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Abstract

Staphylococci spp. were isolated from 163 stool samples collected from patients in
the period from January through August 2007. The isolates included 52 (31.9%)
Staphylococcus aureus and 111 (68.1%) coagulase negative staphylococci (CoNS) were
subjected to minimum inhibitory concentration (MIC) test against vancomycin and teicoplanin.
Only four S. aureus strains were resistant to vancomycin (MIC = 16-64 mg/ml) and teicoplanin
(MIC = 32-128 mg/ml). No CoNS isolate exhibited resistance to vancomycin and teicoplanin. Disc
diffusion test for vancomycin-resistant Staphylococcus aureus isolates showed high
resistance (100%) to ampicillin, ciprofloxacin, erythromycin, oxacillin, penicillin, tetracycline,
teicoplanin and vancomycin; they were resistance to clindamycin and streptomycin (75%), and
resistance to chloramphenicol and gentamicin (50%). Multiplex PCR assay for the vanA and vanB
genes showed that only 4 isolates with the VanA phenotype produced the expected molecular size
1030 bp product corresponding for the vanA gene. None of the remain isolates produced positive

results with the vanA or vanB primers.
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Introduction

The emergence of drug-resistant bacteria is frequently occurs in the intensive care unit
(ICU). This is a problem for ICU physicians because there are several pathogens that can only be
effectively treated with a limited number of antimicrobial agents, e.g. Methicillin-Resistant
Staphylococcus aureus (MRSA) 42,

Staphylococcus aureus is a major cause of hospital acquired infections, causing high
morbidity and mortality world-wide ®* The detection of staphylococci with reduced sensitivity to
vancomyecin is an important issue for clinical laboratories ©. Interestingly, reduced susceptibility
to glycopeptide antibiotics, including vancomycin, has been associated with increased
susceptibility to beta-lactams ©7). Studies of this phenomenon, termed the “see-saw effect,” have

produced conflicting clinical reports €9,

In 1997, the first strain of S. aureus with reduced sensitivity to vancomycin and teicoplanin
was reported from Japan @9, Soon thereafter, a report of two additional cases from the United
States was published V). There have been considerable research and an array of published reports
focusing on this topic during the recent years. The relative high burden of methicillin-resistant
S. aureus (MRSA) in healthcare and community settings is a major concern worldwide ¢,
Report of the national nosocomial infection surveillance (NNIS) system indicated that about
75% of (CoNS) and 47% of S. aureus isolates from ICU were resistant to methicillin @3,

Vancomycin remains the drug of choice for treatment of severe MRSA and other infections
(12,14)

The objectives of the present study were to screen S .aureus and CoNS from stool
samples of patients suffering from diarrhea, to determine the antimicrobial sensitivity by disc
diffusion test and MIC against various antimicrobials agents, as well as detection of the
vancomycin resistant staphylococci spp. by polymerase chain reaction (PCR) amplification

of vanA, and vanB genes.

Materials and Methods

Collection of Samples

In the present prospective study, the screening for staphylococcal spp. was carried out

during the period from January to August 2007. The stool samples (163) were collected from
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different inpatients and outpatients wards at the Department of Medical Microbiology,
Postgraduate Institute for Medical Education Research (PGIMER), Chandigarh, India.

Preparation of Samples and Culturing

All collected stool samples were submitted to the lab in Cary Blair medium (Hi-Media,
India), and were inoculated onto blood agar (Difco Laboratories, Detroit, USA) and incubated
at 37°C for 18 hrs. Suspected Staphylococcus colonies were streaked onto brain heart infusion
agar (BHIA) (Hi-Media, India) and incubated at 37°C for 18 hrs ),

Identification of Species

The identification of isolates of S. aureus and CoNS was performed according to
standard method described by 9. Tentative identification for all the isolates was done by
traditional culture characteristics, Gram staining, catalase test, coagulase tests and mannitol
fermentation tests (Hi-Media, India) #>19), Definitive identification up to species level was
made with the BD-BBL Crystal Identification System, (Gram-Positive ID Kit-Sparks,
Maryland, USA). S. aureus ATCC 29213 was used as control strain 7.

Antibiotic Sensitivity Testing

The antibiotic susceptibility profile was determined by the disc diffusion technique, using
12 different antibiotic discs as the following concentrations: ampicillin (10ug), chloramphenicol
(30ug), ciprofloxacin (5pg), clindamycin (2ug), erythromycin (15ug), gentamicin (10pg),
oxacillin (1pg), penicillin (10U), streptomycin (10ug), tetracycline (15 pg), teicoplanin (30ug),
and vancomycin (30pg), using Kirby-Bauer method as described by ®® and National Committee
for Clinical Laboratory Standards ®%. Mueller-Hinton (MH) agar plates (Difco Laboratories,
Detroit, USA) were overlaid with the S. aureus clinical strains inoculum (turbidity equivalent to
that of a 0.5 McFarland Standard) 9. Inhibition zone diameters were measured after 24 and then

48 hrs of incubation following @9 criteria. S. aureus ATCC 29213 was used as reference strain.
Determination of Minimum Inhibitory Concentration (MIC)

Resistance to vancomycin and teicoplanin were determined by the E-test according to
the manufacturer’s instructions (AB BIODISK, Solna, Sweden). An inoculum with turbidity
equivalent to that of 0.5 McFarland standard. Mueller-Hinton (MH) agar was used. The
results were read after incubation at 37°C for 48 hrs. All vancomycin resistant staphylococci
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(MICs >6 ug/ml) were also subjected to sensitivity tests by agar dilution method according
to the current guidelines of the ). Vancomycin resistant S. aureus ATCC 29213 was used

as quality control strain.
Extraction of DNA

Template DNA was prepared by boiling procedure according to ¢9,
Detection of Vancomycin Resistance Genes by PCR

To detect genes coding for vancomycin resistance, the specific oligonucleotide
primers selected in this study were synthesized by Metabion GmbH, Germany as shown in
Table 1 @V,

Table (1): Oligonucleotide primer sequences used for PCR amplification
of van genes [21].

Primer Sequence (5°—3’) Gene Product
(bp)

F.1 CATGAATAGAATAAAAGTTGCAATA

vanA 1030
R.1 CCCCTTTAACGCTAATACGATCAA
F.2 GTGACAAACCGGAGGCGAGGA

vanB 433
R.2 CCGCCATCCTCCTGCAAAAAA

The multiplex PCR reaction mixture consisted of PCR Master Mix (Banglore Genei,
KT-77) containing 10 mM Tris-HCI buffer pH 9.0, 50 mM KCI, 1.5 mM MgCI2, a total of 1
mM deoxynucleotide triphosphates (dATP, dCTP, dGTP, and dTTP), 0.5 mM of each primer,
1 U of Tag DNA polymerase, 0.01% gelatin and 10 ml purified DNA solution in a total
volume of 50 ml. The amplification of DNA was performed on a BIO-RAD thermocycler
(CA, USA) that was carried out with the following thermal cycling profile: 3 min at 94°C
and 30 cycles of amplification consisting of 1 min at 94°C, 1 min at 54°C, and 1 min at 72°C,
with 7 min at 72°C for the final extension. The amplicons were analyzed by electrophoresis
on agarose gels (1% wi/v) (Sigma-Aldrich, Poole, UK) in TAE buffer for 45 min at 100 V. A
100 bp DNA ladder (Bangalore Genei, India) was used as molecular size marker. The gels
were stained with ethidium bromide (0.5 mg/ml), visualized under UV transillumination and

photographed (Nikon, Japan).
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Results and Discussion

The present study showed the staphylococcal isolates from the stool samoles were 163; 52
(31.9%) strains were confirmed as S. aureus and the remaining 111 (68.1%) strains as CONS spp.
During the routine screening by slide coagulase test many isolates of S. aureus were missed due
to their poor sensitivity and thus falsely reported as coagulase negative staphylococci during
routine screening process. In the present study, tube coagulase tests of all 163 staphylococcal
isolates were performed. Therefore, the main criterion that used for the S. aureus identification
was tube coagulase test. However, the slide staph plus test was also found to be good parameter
to differentiate S. aureus from CoNS. Song and his colleagues ©?? in 2017, have reported that of

the 126 stool samples, 8 (6.3%) were positive for S. aureus.

Minimum inhibitory concentration of the 52 S. aureus strains and 111 strains of CoNS
against vancomycin and teicoplanin have shown that totally four S. aureus strains were resistant
to vancomycin and teicoplanin (VRSA). Three of S. aureus isolates were highly resistant to
vancomycin (MIC = 32-64 mg/ml) and teicoplanin (MIC = 32-128 mg/ml), while the other one
showed intermediate resistance to vancomycin (MIC = 16 mg/ml) but was resistant to teicoplanin
(MIC = 32 mg/ml). No CoNS isolate exhibited resistance to vancomycin and teicoplanin (Table
2).

Table (2): Phenotypes and genotypes frequency of vancomycin resistant

Staphylococcus spp. isolated from faecal samples.

Species No. of Isolates MIC (ug/ml) Gene No. of
P (%) vancomycin | teicoplanin | Detected Isolates
S. aureus 3(1.8) 64 128 vanA 1
S. aureus 4(2.4) 32 32 vanA 2
S.aureus | 1(0.6) 16 32 vanA 1
4 1 - 11
4 0.5 - 16
S. aureus 48 (29.5) > 1 - 3
2 0.5 - 13
4 1 - 19
4 0.5 - 14
CoNS 111 (68.1) 5 1 - 18
2 0.5 - 60
Total 163 (100) 163
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Vancomycin, a glycopeptide is currently the main antibacterial agent available to treat life-
threatening infections with MRSA, including tedizolid, dalbavancin, and oritavancin. ?324). The
vancomycin resistance among Gram-positive bacteria had been thought to be uncommon in
Enterococcus spp. ?® [25]. S. aureus and CoNS have been reported in various studies (1.26:27:28.29)
Widespread use of vancomycin to treat infections caused by MRSA and other Gram-positive cocci

has led to the emergence of vancomycin resistance bacteria 9.

The MICs of vancomycin and teicoplanin against the clinical isolate of S. aureus revealed
there is an increase in the resistance, 3 of S. aureus were highly resistant to vancomycin and
teicoplanin (32-64 pg/ml and 32-128 ug/ml), respectively. The remaining S. aureus was
intermediate resistant to vancomycin (MIC = 16 ug/ml) and highly resistant to teicoplanin (MIC
= 32 pg/ml). Assadulla and his team @Y in 2003, have recorded some strains of vancomycin
intermediate S. aureus (VISA) was isolated in India. Song and his colleagues ©? in 2004, have
also been reported the emergence of heterogeneous vancomycin resistant S. aureus strains from
India and its neighboring countries. Voss and his colleagues in ¢ in 2007, have shown that the
ability to detect the glycopeptide intermediate S. aureus GISA phenotypes is varied significantly
between methods and phenotypes. The current vancomycin resistant staphylococci in hospital as
well as in community are alarming situation to the clinicians. Another study has reported VRSA
strains was recorded in Jordan 4. This emergence of VRSA/VISA may be due to building of

selective pressure of vancomycin.

Disc diffusion test revealed that all vancomycin resistant staphylococcal isolates have

shown to be resistant to most of the commonly used antimicrobials (Table 3).

Of greatest concern that the disc diffusion testing is widely used in the United States and
around the world @, The clinical isolates of S. aureus were found to be multidrug resistant to
several other antibiotics, they are highly resistant (100%) to ampicillin, ciprofloxacin,
erythromycin, oxacillin, penicillin, tetracycline, teicoplanin and vancomycin, and they were
(75%) resistant to clindamycin and streptomycin. While they were (50%) resistant to
chloramphenicol and gentamicin. The present study is in agreement with the study of Saha and
his team ©® in 2008, who demonstrate that ampicillin, ciprofloxacin and erythromycin are 100%

resistant to S. aureus, while chloramphenicol and gentamicin less resistant.

The 163 S. aureus isolates were analyzed genotypically by multiplex PCR with 2 sets of

specific oligonucleotide primers for the vanA, and vanB genes. Only 4 isolates with VanA
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phenotype revealed the expected molecular size 1030 bp product corresponding for the vanA gene.

None of the remaining isolates revealed positive results with the vanA or vanB primers (Figure 1).

Table (3): Antimicrobial susceptibility of vancomycin-resistant Staphylococcus
aureus to 12 antibiotics.

Strain Susceptibility to

(0) *
No. (%)

AM| C |[CD|CIP| E |[CN| O P S T |TC | V

1 R R R R R S R R R R R R | (91.7)

2 R R S R R R R R R R R R | (91.7)

3 |R|S|R|R|R|R|R|R|S|R|R/|R/|(@833

4 R S R R R S R R R R R R | (83.3)

Total | 100 | 50 | 75 | 100|100 | 50 | 100|100 | 75 | 100 | 100 | 100 %

AM, ampicillin (10pg); C, chloramphenicol (30pg); CD, clindamycin (2pg); CIP,
ciprofloxacin (5pg); E, erythromycin (15pg); CN, gentamicin (10pg); O, oxacillin
(1pg); P, penicillin (10U); S, streptomycin (10pg); T, tetracycline (15pg); TC,
teicoplanin (30png); V, vancomycin (30png). R, Resistant; S, Sensitive; *, percentage of
multidrug resistant antibiotics.

In the present study, PCR assay using DNA of four S. aureus phenotypically vancomycin
resistant well-characterized genotypically. Strains including vancomycin-sensitive controls as a
template confirmed the specificity of the PCR primers (Fig. 1). Each vancomycin resistant
enterococci (VRE) exhibited one amplification products with the expected size of 1,030 bp (Table
1) which corresponding to the vanA gene resistance genotype of S. aureus. No vanB gene were
demonstrated in S. aureus isolates. The remaining isolates of CoNS were repeatedly negative in
the assay. There were no discrepancies between the results obtained phenotypically and
genotypically by multiplex PCR, may be due to their cell wall thickening is responsible for the
development of vancomycin resistance. Hiramatsu and his colleagues 9 has suggested that dense
accumulation of vancomycin molecules within the thickened cell-wall significantly delays the
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timing of complete inhibition of cell-wall synthesis by not allowing efficient penetration of

vancomycin molecules through the thickened cell-wall layers ©7:3),

1000 bp 1030 bp

500 bp

100 bp

Figure (1): PCR amplification of vanA gene. Lane 1, molecular size marker; lanes

2-5, vancomycin-resistant Staphylococcus aureus VanA isolates; lane 6, negative control.

Conclusion

From this study we can conclude that S. aureus isolated from stool samples showed
high resistance to ampicillin, ciprofloxacin, erythromycin, oxacillin, penicillin, tetracycline,

teicoplanin and vancomyecin. These isolates are harbor vanA gene.

The appearance of these highly resistant strains prompt researchers to do a series of studies
to assess the colonization and infection with VRSA in patients to define risk factors and to evaluate

the effect of interventions on rates of colonization and infection.
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