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ABSTRACT

The present investigation aims to find a specific method to test the clinical isolates of Staphylococcus aureus in
terms of antimicrobial susceptibility and resistance to two drugs of cefalotin and vancomycin using E-test and Disk
Diffusion methods. Totally 80 samples were collected from hospitalized patients at the general hospitals of Kerman
Province, Southeastern, Iran between November 2013 to April 2014. They were identified by standard
microbiological methods. Susceptibility by Disk diffusion and MIC by E-test were performed according to the
Clinical and Laboratory Standards I nstitute breakpoints. In the disk diffusion method for vancomycin antibiotic, the
S. aureus specimens were reported to be 15% resistant, 27% intermediate, and only 38% susceptible. Also, for
cefalotin antibiotic, the specimens were reported as 48% resistant, 19% intermediate, and only 13% susceptible. In
the E-test method for vancomycin antibiotic, the S. aureus specimens were reported to be 29% resistant, 18%
intermediate, and 33% susceptible. Also, for cefalotin, the specimens were reported to be 59% resistant, 11%
intermediate, and 10% susceptible. By statistical comparison using SPSS software and Chi Sguare test, the P-value
of 0.001 was obtained; therefore, regarding the zero hypothesis, there is a significant relationship between these
two methods of microbial susceptibility determination at (p <0.05), and accept that the E-test method is till a
suitable test for susceptibility determination for this bacterium. The findings of present study revealed the high
resistance of this bacterium in Kerman Province and feeling the necessity of thinking of some strategies and
solutions for reducing that microbial resistance as well as paying more attention to the selective treatments,
antibiotic treatment course duration, and other instances that should be taken into account in any antibiotic diet in
order to prevent and avoid such high levels of microbial resistance in our country.
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INTRODUCTION

Staphylococcus aureus as a gram-positive coccal bacteriug a prevalent human pathogen causing serious
infections in hospitals all around the wortl.aureus is present in the nose of nearly 30% of healthyltachnd on
the skin of about 20%&. aureusis also responsible for many forms of infectionsluding superficial skin lesions
(boils, styes), osteomyelitis, endocarditis, angany tract infections, especially in girls [1,2h8¢ two previous
decades, both community-associated and hospitali@chinfections witts. aureus have increased. On the other
hand, this increase has been accompanied by @nraetibiotic-resistant strains especially, methiciresistantS,
aureus (MRSA) and, more recently, vancomycin-resistaraist [3]. NowadaysS. aureus can demonstrate better
than other human bacteria the adaptive developofdmcteria in the antibiotic response; so thaemonstrated a
exceptional capability to rapid respond to eachehantibiotic with the expansion of a resistancechamism,
preliminary with penicillin and methicillin, to reatly, linezolid and daptomycin [4]. According thet previous
studies, the main resistance mechanismS. aefireus are (i) enzymatic inactivation of the antibiotjgeficillinase
and aminoglycoside-modification enzymes), (ii) nim@ition of the target with reduced affinity forettantibiotic
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(notable examples being penicillin-binding protéda of methicillin-resistant S. aureus and D-Ala-BeLof
peptidoglycan precursors of vancomycin-resistanmairss), trapping of the antibiotic (for vancomya@nd possibly
daptomycin) and efflux pumps (fluoroquinolones agitacycline) [5-7]. Due t&. aureus is one of the main agents
of infection in the Infectious Diseases Ward, 1@dd other hospital wards, the injective cefalotid &ancomycin
antibiotics are prescribed for its treatment. A€nobial resistance has been always one of the praiblems in
consumption of the antibiotics, controlling thisistance requires precision in their consumptign [8

To date, one of the methods which help preventingahial resistance is assessment of antimicradgsivity of
antibiotics. It is recommended to investigate thénaicrobial activity of the antibiotics during tineconsumption,
especially in the hospitals where there are moststant microbes [9]. To do this, there are varioethods
including MIC, E-test, and Disk Diffusion test byhigh the specific antibiotic of each microorganismidentified
and then its minimum effective concentration fag thicroorganism is specified [10, 11].The preséundys aims to
find a specific method to test the clinical isotatd S. aureusin terms of antimicrobial susceptibility and reaiste
to two drugs of cefalotin and vancomycin using &-8ind Disk Diffusion methods.

MATERIALSAND METHODS

Bacterial isolates

Totally 80 samples were collected from hospitalizeatients at the general hospitals of Kerman Pomyin
Southeastern, Iran between November 2013 to AriM2 The isolates were collected from differentcépens,
including blood, cerebrospinal fluid (CSF), tracheacretions, wound, and urine. All isolates weoatinely
cultured on the blood agar and Macconkey media tiagal the plates were incubated at 37° C for 24-#8base of
observing the growth after staining and observirggrgnegative cocci and diplococci, the specimens wgamined
using oxidase test. In the next step, the negaikidase specimens were tested and definitely ifiedtusing
biochemical tests such as motility tests, citrast,tculturing on the glucose-containing mediung growth at
temperature of 42-44 °C.

Preparation of microbial inoculation for disk diffusion method

Each series of microbe culturing in the plates megua 24-hour fresh culture. So, 24 hours eardieother culture is
prepared from the reserve (stored) culture in otderse a new and fresh 24h culture of the micraisms. First, a
colony of the culture containing microorganism wadved in normal saline (9.0 %) and, then, someahef
suspension was poured by a sterile pipette intoénmal saline-containing sterile capped pipeshst the opacity
of about 0.5 McFarland, which was already prepaweals achieved. The resulting suspension contaibhedta
1.5x1¢ microorganisms/ml.

Microbial suspension transfer in disk diffusion method
In sterile conditions, 5@l of the standardized microbial suspension (7.5xai@roorganisms) was taken by a

sample and poured into the test tubes containinigofmhe sterile normal saline. The final microb@ncentration
(7.5x1d microorganisms) was taken and point-cultured onNh#lerhinton agar culture medium without heavy
metals or antibiotics. In each of the dilutionsjnpaulturing was performed separately and simylaithen, the
prepared plates were put in the incubators withpenature of 37°C and, after 24 hours, examinedyfowth or
lack of growth. The control plates were also indatldor 24h at 37°C and then examined for theimgoor lack of
growth.

Preparation of 0.5 McFarland standards

This solution was used to standardize the microlgiathate solution for performing the resistancst.e0.5
McFarland standard solution is obtained from conmlgirbarium chloride and sulfuric acid. It creates agpacity
close to the opacity resulted from®201.5 micro-organisms in 1ml of inoculation. Teepare this solution, as it is
formulated, 0.05ml of barium chloride (with aforemtiened properties) was mixed with 9.95ml of 1% @it acid
and then stored in screw capped glass tubes. T¥McBarland standard remains stable for 6 monthshé@n
refrigerator under such conditions.

Disk diffusion test

Among the microbial susceptibility determinationthres, the Disk Diffusion test is the most commaoe.dn this

method, after isolation of bacterium, some of thetérial colony is dissolved in a physiology seramreach 0.5
McFarland; then, it is transferred to the Mulletbim agar culture medium. Afterwards, the relevamttbéogram

disks are put in the culture medium by distanc&2yhm from each other. After capping them, theyilacabated at
36°C for 24h. Next, under the light, the diametérirthibition halo (growth inhibition halo) is exameéd and

measured by ruler and compared with the refereatdes, and then reports are provided as susceptisistant, or
intermediate. Measurement of the inhibition halcstrhe done always with ruler. The length of thershould pass
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through the disk center to measure the diametémfathese actions should be performed under thkt.liThe
susceptibility determination standard based ordtAmeter of the inhibition halo for was shown irbleal [12].

Table 1.Standar ddiameter of inhibition halo for Cefalotine and Vancomycinein disk diffusion method

Antibiotic Susceptible| Intermediate| Resistant
Vancomycine| >18 mm 15-17mm | <14 mm
Cefalotine >48 mm 14-19 mm | <13 mm

Determination of microbial susceptibility by E-test (Epsilometr Test)

The method of culture medium preparation is bagtesiispension and incubation. This method is sinbdadisk

diffusion method except that, in this method, splepiastic tapes are used instead of antibiograsnsdand the
antibiotics are distributed as concentration gnatdig-8]. Further, in this method, MIC is obtaindédm the

intersection of the inhibition halo in the cultureedium. These antibiotic tapes were provided bydisteCompany
of AB BIODISK according to whose catalogs the tefisissceptible”, “intermediate”, and “resistant” wedefined
(Table 2)[12].

Table 2. Standard MICsfor Cefalotine and Vancomycinein E-test method

Antibiotic Susceptible| Intermediate| Resistant
Vancomycine| < 1 10<
Y S 59Hg/m ug/mll pg/ml

Cefalotine pgm=39 gmiL8S

33
pg/ml

Statistical analysis

To analyze the obtained data, SPSS Software \feiiovas used. Data was presented in two sepaifatest each
introducing one of the used methods. For each tdbtee terms of susceptible, intermediate, antsteas were
defined in three columns; then, the Chi squarewest used for data analysis. To test validity ef disk diffusion
method, results of E-test were considered as thdegostandard and, then, susceptibility, specificind positive
and negative predictive values of this test wereutated and reported at 95% confidence level. Vake of
p<0.05was considered as the significant statistiérence.

RESULTS

Collected samples

In this study, 80S. aureus isolates were collected from 80 different patiembswhom the definition of hospital
infection applied, and entered into the researtdr @bnfirmation of the infectious diseases spéstiaf the hospital
and central lab with the following conditions: {ipheir disease should be caused at least 48-72hthéiepatient’s
admission to the hospital, {ii) At the time of adision, the person should have no obvious symptdreaelevant
infection, (iii) The individual should have the eghnt criteria of a specific infection for definitge hospital
infection. That is, the biochemical patterns ofta 80 isolated specimens identified Sasureus should be the
same (Table 3). The collected specimens comprife?l 65%) males and 28 (35%) females with average &

41+13.1 years old.
Table 3. Frequency of collected specimens

Specimen type Number (%)
Trachea 8 (10)
Urine 3 (3.75)
Blood 7 (8.75)
Wound culture 40 (50)
Ascites fluid 6 (7.5)
Cerebrospinal fluid 16 (20)
Total 80 (100)

Disk diffusion

In the disk diffusion method, the diameter of thkibition halo was compared with the NCCLS refeee(idational
Committee for Clinical Laboratory Standard) and ttatalogues of the manufacturer company (Tablehé). T
obtained results showed for cefalotin antibiotiwe 8. aureus isolates were reported to be 48% resistant, 19%
intermediate, and onlyl13% susceptible. Also, fonogamycin antibiotic, the specimens were reporte88%s
resistant, 27% intermediate, and only 15% susdeptib
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E- Test method

Table4. Results of disk diffusion method

Antibiotic

Susceptible

Intermediat|

P

Resistg

Cefalotine

13%

19%

48%

Vancomycine

38%

27%

15%

In the E-test method, the MIC report was basedhenréport of the inhibition halo’s intersection hwithe E-test
tape. The obtained values were compared with tha&logue sent by the Swedish manufacturer compahg. T
following results were obtained (Table5).In theesttmethod for cefalotin antibiotic, ti& aureus isolates were
reported to be 59% resistant, 11% intermediate, E0%b susceptible. Also, for vancomycin, the iscateere
reported to be 29% resistant, 18% intermediate 389 susceptible.

Table 5. Results of E-test method

Antibiotic

Susceptible

Intermediat

2

Resistg

Cefalotine

10%

11%

59%

VVancomycine

33%

18%

29%

Comparison of results obtained for Ciprofloxacin in two methods

The obtained results for cefalotine and vancomyainevo methods of disk diffusion and T-test shovtkdt after
performing the statistical Chi square test at abaiice level of 95%, the P value for these two #@itds was
obtained (p<0.001) in both methods.

DISCUSSION

In the recent century, due to the growing numbethef patients suffering from immune deficiency, igrahncy,
chronic diseases, AIDS, and expansion of the 1@i¢sdence of the hospital infections is one of ti@or problems
in health and medical centers (8, 13); while, asr@sequence of the improper use of antibioticgrimgetion of the
therapeutic course, and over-prescription of thigbemics have caused the microbes, previouslytégdy their
specific antibiotics, to acquire resistance agatmsse antibiotics through different mechanismg.(Pérhaps, in this
regard, identification of this resistance and firgda selective treatment for them is considerednasof the most
important challenges ahead. In any case, the §iegi to overcome this issue is answering the dqrestiat how
much resistant is the given microbe to the antibimeatments. There are methods, with specifidiams, whose
application differs depending on different requiests of a hygienic unit such as ICU has (15).Thelysims to
explore the validity of the old disk diffusion meth compared to the more expensive and, of coursee m
susceptible method of E-test against the neg&iweireus which causes some prevalent hospital infectiormsisn
often treated by cefalotin and vancomycin and o#reibiotics of the same family. Eighty samplesthwirovedS.
aureus were isolated from the ICU of General Hospital&kefman Province, Iran between November 2013 tal Apr
2014.

The collected specimens included tracheal secrdgti®86), urine (3.75%), blood and catheter (8.75%9)und
culture (50%), ascites fluid (7.5%), and spinaldl(20%).

Regarding the sites of specimen collection, it lbarsaid that 50% of the cases were related to timavinfections
caused bys. aureus, 20% to the CSF infections such as meningitis, 10%e urinary tract infections, 8.5% to the
blood stream infections, and 7.5% to the abdomirfattions that can be considered as the most cansite of the
involvement of this bacteria for the patients ia t&U of the hospital.

Based on the results of both methods, the microhigkeptibility of vancomycin in disk diffusion arittest
methods was reported to be 15% and 29% resistsgectively; while, previous study conducted intReest of
Iran using the E-test method had reported the miat@esistance to be 20%, which indicates the drigitevalence
of the microbial resistance & aureus against vancomycine antibiotic in Iran.

Results obtained for cefalotin demonstrate that rifierobial resistance is very high in Iran so that; this
antibiotic, the microbial resistance was reportedé 48% and 59% in the disk diffusion method andti test,
respectively.

By statistical comparison using SPSS software ahidSguare test, the P-value of 0.001 was obtaittextefore,
regarding the zero hypothesis, there is a sigmificeelationship between these two methods of miafob
susceptibility determination at (p<0.05),and acdbpt the E-test method is still a suitable testdosceptibility
determination for this bacterium.
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In a similar study conducted in Sina Hospital inhfiam, comparison of these two methods and the whder
resistance of the tested bacteria led to the ceimiuhat these two antibiogram methods are quitédlas and the
accuracy of the data in disk diffusion method i itliable [16].

Although, in this study, we encountered a very higbistance of. aureus which is still identifiable by the disk
diffusion method and the E-test seems to be arbeitthod for assessment of the microbial resistaoge study
showed that the disk diffusion method also yieidslar results and can be still used for this psgao

For treatingS. aureus and its associated diseases, it is suggestedetstusnger and newer generations of other
antibiotics in order for treatment of the patients.

Perhaps, the main finding of this study was theyJegh resistance of this bacterium observed innkaer and
feeling the necessity of thinking of some strateged solutions for reducing that microbial resistaas well as
paying more attention to the selective treatmeatsibiotic treatment course duration, and othetaimses that
should be taken into account in any antibiotic dieorder to prevent and avoid such high levelsmiérobial

resistance in our country.

At the end, it is recommended to conduct similard&s on other dangerous hospital microbes in kedspof
Kerman Province, Iran to find better methods fanidfication of the microbial resistance and itgelein order to
achieve a more appropriate pattern for microbisistance and find proper methods for dealing wignt.
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