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Abstract

The main objective of the present study was to compare between Staphylococcus aureus isolated from animal
and human origin, where phenotypic, virulence and genotypic analysis were investigated. A total number of 165
samples was collected from clinical mastitic cows' and sheep's, pus from abscesses and septic wounds of infected
animals, also, blood, pus swabs from abscesses and septic wounds and sputum where collected from diseased human
admitted to clinics of Assiut Governorate, Egypt. The results revealed that, incidence of S. aureus isolated from
positive Staphylococcus spp. among the examined animal samples, where clinical mastitic cows', clinical mastitic
sheep's and pus samples of examined animals were 8.33%, 100% and 20%, respectively, while from blood, pus and
sputum of human cases were 16.67%, 53.49% and 75%, respectively. Also, the prevalence of coagulase positive S.
aureus reached 8.33%, 100% and 20%, respectively, from clinical mastitic cows', clinical mastitic sheep's and pus
samples of examined animals, but from blood, pus and sputum of diseased human were 16.67%, 53.49% and 75%,
respectively, using Staphaurex kits. The results of antimicrobial sensitivity test of the recovered S. aureus strains from
animal samples explained that, most of them were highly resistant to cefoxitin and tetracycline with a percentage of
15.79% (for each) and clindamycin and erythromycin with a percentage of 10.53% (for each). However, S. aureus
strains from human cases were resistant to cefoxitin (75%) and tetracycline (78.57%). Moreover, S. aureus from
animal cases was sensitive to gentamicin (100%), trimethoprim+sulfamethoxazole and vancomycin (94.74% for each),
but in human cases recovered S. aureus strains were sensitive to vancomycin (100%), ciprofloxacin (89.29%) and
trimethoprim+sulfamethoxazole (82.14%). Out of 47 identified S. aureus strains 3(15.79%) and 21(75%), respectively,
from animal and human samples proved to be methicillin resistant (MRSA). Also, 1(5.26%) of animal samples and
12(42.86%) of human samples were multi-drug resistant (MDR). Genotypic detection of mecA gene was carried out
using specific primers at polymerase chain reaction technique (PCR). The obtained results cleared that, 6 of S. aureus
strains from animal and human origin were positive for mecA gene with a percentage of 100% (for each). The main
goal of the present study was the comparative similarity between mecA gene sequences from animal and human strains
using the BLAST analysis and phylogenetic tree of DNA sequencing, where S. aureus represent a major serious
implications on public health.

Keywords: (S. aureus/ clinical mastitis/ cows/ sheep/ human/ MRSA/ MDR/ PCR/ DNA sequencing).






Dedication

To My Father, Fikry
My Mother, Eman
My Brother, Bishoy

My Sister, Ereny

And to My Best Friend,
Basma

And Al Members Of My Family

For all The Understanding, Supports,
Patience, And Sacrifices Endured During
My Entire Period Of Study.







CONTENTS

Subject Page

1. INTRODUCTION 1
2. REVIEW OF LITERATURE 8
2.1. History and Taxonomy of staphylococci. 8
2.2. General characteristics of S. aureus. 9
2.2.1. Phenotypic characters of S. aureus. 9
2.2.1.1. Morphological characters of S. aureus. 9
2.2.1.2. Culture characters of S. aureus. 13
2.2.1.3. Biochemical identification of S. aureus. 15
2.3. Prevalence of S. aureus associated with animal infection. 18
2.4. Prevalence of S. aureus associated with human infection. 27
2.5. Virulence determinats of S. aureus. 33
2.6. The antibiogram and multi-drug resistance (MDR) patterns of S. aureus. 45
2.7. Transmission of S. aureus infection from animal to human and vice versa. 56
2.8. Molecular detection and analysis of mecA4 gene in S. aureus using polymerase

chain reaction technique (PCR) and DNA sequencing techniques. 63
3. MATERIAL AND METHODS 71
3.1. MATERIAL 71
3.1.1. Samples N
3.1.2. Media used for isolation and identification of Staphylococcus species 72
3.1.2.1. Nutrient agar medium. 72
3.1.2.2. Nutrient broth. 72
3.1.2.3. Mannitol salt agar (MSA). 73




3.1.2.4. Sheep blood agar medium. 73
3.1.2.5. Brain heart infusion agar. 73
3.1.2.6. Brain heart infusion broth. 73
3.1.3. Gram's technique 74
3.1.4. Media used for preservation of S. aureus isolates 74
3.1.4.1. Semi-solid agar. 74
3.1.4.2. Glycerol broth. 74
3.1.5. Reagents and solutions used for biochemical tests 74
3.1.5.1. Citrated rabbit plasma. 74
3.1.5.2. Hydorogen peroxide (H,0,) 3%. 75
3.1.5.3. Sodium Chloride saline (Nacl). 75
3.1.5.4. Pepton water 1%. 75
3.1.6. Staphaurex Kits 75
3.1.7. Materials used for antimicrobial sensitivity test 76
3.1.7.1. Mueller-Hinton agar. 76
3.1.7.2. Macfarland tube 0.5. 76
3.1.7.3. Antimicrobial sensitivity disks. 77
3.1.8. Staphylococcous aureus standard strain 77
3.1.9. Buffers and solutions used for polymerase chain reaction (PCR) 71
3.1.9.1. Buffers and solutions used for DNA extraction from the bacterial isolates. 77
3.1.9.2. Buffers and reagents used for PCR amplification. 80
3.1.10. Molecular identification of S. aureus mecA gene by sequencing 81
3.1.11. Equipment and apparatuses used 81




3.2. METHODS 83
3. 2. 1. Sampling 83
3.2.1.1. Collection of milk samples. 83
3.2.1.1.1. Preparation of the udder. 83
3.2.1.1.2. Collection of milk sample from udder. 83
3.2.1.1.3. Preparation of milk samples. 84
3.2.1.2. Blood samples. 84
3.2.1.3. Sputum samples. 84
3.2.1.4. Pus of septic wounds and abscesses (closed and opened) swabs. 84
3.2.2. Isolation and identification of staphylococci 84
3.2.3. Identification and characterization of the S. aureus isolates 85
3.2.3.1. Colonial morphology. 85
3.2.3.2. Microscopical appearance. 85
3.2.3.3. Catalase test. 85
3.2.3.4. Coagulase test. 86
3.2.3.5. Detection of hemolysis activity. 86
3.2.4. Staphaurex® Kkits 86
3.2.4.1. Specimen Collection and Preparation. 86
3.2.4.2. Procedure. 87
3.2.4.3. Reading of results. 87
3.2.4.4. Interpretation of results. 88
3.2.5. Determination of antimicrobial sensitivity test of S. aureus strains 89
3.2.5.1. Preparation of standardized inoculums. 89
3.2.5.2. Inoculation of the tested plates. 89




3.2.5.3. Placement of antibiotic disks. 90

3.2.5.4. Reading of the results. 90
3.2.6. Molecular identification of bacterial isolates 91
3.2.6.1. Genomic DNA extraction. 91
3.2.6.1.1. Genomic DNA extraction from S. aureus. 91
3.2.6.2. Amplification of mecA genes in the all tested bacterial strains. 91
3.2.6.3. Screening of PCR products by agarose gel electrophoresis. 92
3.2.7. Molecular characterization of mecA gene in S. aureus isolates by DNA
sequencing 93
3.2.8. Data analysis and Phylogenetic analysis 93
4. RESULTS 94
5. DISCUSSION 127
6. CONCLUSION 148
7. SUMMARY 150

8. REFERENCES 153




List of Tables

Table .
Title of Table Page
No.

1 Types and numbers of samples collected. 72
The zone diameter interpretive criteria of antimicrobial disks used
for antimicrobial susceptibility testing for S. aureus isolates

2 . 1 .. 77
aacording to the guidelines of Clinical and Laboratory Standards
Institute.

3 mecA primers sequences and their target regions. 80
Incidence of S. aureus in positive Staphylococcus spp. among the

4 . . 99
examined animal samples.
Frequency of coagulase positive S. aureus (CoPS) and coagulase

5 . : : . 101
negative staphylococci (CoNS) from the examined animal samples.
Incidence of S. aureus in positive Staphylococcus spp. isolates in

6 . 103
examined human samples.
Frequency of coagulase positive S. aureus (CoPS) and coagulase

7 . : : 105
negative staphylococci (CoNS) from the examined human samples.
Incidence of S. aureus among the examined animal and human

8 107
samples.

9 Results of antimicrobial sensitivity testing of S. aureus recovered 110
from examined animal samples.
Results of antimicrobial sensitivity testing of S. aureus recovered

10 . 114
from examined human samples.
Recovery rates of methicillin resistant S. aureus (MRSA) strains

11 116

among tested S. aureus organisms recovered from the examined

animal and human samples.




Recovery rates of multi-drug resistant (MDR) S. aureus strains

12
. : : 118
isolated from the examined animal and human samples.
Incidence of mecA gene in S. aureus strains from the examined

13 . .. : 11
samples of animal and human origins, using PCR. )
S. aureus strains source modifier data with accession

14 121
number mecA gene sequences.

| The data of selected strains for phylogenetic tree and identity

5 125

matrix.




List of Figures

Figure . .
5 Title of Figure Page
No.

Scanning electron micrograph (SEM), clumps of methicillin- 12

! resistant S. aureus (MRSA) in gold, magnified 9560x.

2 The virulence determinants of S. aureus. 36
S. aureus defenced against antimicrobial factors in the host

3 39
phagosome.

4 Pathogenic factors of S. aureus. 44

5 Antibiotic targets and mechanisms of resistance. 52

6 Reading of results of staphaurex test. ]8
Growth of S. aureus colonies on mannitol salt agar medium

7 . 95
showed golden yellow colonies.
Mannitol salt agar medium showed growth of S. aureus

8 colonies with golden yellow colonies) but other Staphylococcus | g5
spp. colonies (non mannitol fermenter) appeared pink.
Catalase test 1s the evolution of gas bubbles indicated positive o6

9 : : ..
staphylococci (A: negative result and B: positive result).
Coagulase test with positive result for S. aureus isolates

10 . : 96
showing firm and complete clotting.
Contents of Staphaurex® kits, (Remel, TSMX7819 and Ref,

11 97
30859901 ZL30).

12 Interpretation of Staphaurex® Kkits. 97




Incidence of S. aureus in positive Staphylococcus spp. among

13 99
the examined animal samples.
Frequency of coagulase positive S. aureus (CoPS) and
14 coagulase negative Staphylococci (CoNS) from the examined | |09
animal samples.
Incidence of S. aureus in positive Staphylococcus spp. isolates
15 . . 103
in examined human samples.
Frequency of coagulase positive S. aureus (CoPS) and
16 coagulase negative staphylococci (CoNS) from the examined | o5
human samples.
Incidence of S. aureus among the examined animal and human
17
samples 108
Results of antimicrobial sensitivity testing of S. aureus -
18 . :
recovered from examined animal samples.
Antimicrobial sensitivity testing of S. aureus isolate of
19 . .
examined animal on muller- hinton plate. 112
Antimicrobial sensitivity testing of S. aureus isolate of 113
20 . :
examined human on muller- hinton plate.
Results of antimicrobial sensitivity testing of S. aureus
21 . 115
recovered from examined human samples.
Recovery rates of methicillin resistant S. aureus (MRSA)
22 strains among tested S. aureus organisms recovered from the | 117

examined animal and human samples.




23

Recovery rates of multi-drug resistant (MDR) §. aureus strains

isolated from the examined animal and human samples.

118

24

Electropherotic profile of S. aureus strains positive mecA gene

producing 337 bp PCR products.

120

25

Incidence of S. aureus strains positive mecA gene from the

examined samples of animal and human origins, using PCR.

121

26

The Blast output analysis and graphical colored view for the
detected query sequences of selected strains with the
background scoring hits for identity percent (77-78%) and
query coverage of (94%).

123

27

The comparative similarity matrix output of MegAlign module
of Lasergene DNAStar software Pairwise between S. aureus

strains mecA genes and reference GeneBank strains.

126

28

Un-rooted maximum like-hood tree illustrating relationships
within mecA gene of S. aureus strains. The phylogenetic tree
was obtained with the program MEGA 5.0. The evolutionary
distances are measured as the proportion of nucleotide
substitutions between sequences. Bootstrap values (based on

1000) are indicated above the branches.

126




