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Nosocomial infection is a key factor in determining clinical outcomes among patients admitted in
intensive care units. Studies on nosocomial infections in ICUs found that respiratory tract infections,
blood stream infections, urinary tract infections and soft tissue infections are the common
nosocomial infections in ICUs. These organisms causing nosocomial infections are highly resistant
to antibiotics. Early recognition of bacteria and appropriate antimicrobial therapy are essential for
controlling infection, preventing the morbidity and improve the quality of life. Aims of this study are
to find out the profile of Gram positive bacteria causing nosocomial infection in patients admitted in
intensive care units and to know the antibiotic susceptibility pattern of the nosocomial isolates. A
total of 192 culture positive samples were taken from various clinical specimens. The organisms
were identified by Gram staining, cultural characteristics and a battery of biochemical tests. Drug
susceptibility was performed on the isolates by Kirby Bauer’s disk diffusion method. A total of 202
organisms were isolated from 192 various clinical samples. Respiratory tract infection 76(39.6%)
was the most common infection in Intensive care units. The number of Gram positive isolates was 60
(29.7%). 142 (70.3%) Gram negative organisms were isolated. The most common Gram positive
cocci was Staphylococcus aureus 34 (16.8%) followed by CONS 16(26.6%). Among Gram positive
cocci minimum resistance was seen against vancomycin (6.7%) followed by linezolid (10%) and
cotrimoxazole (26.6%). Methicillin resistance was seen in 28 (82.35%) of S. aureus. 57.1% of
MRSA caused respiratory tract infection. This study shows that Gram positive bacteria can cause
serious infections in intensive care units. The most common isolates were S. aureus followed by
CONS the isolates were resistant to most of the drugs. For Gram positive cocci the most effective
antibiotics were vancomycin followed by linezolid and cotrimoxazole. Appropriate antibiotic
utilization in Intensive Care Units is crucial not only in ensuring an optimal outcome but also in
preventing multidrug resistant bacteria.
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Introduction
An infection is considered as HealthcareAssociated Infection (HAI) or nosocomial
infection if it occurs within 48 hours after
hospitalization, or after 3 days of discharge or
30 days after operation. According to CDC
(Centre for disease prevention and control)
guidelines
The
National
Nosocomial
Surveillance System (NNIS) states that
nosocomial infection results from an adverse
reaction to the presence of an infectious agent
or toxin that was not presenting or incubating
at the time of admission to the hospital.
Recently CDC guidelines states that the date
of event of the NHSN (National healthcare
safety network) site-specific infection criterion
occurs on or after the 3rd calendar day of
admission to an inpatient location where day
of admission is calendar day 1 (CDC, 2016;
Al-Jawady et al., 2012).
Nosocomial infection is an important factor in
determining clinical outcomes among patients
admitted in intensive care units. Critically ill
patients in intensive care unit (ICU) are 5 – 10
times more likely to acquire nosocomial
infections than those in general wards (Datta
et al., 2014; Kaul et al., 2007).
Studies on nosocomial infections in ICUs have
found that respiratory tract infections, blood
stream infections, urinary tract infections and
soft tissue infections are the common
nosocomial infections in ICUs.
Samples of urine, blood, pus, sputum and
endotracheal secretions when evaluated had
Gram negative isolates followed by Gram
positive isolates. Among the Gram positive
bacterial organisms isolated from ICUs there
is a high prevalence of Staphylococcus aureus
and Coagulase negative Staphylococcus
species followed by Enterococcus (Robert,
1998; Sharma et al., 2013).

These Gram positive organisms isolated are
highly resistant to antibiotics. Most of them
are methicillin resistant Staphylococcus
aureus, high level aminoglycoside producing
Enterococci and vancomycin resistant
Enterococci Previous studies have shown that
for Gram positive organisms isolated from
ICUs the most effective drug has been
vancomycin and has proved as a reliable agent
for empirical treatment (Sheth et al., 2012).
The consequences depend on the source
involved, organisms associated, underlying
morbidity and appropriateness of interventions
received.
This may be related to the use of large number
of invasive monitoring devices, endotracheal
and tracheostomy tubes, factors like extremes
of
age,
immunocompromised
status,
malnutrition, severe underlying disease, wide
use of antibiotics and high incidence of cross
infection (Datta et al., 2014).
The incidence and prevalence of multidrug
resistant organisms are so high in the hospital
settings that even effective drugs like
fluoroquinolones,
third
generation
cephalosporins, aminoglycosides etc. are fast
losing their utility in covering hospital
pathogens, thus restricting the choice of
antimicrobials for treating serious infections.
Early recognition of bacteria and appropriate
antimicrobial therapy are essential for
preventing the morbidity, improve the quality
of life and decrease the spread of resistance.
Since limited data are available concerning
infection, mortality rates and antibiotic
susceptibility of nosocomial Gram positive
pathogens in our hospital settings, therefore
the present study was taken to determine the
types, frequency of Gram positive nosocomial
bacterial isolates and their antibiotic
susceptibility pattern.
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Materials and Methods
The present study was undertaken at the
department of Microbiology, BLDEUs Shri
B.M. Patil medical college and hospital,
Vijayapur during the period from 01-01-2014
to 30-06-2015. The study included a total of
192 culture positive samples taken from
patients of both sexes irrespective of age
groups admitted in the ICUs of BLDEUs, Shri
B.M. Patil medical college, hospital and
research centre, Vijayapur.
Inclusion criteria
Samples collected after 48 hours of admission
of the patient to neonatal ICU (NICU),
surgical ICU (SICU), pediatric ICU (PICU),
Intensive cardiac care unit (ICCU) and critical
care unit (CCU) were included. Single or
mixed growth from patients was included in
the study.
Exclusion criteria
Anaerobic, fungal organisms, repeat samples
from the same patient and samples collected
before 48 hours of admission of the patient to
ICU were excluded.
Blood samples were collected under aseptic
precautions in blood culture bottles. Urine
specimens from catheterised patients were
collected in universal containers. Respiratory
samples like sputum and endotracheal
aspirates were collected in sqat, wide mouth
disposable containers. Throat Swabs were
placed in swab transport system containing
stuart’s transport medium and sent to lab. Pus
from superficial wound were collected with
swab and from deep wounds it was aspirated
and collected in sterile small screw capped
bottles. The containers were labelled with the
name of patient, identification number, culture
site, date of collection and time of collection.
The specimens were transported to the

laboratory within 30 minutes to 2 hours the
samples were inoculated on Nutrient agar,
Blood agar and Mac Conkey’s medium for
samples other than urine. Urine samples were
inoculated on CLED agar and Mac Conkey’s
medium. The media were incubated at 37C
for 24-48 hours. The isolates were identified
by Gram staining, colony morphology and
standard biochemical tests (Collee and Marr,
2012).
Antibiotic susceptibility tests were done on
Gram positive isolates by Kirby bauer disc
diffusion method according to CLSI
guidelines (CLSI, 2012). The discs used were
penicillin
(10g)
cloxacillin
(10g),
ciprofloxacin (5g), cefuroxime (30g),
ceftriaxone (30g), cephalexin (30g),
azithromycin (15g), gentamicin (10g),
tetracycline
(30g),
linezolid
(30g),
vancomycin (30g), norfloxacin (10 g),
piperacillin-tazobactam
(100/10g)
and
cotrimoxazole (25g). Methicillin resistant
Staphylococcus (MRSA) was detected by
standard disc diffusion method using cefoxitin
(30g) and oxacillin (1g) discs The
organisms were deemed methicillin resistant
when zone of inhibition was <10mm for
oxacillin and <19 mm for cefoxitin discs
(Cekovska et al., 2005).
Statistical analysis
It was carried out by SPSS 14 software and
data was analysed
In the form of percentage with tables
By diagrammatic presentation in the form of
pie charts and graphs
Results and Discussion
A total of 202 organisms were isolated from
192 various clinical samples. Most of the
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isolates were from respiratory specimens
[sputum 38, endotracheal secretion 32 and
throat swab 6] 76 (39.5%) followed by pus
samples 44 (22.9%). The distribution of
various clinical samples is shown in Table 1.
Most of the samples obtained were from males
116 (60.6%) and 76 (39.6%) were from
females. The major age group was 1 day - 1
year which included 40 (20.9%) samples
followed by 41- 50 years and 61-70 years
which included 26 (13.5 %) samples. The
demographic characteristics of the study are
shown in Figure 1.
Respiratory tract infection 76(39.6%) was the
most common infection in Intensive care
units. It was followed by skin and soft tissue
infection 44 (22.9%), urinary tract infection 40
(20.8%) and blood stream infection 32
(16.7%). The distribution of nosocomial
infections is shown in Figure 2.
Out of the 192 patients suffering from
nosocomial infections 82 (42.7%) were
suffering from comorbid conditions like
hypertension, diabetes, COPD and AIDS.
Majority of them were suffering from
hypertension 36 (18.7%) followed by Diabetes
20 (10.4%). 110 (57.3%) of patients were not
suffering from any comorbid condition (Table
2).
Out of the 192 samples processed 202
organisms were isolated. From 182 samples
single organism was isolated. 10 samples had
mixed growth. The number of Gram positive
isolates was 60 (29.7%) and 142 (70.3%)
Gram negative organisms were isolated.
The most common Gram positive cocci was
Staphylococcus aureus 34 (56.6%) followed
by Coagulase negative Staphylococci 16
(26.6%). The distribution of Gram positive
organisms is shown in (Table 3).

The most common nosocomial infection
caused by Staphylococcus aureus was
respiratory tract infections 16 (47.1%).12
(75%) of CONS caused blood stream
infections.4 (40%) of Enterococcus species
was the major cause of urinary tract infection
and skin and soft tissue infection (Table 4).
Staphylococcus aureus was the most common
Gram positive isolate in CCU, ICCU, NICU
and SICU. The distribution of isolates in
different ICUs is shown in Table 5.
Antibiotic resistance pattern of Gram
positive cocci
Among Gram positive organisms maximum
resistance was seen against penicillin and
norfloxacin (96.6%) followed by cephalexin
(93.3%) and ceftriaxone, ciprofloxacin
(83.3%). Minumum resistance was seen
against vancomycin (6.7%) followed by
linezolid (10%) and cotrimoxazole (26.6%).
All of the Staphylococcus aureus were seen to
be resistant against penicillin (100%). It was
followed by resistance to cephalexin and
norfloxacin (94.1%).
High resistance was also seen against
cloxacillin
and
ceftriaxone
(82.3%),
ciprofloxacin and cefuroxime (76.5%) and,
azithromycin and gentamicin (58.8%).
Maximum susceptibility of Staphylococcus
was seen against vancomycin (100%)
followed by linezolid (94.1%), cotrimoxazole
(88.2%) and tetracycline (70.6%).
Among CONS maximum resistance was seen
against fluoroquinolones like ciprofloxacin
and norfloxacin (100%) followed by penicillin
(87.5%) and cephalosporins. Most of them
were found to be susceptible to vancomycin
(100%) followed by linezolid (87.5%),
cotrimoxazole and tetracycline (62.5%).
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Most of the Enterococcus species were found
to be resistant to penicillin, cloxacillin,
cephalosporins, azithromicin, gentamicin and
norfloxacin (100%) followed by tetracycline,
piperacillin – tazobactam (80%) and
cotrimoxazole (60%). Maximum susceptibility
was seen against linezolid (80%) followed by
vancomycin (60%). The antibiotic resistance
pattern is of Gram positive organisms are
shown in (Fig. 3).
Distribution
of
methicillin
Staphylococcus aureus (MRSA)

resistant

Of the 34 Staphylococcus aureus isolates
methicillin resistance was seen in 28
(82.35%). 57.1% of MRSA caused respiratory
tract infection. 21.4 % of MRSA were
responsible for blood stream infection and
skin and soft tissue infection (Fig. 4).

Patients in the intensive care units (ICUs)
have a 5 to 7 fold higher risk of nosocomial
infections.20-25%
of
the
nosocomial
infections develop in ICUs. By far the most
important causative agents of nosocomial
infections are bacteria. A large number of
Gram positive bacteria like S. aureus, CONS
and Enterococcus are potential pathogens in
hospitalised patients which can lead to
respiratory tract infections, urinary tract
infections, skin and soft tissue infections and
blood stream infections (Sharma et al., 2013).
Antibiotic resistance in the intensive care units
(ICUs) is a major world-wide problem. It has
been found that the spread of drug resistant
organisms in the ICUs is related to the
widespread use of antibiotics (Radji et al.,
2011).

Table.1 Distribution of various clinical samples received from different ICU
Specimen
Respiratory specimens
1. Sputum 38(19.8%)
2. ET secretion 32(16.7%)
3. Throat swab 06(3.1%)
Pus
Urine
Blood
Total

No
76

Percentage (%)
39.5%

44
40
32
192

22.9 %
20.8 %
16.7%
100%

Table.2 Comorbid conditions
Co-morbid condition
1.Hypertension
2.Diabeties
3.Hypertension & Diabetes
4.COPD
5.AIDS
No co-morbid condition
Total
3263

Number

Percentage

36
20
16
6
4
110
192

18.7%
10.4%
8.8%
3.1%
2.1%
57.3%
100%
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Table.3 Bacteriological profile of Gram positive organisms isolated from ICUs
Organisms
1. Staphylococcus aureus
2. CONS
3. Enterococcus species
Total

No
34
16
10
60

Percentage (%)
56.6%
26.6%
16.6%
100%

Table.4 Distribution of each pathogen in different nosocomial infections
Organism
Staphylococcus aureus
CONS
Enterococcus species
Total organisms

RTI
No (%)
16(47.1%)
02(12.5%)
00(0%)
18

SSTI
No (%)
10(29.4%)
02(12.5%)
04(40%)
16

UTI
No (%)
00(0%)
00(0%)
04(40%)
04

BSI
No (%)
08(23.5%)
12(75%)
02(20%)
22

Total
No
34
16
10
60

Table.5 Distribution of the isolates in different ICUs
Organism
Staphylococcus aureus (34)
CONS (16)
Enterococcus species (10)
Total (60)

CCU
No (%)
8(66.6%)
2(16.6%)
2(16.6%)
12(100%)

ICCU
No (%)
10(71.4%)
0(0%)
4(28.5%)
14(100%)

NICU
No (%)
12(50%)
10(41.6%)
2(8.3%)
24(100%)

Fig.1 Demographic characteristics of the study
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SICU
No (%)
4(50%)
2(25%)
2(25%)
8(100%)

PICU
No (%)
0(0%)
2(100%)
0(0%)
2(100%)
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Fig.2 Distribution of nosocomial infections in ICUs

Fig.3 Antibiotic resistance pattern of Gram positive cocci

Fig.4 Percentage of nosocomial infections caused by MRSA

3265

Int.J.Curr.Microbiol.App.Sci (2018) 7(10): 3259-3269

In this study a total of 202 organisms were
isolated from 192 various clinical samples.
Most of the isolates were from respiratory
samples 76 (39.5%) [Sputum 38 (19.8%),
endotracheal secretion 32 (16.7%) and throat
swab 6 (3.12%)] followed by pus samples 44
(22.9%). Our data correlates with the results
of study conducted by (Zhanel et al., 2005).
Another report by (Patel BV et al., 2012)
highlights the variability in distribution of
specimens where most of the isolates were
from urine samples followed by blood and
pus. The widespread use of tracheal
intubation and mechanical ventilation to
support the patients in ICUs increases the risk
of nosocomial respiratory tract infections.
In the present study most of the samples
obtained were from males 116 (60.6%) and
76 (39.6%) were from females. This is in
consistence with the study conducted by
(Zhanel et al., 2005) where most of the
isolates were from male patients. It is in
contrast with the study conducted by (AlJawady et al., 2005) where most of the
isolates were obtained from females. The
major age group was < 1 year which included
40 (20.9%) samples followed by 41- 50 years
and 61-70 years which included 26 (13.5 %)
samples. It is in contrast with the study
conducted by (Zhanel et al., 2005) where the
major age group was 18-64 years. This is
probably due to low level of immunity in < 1
year age group and higher incidence of
serious illness in ageing population.
In this study respiratory tract infection
76(39.6%) was the most common infection. It
was followed by skin and soft tissue infection
44 (22.9%), urinary tract infection 40 (20.8%)
and blood stream infection 32 (16.7%). The
widespread use of mechanical ventilation and
endotracheal intubation in critically ill
patients increases the risk of nosocomial
respiratory tract infections. Comparable
results have been published by (Aksaray et

al., 2000) and (Radji et al., 2011). It is in
contrast with the study conducted by (Mythri
et al., 2014) where the most common
nosocomial infection was urinary tract
infection followed by respiratory tract
infection.
Out of the 192 patients suffering from
nosocomial infections 82 (42.7%) were
suffering from comorbid conditions like
hypertension, diabetes, COPD and AIDS. The
presence of comorbid conditions may
aggravate the underlying clinical conditions
and increase the risk of complications and
may also influence the treatment response or
outcome. Similar comorbid conditions were
seen in studies conducted by (Datta et al.,
2014).
The most common Gram positive cocci was
Staphylococcus aureus 34 (56.6%) followed
by Coagulase negative Staphylococci 16
(26.6%). This is similar to the other previous
studies (Radji et al., 2011; Patel et al., 2012;
Mathur et al., 2005). It may be due to their
wide prevalence in the hospital environment.
In addition, their frequent resistance to
antibiotic may play a role in their persistence
and spread (Al- Jawady et al., 2012).
The most common nosocomial infection
caused by Staphylococcus aureus was
respiratory tract infections 16 (47.1%). This
data is similar to the studies conducted by
(Zhanel GG et al., 2005) and (Sharma SK et
al., 2013) but is in contrast with the other
studies (Al- Jawady et al., 2012; Patel et al.,
2012). 12 (75%) of CONS caused blood
stream infections. This data correlates with
the study conducted by (Zhanel et al., 2005)
but is in contrast with the study conducted by
(Sharma et al., 2013). Where Enterococcus
was the most common cause of blood stream
infections.
Bacterial
polysaccharide
components are involved in attachment /
persistence of bacterial on foreign materials
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(indwelling devices). They can colonise the
polymer surface by formation of thick
multilayered biofilm and track down the
catheters causing bloodstream infection. 4
(40%) of Enterococcus species was the major
cause of urinary tract infection. This is in
accordance with the studies conducted by
(Zhanel GG et al., 2005). The data shows
variability with the study conducted by
Sharma et al., (2013). 4(40%) of
Enterococcus species was the major cause
and skin and soft tissue infection. This data is
in contrast with other studies (Al-Jawady et
al., 2012; Zhanel et al., 2005; Sharma et al.,
2013) where S. aureus was the most common
organism isolated from skin and soft tissue
infection.
Staphylococcus aureus was the most common
Gram positive isolate in CCU, ICCU, NICU
and SICU. This is in accordance with the
previous studies (Deepa et al., 2014; Tsering
et al., 2011).
Antimicrobial agents are among the most
commonly used drugs among hospitalised
patients. The emergence of antimicrobial
resistance in ICUs is of great concern as it
increases the like hood of drug interactions /
side effects and cost of therapy due to use of
newer antibiotics. In the present study
maximum resistance was seen against
penicillin and norfloxacin (96.6%) followed
by cephalexin (93.3%) and ceftriaxone,
ciprofloxacin (83.3%). This high rate of
resistance might be due to the selective
influence of extensive usage of these drugs.
Minimum resistance was seen against
vancomycin (6.7%) followed by linezolid
(10%) and cotrimoxazole (26.6%). The high
level of sensitivity may be due to less
frequent use of such antibiotics in hospital.
These data are comparable with the results by
(Al Jawady et al., 2012; Datta et al., 2014;
Sheth et al., 2012; Zhanel et al., 2005) where
minimum resistance was seen against

vancomycin and linezolid and maximum
resistance was seen against beta lactam group
of drugs like penicillin and cephalosporins. In
the present study the resistance seen against
fluoroquinolones like ciprofloxacin is similar
with the study conducted by (Al –Jawady et
al., 2012) where it was seen to be (71.5%) but
is in contrast with the study conducted by
(Sheth et al., 2012) where high sensitivity was
seen (80%).
All the strains of S. aureus and CONS were
found to be susceptible to vancomycin and
linezolid followed by cotrimoxazole and
tetracycline similar to previous studies (Datta
et al., 2014; Radji et al., 2011; Zhanel et al.,
2005). This is in contrast with the study
conducted by (Sheth et al., 2012) where there
was a high resistance seen against
cotrimoxazole (75%) in S. aureus. Maximum
resistance was seen against penicillin and
cephalosporins followed by cloxacillin. High
resistance
was
also
seen
against
fluoroquinolones,
azithromycin
and
gentamicin. It is similar to other studies (AlJawady et al., 2012; Datta et al., 2014; Radji
et al., 2011; Zhanel et al., 2005).
Methicillin resistant S. aureus (MRSA) was
first described in 1961, reported one year of
introduction of methicillin and has emerged
as one of the most important nosocomial
pathogens in the last two decades. MRSA is
of serious concern not due to its sole
resistance to methicillin but also to many
other antimicrobials that are used on regular
basis in hospitals. Current therapeutic options
for MRSA are limited to few expensive drugs
like vancomycin, linezolid, teicoplanin,
daptomycin and streptogramins (Mir et al.,
2013).
In the present study out of the 34
Staphylococcus aureus isolates methicillin
resistance was seen in 28 (82.35%). This data
is in accordance with the study conducted by
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(Klevens et al., 2007) in US where the
percentage of MRSA causing nosocomial
infection in intensive care unit patients was
64.4%. It is in contrast with the other studies
where the percentage of MRSA is
comparatively lower.
This variation in percentage may be because
of several factors like healthcare facilities
available in the particular hospital,
implementation and monitoring of infection
control committee, rationale antibiotic usage
which varies from hospital to hospital. In the
present study high percentage of MRSA is
seen because of indiscriminate use of
antibiotics without drug sensitivity testing
which may be due to negligence on the part of
medical practitioners or patients’ poor
economic status (Mir et al., 2013).
In the present study 57.1% of MRSA caused
respiratory tract infection. 21.4 % of MRSA
were responsible for blood stream infection
and skin and soft tissue infection. This data
correlates with the study conducted by
(Shrestha et al., 2009) where majority of the
MRSA were responsible for respiratory tract
infections (82.3%). There is variability in the
percentage of infections in other studies
(Zhanel et al., 2005; Mir et al., 2013; Madani
et al., 2001).
To put into a nutshell nosocomial infections
in ICUs are foremost aspect which needs to
be tackled carefully and efficiently by the
healthcare professional for the betterment of
patients who are hospitalized. The prescribing
of antibiotics in ICUs is usually empiric.
Therefore the ongoing surveillance of
antibiogram of bacteria is fundamental effort
to monitor changes in susceptibility patterns
and guide the clinician in choosing empirical
therapy appropriately. Appropriate antibiotic
utilization in ICUs is crucial in ensuring
optimal outcome and preventing the
emergence of multidrug resistance bacteria.
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