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ABSTRACT: OBJECTIVE: To find out the prevalent phage groups of Staphylococcus aureus strains
(S. Aureus), and find out their correlation with antibiotic resistance. MATERIALS AND METHODS: A
total of 104 S. Aureus isolates were obtained from heterogenous clinical samples and their
antimicrobial susceptibility was determined against 13 antibiotics by the Kirby Bauer disk diffusion
method in accordance with the Clinical and Laboratory Standards Institute guidelines. They were
phage typed by the international set of Staphylococcal phages at the National reference centre,
Maulana Azad Medical College (MAM), New Delhi. RESULTS: Phage groups identified during this
study period were III, NT, Mixed, II, and I in the order of 36, 34, 26, 5, and 3 (34.7, 32.7, 25 ,4.8, and
2.9 %) respectively. Based on resistance of S. aureus strains to cefoxitin, it was observed that
78(75%) of the S. aureus were MRSA and only 26 (25%) were MSSA. Analysis of Phage groups in
relation to MRSA / MSSA revealed maximum number of MRSA 29 (37.18%) were non-typable. All
the S. aureus strains (100%) were susceptible to vancomycin, linezolid, rifampicin, fusidic acid,
clindamycin and teicoplanin. The resistance pattern of MRSA / MSSA to penicillin, oxacillin,
doxycycline, erythromycin, gentamicin, co-trimoxazole, and ciprofloxacin were in the order of 98.7/
96.2,84.6/0,21.8/11.5,55.1/34.6,51.3/ 7.7, 24.3/7.7, and 85.9/ 61.5% respectively. CONCLUSION:
Using the international set of bacteriophages 67.3% of S. aureus strains were phage typed and the
predominant phage group was III -84/47. Among MRSA 37.18% strains were non typable (NT). No
strain was found in phage group V and non-allocated (NA). All tested isolates were sensitive to
vancomycin, linezolid, rifampicin, fusidic acid, clindamycin and teicoplanin. When compared to
MSSA strains, most of the MRSA strains were found to be resistant to commonly used antibiotics.
Mixed group strains were significantly sensitive to gentamicin, penicillin and oxacillin (P<0.05).
Phage group III strains were resistant to gentamicin when compared to strains of phage group [, II,
Mixed.
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INTRODUCTION: Staphylococcus aureus (S. aureus) is one of the most devastating human pathogen.
It causes a broad spectrum of diseases, ranging from skin and soft tissue infection, myositis, bone
and joint infection, pneumonia, endocarditis, bacteremia to life threatening infections like
septicemia, toxic shock syndrome and necrotizing fasciitis 1.Since the emergence of MRSA after one
year of introducing methicillin, there have been several reports of MRSA infections throughout the
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world!.MRSA was once acquired almost exclusively in hospitals and long-term care facilities, but it is
now spreading in the community2. MRSA has resistance not only to methicillin but also to other 8
lactams and most other commonly used antibiotics, 3 thus making it difficult to treat and leads to a
high morbidity, mortality and socio economical burden. The increase in vancomycin resistance
among MRSA and excessive use of antimicrobial agents has worsened the sensitivity.

The epidemiologic typing methods commonly used for MRSA include biotyping, antibigram,
phage typing, serotyping, protein electrophoresis, zymotyping, plasmid analysis, restriction enzyme
analysis, ribotyping, Pulsed field gel electrophoresis (PFGE), polymerase chain reaction mediated
genomic finger printing , and Protein A gene typing# Bacteriophage typing is an established method
for epidemiological typing of S. aureus strains®. The phage types responsible for infections may vary
from hospital to hospital, time to time, and region to regioné. Various studies on epidemiology of S.
aureus show that MRSA strains of certain phage types are more virulent and spread rapidly in
hospitals” Typing of these strains is important in epidemiology to differentiate and evaluate the
importance of these strains in spreading the infection” and also essential for the establishment of
national and international surveillance networkss. Thus the knowledge of prevalence of MRSA and
their susceptibility pattern, and phage grouping becomes fundamental in the selection of
appropriate empirical treatment.

This study was aimed to find out the phage groups of S. aureus, their prevalence and
resistance as such study had never been conducted in this area before.

MATERIALS AND METHODS: A prospective study was designed to analyze 110 isolates of S. aureus
isolates from heterogeneous clinical samples from both in and out patients of a rural tertiary
teaching hospital during 2012- 2013.The study was approved by ethical clearance committee of our
Institution. The sources of isolates were pus-100(90.9%), sputum-7(6.3%), throat swab-1(0.9%),
urine-1(0.9%), and blood-1(0.9%). Relevant clinical and epidemiological information were collected.
Samples from which pure isolates of S. aureus obtained only were included for this study. Single
morphologically distinct mannitol-positive colonies were tested for catalase, tube coagulase and
slide coagulase using good laboratory practices. Cultures that were mannitol positive and coagulase
- positive (Tube and slide coagulase) were considered as S. aureus. The antimicrobial susceptibility
pattern was determined by the Kirby Bauer disk diffusion method in accordance with the Clinical
and Laboratory Standards Institute guidelines8.The antibiotics tested include Penicillin (10U),
oxacillin (1 pg) ,cefoxitin (30pg), doxycycline (30pg), erythromycin(15 pg), clindamycin (2 pg),
gentamicin (10pg), co-trimoxazole(1.25 +23.75 pg), ciprofloxacin (5 pg ), Linezolid(30ug),
vancomycin (30pg), rifampicin(5pg), fusidic acid (10pg)and teicoplanin. S. aureus strain ATCC
25923 was used as quality control. Susceptibility to fusidic acid was interpreted according to the
French standards for fusidic acid®.

All isolates showing an inhibition zone of < 21mm and 2 22mm surrounding the Cefoxitin
disk were considered as Methicillin Resistant Staphylococcus Aureus (MRSA) and Methicillin
Sensitive Staphylococcus Aureus (MSSA) respectively®. All the isolates were preserved in nutrient
agar butt. For bacteriophage typing, these isolates were sent to the National reference centre,
Maulana Azad Medical College, New Delhi for Staphylococcal phage typing, and results for 104 were
obtained. Six strains were contaminated. The typing was done employing 23 sets of phages, in a
routine test dilution (RTD) X 100. The strains were classified as Groupl- 29, 52, 524, 79,80, Group II -
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3A, 3C, 55, 71, Group III -6, 42E ,47 ,53 ,54, 75, 77, 834, 84, 85, Group V-94, 96 and non-allocated 81,
95.

Statistical analysis was carried out using SPSS package. Chi square test was used to compare
the antibiotic susceptibility between MSSA and MRSA strains, and between phage groups.

RESULTS: A total of 110 isolates of S.aureus strains were obtained from different clinical samples of
the hospital. Pus accounted for the majority of isolates that is 100(90.9%). Six were contaminated.
Phage groups identified during this study period were III, NT, Mixed, II, and I in the order of 36, 34,
26, 5, and 3 (34.7, 32.7, 25 ,4.8, and 2.9 %) respectively. Based on resistance of S. aureus strains to
cefoxitin, it was observed that 78 (75%) of the S. aureus were MRSA and only 26 (25%) were MSSA.

Distribution of MRSA and MSSA according to phage groups is shown in Fig-1. No MSSA and
only 3% of MRSA belonged to phage group [; 3.84% of MSSA and 5.13% of MRSA to phage group II;
42.31 % of MSSA and 32.1% of MRSA to phage group III respectively. No S. aureus strains belonged
to phage group V and NA, 19.23% O0f MSSA and 21.79% of MRSA to mixed phage group; 37.2% of
MRSA and 8.3% of MSSA were non typable. As it is shown in Table-1, the Mixed phage group strains
were statistically significantly susceptible to gentamicin (p<0.05), oxacillin (p<0.05) & penicillin. The
strains of phage group IIl were more resistant to gentamicin.

The antibiotic susceptibility patterns of the isolates in relation to methicillin sensitivity are
presented in Tables-2. All the S. aureus strains were susceptible to vancomycin, linezolid,
teicoplanin, rifampicin, fusidic acid and clindamycin The resistance pattern of MRSA / MSSA to
penicillin, oxacillin, doxycycline, erythromycin, gentamycin, co-trimoxazole, and ciprofloxacin were
in the order of 98.7/ 96.2, 84.6/ 0, 21.8/11.5, 55.1/34.6, 51.3/ 7.7, 24.3/7.7, and 85.9/ 61.5%
respectively.

Comparing the susceptibility of MSSA & MRSA isolates to antibiotics (Table-2) it was
determined that MSSA strains were statistically significantly more susceptible to oxacillin (p<0.001)
gentamicin (p<0.001), and ciprofloxacin (p<0.01).

DISCUSSION: Staphylococcus aureus continues to be a dangerous pathogen for both community
acquired as well as hospital acquired infections. MRSA strains are prevalent worldwide which were
considered initially as nosocomial pathogens but now are emerging in the community .Infections
caused by this multi-drug resistant MRSA are matter great concern. The bacteriophage typing is
used as a precise identification method of S. aureus and has provided valuable information in
epidemiological studies of infection in the community>.In resource limited countries like India, still
phage typing remains the major tool for epidemiological analysis. Though phage typing is done at
free of cost in National reference centre, MAM College,New Delhi, most of the medical colleges are
not utilizing the services. So epidemiological data are lacking. No study from South India have been
reported to compare our study results. Efforts must be made to compare molecular epidemiology
also.
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Table-1: Comparitive analysis of Staphylococcal phage groups of present study with other
reported previous studies

Phage Pr;ezelr;t(s(;l)l)dy, Faridkot,India, | Nagpur,200012 | Maharastra | ND,20087 (%) | Lithunia, 20006
group MSSA/MRéA 198921 (%) (%) (MRSA) 201213 (MSSA/MRSA) | (MSSA/MRSA)
| 0/3.84 20.83 0 13.55 32 /9.45 10.1/6.3
11 3.84/5.13 1.7 0 11.8 10.11 /2.7 26.6/6.3
II 42.3/32.1 12.5 9 10.15 8.99 /149 12.9/31.2

NA 0/0 0 0 0 20.22 /2.7 5.8/0

MIX 19.2/21.7 1.1 25 17 10.1 /10.8 12.9/0
NT 8.9/37.2 31.39 63.6 44.25 29.37 20.9/56.2
\% 0/0 0 0 0 2.24 /0 10.8/0

In our study, Phage group I11-84 /47 was predominant amongst MRSA and MSSA strains. In
accordance with our study predominance of phage group III in MRSA strains has been reported by a
study from Maulana Azad medical college, New Delhi? and Lithuaniaé. On the contrary to our study,
Kareiviene et alé reported higher incidence of phage group II- 3C among MSSA. Zierdt et all0
observed a higher percentage (54%) of Mixed group when compared to 25% in our study. However
Bhat et al 11 reported almost equal distribution of the typable strains in phage groups |, Il and III.

Non-typability of S.aureus strains is a major problem employing the available sets of phages
in India and other developing countries.In our study 37.2% were non-typable. On the contrary,
studies from Nagpur!? and Lithuaniaé reported higher incidence of non typable MRSA. This non
typability can be reduced by using RTD x 100,incubation at 48 Oc prior to test and the development
of new phages*.

In our study, the prevalence of MRSA was found to be 75% .It was found to be 2% in
Netherlands and Switzerland, to 70% in Japan and Hong Kong (13.14), 48.3% in Yemen!5, and 5.8% 6 in
Lithuania. When compared with our results, lower prevalence rates of MRSA were recorded by
Khadri et al- 48.3%!1¢, Saikia et al -34.78% 17, Mehndiratta et al -29.36%7 ,Pai et a 118 -29.1%.

In our study, the resistance to different antibiotics among MRSA strains was higher than
those MSSA and this phenomenon was reported elsewhere!? 20. Because of the resistance to all
commonly used anti staphylococcal antibiotics, it is necessary to test newer group of antibiotics such
as vancomycin and linezolid routinely. In our study all the S. aureus strains were susceptible to
vancomycin and linezolid which is in accordance with Joshi et al20.0ur study showed 100%
sensitivity to rifampicin, clindamycin and fusidic acid which is in contrary to Mehndiratta et al’. In
our survey 96.2 %MSSA strains were resistant to penicillin. Pai et al 18 reported 100% resistance to
penicillin among MSSA strains. All the MSSA in our study were sensitive to oxacillin. As vancomycin
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is considered inferior to B-lactams for the treatment of MSSA infections, reduced use of vancomycin
to B-lactams should be encouraged in all cases of MSSA20. Preservation of glycopeptides and linezolid
for use only in MRSA cases should be encouraged. Resistance to ciprofloxacin among MRSA strains in
our study correlated well with a study from Assam (87.5%) 17. Previous study from Assam showed
only 22.8% resistance to ciprofloxacin!*. The rapid emergence of resistance to ciprofloxacin is
probably due to the indiscriminate and empirical use of these drugs and lack of proper antibiotic
policy in clinical practice.

Antimicrobial susceptibility pattern further revealed that doxycycline and co-trimoxazole
still can be the most effective drug against MRSA strains. A study from Maharashtra observed
gentamicin (91.5%), erythromycin as the most effective drug!3. We reported significant resistance to
gentamicin among phage group Il strains and sensitivity to penicillin, oxacillin & gentamicin among
mixed phage groups. On the contrary Sanjay et all3 reported greater frequency of penicillin
resistance among mixed phage group. However Arora et al?2! reported there was no co-relation
between the phage type and antibiotic sensitivity pattern. Phage types and antibiotic resistance
reports are contradicting each other. Contradiction may be related to 1) time of study, 2)
geographical area, 3) antibiotic availability & use, 4) prescription pattern, 5) population movement.

Larger studies need to be done in various geographical regions of the country to better
define the epidemiology, mechanism of multi drug resistance (MDR) in S. aureus and its clinical
implications?2. Hence accurate typing is essential for the epidemiological monitoring of MRSA
isolates and implementing the infection control measures to control the transmission of these
infections.

Results in our study indicated a high level of resistance to widely used antibiotics among
MRSA. An appropriate knowledge on the current sensitivity pattern of MRSA is very essential for
appropriate treatment options.

CONCLUSION: Phage group prevalent in this study is different from other parts of India. Since
sparse articles on Staphylococcus aureus phage grouping from South India have been reported we
could not compare our study results with other. All the medical colleges should be motivated to send
the isolates for phage typing to strengthen the epidemiological data. This has to be done consistently
to analyze changing trends in the spread. Doxycycline, cotrimoxazole, gentamicin and erythromycin
are the drugs of choice in that order. These antibiotics can be recommended for treatment of
Staphylococcal infections where immediate report is not available or antibiotic testing is not
possible. According to this study all the MRSA strains are susceptible to vancomycin, linezolid and
teicoplanin which should be used discriminately to avoid the emergence of superbug. However
increasing incidence of Vancomycin resistant Staphylococcus aureus (VRSA) 22 indicates regular
monitoring of vancomycin sensitivity and regular testing should be carried out further. A regular
surveillance of hospital associated infection including monitoring antibiotic sensitivity pattern of
MRSA and implementing strict drug policy are essential to control the spread of multi drug
resistance.

The limitation of our study is that it is a single centre study and comparability within
Southern India could not be done because of the non availability of data from this area. Strength of
the study is that almost all the isolates were confirmed by National reference centre for
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Staphylococcal phage typing ,MAM college, New Delhi and likely to be the earliest study from the
Southern India providing epidemiology of Staphylococcal phage typing.

ACKNOWLEDGEMENT: Authors would like to thank the technicians and staff in the study hospital
at Irungalur, Trichy for excellent co-operation and technical assistance and thanks to Miss. S.K.
Saranya for helping in the preparation of manuscript.

Table 2: Susceptibility of Methicillin Sensitive Staphylococcus aureus and Methicillin
Resistant Staphylococcus aureus to antibiotics

Antibiotics n(%) MSSA(n=26) MRSA(n=78)
total sensitive Sensitive Resistant Sensitive Resistant
25
1 (3.89 1 (1.3¢ 77 (98.7¢
Penicillin 2(1.92) (3-8%) (96.2%) (1.3%) (98.7%)
Oxacillin 38(36.5) 26 (100%)* 0 12 (15.4%) 66 (84.6%)
Doxycycline 84(80.8) | 23 (88.5%) | 3 (11.5%) 61 (78.2%) 17 (21.8%)
Erythromycin 52(50) | 17 (65.4%) | 9 (34.6%) 35 (44.9%) 43 (55.1%)
Clindamycin
26 (1009 78 (1009
104(100) 6 (100%) 0 8 (100%) 0
24
2(7.79 38 (48.7¢ 40 (51.3¢
Gentamycin 62(59. 6) (92.3%)* (7.7%) ( %) ( %)
Cotrimoxazole
o 0, 0, 0,
83(79.8) 24 (92.3%) | 2(7.7%) 59 (75.7%) 19 (24.3%)
Ciprofloxacin 10 16
11 (14.1¢9 67 (85.99
21(20.2) (38.5%)** | (61.5%) (14.1%) (85.9%)
Linezolid 104(100) 26 (100%) 0 78 (100%) 0
Vancomycin o o
104(100) 26 (100%) 0 78 (100%) 0
Rifampicin 104(100) | 26 (100%) 0 78 (100%) 0
Fusidic acid
o o
104(100) 26 (100%) 0 78 (100%) 0
Teicoplanin
26 (1009 1009
104(100) 6 (100%) 0 78 (100%) 0
*p<0.001,** p<0.01
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Table 3: Susceptibility of S. aureus phage groups to antimicrobial agents

Phage | N (%) Antimicrobial agents -n (%)
group | (n=104)
p 0X CEFOX D ERY GEN CoT CIP
I 3(2.9) 0 0 0 3(100) 1(33.3) 3(100) 3(100) 1(33.3)
11 5(4.8) 0 2(40) 1(20) 4(80) 2(40) 4(80) 4(80) 2(40)
[11 36(34.7) 0 13(36.1) 11(31) | 31(86.1) | 19(52.8) | 16(44.5)** | 28(77.8) | 7(19.4)
NT | 34(32.7) 0 9(26.5) 5(14.7) | 24(70.6) | 18(52.94) | 18(52.94) | 27(79.4) | 6(17.64)
*
Mixed | 26(25) | 2(7.7%)** | 14(53.84**) | 9(3.46) | 22(84.6) | 12(46.15) 21(82'77) 21(80.76) | 5(19.23)
(**p<0.05)
Figurel: Distribution of MSSA and MRSA according to Phage groups
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