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Staphylococcus aureus is a virulent pathogen in humans capable of
surviving in the otherwise sterile bloodstream and causing a serious and life
threatening bacteremia with high morbidity and mortality. Presence in the
blood increases its chances of metastasis and the risk of fatality. The choice
of antibiotic therapy has conventionally relied to a large extent on the
susceptibility of the pathogen to methicillin. In our study we intend to study
the cases of bacteremia where Staphylococcus aureus has been isolated and
compare it with other gram positive bacteria isolated from blood with
reference to their frequency of occurrence and antibiotic sensitivity patterns
with main focus on methicillin resistant strains of Staphylococcus aureus.

consistent presence of microbial pathogen in
blood indicates a compromise in the
capability of immune system to contain that
microbe at its focal site of infection. With the
rapid evolution of medical facilities especially
among hospitalized patients over the past
three decades a change in etiology of
bloodstream infections (BSIs), the frequency
of isolation of pathogens from blood, their
epidemiology and antibiotic sensitivity

Introduction
The infiltration of otherwise sterile
bloodstream of compromised hospitalized
patients by virulent nosocomial pathogens
leads to significant morbidity and mortality.
The rapid isolation and antibiotic sensitivity
pattern of these organisms causing potentially
life threatening infections thus becomes a
diagnosis of great importance.[1,2,3] A
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patients respectively.[8,9] Variations in
etiology of Hospital associated BSIs have
been observed with the age and location of
patient in the hospital. The intensive care
patients are likely to harbor CONS while
Streptococcus viridians and Staphylococcus
aureus are frequently isolated from blood
samples of ward patients. The possibility of
isolation of Enterococcus species is more
from blood samples of patients admitted in
surgical ICU as these are more frequently
reported pathogens of surgical site
infections.[10] Likewise, Enterococcus spp.
have been isolated with much greater
frequency from blood samples of older age
groups of patients that may be associated with
the need for more intensive monitoring of
geriatric patients with indwelling catheters
and invasive devices and age related breaches
of skin and mucosa.[11]

patterns has been observed. More than 50% of
these BSIs are hospital associated.[1,4]
Trends in the etiology of BSIs have changed
over time. The development of potent β
lactam
antimicrobials
acting
against
Staphylococcus aureus made Gram negative
bacilli the leading cause of hospital associated
infections including BSIs in the 1970s. Soon,
early 1980s witnessed the reemergence of
gram positive cocci in hospital environments
that was also reflected in an increase in
frequency of their isolation from blood
samples of hospitalized patients. Studies
conducted at the University of Iowa from
1981 to 1983 associated 52% and 42% of the
episodes of nosocomial BSIs with gram
negative bacilli and gram positive cocci
respectively.
However, gram positive cocci accounted for
54% of such episodes while association of
gram negative bacilli with BSIs was reduced
to 29% in the same study from 1990 to 1992
and these trends are still maintained in
different parts of the world.[5] Data from 49
hospitals across USA that took part in a
project on Surveillance and Control of
Pathogens of Epidemiologic Importance
(SCOPE) further emphasized the significance
of Gram positive cocci as etiologic agents of
hospital associated BSIs where 64% of a total
of 10,617 episodes of BSIs occurring over 3
years period were associated with gram
positive cocci and only 27% were caused by
gram negative bacilli.[6]

In the present study, the microbiological
profile of gram positive cocci isolated from
blood
samples
was
studied
and
epidemiological factors like age, gender and
critical care unit admissions were taken into
consideration in relation to the etiological
agent
isolated.
Conventional
culture
techniques were adopted for isolation of
pathogens and culture positive rates were
observed. Antibiotic sensitivity pattern of all
isolates of gram positive cocci was studied.
There was a considerable prevalence of
methicillin resistance among Staphylococcus
aureus isolates from blood samples in our
study.

Among
the
gram
positive
cocci,
Staphylococcus aureus and Coagulase
negative Staphylococci (CONS) are the most
frequent isolates from blood samples.[7] Other
causes of BSIs associated with gram positive
cocci
are
Enterococcus
spp.
and
Streptococcus spp. that form important causes
of BSIs in particular patient groups like
infective endocarditis and neutropenic

The present study mainly aims to study the
microbiological profile of all gram positive
cocci isolated from blood samples of
hospitalized patients of bacteremia. To study
the isolates of BSIs in relation to demographic
parameters like age, gender and location
within hospital. And also to study the
antibiotic sensitivity pattern and resistance to
various drugs.
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laboratory
standards
guidelines 2017.[14]

Materials and Methods

institute

(CLSI)

Study type and site
The following antibiotics were tested for the
isolates of gram positive cocci: Ampicillin
(10µg), clindamycin (2µg), erythromycin
(15µg), linezolid (30µg), vancomycin (30µg),
teicoplanin (30µg), penicillin (10units),
amoxicillin/clavulanic
acid
(20/10µg),
amikacin (30µg), gentamycin (30µg),
ciprofloxacin (5µg), co-trimoxazole (25µg),
cefoxitin (30µg) and levofloxacin (5µg).

The present study is a retrospective
observational study carried out in the
department of Microbiology, Sher-i-kashmir
institute of medical sciences (SKIMS)
Medical college hospital Bemina, Srinagar.
Study period: Three years from March 2016
to March 2019.
Samples: Blood samples from all hospitalized
patients of presumptive blood stream
infections.
Exclusion criteria: Blood samples of patients
hospitalized within 48 hours.

Culture plates with no growth obtained after
48 hours incubation were reincubated till 72
hours and observed for any growth to be
processed under steps 2-4. No growth
obtained even after 72 hours was labeled as
sterile.

Methodology

Results and Discussion

1.
Appropriate volume of blood samples
were taken from hospitalized patients under
strict aseptic precautions and delivered to the
microbiology laboratory in brain heart
infusion broth.

A total of 4100 blood samples from
hospitalized patients of all age groups were
studied in the department of Microbiology
Sher-i-Kashmir institute of medical sciences
Medical College Bemina between March
2016 and March 2019. Only patients of
suspected BSIs hospitalized more than 48
hours were included in the study. Among all
the blood samples received, culture showed
growth in 632 (15.41%) samples of blood.
Rest all samples were reported sterile
following 72 hours incubation.

2.
After an initial incubation at 37⁰C for
24 hours, all samples were inoculated on the
routine laboratory media like nutrient agar,
blood agar, MacConkey agar and chocolate
agar following the standard microbiological
techniques.[12]

All culture positive cases were studied for
individual gram positive cocci and all gram
negative bacilli were counted in a single
group. Among the culture positive growths,
292 strains of gram negative bacilli (46.20%
of observable growth) and 337 strains of gram
positive cocci (53.32% of observable growth)
were isolated. Three Candida species were
also isolated during three years study period
and all of them were observed germ tube
negative non-albicans Candida. Thus a major

3.
Any growth obtained after overnight
incubation at 37⁰C was put to confirmation by
various spot tests like catalase, coagulase and
modified oxidase or biochemical tests and
hemolytic pattern.[13]
4.
Antibiotic sensitivity testing of the
identified growth of gram positive cocci was
performed on Mueller Hinton or Chocolate
agar media using the Kirby-Bauer disc
diffusion technique according to clinical
60
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proportion of all pathogens causing
bacteremias in hospitalized patients were
gram positive cocci. The culture positivity
rates of blood sample are given below in
Table 1.

significant. Bloodstream infection has become
a subject for researchers through its
consistently changing spectrum of pathogenic
bacteria and their antibiotic sensitivity
patterns showing considerable geographic
variations.[1,2,3,15,16,17,18,19] A major part of the
world has witnessed changing trends in BSIs
which includes increasing prevalence of
hospital acquired BSIs and increase in the
incidence of pathogenic gram positive cocci
causing such nosocomial infections. In this
study, 54.78% of the total isolates were found
to be Gram positive cocci during the year
2018-19 in comparison to the previous year
isolation rate (50.94%) suggesting increase in
the trend of Gram positive isolation. This
trend may be in part due to an increase in the
use of third generation cephalosporins,
indwelling
catheters,
intravenous
administration of lipid emulsions, injection
drug use and enhanced virulence of gram
positive cocci in hospitals.[1,3,6,15,20]

Among all gram positive cocci isolated from
the blood samples, coagulase negative
Staphylococci formed a major group with 198
isolates out of 337 (58.75%) followed by 90
isolates of Staphylococcus aureus (26.70%),
42 isolates of Enterococcus spp. (12.46%)
and 7 isolates of Streptococcus spp. (2.07%).
6 Streptococcal isolates showed α hemolysis
on sheep blood agar (SBA) and on further
testing were identified as Streptococcus
viridans. One isolate showed β hemolysis on
SBA medium. A year wise segregation of the
etiological agents isolated from blood samples
of BSI patients in this institute is given below
in Table 2.
All the isolates of gram positive cocci were
observed in relation to the epidemiological
parameters like the location of the patient
within the hospital, the age group and gender
of the patient. The results of these
observations is depicted below in Table 3. A
closer observation of intensive care unit
patients for isolation of gram positive cocci
revealed the predominance of CONS among
them (43.95%) followed by Enterococcal spp.
(35.16%) and Staphylococcus aureus
(18.68%). However since the overall number
of CONS and Staphylococcus aureus isolates
was too high from ward patients, their
isolation in comparison to wards was only
20% and 19% respectively. The prevalence of
GPC among ICU patients is given in Figure 1.
The pattern of antibiotic resistance during the
three year study is given in Table 4.

During our three year study period, an overall
culture positive rate of 15.41% was observed.
This finding was well in concordance with the
culture positive rates of 16.8%, 16.6% and
16.4% observed in the studies conducted by
Vijaya Devi et al.,[21], Qureshi M et al.,[22] and
Mehta M et al.,[23] respectively. However, our
results were found discordant with a high
culture positivity of 44% observed in study by
Khanal B et al.,[24] and a low culture
positivity of 7.89% observed in study by
Anbumani N et al.,[25]
Among the 337 isolates of gram positive
cocci in our study, 198 (58.57%) were CONS,
90 (26.70%) were Staphylococcus aureus, 42
(12.46%) were Enterococcus spp. and 7
(2.07%) were Streptococcus spp. The high
isolation rates of CONS in our study was in
concordance with the study conducted by
Katyal et al.,[26] where 55.5% of total gram
positive cocci were CONS and discordant
with the study by Anbumani et al.,[25] where

Statistics
Chi-square test was applied for analysis of
categorical data. P-value <0.05 was taken as
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CONS were only 1.12% of all gram positive
cocci. A higher rate of isolation of
Staphylococcus aureus (21.9%) was observed
compared to CONS (15.6%) in a study done
by Vijay Prakash Singha and Abhishek
Mehta[27] that was discordant with the results
of our study. CONS are considered common
skin commensals and may contaminate the
blood samples if proper aseptic precautions
are not followed during specimen collection.
This might have resulted in an increased
isolation of CONS from blood samples in our
study. To rule out such contamination and to
establish CONS as a true pathogen especially
in neonates and geriatric patients, we strongly
emphasize the need for clinical correlations
and repeat blood cultures in case of isolation
of CONS. Yet an important observation in our
study was an overall decrease in the isolation
of CONS and enterococci from blood samples
in 2018-19 compared to the previous year
from 40.90% to 26.26% and 42.85% to
28.57% respectively. This strongly suggests
an improvement in the aseptic precautions
taken during sample collection and surgical
procedures.

All isolates of gram positive cocci in our
study were subject to antibiotic sensitivity
testing. An analysis of drug susceptibility of
these bacteria over a period of three year
indicated prevalence of resistance to some of
the important group of antibiotics and an
increase in rates of antibiotic resistance over
the past three years (Table 4).
Most of the isolates of coagulase negative
Staphylococci (CONS) and Staphylococcus
aureus
were
found
resistant
to
amoxicillin/clavulanic acid, cotrimoxazole,
azithromycin, erythromycin, levofloxacin,
ofloxacin and penicillin. The resistance rate of
these two groups of gram positive cocci were
comparatively lower for clindamycin (42%
and 37% respectively), ciprofloxacin (44%
and 34% respectively), cefazolin (39% and
27% respectively), gentamycin (31% and
28% respectively) and teicoplanin (26% and
28% respectively). Most of the isolates of
CONS and Staphylococcus aureus were
however found sensitive to amikacin
(sensitivity rate of 91% and 81%
respectively).Not a single isolate was found
resistant to Linezolid and Vancomycin
(sensitivity 100%).

The present study also compared various
gram positive cocci isolated with respect to
the ICU and ward patients, their gender and
age groups. A high percent of Enterococcus
spp. were isolated from blood samples
received from age group more than 50 years
(67% of all enterococcal isolates) and surgical
ICU (76% of all enterococcal isolates). Old
age was observed an independent risk factor
for acquisition of enterococcal bacteremias in
one study.[28] Enterococci are well established
gut commensals and may spill into the sterile
blood during surgical procedures or invasive
monitoring of immunocompromised elderly
patients with comorbid conditions. CONS,
Staphylococcus aureus and Streptococcus
spp. were on the contrary isolated more from
blood samples received from wards and in
pediatric age group patients.

A considerable number of CONS and
Staphylococcus aureus isolates were observed
methicillin resistant (66% CONS and 61%
Staphylococcus
aureus).
Methicillin
resistance has become a worldwide
phenomenon especially in hospitalized
patients and high rates have been observed in
various studies on blood stream infections.
Vibhor Tak et al.,[29] in their study observed
59% of Staphylococcus aureus strains
islolated from blood samples as methicillin
resistant. In similar studies Parameswaran et
al.,[7] and Wisplinghoff et al.,[30] found 26.7%
and 41% of their strains resistant to
methicillin. In our study we observed a
marked increase in the isolation rates of
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MRSA over three years duration from 48% in
2016-17 to 80% in 2018-19. We therefore
recommend effective MRSA screening
programmes
coupled
with
strict
implementation of hospital policies regarding
control of infections.

resistant. In a study an increase in percentage
of nosocomial VRE was observed from 0.3%
to 7.9% from 1989 through 1993 due to a 34
fold rise of VRE infections in ICU patients
with similar trends observed among non-ICU
patients as well.[31] However a complete
absence of vancomycin resistance was
observed in studies by Mohanty et al.,[32],
Mendiratta et al.,[33] and McBride et al.,[34]

Among the 42 isolates of Enterococcal spp.,
13 (31%) were found to be vancomycin

Table.1 Year wise culture positivity rates of blood samples collected over a three years period
Laboratory details
Total
samples
received
Reported sterile
Culture growths
Gram negative bacilli
Gram positive cocci
Candida spp.

Year 2016-2017
1282

Year 2017-2018
1270

Year 2018-2019
1548

Total
4100

1084
198 (CPR=15.44%)
89 (44.94%)
108(54.54%)
1

1066
204 (CPR=16.06%)
100 (49.01%)
103 (50.49%)
1

1318
230 (CPR=14.85%)
103 (44.78%)
126 (54.78%)
1

3468
632 (CPR=15.41%)
292 (46.20%)
337 (53.32%)
3

Table.2 Microbiological profile and frequency of isolation of Gram positive cocci isolated from
cases of BSIs
GPC isolated
Total isolates
CONS
Staphylococcus
aureus
Enterococcus spp.
Streptococcus spp.

Year 2016-2017
105
65 (32.82%)
33 (36.66%)

Year 2017-2018
118
81 (40.90%)
29 (32.22%)

Year 2018-2019
114
52 (26.26%)
28 (31.11%)

Total
337
198 (58.57%)
90 (26.70%)

12 (28.57%)
3 (42.85%)

18 (42.85%)
2 (28.57%)

12 (28.57%)
2 (28.57%)

42 (12.46%)
7 (2.07%)

Table.3 Gram positive cocci in relation to the demographic profiles
GPC isolated
CONS
Staphylococcus
aureus
Enterococcus spp.
Streptococcus spp.
Total

Location
ICU
Ward
40 (20%)
158 (80%)
17 (19%)
73 (81%)

Age group in years
>10
10-50
<50
137 (69%)
17 (9%)
44 (22%)
52 (58%)
15 (17%) 23 (25%)

Gender
Male
Female
104 (53%) 94 (47%)
68 (76%)
22 (24%)

32 (76%)
2 (29%)
91 (27%)

9 (21%)
1 (14%)
199 (59%)

14 (33%)
4 (57%)
190 (56%)

10 (24%)
5 (71%)
246 (73%)

63
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2 (29%)
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28(67%)
4 (57%)
99 (29%)

28 (67%)
3 (43%)
147 (44%)
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Table.4 Antibiotic sensitivity pattern of Gram positive cocci from March 2016 to March 2019
GPC isolate

Year

AMC
(R)

AMP
(R)

AK
(R)

AZM
(R)

CD
(R)

CONS

2016-17
2017-18
2018-19
Total
2016-17
2017-18
2018-19
Total
2016-17
2017-18
2018-19
Total
2016-17
2017-18
2018-19
Total

82
88
86
85
81
84
88
84
nt
nt
nt
nt
67
50
50
56

79
83
86
83
nt
nt
nt
nt
68
55
75
66
nt
nt
nt
nt

7
5
14
9
21
12
25
19
31
17
65
38
33
0
50
28

88
82
85
85
80
89
91
87
nt
nt
nt
nt
67
50
100
72

42
38
47
42
33
17
60
37
nt
nt
nt
nt
67
100
100
89

S. aureus

Enterococcus
spp.

Streptococcus
spp.

COT CIP
(R)
(R)
64
63
53
60
49
50
67
55
nt
nt
nt
nt
67
100
50
72

46
44
43
44
34
47
20
34
57
50
75
61
67
50
100
72

CZ
(R)

CX
(R)

E
(R)

33
39
45
39
18
12
52
27
nt
nt
nt
nt
67
100
50
72

65
68
66
66
48
56
80
61
nt
nt
nt
nt
nt
nt
nt
nt

68
79
85
77
66
59
83
69
69
58
72
66
67
100
100
89

GEN LE
(R) (R)
31
27
34
31
22
12
50
28
34
30
50
38
33
0
0
11

52
45
61
53
42
38
91
57
49
45
85
60
67
50
50
56

LZ
(R)

OF
(R)

P TEI
(R) (R)

VA
(R)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

64
56
61
60
62
56
100
73
42
25
64
44
33
50
100
61

89
91
90
90
79
65
88
77
68
60
72
67
67
50
50
56

0
0
0
0
0
0
0
0
12
9
17
13
0
0
0
0

19
14
45
26
20
23
42
28
20
12
50
27
33
0
0
11

Fig.1 Prevalence of gram positive cocci among ICU patients

In conclusion, the increased pathogenicity of
gram positive cocci combined with their
enhanced resistance to the recommended
antimicrobials due to intense selection
pressure because of excessive use of broad
spectrum antibiotics in the hospitals make
them a challenge to the clinicians in treatment

of life threatening hospital acquired
infections. This problem is further aggravated
by the increasing number of MRSA and VRE
strains isolated from blood samples. A
multidisciplinary approach to control the
spread of these strains is the need of the hour.
This includes strict implementation of
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hospital infection control measures and
antimicrobial stewardship programmes.
8.
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