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Introduction



Staphylococcus aureus

Staphylococcus aureus is both a commensal bacterium and a 
human pathogen.

• Causes a wide array of infections, from a simple skin infection 
to more dangerous situations such as bacteremia, endocarditis,
pneumonia & many others that may jeopardize the life of 
patient.
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Taxonomy
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Phylum
• Firmicutes

Class
• Bacilli

Order
• Bacillales

Family
• Staphylococcaceae

Genus
• Staphylococcus

Species
• aureus



General Characteristics

.
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Virulence Factors

.
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Virulence Factors(….contd)

.
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Virulence Factors(….contd)

.
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Virulence Factors(….contd)

.
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Clinical Syndromes

.
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Virulence Factors(….cont’d)

.
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Toxic shock syndrome

.
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Exfoliative Disease

.

15



Bacteremia

• Bacteremia is defined as the presence of bacteria in normally sterile 
blood.

• S. aureus bacteremia is associated with higher morbidity and mortality, 
compared with bacteremia caused by other pathogens.

• There are many risk factors associated with bacteremia.

• The incidence of S. aureus bacteremia and its complications has 
increased sharply in recent years.

.
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Coa typing

• Coa gene typing is one of the most successful methods for 
differentiating S. aureus isolates taken from different areas.

• Provides simple, accurate and reproducible results compared to 
other methods.

• The coagulase enzyme, an extracellular protein produced by all 
S. aureus isolates, is genetically diverse and has been considered 
to be a hallmark for typing these strains.
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Coa typing

• Structural analysis of coa revealed six major regions 
including:
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Coa typing

• According to the sequence variability in coa region, ten different 
types of coagulase (I-X) have been described.
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Aim of study

• Determine the coa gene polymorphism.

• Investigate the prevalence of toxin genes.

• Resistance pattern in S. aureus Strains.
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Methodology



Basic bacterial investigation
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Confirmation:

Standard 
biochemical 

tests( growth on 
MSA, Gram 

staining, 
Coagulase in 

tube), nucA gen

Isloates:

120 s.aureus from 
bacteremia

patients. 

Shahid Beheshti 
University medical 
sciences hospitals



Methods & Materials

Antibiotic resistance of the strains 
was assessed by disc diffusion

Identification of some toxin genes 
were performed by PCR

Coagulase typing of S. aureus strains 
was performed by Multiplex PCR
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Antibiotic susceptibility

• Susceptibility to Amikacin, Gentamycin, Kanamycin, 
Erythromycin, Linezolid, Teicoplanin, Rifampicin, Clindamycin, 
TMP/SMX, Chloramphenicol, Ciprofloxacin, Cefazolin, Ampicillin 
& Tetracycline were tested.

• Guideline: CLSI 2019

• ATCC25923
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DNA preparation

• Genomic DNA from 24–hour cultures of S. aureus isolates were 
extracted using boiling method.

• After the extraction, the purity of DNA was assessed using a 
nanometer.
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Detection of toxin encoding genes 

• Polymerase chain reaction (PCR) performed to determine the 
presence of toxins (eta, etb, tst, pvl) encoding genes.
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genPrimer sequenceProduct-

length(bp)

toxins

pvl5΄CAGGAGGTAATGGTTCATTT 3΄

5΄GCATCAAGTGTATTGGATAGCAAAAGC3΄

560

tst5TGCAAAAGCATCTACAAACGA3΄

5΄TGTGGATCCGTCATTCATTG3΄

350

eta5΄CTAGTGCATTTGTTATTCAA 3΄

5΄TGCATTGACACCATAGTACT3΄

119

etb5΄ACGGTATATACATTCAATT 3΄

5΄TCCATCGATAATATACCTAA3΄

200



PCR

TimeTemperature(ºC)Factor

pvltsstetbetapvltsstetbeta
Gene

Step

5 min5 min5 min5 min94949494
Initial 

denaturation

45 s45 s45 s45 s94949494Denaturation

45 s45 s45 s45 s57465151Annealing

45 s45 s45 s45 s72727272Extension

5min5min5min5min72727272Final extension

---------------------30303030Cycle
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Coa typing

• 4 sets of multiplex PCR reactions were used for assigning Sc 
types (I-X) according to the procedure of Hirose et al.

• Set A contained primers for identifying Sc types I, II, III, IVa, Ivb, 
Va and VI, while Set B contained primers for identifying Sc types 
VII, VIII, and V.

• Set 3 was used for identifying Sc types IX & Vb.

• Sc types IVa & IVb were distinguished using set 4 primers.
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Coa typing
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Product length

PCR

Primer sequence

SC type  

PrimerGen 

---GGGCAATTACATTTTGGAGGACommonCoa-ant1

Sc-R1

---TGTTCCATCGTTGTATTCACGCommoncoa7

bp 368ATTTTTTGTATTCCTCATACTGCAIcot1

bp 288CTTTCGCTTCTTTATAGATAGGATCIIcot2

bp 549TCAAGTCTGAATTCTTATCCIIIcot3

bp 665AGCATTATGACCATATTGGCIva, IVbcot4

bp 1105TTACCTTGAGTCCCAATTTGVacot5

bp 850CTATAATCATGCTTATCCCAVIcot6

bp 693TCAAATCAATTTTCGCCCTAVIIcot7

Sc-R2 bp 210GATTTTTTATTACTCCCCAGTAATAVIIIcot8

bp 314ACTTAATATCCTTGTCATTAGTTGXcot10

bp 591ATATACCGTTAGTTACACGCIXcot9

bp 411AATCATAAAATTTCACCGGGCVbCot1
Sc-R3

bp 455TTACAGTTGGTACAACTGAAGAAGCIVaF4-8

bp 415GCCAAAATACCCAACGATGGAACAGIVbF8-12
Sc-R4



Multiplex PCR

TimeTempretureFactor

5 min95Initial  Denaturation

35 s95Denaturation

40 s57Annealing

45 s72Extension

5 min72Final Extension

---------------30Cycle
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Results Analyses



Sample collection results
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Sample collection results
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Antibiotic susceptibility
Antibiotic Resistance(%) Intermediate(%) Susceptibility(%)

Ampicillin 83.3 1.6 15.1

Amikacin 80.8 9.1 10

Erythromycin 66.6 11.6 21.6

Ciprofloxacin 83.3 0 16.7

TMP/SMX 0 0 100

Linezolid 0 0 100

Teicoplanin 0 0 100

Gentamycin 45.8 5.8 48.3

Clindamycin 54.2 1.8 45

Chloramphenicol 24.1 2.5 73.3

Rifampicin 38.3 0 61.2

Kanamycin 58.3 2.5 39.2

Tetracycline 34.16 14.6 51.6

Cefazolin 18.3 5 76.6
34



Antibiotic susceptibility
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Toxin genes
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Toxin genes

Toxins percentage

eta 10%

etb 4/1%

Luk-pv 29/1%

Tsst-1 38%

37



Toxin genes
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eta( 10%) positive etb(4/1%) positive



Results

• Toxin genes
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Luk-pv 29 ) (% Tsst-1 (%38)



Sc types
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SC type MRSA

n= 55

MSSA

n= 65

Total

n= 120

I 6 4 10

II 22 17 39

III 17 25 42

IVa 3 5 8

VI 3 8 11

VIII 3 3 6

X 1 3 4



Coa typing
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Discussion



Discussion

• Staphylococcus aureus is responsible for a wide range of diseases, from minor 
skin infections to fatal necrotic pneumonia.

• Although staphylococci are a part of the normal flora in humans and are 
therefore part of coexisting microorganisms, they can also in some cases act as an 
opportunistic pathogen and cause a wide range of diseases because they adapt 
more quickly to pressures. 
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Discussion

• The emergence of antibiotic resistance is a serious threat to the health care 
system today.

• Several studies have been revealed different findings of resistance rate of 
S.aureus isolated from bacteremia patients which may be linked to various 
bacterial detection methods.
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Discussion
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Antimicrobial susceptibility 
testing revealed a high 

prevalence rate of 
resistance to

Ampicillin   83/3%

Amikacin  80/8%

Erythromycin  66/6%

Kanamycin 58/3%



Discussion
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The highest antibiotic 
susceptibility was obtained 

to

Linezolid

100%

TMP/SMX

100%

Teicoplanin

100%



Discussion

Shokoohi et al

2000 S.aureus strains

Resistance to 
erythromycin 56%

Resistance to

Clindamycin 56%

Ranjbar et al

Resistance to Ciprofloxacin 
67%

Resistance to Erythromycin 
63%

Resistance to 
chloramphenicol 45%

Resistance to Clindamycin 24%

Resistance to Gentamycin 57%

Tahbaz SV et al 

Resistance to Erythromycin 
41%

Resistance to Ciprofloxacin 
58%

Resistance to  Clindamycin 
64%

Susceptibility to Linezolid 
100% 
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Exfoliative toxins

• Exfoliative toxins A (eta) and B (etb) have been linked to Impetiginous 
and Scalded skin syndrome.

• The frequency distribution of eta and etb genes in the present study 
was obtained with a frequency of 10% and 4.1%, respectively.
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Prevalence of exfoliative toxins

Sabouni et al

eta 11.3%

etb 9% 

Eftekhar et al

eta 7.1% 

etb 2.9%

49

Zarei Koosha et al.

eta 88.2%

etb 11.8%



Panton-Valentine leukocidin

• Staphylococcus aureus has the ability to produce a variety of toxins and can 
produce alpha, beta, gamma, delta, and leukocidin toxins. 

• PVL toxin is a cellular toxin that causes leukocytes to leak and tissue necrosis to 
increase by cell membrane permeability. 

• Leukosidine can be used as a marker of virulence by destroying leukocytes and 
eventually reducing the number of leukocytes in the host body.
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Prevalnce of luk-pv

• In this survey, the prevalence of pvl S. aureus strains was found to be 29.1%.
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Changchien et al Taiwan (38.8%) 
(Changchien et al.,2016)

Darboe et al from Gambia (61.4%) 
(Darboe et al., 2019)

Shahini Shams Abadi et al (27.9%) from
Iran (Shahini Shams-Abadi et al., 2018)



toxic shock syndrome

• Toxic shock syndrome is a disorder that affects many parts of the body.

• Its incidence in the United States is about 0.5 per 100,000 (107). The main cause 
of toxic shock syndrome is the toxin (TSST-1) secreted by Staphylococcus aureus.

• Most isolates of Staphylococcus aureus isolated from patients with toxic shock 
produced the toxin TSST (1), which causes fever, hypotension, involvement of 
various organs, and skin rashes.

• Numerous studies have been used to identify Staphylococcus aureus toxins.
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Prevalence of tst

Yuan et al China-2014 34.4%

Motamedifar et al Iran-2015 29.7%

Norozi et al Iran-2016 66.2%

Shahini Shams Abadi et al Iran-2018 21.3%

Our study Iran-2021 38%
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Coa typing

• Typing based on coagulase gene polymorphism (coa) is a simple, highly reliable, 
reproducible, easy-to-interpret, and differentiating method for typing 
Staphylococcus aureus isolates.

• In the present study, 7 coa types were identified among the strains with 
relatively high heterogeneity.
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Coa typing

Hirose et al 
study from 

Japan (2010)

325 clinical 
isolates of 
S.aureus

7 coa types

type II was 
dominant
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Coa typing

Demir et al.

From Turkey

(2011)

120 S. aureus 
strains 

isolated from 
clinical 
isolates

4 different 
coa genotype 

patterns
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Coa typing

Afrogh et al.

(2013)

157 clinical strains

reported 6 coa type with the

majority of the pattern I C 1 
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Coa typing

three coa types 
was detected. 

Omar et al. 
from 

Egypt(2014)

100 clinical S. 
aureus strains
isolated ICU
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Discussion

Abdulghany et a. from 
Egypt(2014)

among 58 
MRSA isolates

15 different 
coa types
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Discussion
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258 S. aureus isolates

majority of genotype 
pattern III
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5 coa types



Discussion

100 
S.aureus
isolates

determined 
two different 
coa types in

Salehzadeh
et al

2016
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Conclusion

• The present study attempted to give a snapshot of the molecular characteristics of S. aureus by a cross-
sectional descriptive study.

• Evidence plus our results showed that indiscriminate and wide use of antibiotic has been defined as the main 
driver of MDR and easy access to antibiotic has been considered to account for regional differences in 
resistance rates.

• We demonstrated that there was low resistance to antibiotics rarely prescribed whilst high resistance rates 
were observed in the case of antibiotics which are obtainable over-the-counter for the treatment of S. aureus 
related Infections.

• There were 7 different SCs types in the present study suggesting infection in bacteremia patients is caused 
by S. aureus strains harboring different variants of the coa genes, which highlights the special attention for 
systematic surveillance and antimicrobial stewardship programs for S. aureus infections within burns patients.
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Suggestions

• More extensive studies on the pattern of drug resistance and epidemiology of Staphylococcus aureus should 
be performed 

• Carrying out phenotypic and genotypic studies simultaneously in hospitals to identify antibiotic-resistant 
Staphylococcus aureus.

• Less administration of antibiotics such as linezolid, teicoplanin, TMP/SMX to prevent the development of 
resistance to these antibiotics in isolates of Staphylococcus aureus

• Use of appropriate molecular techniques to rapidly identify isolates carrying the toxin genes eta, etb, tst and 
pvl in Staphylococcus aureus strains due to their pathogenicity.

• These findings emphasized that various coa types of S. aureus are responsible to engage hospitalized patients.
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Thank you
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