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ABSTRACT

Objective: To observe the biochemical characters and antibiotic susceptibility of isolated
Staphylococcus aureus (S. auerus) strains against some conventional and traditional antibiotics.
Methods: Thirty post operative pathogenic isolated S. aureus strains were used in this study.
Bacterial culture was done in Mueller—Hinton broth at 37 °C. Characters of these strains were
determined by traditional biochemical tests such as hydrolysis test of gelatin, urea, galactose,
starch and protein, and fermentation of lactose and sucrose. Antibiotic susceptibility were carried
out by minimum inhibitory concentration test, minium bactericidal concentration test, disc agar
diffusion test and brain heart infusion oxacillin screening agar. Results: From this study, it
was observed that 100% S. aureus isolates showed positive results in gelatin, urea and galactose
hydrolysis test, 50% isolates were positive in starch hydrolysis test, 35% in protein hydrolysis test,
100% isolates in lactose fermenting test, but no isolate was positive in sucrose fermenting test.
Antibiotic susceptibility testing suggested that 20% of isolates were resistant to kanamycin and
46.67% were resistant to oxacillin. Conclusions: These findings show that all these isolates have
gelatin, urea, galactose hydrolysis and lactose fermenting activity. 20% of these isolates were

Bacterial culture

resistant to kanamycin and 46.67% were resistant to oxacillin.

1. Introduction

Staphylococcus aureus (S. aureus), a gram positive cocci, is
a major human pathogen causing large variety of infections
worldwide and predominates in surgical wound infections
with prevalence rate ranging from 4.6%—54.4%I1-51. S. aureus
causes superficial skin infections and life—threatening
diseases such as endocarditis, sepsis and soft tissue,
urinary tract, respiratory tract, intestinal tract, bloodstream
infectionsl6.7].

S. aureus has developed resistance to most classes of
antimicrobial agents. Penicillin was the first choice of
antibiotics to treat staphylococcal infection. In 1944, by
destroying the penicillin by penicillinase, S. aureus become
resistant(8l. More than 90% S. aureus strains are resistant
to penicillini9l. Methicillin, a semi synthetic penicillin was
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used to treat penicillin resistant S. aureus but resistance
finally emerged in 1962110.11]. Methicillin resistant S. aureus
(MRSA) is mediated by the presence of PBP—2a which is
expressed by an exogenous gene, mecAl12l. High prevalence
of MRSA in hospitals has been reported from many states of
Indial13]l. In India, it is reported that 70% of the strains are
resistant to methicillin in some cities/14l. Recently, we have
isolated thirty pathogenic S. aureus from post operative
pus sample by standard biochemical test and detected
specific nuc gene of S. aureus. Out of them twenty two were
vancomycin—sensitive and the rests were vancomycin—
resistant(15].

The present study aimed to observe the biochemical
characters of isolated S. aureus strains, and antibiotic
susceptibility against some conventional and traditional
antibiotics.

2. Materials and methods
2.1. Culture media and chemicals

Luria broth, nutrient broth, nutrient agar, tryptic soy
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broth, agar powder, beef extract, pancreatic digest of casein,
Mac Conkey agar, Tris Citrate Bile Salts Sucrose agar, Eosin—
Methylene—Blue agar, peptone, Mueller—Hinton broth,
antibiotic discs, glucose, phenol red, imipenem, amikacin,
kanamycin and oxacillin were purchased from Himedia,
India. Sodium chloride (NaCl), potassium dihydrogen
phosphate (KH,PO,), sodium hydroxide (NaOH), gelatine,
urea, starch, were purchased from Merck Ltd., SRL Pvt.
Ltd., Mumbai, India. The other chemicals were from Merck
Ltd., SRL Pvt., Ltd., Mumbai and were of the highest grade
available.

2.2. Bacterial strain

Thirty S. aureus strains were clinically isolated from post
operative pus samples of patients admitted to Burn and
Wound section of Midnapore Medical College and Hospital,
Midnapore, West Bengal, India from December 15, 2008
to June 15, 2009(15]. These samples were tested for their
characters and antibiotic susceptibility. Bacterial culture
was done in Mueller—Hinton broth at 37 °C.

2.3. Characters of isolated S. aureus strains

2.3.1. Gelatin hydrolysis test

Gelatin is solid at room temperature. When the bacterium
produces the enzyme gelatinase, the gelatin is hydrolyzed
and becomes liquid. There is no indicator or reagent to
test solidification or liquefaction. At first the gelatin was
stabbed deep with a needle to the bottom and incubated at
25 °C for a couple days. Then the tube was placed on ice for
about 15 min or in the fridge for about 30 min, to determine
liquefaction. The liquefaction can be complete or perhaps
partial throughout the tubeftel.

2.3.2. Urea hydrolysis test

Three test tubes were prepared with urea (20.0 gm/L), agar
(15.0 gm/L), NaCl (5.0 gm/L), KH,PO, (2.0 gm/L) and phenol red
(0.012 gm/L) in slant position and were divided into sample,
urea control and blank group. Another one test tube was
prepared with the same reagents but without urea as bacteria
control group. Isolates were streaked on the slant in sample and
bacteria tubes. All these four test tubes were kept in 37 C for
20-22 h. Reddish pink or red colour of test tube was regared
as positivell6l.

2.3.3. Lactose fermenting test

5.15 mg% Mac Conkey media in sterile distilled water was
suspended, then sterilized in autoclaving at 15lb (121 C
) pressure for 15 minutes, cooled to 45-50) °C, poured into
sterile petridish and checked overnight at 37 °C. On the next
day, overnight growing isolates in Mueller—Hinton broth
(MHB) were streaked on overnight checked Mac Conkey
agar plates and plates were kept at 37 °C overnight. The
appearance of pinkish or whitish or raddish colony was
regarded as positive resultl16].

2.3.4. Sucrose fermenting test

8.9 mg% tris citrate bile salts sucrose (TCBS) media
was suspended in sterile distilled water, then dissolved
completely by heating, cooled to 50 C, poured into sterile
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petridishes and checked overnight at 37 C. On the next
day, overnight growing isolates in MHB were streaked on
overnight checked tris citrate bile salts sucrose plates
and plates were kept at 37 “C overnight. A positive result
indicates the appearance of yellow colonyl16l.

2.3.5. Galactose hydrolysis test

3.7 mg% eosin—methylene—blue(EMB) media was
suspended in sterile distilled water, sterilized in autoclaving
at 15lb (121 C) pressure for 15 min. The autoclave mixture
was cooled to (45-50) C, poured in sterile petridishes and
checked overnight at 37 “C. On the next day, overnight
growing isolates in MHB were streaked on overnight checked
EMB plates and plates were kept at 37 “C overnight. The
appearance of bacteria as green metallic sheen to brown
coloured colony was regared as positivellol.

2.3.6. Starch hydrolysis test

The enzyme amylase was excreted out of the cells (an
exoenzyme) into the surrounding media, catalyzing the
breakdown of starch into sugars. At first, one starch agar
plate was picked up and divided in half. Then the isolates
were incubated on the one plate in either a straight line or a
zig—zag at 37 °C overnight. After incubation and growth the
plate was flooded with iodine. The appearance of yellow or
gold zone around the growth indicated positive resultll6l.

2.3.7. Protease hydrolysts test

2.0 mg% Luria broth and 1.5 mg% nutrient agar were
dissolved in a same conical flask, while 1 mg% casein
was dissolved in another conical flask and sterilized in
autoclave at 151b (121 °C) pressure for 15 minutes. Both
autoclave mixtures were cooled to (45-50) °C, mixed in a
same conical flask properly, poured in sterile petridishes
and checked overnight at 37 ‘C. On the next day, overnight
growing isolates in MHB were streaked on overnight checked
caesine plates and plates were kept at 37 °C overnight.
The appearance of clear zone around the bacterial growth
indicated the positive resultl16].

2.4. Antibiotic susceptibility testing of isolated S. aureus
strains

2.4.1. Determination of minimum inhibitory concentration
(MIC)

The MIC values of imipenem, amikacin, kanamycin and
oxacillin were determined by a broth dilution method
using MHB, as recommended by the National Committee
for Clinical Laboratory Standards (NCCLS)I17]. About 5%
10' cells in MHB were treated with different concentrations
of antibiotics and shaken for 16 h at 37 *C. The minimum
concentration at which there was no visible turbidity was
taken as the MIC of that antibiotic.

2.4.2. Determination of minimum bactericidal concentration
(MBC)

The MBC value of antibiotics was determined according to
Okore 2005018] with some modification. This is an extension of
the MIC procedure. Antibiotics which were used in bacterial
culture showing growth or no growth in the MIC tests were
selected for this test. Bacterial culture used for the MIC test



214

were inoculated onto the Mueller—Hinton agar at 37 °C for 24 h.
Microbial growth or death were ascertained via no growth on
Mueller—Hinton agar plate. The minimal concentration of the
antibiotic that produced total cell death is the MBC.

2.4.3. Disc agar diffusion (DAD) test

Susceptibility of isolates to imipenem, amikacin,
kanamycin and oxacillin, were determined by DAD
technique according to Acar and Bauer et all19:20]. The tested
bacterium was from an overnight culture (inoculated from a
single colony) and freshly grown for 4 hours at approximately
10° CFU/mL. With this culture, a bacterial lawn was prepared
on Mueller—Hinton agar. Filter paper discs of 6 mm size were
used to observe antibiotic susceptibility patterns against
11 antibiotics [amount of antibiotic per disc in microgram
(£ g); Imipenem (10), amikacin (30), kanamycin (30) and
oxacillin (1)]. Antibiotic discs were obtained commercially
from Himedia. The diameter of zone of bacterial growth
inhibition surrounding the disc (including the disc) was
measured and compared with the standard for each drug.
This gave a profile of drug susceptibility vis—a—vis antibiotic
resistancel20l. S. aureus ATCC 25923, an all-sensitive
reference strain, was used as a quality control strain for the
DAD test.

2.4.4. Inoculation on brain heart infusion (BHI) oxacilin
screen agar

Isolates were inoculated on BHI screen agar according to
Tiwari and Senl21l. BHI agar screen plates with oxacillin at 6

1 g g/mL
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1 g/mL were prepared. Colonies were selected from overnight
growth on nutrient agar plates for inoculum suspension. The
colonies were transferred to sterile saline and suspended at
the turbidity of a 0.5 McFarland standard. The final inoculum
concentration of 10’ to 10° CFU per spot was obtained by
adding the sterile saline to the bacterial suspension. These
suspensions were inoculated onto BHI screen agar plates for
24 h at 35 °C in ambient air. Any visible growth indicated the
oxacillin resistance. Enterococcus faecalis ATCC 51299 and S.
aureus ATCC 29213 were used as oxacillin susceptible control
strains and oxacillin resistant control strain, respectively.

3. Results

3.1. Characterization of isolated Staphylococcus aureus
strains

The clinical S. aureus isolates were characterized by
standard biochemical tests. It showed that 100% isolates
had gelatin hydrolysis activity, urea hydrolysis activity
and galactose hydrolysis activity; 50% isolates had starch
hydrolysis activity; 35% isolates had protease hydrolysis
activity; 100% isolates had lactose fermentation activity and
none of these isolates had sucrose fermentation activity.

3.2. Antibiotic susceptibility testing

3.2.1. MIC of antibiotics

The MIC values of imipenem, amikacin, kanamycin and

SRR EE;
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Figure 1. Determination of MIC value of antibiotics for S. aureus isolates.
MIC of oxacillin for MMC 7 is 1 ¢ g/ mL (A) and MMC 12 is 128 =1 g/ mL (B). Here, —ve: negative control, +ve: positive control, A=0.5 ¢ g/mL,
B=1 ¢ g/mL, C=2 rrg/mL, D=4 1g/mL, E=8 1 g/mL, F=16 1 g/mL, G=32 1rg/mL, H=64 1 g/mL, I=128 1 g/mL, J=256 1 g/mL, K= 512 1 g/mL, L=1

024 1 g/mL.
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oxacillin for S. aureus isolates were determined. In each
set of experiment, bacterial control tubes showed no growth
inhibitory effect of antibiotics. These MIC values were
compared with the NCCLS breakpoints of MIC for S. aureus.
It was observed that MIC values of kanamycin for 20% of
isolated strains and oxacillin for 46.67% of isolated strains
were beyond the sensitive range (Figure 1).

3.2.2. MBC of antibiotics

The MBC values of imipenem, amikacin, kanamycin and
oxacillin for S. aureus isolates were determined. In each set
of experiment, bacterial control plates showed no growth.
It was observed that MBC values of kanamycin for 20% of
isolated strains and oxacillin for 46.67% of isolated strains
were beyond next two concentrations of MIC values (Figure
2).

21 g/mL

1024 g/mL

Figure 2. Determination MBC value of antibiotics for S. aureus
isolates.

MBC of oxacillin for MMC 7 is 2 pg/ mL (A) and MMC 12 is 1 024 p g/
mL (B) Here, —ve: negative control, +ve: positive control, A=0.5 » g/mL,
B=14g/mL, C=2p g/mL, D=4 g¢/mL, E=8 x g/mL, F=16 1. g/mL, G=32p. ¢/
mL, H=64 . g/mL, =128 g/mL, J=256 g/mL, K= 512, g/mL, L=1 024

g/mL.

3.2.3. DAD test

The antibiotic—resistance profile, as determined by DAD
test, revealed that 20% isolates were resistant to kanamycin
and 46.67% were resistant to oxacilin (Figure 3).

3.2.4. BHI oxacillin screen agar
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Out of 30 gram positive clinical isolates thirteen (46.67%)
isolated strains were grown in BHI oxacillin screening agar
(Figure 4).

Figure 3. Disc agar diffusion test of MMC 7 (A) and MMC 12 (B) against
4 antibiotic discs.

R

Figure 4. Growth of some clinical S. aureus isolates on BHI oxacillin
screen agar.

50 —
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20—

% of resistant of Staphylococcus aureus isolates

—10 -
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Figure 5. Antibiotic susceptibility profile of thirty S. aureus isolates.
Here I: Imipenem, Ak: Amikacin, K: Kanamycin and Ox: Oxacillin.

4. Discussion
The development and spread of bacterial strains that are

resistant to antibacterial drugs has emerged as a global
problem(22]. Tt was observed from our study that all isolated
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S. aureus strains liquefy the gelatin. The enzyme gelatinase
was secreted from bacteria, hydrolysis the gelatin into
soluble carbohydrates. Thus isolated S. aureus liquefy
gelatin and showed positive results[16l. Our study reveals
that all isolated S. aureus strains changes the colour of
media from yellow to red, indicating positive reactivity
in urea hydrolysis. That may be due to the liberation of
end product of urea hydrolysis which is ammonialtél. Tn
this study, all isolated strains showed a positive result
in lactose fermentation test. Lactose fermenting bacteria
usually developed into red colours surrounded by a violet—
pink zone in the Mac Conkey agar screening plates as it
contains crystal violet and bile saltll6l. Tt was observed in
this study that all isolated strains showed a negative result
in sucrose fermentation test indicating that these isolates
have no sucrose fermenting activityl16l. Tt was observed from
our study that all isolated strains have galactose activity
and it may be due to the enzyme, galactase, which was
secreted from bacteria, hydrolysis the galactose into soluble
carbohydratesl16]. Tt was evident from this study, 50% strains
showed a positive result in starch hydrolysis test. It may be
due to the reaction of starch and lugal’s iodine that turns
some part of the plate colourlessl16l. Protein hydolysis test
(casein plate) was performed to identify protease activity
strains. In this study, 35% strains showed the positive
reactivity with a clear zone abound the bacterial growth.
That may be due to the activity of protease enzyme in
bacteria hydrolysis the caseinl16l.

In recent years, S. aureus become resistance to both
synthetic and traditional antibiotics. Treatment of antibiotic
resistant bacteria is a therapeutic problem. Susceptibility
pattern is useful to determine the future challenges of
effective therapy. In this study, the result suggests that 20%
(MMC 6, MMC 7, MMC 10, MMC 13, MMC 14 and MMC 15)
were resistant to kanamycin, 46.67% (MMC 4, MMC 5, MMC 8,
MMC 9, MMC 12, MMC 17, MMC 18, MMC 19, MMC 20, MMC
22, MMC 26, MMC 27, MMC 29 and MMC 30) were resistant to
oxacillin, and 46.67% of isolated strains (MMC 4, MMC 5, MMC
8, MMC 9, MMC 12, MMC 17, MMC 18, MMC 19, MMC 20, MMC
22, MMC 26, MMC 27, MMC 29 and MMC 30) were resistant to
oxacillin.

Isolated S. aureus strains are resistant to kanamycin and
oxacillin. Tt may be due to inactivation of the antibiotic
as a result of structural modification by enzymatic
action, prevention of access to target by altering the outer
membrane permeability, alteration of the antibiotic target
site, efflux pump which pumps out the antibiotic, and target
enzyme bypass or over production. In brief, from this study,
six kanamycin resistant S. aureus strains and fourteen
oxacillin resistant S. aureus strains were identified.
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