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ABSTRACT 

Staphylococcus aureus is a major cause of nosocomial and community acquired infections. The increasing prevalence of multi drug 
resistant strains cause failure of treatment of patients resulting in prolonged hospital stay. The objective of the study is to identify 
the prevalence of phage types of S.aureus and antibiotics resistance. A total of 106 S.aureus strains identified, their resistance to 
antibiotics was determined and strains were phage typed. Prevalence of MRSA and MSSA strains was found to be 55.4% and 44.6% 
respectively. Only 46.5% strains were typable and the percentage of typability among MSSA and MRSA strains was found to be 
23.76% and 22.77% respectively. The predominant phage group among MRSA strains was III-47 and among MSSA was mixed group. 
All typable strains (47) were resistant to penicillin (100%). From this study, it was identified that phage typing may act as a diagnostic 
and epidemiological tool for future studies.   
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INTRODUCTION 

taphylococcus aureus has emerged as a prime 
pathogen of nosocomial and community acquired 
infections around the world. It causes variety of 

infections, ranging from skin infections to life-threatening 
endocarditis.1 Infections caused by S.aureus used to 
respond to β-lactam and related group of antibiotics. The 
spread of methicillin resistant Staphylococcus aureus 
(MRSA) in hospitals has been the major problem in India. 
A lot of investigations of MRSA by phage typing have 
been reported since MRSA was first identified in 1961. 
The international phage typing set (IPS) has been used for 
phage typing of MRSA, but many strains (33-75%) are 
non-typable (NT) and even the typable ones give only 
restricted number of phage reactions with the available 
phages.2Phage typing for tracing the source of an 
epidemic caused by S.aureus is a reliable epidemiological 
way for controlling the epidemics caused by such 
microorganisms.  

However, due to the development of MRSA isolates, 
treatment of these infections has become problematic.

3
 

Available data on epidemiology of S.aureus shows that 
MRSA strains of certain phage types are more virulent 
and spread rapidly in hospitals.

4
 These phage types 

responsible for infections may vary from time to time and 
hospital to hospital in their antibiotic resistance pattern.

5
 

The present study was carried out to identify the 
epidemiology of S. aureus strains with reference to phage 
types, its prevalence and antimicrobial resistance in 
relation to phage groups. 

 

 

MATERIALS AND METHODS 

A prospective study was carried out at Department of 
Microbiology, Chennai Medical College Hospital and 
Research Centre, Irungalur, Tiruchirapalli, Tamilnadu, 
India after obtained approval from Institutional ethical 
committee. One hundred and six strains of S.aureus 
isolated from clinical samples of 91 from pus (85.8%), 4 
from blood (3.8%), 6 from sputum (5.7%) and 5 from 
urine (4.7%) collected over a period of consecutive 12 
months commencing from April 2013 were studied. All 
these strains were confirmed as S. aureus by standard 
techniques based on colony morphology, gram staining, 
catalase, slide and tube coagulase tests and mannitol 
fermentation.6 

The antimicrobial susceptibility pattern was determined 
by the Kirby Bauer disk diffusion method in accordance 
with the Clinical and Laboratory Standards Institute 
guidelines.7The antimicrobials included were cefoxitin 
(30μg), ciprofloxacin (5μg), clindamycin (2μg), co-
trimoxazole (1.25+23.75μg), doxycycline (30μg), 
erythromycin (15μg), gentamicin (10μg), linezolid(30μg), 
penicillin (10U), rifampicin (5μg), teicoplanin (30μg)and 
vancomycin (30μg). S. aureus strain ATCC 25923 was used 
as quality control. All isolates showing an inhibition zone 
of ≤ 21mm and ≥ 22mm surrounding the cefoxitin disk 
were considered as MRSA and MSSA respectively

7
. All the 

isolates were sent to National Staphylococcal phage 
typing center, Maulana Azad Medical College (MAMC), 
New Delhi for phage typing and the results were 
statistically analyzed.  

 

 

Prevalence of Staphylococcus aureus Phage Types and their Correlation to Antimicrobial 
Resistance in a Tertiary Care Hospital 
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RESULTS AND DISCUSSION 

Of the total 101 strains, 56 (55.4%) were found to be 
resistant and 45 (44.6%) were sensitive to methicillin. 
Susceptibility of MSSA and MRSA strains to various 
antibiotics is summarized in table 1. Out of 106 strains 
studied, 47 (46.5%) strains were typable and remaining 
54(53.5%) were nontypable (NT). Distribution of phage 
patterns of S.aureus isolated from heterogeneous clinical 
samples is shown in table 2. The percentage of typability 
among the MSSA and MRSA strains was found to be 
24(23.76%) and 23 (22.77%) respectively. Phage group 
distribution among MSSA and MRSA strain is shown in 
figure 1. Phage group distribution among MSSA and 
MRSA strain is found as Group II [6(13.3%) MSSA and 
1(1.7%) MRSA], Group III [6(13.3%) MSSA and 18(32.1%) 
MRSA], Mixed group [11(24.4%) MSSA and 3(5.35%) 
MRSA] and non-allocated (NA) [1(2.2%) MSSA and 
1(1.79%) MRSA]. No strains were found in group I and V.  
Correlation of different phage groups of S.aureus to 
antibiotic susceptibility is shown in table 3. 

Table 1: Antimicrobial resistance pattern of 101 
Staphylococcus aureus strains 

Antibiotics 
MSSA (n=45) MRSA (n=56) 

Sensitive Resistant Sensitive Resistant 

Penicillin 2 (4.44) 43 (95.6) 0 56 (100) 

Doxycycline 41 (91.1) 4 (8.9) 44 (78.6) 12 (21.4) 

Erythromycin 30 (68.2) 14 (31.8) 34 (65.4) 18 (34.6) 

Clindamycin 40 (90.9) 4 (9.1) 40 (77) 12 (23) 

Gentamicin 35 (77.8) 10 (22.2) 17 (30.4) 39 (69.6) 

Cotrimoxazole 38 (84.4) 7 (15.6) 34 (60.7) 22 (39.3) 

Ciprofloxacin 22 (48.9) 23 (51.1) 13 (23.2) 43 (76.8) 

Linezolid 45 (100) 0 56 (100) 0 

Rifampicin 45 (100) 0 56 (100) 0 

Vancomycin 45 (100) 0 56 (100) 0 

Teicoplanin 45 (100) 0 56 (100) 0 

Nitrofuantoin 1 (100) 0 3 (75) 1 (25) 

Norfloxacin 0 1 (100) 0 4 (100) 

[Figure in parenthesis denotes percentages] 
 

Table 2: Distribution of Phage patterns of S. aureus isolates 

Phage group 
Number of isolates 

(n=101) 
Phage type (number of isolates) 

I Nil - 

II 7 (6.9) 3C/55/71 (2), 3A/55/71(1),  55/71(1), 3C/55(3) 

III 24 (23.8) 
47/77 (4),  47/84 (3),  47/77/84 (3),  85 (3),  47 (5),  77 (1),  84 (1), 84/85 (1), 47/85 (1), 

77/84/85 (1), 47/77/84/85 (1) 

V Nil - 

Non Allocated (NA) 2 (2) 81 (2) 

Mixed (MIX) 14 (13.9) 

I/ III - 52/79/47/84 (1), 29/52/80/47/54/77/84 (1),   29/52A/79/77/84/85 (1) 

III/NA - 47/81 (2), 47/77/81 (2), 77/84/81 (1), 47/54/84/81 (1) 

I/ II - 52A/3C/55 (1), 

I/III/NA - 52/79/47/84/81 (1),  29/52/79/47/84/81 (1) 

III/NA/V - 47/81/96 (1) 

NA/V - 81/96 (1) 

Non– typable (NT) 54 (53.5) - 

[Figure in parenthesis denotes percentages] 

Table 3: Susceptibility pattern of S. aureus phage groups to antimicrobial agents 

Phage 
groups 

Number 
CX 

(MSSA) 
DOX ERY CD Gent COT CIP NIT NOR L/Rif/Va/ Tei 

II (n=7) 0 6 (86) 6 (86) 5 (71.4) 5 (71.4) 6 (86) 6 (86) 6 (86) - - 7 (100) 

III (n=24) 0 6 (25) 18 (75) 
11 

(45.8) 
15 

(62.5) 
9 (37.5) 

13 
(54.2) 

5 (20.8) 2 (40) 0 24 (100) 

NA (n=2) 0 1 (50) 2 (100) 1 (50) 2 (100) 2 (100) 2 (100) 2 (100) - - 2 (100) 

MIX (14) 0 11 (78.6) 
12 

(85.7) 
9 (64.3) 

11 
(78.6) 

10 
(71.4) 

13 
(92.9) 

3 (21.4) 
1 

(7.1) 
- 14 (100) 

NT (n=54) 2 (3.7) 21 (38.8) 47 (87) 
38 

(70.4) 
47 (87) 

25 
(46.3) 

38 
(70.4) 

19 
(35.2) 

1 (20) - 54 (100) 

Total 
(n=101) 

2 (1.98) 45 (44.6) 
85 

(84.2) 
64 

(63.4) 
80 

(79.2) 
52 

(51.5) 
72 

(71.3) 
35 

(34.7) 
4 (80) 0 101 (100) 

[Figure in parenthesis denotes percentages] 
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Figure 1: Phage group distribution among MSSA and 
MRSA 

The burden of methicillin-resistant S.aureus (MRSA) has 
been rising in the past years in many parts of the 
world.8,9 MRSA accounts for substantial morbidity, 
mortality, and socioeconomic costs.10 The 
bacteriophage typing of S.aureus strains revealed that, 
46.5% (n=47) of the total isolates were typable (23.76% 
in MSSA and 22.77% in MRSA strains) and 53.5%(n=54) 
isolates (20.8% in MSSA and 32.7% in MRSA) were non 
typable. In our study, the most common pattern is 
group III (17.8%) in MRSA & mixed group (10.9%) in 
MSSA. Among the phage types in group III, 47 was most 
common (n=5), followed by 47/77(n=4), 47/84(n=3), 
47/77/84(n=3) and 85(n=3). When compared these 
results with a study from the same Centre earlier11 
reported a predominance of group III-47/84 among 
MRSA and MSSA and a lower incidence (32.7%) of non-
typability.  

In accordance with this study, other reports in the 
country also showed that majority of MRSA strains were 
non typable (64.4%, 68.4%, 39% respectively) and most 
of the typable ones belonged to Phage group III.4,12,13 

The reports from India indicated that group III phages 
are frequently found among the hospital strains.14 In a 
recent study, have reported a higher percentage 
(45.94%) of MSSA as non-typable and among the 
typable MSSA, 45% belonged to Phage I - 52 / 79.15 A 
study reported higher incidence of phage group II- 3C 
among MSSA.5 On the contrary, in another study at 
Riyadh reported that only 30.7% strains were non 
typable and among the typable strains, Mixed group 
(64.8%) followed by group III (13%) were the 
predominant phage groups.

16 
Some study highlighted 

27.3% as non-typable and among the typable, Phage 
group III as the most predominant (54.54%).

17,18
 

In our study 55.4% of the total isolates of the S.aureus 
were MRSA whereas it was32.8% in Riyadh,

 16
 39.2% in 

Iran,19 20.3% in Germany.20 A study from Europe 
reported a wide prevalence of MRSA ranging from<1% 
to >20%21 and the changing trends were noted from 

2009 to 2014. When compared with these results, lower 
prevalence rates of MRSA were recorded in 
Maharashtra 42.8% and 24.67%,

 13, 22 
New Delhi 

29.36%
23

 and Andhra Pradesh 48%.
24

Over a period of 
time, the occurrence of MRSA in India varied from 25% 
in western part of India to 50% in Southern India.

25
 

Maximum resistance in MRSA was seen to penicillin 
(100%) followed by ciprofloxacin (76.8%), and 
gentamicin (69.6%). Among the MSSA, maximum 
resistance was seen to penicillin (95.6%) followed by 
ciprofloxacin (51.1%). High resistance to these drugs has 
also been reported in other studies from India. Similar 
results of over 90% ciprofloxacin resistance was 
reported from India.22 

In our study, out of 101 strains, 5 were from urine 
samples. All the 5 urinary strains were 100% resistant to 
norfloxacin and only 20% were resistant to 
nitrofurantoin. Among the remaining 96 strains, 35.4% 
MRSA and 31.3% MSSA were sensitive to both 
clindamycin and erythromycin. In concordance with 
these results, a study from the same institute revealed 
doxycycline and co-trimoxazole as the most effective 
first line drugs against MRSA.11A study from 
Maharashtra in 2012 observed gentamicin (91.5%) and 
erythromycin (69.5%) as the most effective drugs.23 

In this study, all typable strains (n-47) were resistant to 
penicillin (100%). Strains in phage group III/Mixed were 
highly sensitive to doxycycline (75%/85.7%), co-
trimoxazole (54%/93%), and clindamycin (62.5%/78.6%) 
and least sensitive to ciprofloxacin (20.8%/21.4%). 
Among the non-typable (n-54) strains, 87% were 
sensitive to clindamycin and doxycycline, 70.4% were to 
erythromycin and co-trimoxazole, and only 35.2% were 
sensitive to ciprofloxacin. Literatures revealed that all 
Phage group II strains were resistant to penicillin17 

whereas only 40.2% penicillin resistant strains belonged 
to phage group III.23 In our study, no strains were found 
in Phage group I and V and this phenomenon was 
reported elsewhere.11, 15 

CONCLUSION 

Therefore, regular surveillance of hospital-associated 
infections including monitoring of antimicrobial 
susceptibility (especially vancomycin, linezolid and other 
newer glycopeptides) pattern of MRSA and formulation 
of a definite antimicrobial policy may be helpful to 
reduce the occurrence of these infections in hospitals. 
Although bacteriophage typing has certain limitations 
such as; the typing technique is cumbersome, lack of 
reproducibility, time consuming and requires intense 
efforts in propagation, standardization, and 
maintenance of phages, this method is widely used 
even nowadays since it is considered as an ideal method 
of typing. Our study helps to facilitate epidemiologists 
to understand the nature of MRSA isolates in this part 
of India.   
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