other, and demonstrate a 
modified phenotype for growth, gene expression 
and protein production. Furthermore, Jones et al., 
(2001) studied MRSA abilities for biofilm 
formation, they suspected that MRSA biofilm may 
account to the cause of persistence of infection 
even in the presence of antibiotics. In the same 
instance  (Kamelia et al., 2016-b) studied the 
virulence factors, antibiotic resistance genes, 
including mecA and the capacity of 
staphylococcus aureus and coagulase negative 
staphylococci (CoNS) for biofilm formation, they 
observed a highly demonstrated biofilm affinity 
among their studied staphylococci isolates. 
     Thus, the present study aimed to investigate 
the prevalence of Staphylococcus spp. and to 
investigate virulence, antimicrobial resistance 
attributes, and biofilm formation ability among the 
studied isolates. 

 
MATERIALS AND METHODS 

Samples 
Samples (tracheal swabs (58), vaginal swabs 
(32), liver (68) were collected from diseased and 
dead rabbits (n) = 158 in Giza. All rabbits suffered 
from respiratory symptoms, among newly born 
rabbits septicemia and high mortalities were 
recorded.  

Isolation and identification  
    Samples were examined for the detection of 
Coagulase Positive Staphylococci (CPS) and 
Coagulase Negative Staphylococci (CoNS) 
according to ISO 6888-1:1999, AMD: 2003. 

 Antimicrobial susceptibility 
     Phenotypic antibiotic resistance patterns were 
studied by disk diffusion method according to 
(Quinn et al.,1994) against 8 of the commonly 
used chemotherapeutic agents in feild: ampicillin 
(AM 10 ug), oxacillin (OX 1ug), cefotaxime (CTX 
30 ug), erythromycin (E 15), tetracycline (TE 
30ug), gentamycin (CN 10), and trimethoprim 
(1.25ug) (Table 2).The demonstrated phenotypic 
susceptibility profiles was interpreted according to 
Clinical and Laboratory Standards Institute (CLSI, 
2015) , whereas multidrug resistance (MDR) 
isolates were determined  according to the 
European Committee on Antimicrobial 
Susceptibility Testing (EUCAST, 2014). 

Detection of phenotypic biofilm ability   by 
conventional methods 
     Staphylococci isolates were tested for biofilm 
formation using Christensen’s tube method 
according to (Giacaman et al., 2010), as isolates 
were inoculated in triplicates of 10 ml brain heart 
infusion broth and were incubated for 24 h at 37 
°C without shaking. The tubes were decanted and 
washed with PBS (pH adjusted to 7.3) and left to 
dry, dried tubes were stained with crystal violet 
(0.1 %), tubes were then washed with deionized 
water, dried in inverted position and observed for 
slime layer formation.  

Identification of staphylococci species  
   API STAPH strip system (bio Mérieux’s API®, 
lot number 1002600210) was used to test 10 
randomly selected CPS isolates and 10 randomly 
selected CoNS isolates. 

Genomic DNA extraction and polymerase 
chain reaction 
    Genomic DNA was extracted 
from staphylococci strains following the 
manufacturer instruction of QIAamp DNA Mini kit 
(Qiagen). Master Mix was applied using Emerald 
Amp GT PCR master mix (Takara). Generic 
polymerase chain reaction (PCR) assays were 
used for further confirmation of the isolates, 
(Table 1) 
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Table (1): Oligonucleotides and thermal profiles of PCR assays   

Target 
gene 

Primer sequence (5´-3´) 
Amplicon 

size 
 

Thermal profile Reference 

mecA 

F: 5'-GTA GAAATG ACT GAA CGT CCG ATA A-
3' 

R: 5'-CCAATT CCA CAT TGT TTC GGT CTA A-3' 
 

310 bp 
 

95℃ for 1 min ; 51℃ for 60℃ for 1 
min; and 72℃ for 1 min ; for 40 

cycles; final 8 min at 72℃ 

Frebourg et al., 
(2000) 

coa 
F: 5'-CGAGACCAAGATTCAACAAG-3' 
R: 5'-AAAGAAAACCACTCACATCA-3' 

730bp 
 

95 °C for 2 min ;30 cycles of  95 °C 
for 30 s; 58 °C for 2 min; and 72 °C 
for 4 min; and a final 7 min at 72 °C 

Aslantas  et al., 
(2007) 

 

hlg 
 F:5′-GCCAATCCGTTATTAGAAAATGC-

R:3′ 5′-CCATAGACGTAGCAACGGAT-3′ 
 

937 bp 

94 °C for 5 min ; 30 cycles of 94 °C 
for 30 s, 55 °C  for 30 s, and 72 °C 
for  1 min ,and a final  10 min at 72 

°C. 

 
Ani-Ioana et al., 

(2010) 

spa 
 

F :5′-CAAGCACCAAAAGAGGAA-3 
R: 5′-CACCAGGTTTAACGACAT-3′ 

200 bp, 
94°C for 60 s; 55°C for 60 s ; 70°C 
for 60 s for 34 cycles; final 5 min at  

72°C 

Bhati et al., 
(2016) 

icaA 
F: 5'-ACA GTCGCT ACG AAA AGA AA-3' 
R: 5'-GGA AAT GCCATA ATG ACA AC-3' 

 

103 bp 
 

95℃ for 1 min ; 51℃ or 60℃ for 1 
min; and 72℃ for 1 min ; for 40 

cycles; final 8 min at 72℃ 

Hae et al., 
(2008) 

sdrD 
F:5-AGTGGGAACAGCATCAATTTTA 
R:5-GTGGTAGATTGTACACTTTCT 

272 bp 
94°C for 30 s; 53°C for 30 s; 72°C 

for 15 s 
Artur et al., 

(2006) 

 
F= forward primers, R= reverse primers, bp= base-pair, hlg=δ-hemolysin gene, mecA= Methicillin resistance A gene, 
coa =Coagulase gene, spa=Staphylococci Protein A gene, ica A =intercellular adhesion A gene, sdrD= Serine-
Aspartate Repeat Protein-Encoding gene 

 
RESULTS AND DISCUSSION 

Staphylococcal infection is a causative agent 
of severe economic loss among rabbits due the 
high mortalities caused among young rabbits, and 
mastitis and other lesions among older ages. 
Meulemans et al., (2007) reported that 
Staphylococcus aureus in rabbits is the causative 
agent of podo dermatitis, subcutaneous and 
internal organs abscess, mastitis, uterine lesions 
resulting in infertility, and mortalities.  

   In the present study, 86 staphylococci 
isolates were detected out of total examined 158 
samples with a prevalence rate of 38/158 (24.1%) 
for coagulase positive staphylococci, table (2). 
The recorded prevalence rate of coagulase 
positive staphylococci was in agreement with that 
of (Ashraf et al., 2014) who recorded a prevalence 
rate of (22.38%). Lower prevalence rate was 
reported by (Belli et al., 2008) who reported a 
prevalence rate of 17.4%. Furthermore, the 
detected prevalence rate of coagulase negative 
staphylococci was 48 /158 (30.4%), higher 
prevalence rate for CoNS was recorded by (Belli 
et al., 2008) who recorded a rate of 98.2%, while 
lower prevalence rate was detected by (Monika et 
al., 2012) who reported a prevalence rate of 
17.8%.  

    Screening the circulating serotypes among 

CoNS was applied by using API kits, and  it was 
revealed that    6 / 10 (60%) of isolates were 
Staphylococcus epidermidis, 3/ 10 (30%) were 
Staphylococcus hominis and 1 /10 (10%) were 
Staphylococcus haemolyticus , respectively.  On 
the other hand, API profiles of the ten tested 
coagulase positive isolates revealed that 5/10 
(50%) of isolates were Staphylococcus aureus, 
and 5/10 (50%) were Staphylococcus intermedius, 
respectively, table (6). Isabela et al., (2016) 
reported the detection of Coagulase positive 
Staphylococcus species such as Staphylococcus 
pseudintermedius (61%, 61/100), Staphylococcus 
schleiferi (15%, 15/100), Staphylococcus aureus 
(5%, 5/100), and Staphylococcus delphini (3%, 
3/100), respectively among their studied animal 
samples with higher prevalence of coagulase 
positive strains vs coagulase negative strains.     
Studying antibiotic susceptibility profiles of 
isolated staphylococci by disk diffusion revealed 
that resistance rates demonstrated by CPS 
isolates against βlactams antibiotics represented 
in ampicillin, oxacillin, methicillin and cefotaxime 
were 10.5%, 28.9%, 100%, and 10.5%, 
respectively. 
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Table (2): Prevalence rate* of isolated Coagulase positive and Coagulase Negative Staphylococci 
Type of sample Number 

of samples 
Coagulase positive  

staphylococci isolates 
Coagulase negative 

 staphylococci isolates 
Prevalence of  staphylococci 

spp 

Number of  
CPS 

Prevalence Number 
of CNS 

Prevalence Total 
number 

Prevalence 

Liver 68 16 23.5% 14 20.6% 30 44.1% 

Trachea swabs   58 14 24.1% 26 44.8% 40 70% 

Vaginal swabs  32 8 25% 8 25% 16 50% 

Total  158 38 24.1% 48 30.4% 86 54.4% 

Prevalence rate*: the percentage was calculated based on the total number of the examined type of sample. 
Table (3): Antibiotic resistance profiles of detected Coagulase Positive Staphylococci isolates using disk diffusion method 

Chemotherapeutic  group 
Chemotherapeutic 

agent 
Abbrev. Conc. 

Resistant isolates Intermediate Susceptible 

NO % NO % NO % 

Blactamins 

 
 
 

Penicillins 

Ampicillin AMP 10 µg 4 10.5% 0 -- 34 89.5% 

Oxacillin OX 1µg 11 28.9% 0 -- 27 71.1% 

Methicillin MEC 10µg 38 100% 0 -- 0 -- 

 Cephalosporins Cefotaxime CTM 30 µg 4 10.5% 4 10.5% 30 79% 

Macrolydes  Erythromycin E 15 µg 7 18.4% 4 10.5% 27 71.1% 

Aminoglycosides  Gentamycin GM 10 µg 4 10.5% 4 10.5% 30 79% 

Tetracyclines  Tetracycline TE 30 µg 15 39.5% 0 -- 23 60.5% 

Diaminopyrimidine 
 
 

Trimethoprim SXT 1.25 µg 4 10.5% 0 -- 34 89.5% 

 
Table (4): Antibiotic resistance profiles of detected Coagulase Negative Staphylococci isolates using disk diffusion method 

Chemotherapeutic  group 
Chemotherapeutic 

agent 
Abbrev. Conc. 

Resistant 
 isolates 

Intermediate Susceptible 

NO % NO % NO % 

Blactamins Penicillins 

Ampicillin AMP 10 µg 8 16.7% 0 0 40 83.3% 

Oxacillin OX 1µg 24 50% 0 0 24 50% 

Methicillin MEC 10µg 40 83.3% 8 16.7% 0 -- 

 Cephalosporins Cefotaxime CTM 30 µg 0 0 0 0 48 100% 

Macrolydes  Erythromycin E 15 µg 16 33.3% 8 16.7% 24 50% 

Aminoglycosides  Gentamycin GM 10 µg 0 0 0 0 48 100% 

Tetracyclines  Tetracycline TE 30 µg 32 66.7% 0 0 16 33.3% 

Diaminopyrimidine 
 

 Trimethoprim SXT 1.25 µg 16 33.3% 0 0 32 66.7% 
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Table (5): Prevalence rate of phenotypic patterns of biofilm formation by using Christensen’s tube 
method 

Tested isolates 
Phenotypic patterns of Biofilm formation 

Weak Moderate Strong Total 

CPS 11 (28.9%) 8 (21.1%) 19(50%) 38 (100%) 

CoNS 16 (33.3%) 8(16.67%) 24 (50%) 48(100%) 

Total staphylococci isolates 27 16 43 86 

 
Table (6): Serotypes’ identification of Coagulase Positive Staphylococci, and Coagulase Negative 
Staphylococci isolates  

Coagulase 
type 

CPS CoNS 

No of 
isolates 

serotypes 
No of  

isolates 
serotypes 

 
 

5 Staphylococcus aureus 6 Staphylococcus  epidermidis 

5 
Staphylococcus 

intermedius. 
3 Staphylococcus hominis 

-- -- 1 Staphylococcus haemolyticus 

Total 10 10 

 
Table (7):  Investigation of genotypic attributes for methicillin resistance, biofilm formation and 
virulence factors by using PCR  

Tested genes CPS isolates CoNS isolates 

Number %* Number %* 

MecA 38 100% 48 100% 

IcaA 23 60.5% 40 83.3% 

sdrD 23 60.5% 24 50% 

hlg 15 39.5% 24 50% 

coA 23 60.5% 16 33.3% 

spa 23 60.5% 16 33.3% 

The percentage * was calculated based on the total number of examined isolates. 
 
Table (8): Antibiotic resistance profiles and biofilm activities among Coagulase Positive 
Staphylococci isolates and Coagulase Negative Staphylococci isolates 

Staphylococc
i isolates 

Phenotypic and genotypic resistance 
against βlactams 

MDR 

Biofilm 

Ampicillin Oxacillin Methicillin mecA 
Christensens 

’tube 
icaA sdrD 

CPS (38) 4 (10.5%) 
11 

(28.9%) 
11 

(28.9%) 
38 

(100%) 
11 

(28.9%) 
38 

(100%) 
23 

(60.5%) 
23 

(60.5%) 

CoNS (48) 8 (16.7%) 24 (50%) 
32 

(66.7%) 
40 

(83.3%) 
32 

(66.7%) 
48 

(100%) 
40 (83.3%) 

24 
(50%) 

The percentage was calculated based on the total number of identified coagulase positive staphylococci 
isolates and coagulase negative staphylococci isolates. 
 
The results were in accordance with that of (Hulya 
et al., 2006) who reported that 18/103(17.5%) of 
Staphylococcus aureus and 31/136 (22.8%) of 
coagulase negative staphylococci (CoNS) strains 
were phenotypically resistant to methicillin, they 
also found that, those isolates were also resistant 
to ampicillin. In contrast, lower resistance rate 
against oxacillin was detected by (Ali  and Anil, 
2013) who detected a rate of (7.89%), they also 
detected higher resistance rate against ampicillin 

(55.26%). The observed resistance rates against 
methicillin and oxacillin were in accordance with 
those of (Kamilia et al., 2016-a) who reported 
resistance rates of (64.3%, and 85.7 %) against 
ampicillin, methicillin, and oxacillin, respectively, 
but they reported higher resistance rate against 
ampicillin (42.9%). In the same instance, 
(Çetinkaya et al., 2012) recorded nearly similar 
resistance rate against cefotaxime (11.1%), table 
(3). 
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     In the current study, 7/38 (18.4%) of CPS 
isolates demonstrated resistance against 
erythromycin, almost similar resistance rate was 
observed by (Çetinkaya et al., 2012) who reported 
a resistance rate of 22.2%, meanwhile higher 
resistance rate against erythromycin (57%) was 
reported by (Isabela et al., 2016). Lower 
resistance rate against erythromycin (7.1%) was 
detected by (Dieter et al., 2004), table (3). 
      It was also demonstrated that 4/38(10.5%) of 
CPS isolates showed resistance against both 
gentamycin, and trimethoprim in this regard, 
higher resistance rate against trimethoprim (50%) 
was detected by (Isabela et al., 2016), while they 
reported that their isolates were highly sensitive to 
gentamycin. Higher resistance rates against both 
chemotherapeutic agents were detected by 
(Kamelia et al., 2016-a) who reported resistance 
rates of (71.4%, 92.9%) against gentamycin and 
sulfamethoxazole / trimethoprim, respectively, 
table (3). 
       Results of antibiotic susceptibility profiles 
showed that 15/38 (39.5%) of CPS isolates 
demonstrated phenotypic resistance pattern 
against tetracycline, almost similar resistance rate 
against tetracycline was detected by (Ali and Anil, 
2013) who detected a resistance rate of (44.73%) 
, in contrast, Dieter et al., (2004) recorded a lower 
resistance rate against tetracycline  (20%)  in their 
studied staphylococcus aureus isolates, table (3).   
    In the present study , antibiotic susceptibility 
profiles by disk diffusion was also applied on  
CoNS isolates , the detected  resistance rates 
against ampicillin, oxacillin, and  methicillin  were 
8/48 (16.7%), 24/48 (50%), and 40/48 (83.3%), 
respectively ,while 48/48(100%) of CoNS isolates 
were susceptible to cefotaxime. Almost similar 
resistance rates against ampicillin, methicillin and 
oxacillin were detected by (Kamilia et al., 2016-a) 
who reported resistance rates of (16.7%, 52.8%, 
and 69.4%) against ampicillin, methicillin, and 
oxacillin, respectively. The observed  high 
susceptibility (100%) of the studied CoNS against 
cefotaxime was in agreement with that reported 
by (Xiao et al., 2011) who observed  a 
susceptibility rate  (70%) against the selected 
cephalosporin (ceftizoxime) investigated in their 
study , table(4).  
      Studying resistance patterns of CoNS against 
erythromycin revealed that 16/48 (33.3%) of 
isolates demonstrated resistance against 
erythromycin, higher resistance rate (68.1%) was 
detected by (Naci et al., 2013). Lower resistance 
rate of CoNS towards erythromycin was reported 
by (Dana et al., 2001) who observed a rate of 

(1%), table (4). 
      In the present work, all 48/48 (100%) of the 
studied CoNS isolates were susceptible to 
gentamycin, this result disagreed with that of 
(Kamelia et al., 2016-a) who reported a resistance 
rate of 83.3% among their studied CoNS against 
gentamicin, table (4). 
      In the current study the detected resistance 
rate of the studied CoNS isolates against 
tetracycline was 32/48 (66.7%), this result was in 
agreement with that detected by (Boamah et al., 
2017) who recorded that (77.2%) of their studied 
CoNS isolates were resistant to tetracycline, 
higher resistance rate was detected by (Kamelia 
et al., 2016-a) who detected a resistance rate of 
(94.4%) against tetracycline, table (4). 
      Antibiotic susceptibility profile of CoNS 
isolates was tested against trimethoprim and the 
result revealed that 16/48 (33.3%) of CoNS 
isolates demonstrated resistance phenotypic 
pattern, this result disagreed with that of  (Dana et 
al., 2001) who recorded that 100% CoNS isolates 
were susceptible to trimethoprim-
sulfamethoxazole, table(4). 
     Multidrug resistance of bacteria demonstrated 
against antimicrobial therapy stands as a major 
public health threat that has to be tackled in 
animals as a preventive measure to reduce 
human exposure. EUCAST, (2014) defined the 
multidrug resistant bacterial strains as those 
which demonstrated phenotypic resistance 
patterns against at least one antimicrobial agent 
that is classified in three or more antimicrobial 
categories.              In the present study, 11/38 
(28.9%) of CPS isolates demonstrated MDR 
phenotypic pattern as showed resistance against 
3 and more antimicrobial categories, while 32/48 
(66.7%) isolates of the studied CoNS isolates 
showed MDR resistance patterns, this result was 
in accordance with that reported by (Isabela et al., 
2016) who recorded that (40%) of their studied 
Staphylococcus spp. exhibited a multidrug-
resistant phenotype (MDR), they also concluded 
that animals are reservoirs of MDR 
Staphylococcus spp.The result also was in 
agreement with that of (Boamah et al., 2017) who 
reported that Multi-drug resistance (MDR) was 
observed in 19.14% of their CoNS isolates, table 
(8). 
     In the current study, methicillin resistant 
staphylococci (MRSA) were investigated by using 
disk diffusion method against ampicillin, oxacillin 
and methicillin, furthermore the isolated MRSA 
were confirmed by testing the isolates for the 
presence of mecA gene by PCR, the result 
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revealed that 38/38 (100%), and 40/48 (83.3%) of 
the CPS, and CoNS isolates were positive for the 
presence of mecA gene, respectively. This finding 
is in accordance with that of (Fabrizio et al., 2014) 
reported that MRSA was found in 48% (11/23) 
and 25% (15/59) of the rabbits 
carrying Staphylococcus aureus at first and 
second samplings, respectively, table (8). 
    Artur et al., (2006) concluded that infections 
caused by Staphylococcus aureus involve 
bacterial adhesion to the host extracellular matrix, 
those adhesins are mostly cell wall-anchored 
proteins and are grouped into a single family 
named Microbial Surface Components 
Recognizing Adhesive Matrix Molecules 
(MSCRAMM). The Sdr proteins are members of 
the MSCRAMM family that are encoded by the 
arrayed sdrC, sdrD, and sdrE genes. In the same 
regard, (Arciola et al., 2003) concluded that 
synthesis of the capsular polysaccharide is 
mediated by the icaA operon, and that upon the 
activation of this operon, a polysaccharide 
intracellular adhesion (PIA) is synthesized, this 
finding supports the notion that cell-to-cell 
bacterial contacts occur by means of a 
multilayered biofilm.   
     The association between staphylococci 
infections, antimicrobial resistance, biofilm 
formation and adhesion in host cells still a 
scientific interest to be  investigated in veterinary 
medicines, in this study phenotypic and genotypic 
attributes for biofilm formation and acquisition of 
adhesins were investigated , among the studied 
CPS  the results revealed the positivity of 38/38 
(100%) , 23/38 (60.5%), and 23/38 (60.5%) for 
biofilm formation by christensens’ tube method 
,and for  the detection of icaA gene, and  sdrD 
gene by PCR  , respectively, table (8). Studying 
the same attributes among CoNS revealed that 
48/48 (100%), 40/48 (83.3%), 24/48 (50%) were 
positive for biofilm formation by Christensens’tube 
method, PCR for icaA, sdrD genes, respectively, 
table (8). In addition to the previous observation it 
was remarkably observed that 24/32 (75%) of the 
detected CoNS that demonstrated MDR patterns 
confirmed by PCR to carry both icaA and sdrD 
genes, and also that 4/11 (36.4%) of the detected 
CPS isolates that demonstrated MDR patterns 
carried both genes. It was also observed that all 
MDR isolates showed genotypic attributes for 
MRSA by carrying mecA gene , simultaneously 
the MDR isolates demonstrated  phenotypic 
resistance patterns against βlactams as the 
detected  CoNS resistance patterns towards 
ampicillin, oxacillin, and methicillin were 8/48 

(16.7%), 24/48(50%), and 40/48 (83.3%), 
respectively. While CPS resistance patterns 
towards the same aforementioned antibiotics were 
4/38 (10.5%), 11/38 (28.9%), and 38/38 (100%), 
respectively, table (8). These results were in 
agreement with those recorded by Kamelia et al., 
(2016-b) who found that (88.9%) of the studied 
staphylococcus isolates were strongly positive for 
biofilm formation, in addition biofilm formation 
affinity was observed in the (100%)  
Staphylococcus aureus isolates and non-(83.3%) 
Staphylococcus aureus isolates. The detected 
result also was in accordance with that of (Artur et 
al., 2006) who reported that  sdr locus was found 
in all (100%) 497 investigated Staphylococcus 
aureus strains, they also discovered a strong 
association between the acquisition of sdrD gene 
and methicillin-resistant Staphylococcus aureus 
strains (P < 0.0001). In the same instance (Hae et 
al., 2008) reported the detection of   mecA gene 
with a rate of (59.3%)  and icaA gene with a rate 
of  (76.9%) in Staphylococcus aureus, they also 
recorded that , Staphylococcus epidermidis 
isolates were found to contain mecA gene with a 
rate of  (81.0%) and icaA gene with a rate of  
(50.1%). Prévost et al., (2001) reported that icaA 
and mecA genes were detected significantly more 
in the infected cases than in the contaminated 
cases (p≤0.02) indicating an association with the 
potential virulence of Staphylococcus epidermidis. 
Regarding significance as public health risk (Hae 
et al., 2008) reported that  icaA genes may 
enhance the adherence of Staphylococcus aureus 
to human cells and may also be involved in the 
induction of  the inflammation process, they also 
concluded that community-acquired MRSA or 
MRSE virulence genes, especially mecA, and 
icaA may be involved in UTI incidence in febrile 
infants consequently, emphasize the highly 
significant public health risk imposed by those 
Staphylococci strains that possess such genotypic 
attributes . 
     Ani-Ioana et al., (2010) reported that the 
pathogenicity of Staphylococcus aureus has been 
attributed to a spectrum of cell-wall-associated 
virulence factors, among which is protein A and 
extracellular toxins as coagulase, hemolysins. 
They discovered that Staphylococcus aureus can 
adhere directly to eukaryotic cell receptors. 
Therefore, Staphylococcus aureus produces two 
types of adhesins, one set targets the 
components of the extracellular matrix (ECM); the 
representatives of those adhesins are grouped in 
the (MSCRAMMs) family, which includes protein 
A, while the constituents of the second set are 
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non-covalently targets the cell surface, including 
the coagulase. Bhati et al., (2016) studied spa A 
gene which encodes protein A, the virulent protein 
that is involved in the severity of lesions caused 
by staphylococcus aureus, they reported that 
15/16 (93.8%) out of their studied staphylococci 
isolates carried Spa gene. In the same regards, 
(François et al., 2012) summarized the role of δ-
hemolysin gene (hlg) virulence factor as it could 
bind to the cell surface, thereby destabilizing the 
plasma membrane; or at high concentration, act 
as a deterrent to solubilize the membrane. In the 
present study, investigation for the existence of 
virulence genetic attributes was carried by using 
PCR. In the present study, the prevalence rates 
for hlg gene was 15/38 (39.5%), and 24/48 (50%) 
for CPS and CoNS, respectively. While testing 
CPS isolates by PCR for coA gene and spa gene 
revealed a prevalence rate of 23/38 (60.5%) for 
both genes. Meanwhile, the prevalence rates for 
coA gene and spa gene in CoNS were 
16/48(33.3%) for both genes. Many researchers 
have investigated the virulence attributes in 
staphylococci isolated from different sources of 
food animals, in this regards, ( Momtaz et al., 
2013) reported a prevalence rate of 63.41% for 
staphylococcal coagulase virulence gene. Also, 
(Mkize et al., 2017) tested staphylococci from the 
poultry abattoirs, retail and fecal samples their 
PCR results for the spa gene were 11%, 8% and 
52%, respectively. However, the prevalence rates 
of the coa virulence gene in abattoir, retail and 
chicken fecal samples were 5%, 17% and 3%, 
respectively. Lower prevalence rates for coa and 
spa genes were reported by (Bunnoeng et al., 
2014), who observed rates of 0% and 2.5% for 
the coa and spa genes, respectively. While lower 
prevalence rate for hlg gene was reported by (El 
Bayomi et al., 2016) who detected 2/30 (6.7%) for 
γ-hemolysin–associated gene, higher rate for hlg 
gene was detected by (Samah et al., 2015) who 
detected a rate of (45.45%) in the studied CPS 
isolates. 

CONCLUSION 
       It was concluded, that rabbits may represent 
a potential source for dissemination of 
Staphylococcus spp that act as carriers of 
antimicrobial resistance as well as virulence 
genes, consequently imposing a potential high 
risk of economic losses for rabbits’ breeders   
beside the potential public health risk imposed on 
exposed human, other animals, and environment. 
Thus requires the application of bio- risk based 
management programs in rabittiries. 
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