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Abstract
Twenty- one Staphylococcus aureus isolated from various clinical samples (wound , ear , pus,
urin and burn) collected from Baquba General Hospital over a period ( April 2015 to June 2015
).Out of 21 Staphylococcus aureus isolates , 17 (80.95%) were resistant to methicillin , while 4
(19.04%) were methicillin susceptible. Results of antimicrobial susceptibility showed high
resistance to amoxicillin , amoxicillin/clavulanic acid , trimethoprime and cefotaxime with ratio
100% , 76.1% , 76.1% and 71.4% respectively, while isolates resistant oflaxacin with 4.7%.
The results showed that 15 isolates of the total (21) of Staphylococcus aureus could produce f-
lactamase with percentage (71.4%) , 5 isolates produce of Metallof3-lactamase with (23.80% )
, and 4 isolates (19.04%) produce ESBLs. Staphylococcus aureus isolates have ability to tolerant
the highest concentration of heavy metals like (Cobalt , Copper , iron , Mercury , Zinc) with
ratio (57.1% , 52.3% , 66.6% , 33.3% , 61.9%) respectively. Additionally result of plasmid
profile presented that all isolates of Staphylococcus aureus contained two band s of plasmid
vary in size . Plasmid curing was carried out by acridin orang (256pg/ml) , cobalt and zinc
resistance character was found to be present on the chromosomal DNA rather than the plasmid

DNA whereas iron , copper and mercury resistance characters were found to be present on the
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plasmid . Curing result showed the loss of antibiotic and heavy metal resistance property for
(cefotaxim , amoxicillin , erythromycin , ciprofloxacin , iron , copper and mercury ) from the
isolates and confirms a relationship between antibiotic and heavy metal resistance with plasmid.

Key words : Staphylococcus aureus , Heavy Metals , Antibiotics , Curing, Plasmid .
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Introduction

Staphylococcus aureus is a Gram-positive bacterium acting as one of the main pathogens that
can cause various forms of diseases associated with wound infection , skin infection , soft tissue
and more serious sequelae such as urinary tract infection , septicaemia , osteomylitis and
endocarditis (1,2). Multidrug resistance is very common in Staphylococcus aureus clinical
isolates worldwide, particularly in developing countries (3) . Methicillin-resistant
Staphylococcus aureus ( MRSA ) isolates have been associated with nosocomial infections and
rapidly developed resistance to multiple drug classes and is now regaded as a major hospital
acquired pathogen worldwide (4,5) , MRSA not only resistance to methicillin , but it also
resistant to many groups of antibiotics, such as ciprofloxacin , co-trimoxazole and gentamicin
(6,7) . Heavy metals have been found in increasing proportions in microbial habitates as a result
of rapid urbanization and natural processes (8). Metals like copper , nickel , iron , zinc and
cobalt play important role both directly or indirectly in almost all metabolic processes , growth
and development of microorganisms (9). However increase in the concentration of the metals
beyond tolerance levels have forced these microorganisms to adapt using various biological
mechanisms in other withstand the condition of the increased concentrations (9,10). the growth
inhibition mechanism have been involved the entrance of heavy metals ions ( Cu*?, Cd*?, Zn*?
, Ag"® etc. ) leads to the formation of secondary metabolites , subsequently constituting the
compounds toxic to the microorganism (11). S. aureus was reported to be resistant to anumber
of metals such as iron and chromium (12). Many mechanisms enable microbes to adapt with
heavy metals presence included : accumulation and uptake , mineralization , complexation ,
metal efflux systems , reduction of metal ions or utilization of the metal as a terminal electron
accepter during an aerobic respiration and metal sorption (13,14).

Microorganisms that can grow and tolerate in the presence of high concentration of heavy
metals play an important role in their biological cycling which has great potential in
bioremediation of environment contaminated with heavy metals (15). Metal resistance in

bacteria is mostly plasmid — encoded (16), the goal of this research is to analyze the antibiotics
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sensitivity patterns , tolerance of heavy metals and the relationship between heavy metal and

antibiotic resistance with DNA plasmid in S. aureus isolates .

Materials and Methods

Media and Chemicals
Mueller-Hinton agar , Nutrient agar , Nutrient broth , Manitol salt agar and Agarose from Oxoid
— England , acridine orange , EDTA , cobalt , iron , copper , zinc , Mercury from BDH —

England, Antibiotics from Oxoid — England.

Identification of Bacterial Isolates

Twenty- one Staphylococcus aureus isolates from various clinical samples (wound , ear , pus,
urin , burn ) collected from Baquba General Hospital over a period of three months ( April
2015 to june 2015 ) were inoculated into nutrient agar ( as slant ) and incubated at 37°C for 24
h. S. aureus isolates were identified by Gram stain , manitol fermentation , coagulase test ,

catalase test and colony morphology on manitol salt agar (17).

Antibiotic Susceptibility Testing

Eleven antibiotics including Methicillin (MC) 5ug , Amoxicillin (AX) 25 pg , Amoxicillin-
Clavulanic acid (augmentin) (AMC) 30 ug , Cefotaxime (CTX) 30 ug , Pipracillin (PRL) 30
ug , Oflaxacin (OF) 5 pg , Gentamicin ( CN)10 pg , Ciproflxacin (CIP) 5 ug , Erythromycin
(E) 15 ug, Trimethoprim (TMP) 10ug , and Vancomycin (VA) 30 ug have been tested in order
to test the sensitivity of Staphylococcus aureus dy using the Mueller-Hinton agar plates . The
interprentation of inhibition zones around the disc is according to the guidelines of the National
Committee for Clinical Laboratory Standards ( CLSI )(18,19).

Detection of p-lactamase , Metallop-lactamase and ESBLs Production.

The iodometric method for detection of B-lactamase was described by (WHQO) 1978 (20).
Detection of Metallop-lactamase by using Imipenem EDTA combined disk test (21), using two
Imipenem disk (10ug) with 3cm between them , and then the (10pg) EDTA solution to one of

the drives of Imipenem then incubated at a temperature 37°C for 18-24 hour, after observing
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areas of inhibition zone , increase of inhibition zone above 7mm on the disk Imipenem with
EDTA compaired with the Imipenem disk alone , the result is positive . Disk Approximation
method was performed for detection of ESPLs for all isolates which were positive to -

lactamase production (22).

Tolerance of Heavy Metals Salts

The two-fold agar dilution susceptibility method is used for determination tolerance of each
Staphylococcus aureus strains to five metal salts ( CoCl..CH20 , FeCls, CuCl2.2H>0 , ZnCl>
and HgCl ) . Different concentration of salts of heavy metals ranged between 0.005mM to
4.5mM of each metal . Resistant strains were always possible to revitalize using pure medium
without addition of metal .The plates were incubated at 37°C and observed for growth
antimicrobial activity was expressed in terms of zone of inhibition (mm). Each experiment was

repeated twice and average was taken (23).

Plasmid Profile ( Plasmid DNA analysis )

Plasmid DNA of the four isolates are extracted using the Pure Yield™ Plasmid Miniprep Kit
( Promega U.S.A ). Plasmid DNA was analyzed by electrophoresis on 0.7% agarose gel
containing 0.5ug of ethidium bromide per ml (24). And pass the electricity (7 volt/ cm?) for (1-
1.5) hour , the agarose have been tested by using ultra violete transilluminator in wave length
(320nm).

Curing of Plasmid DNA
Curing was conducted by using different concentrations of Acridin orange (64 , 128, 256 , 512
, 1024 , 2000 ) pg/ml (24). The tubes were incubated at 37°C for 24h , the cured isolates were

checked for their antibiotic sensitivity and heavy metal tolerating capacity.
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Results and Discussions

Isolation and Identification of Staphylococcus aureus

Twenty- one isolates of Staphylococcus aureus were obtained from the total 84 clinical
specimens (wound , ear , pus , urin, burn ) . Diagnosis was confirmed by using regular api-
staph system . Classified all isolates of S. aureus by positions of infection ( Table 1), The
results showed that the largest proportion of the isolates were within wound samples 7( 33.33%
) isolates of the total , while the proportion of the isolates in the ear samples 5 (23.80% ) isolate
, in cases of urin and pus were 4 (19.04%) , wheals the proportion of the isolates in the burns
samples were 1 (4.76%). These results have the agreement with Imran et al (5) who indicated
that the hight rate of infection with S.aureus was found in wound samples (25%) , followed by
ear swab (20%) , pus swab (18%) and urin (17%) , and also these results are agreed partially
with Obiazi et al (25) pointed out that the highest rate of infection with S.aureus were from
infections of wounds , which amounted to (12) case (48%) , followed by cases of infections at

the urinary tract as it amounted to (8) isolated (40%) .

Table (1): The number of isolates and ratios as sites of infection .

Type of Clinical Sources Number of Stgphylogoccus Percentage (%) of Isolates
aureus Isolates

Wound swab 7 33.33%
Ear swab 5 23.80%

Urin 4 19.04%

Pus swab 4 19.04%

Burn swab 1 4.76%

Total 21 100 %
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Antimicrobial Susceptibility test

The results of antimicrobial susceptibility test showed that 17 isolates (81%) were found to be
resistant to methicillin , while 4 isolates (19%) were sensitive. this percentage agreed with the
resuls of El-Gayar et al (26) demonstrated the ratio of methicillin resistance in this amounted
(81.4%) , while (18.6%) were sensitive.Sensitivity of S. aureus aginst (12) antibiotic are tested
, which common types in use in our country for treatment of various infection , the results
showed all isolates has resistance to amoxicillin with ratio 100% (Figure 1), and these results
are consistant with Imran et al (5) pointed out that S.aureus were resistant to amoxicillin with
100% . S.aureus isolates showed resistance to amoxicillin/clavulanic acid and trimethoprime
with 76.1% , while S. aureus resists cefotaxime , erythromycin , piperacillin with 71.4% ,
61.9% , 57.1% respectively . The results showed that S.aureus resist Ciprofloxacin with 38% ,
while resistance of aminoglycoside group including gentamicin was 52.3% . This isolates
resists vancomycin and oflaxacin with 23.8% , 4.7% respectively(Figure 1). This resistance
may due to change in permeability of the outer membrane , as well as the secretion of B3-

laclamase enzymes and efflux pump system (27).
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Figure (1) : Antibiotic resistance pattern of Staphylococcus aureus .
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Detection of p-lactamase , Metallop-lactamase and ESBL Production.
The results showed that 15 isolates of the total ( 21 ) of Staphylococcus aureus gave a positive
result for the examination of B-lactamase production with percentage (71.4%) (Table 2) , the
results agree with Torimiro et al (28) pointed out that the B-lactamase production of S.aureus
by (70.1%) .The results indicated that 5 (23.80%) isolates were Metallop-lactamase producers
(Table 2) , While 4(19.04%) isolates of S.aureus were ESBLs producers.

Table (2): The percentages of S.aureus isolates p-lactamase, Metallop-lactamase, ESBLS

production.
[-lactamase production Number of isolates Ratio %
B-lactamase 15 71.4%
Metallop-lactamase 5 23.80%
ESBLs 4 19.04%

S. aureus Tolerance to Metal Salts

The results shown in ( Table 3) indicate that 12 isolate (57.1%) of S.aureus has the ability to
tolerances 1.5mM of cobalt , this is the highest concentration of cobalt metal bacteria able to
afford, while 3 isolates have the ability to tolerate low cocentration 0.5mM of metal with
percentage (14.2%). As for copper, the highest concentration was 3 mM , S.aureus isolates
tolerant this metal by 11 isolates (52.3%) , whereas tolerance S.aureus lowest concentration
0.5mM by 4 isolates (19%). Copper is associated with particular sites on any amino acid for
microorganisms and restores oxidation-reduction cycle and generates free radical hydroxide
near the binding sites this causing damage to amino acid (29). 14 isolates (66.6%) of S.aureus
tolerant a higher concentration of 3 mM of iron , able 3 isolates (14.2%) tolerant a lowest
concentration 0.5mM of iron .this results agrees with Singh et al. (12) pointed out that all
S.aureus isolates were resistant to iron salts. The results for mercury demonstrated that (7)

S.aureus isolates tolerant a higher concentration of 0.03mM of mercury with ratio (33.3%) and
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9 isolates tolerant 0.05mM of mercury with ratio (38.5%). The results showed that 13 isolates
(61.9%) has ability to tolerant zinc metal with concentration 1.5mM (table 3) , While (19%) of
S.aureus tolerant lowest concentration 0.5mM of zinc. Samanta et al (30) have shown that
microorganisms have the capacity to resist antibiotics and heavy metals , which may be
extremely harmful to human being and animals. The resistance of bacteria to heavy metals may

due to the presence of conjugative plasmid that mediates resistance to metals (31).

Table (3): Percentages of tolerance S.aureus isolates for heavy metals .

Heavy metals Concentration of heavy NO.&Percentage (%) of
metals (mM) S.aureus isolates
1.5 12 (57.1%)
Cobalt (Co) 1 6 (28.5%)
0.5 3 (14.2%)
3 11 (52.3%)
Copper (Cu) 2 6 (28.5%)
0.5 4 (19%)
3 14 (66.6%)
Iron (Fe) 1.5 4 (19%)
0.5 3 (14.2%)
0.03 7 (33.3%)
Mercury (Hg) 0.01 9 (38.5%)
1.5 13 (61.9%)
Zinc (Zn) 1 4 (19%)
0.5 4 (19%)

The relationship between the isolates were resistant to heavy metals and antibiotics

S.aureus isolates under study showed different responses to heavy metals and antibiotics ranged
between sensitive and resistance to antibiotics . Isolates of S.aureus isolated from wound ( SW3)
has ability to resistant 10 (90.9%) antibiotic and tolerance five heavy metals (Co, Cu, Fe , Hg,
Zn ) by 100% ( Table 4 ) , while anather isolates isolated from ear (SE8) resistance 5 antibiotics
with ratio (45.4% ) and tolerance 2 (40%) heavy metal (table 4 ). The interaction between
heavy metals and antibiotic resistance are of three types : heavy metals interaction with antibiotic
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resistance genes or even their products, heavy metals interaction with antibiotic compounds and

heavy metal interaction with bacterial properties like conjugation (32).

Table (4): Resistance ratios of S. aureus to antibiotics and heavy metals.

S.aureus isolates No. of antibiotic resistance No. of heavy metals tolerance
with ratio ( %) with ratio ( %)
Swi 8(72.7%) 5(100% )
SW2 5(45.4%) 3(60%)
Sw3 10 (90.9% ) 5(100% )
SW4 7(63.6%) 4 (80% )
SW5 7(63.6%) 4(80%)
SW6 8(72.7%) 4 (80%)
SW7 9(81.8%) 5(100% )
SE8 5 (45.4% ) 2 (40%)
SE9 7(63.6%) 4(80%)
SE10 9(81.8%) 5(100% )
SE11 8(72.7%) 3 (60% )
SE12 6 (54.5%) 3 (60% )
SuU13 9(81.8%) 4 (80% )
Su14 8(72.7%) 5 (100% )
SuU15 8(72.7%) 5(100% )
SuU16 6 (54.5%) 4 (80% )
SP17 10 (190.9% ) 3(60%)
SP18 7(63.6%) 3(60% )
SP19 6 (54.5%) 3(60% )
SP20 7(63.6%) 4 (80% )
SB21 8 (72.7%) 4(80% )
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Plasmid profile of S.aureus

Plasmid profile of four isolates has been investigated , especially those that showed tolerant of
heavy metals and multiple resistance to antibiotics , the results showed that all isolates of S.aureus
contained two bands of plasmid vary in size ( Figure 2).this results agreed partially with results of
Obajuluwa et al (33) which found all S.aureus isolates containing two bands of plasmid and some

isolates contained one mega plasmid .

Chromosomal DNA

Plasmid DNA Bands

Figure (2): Agarose gel electrophoresis of plasmids from Staphylococcus aureus
(1) Plasmid content of SW3 isolate (2) Plasmid content of SW7 isolate
(3)Plasmid content of SP10 isolate (4) Plasmid content of SU15 isolate
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Curing of plasmid DNA

Acridin orange was used in order to cure plasmids of Staphylococcus aureus isolates . The results
showed the best concentration was 256ug/ml , which able to cure plasmids from all isolates . After
the curing , the isolates were tested to antibiotic resistance and heavy metal tolerance , all isolates
have not loss the ability to tolerate cobalt and zinc this mean that cobalt and zinc resistance gene
was found to be present on the cheomosomal DNA rather than the plasmid DNA , while all isolates
loss the capacity to tolerate iron , copper and mercury this due to its resistance genes were found
to be present on the plasmid .Aditionaly results showed all four isolates lost the capacity to grow
on medium containing cefotaxim , amoxicillin , erythromycin , and ciprofloxacin , this indicated

that isolates contain genes on their plasmid.

Conclusion
The results suggest the possibility of isolating Staphylococcus aureus from different clinical
sources . These isolates were resistant to many antibiotics, ( used drug of choise ) and tolerant of
heavy metals . The tolerance of heavy metals and antibiotics was found to be both chromosomal

as well as plasmid mediated in the isolates.
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