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ABSTRACT

Introduction:
ABSTRACT Surgical site infections are one of the most commonly reported nosocomial infections resulting into
significant morbidity and mortality. Hospital admission and surgical procedures increase the risk of infection with
Background: Otitis media with effusion (OME) is a common disorder in children and lacks international
multidrug resistant pathogens. This study was aimed to determine the bacterial agents associated with surgical site
consensus for its treatment. Out of various treatment options, few studies have show promising benefits
infections and antibiotic resistance patterns of the isolates. Methods: A total of 161 specimens from patients with
of steroids for this condition. The objective of this study was to find the efficacy of steroid in treatment of
surgical site infections were included in this study. Isolation, identification and antibiotic susceptibility testing of the
OME and compare effectiveness of various modalities of treatment for OME. Also, we conducted their costisolates was performed by standard microbiological techniques. Results: Out of 161 samples, 94 bacterial isolates
effectiveness analysis. Methods: In this experimental study, 160 children between one and 12 years of age
were recovered. Gram positive bacteria were isolated in 57.4% (54/94) cases and Staphylococcus aureus was the most
having OME between September 2018 and January 2020 were randomized into four parallel groups and
common organism (49/54) with 65.3% (32/49) methicillin resistant Staphylococcus aureus isolates. All S. aureus isolates
were managed with antibiotics-antihistamines-decongestant combination, nasal steroid spray, oral steroid,
were susceptible to vancomycin. Gram negative bacteria constituted 42.6% (40/94) of total isolates and Escherichia coli
and watchful observation respectively. They were re-evaluated in one-month period for improvement in
was the commonest organism (13/40). Majority of Gram negative isolates were susceptible to amikacin, imipenem and
OME and appearance of any adverse effects. Improvement was compared with Chi-square test. Results:
piperacillin-tazobactam. Resistance to imipenem was detected among isolates of E coli, Pseudomonas and Acinetobacter
A total of 160 participants were randomly divided into four groups by block randomization. The group
species. Conclusion: Gram positive isolates were more commonly associated with surgical site infections. High percentage
treated with nasal steroid spray showed statistically significant improvement. The group treated with oral
of MRSA was detected among the S. aureus isolates but no vancomycin resistant S. aureus. High percentage of Gram
steroid showed improvement but was not statistically significant. Improvement was significantly lower in
negative isolates was susceptible to imipenem, piperacillin-tazobactam, amikacin and gentamicin.

observation group. Cost of treatment was in the decreasing order in antibiotics-combination, nasal steroid
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efficacious treatment among the four modalities for OME. Furthermore, steroids were safe and cheaper than
antibiotics combination.
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Surgical Site Infections in a Tertiary Care Hospital

Despite technical advances in infection control and surgical practices, even in hospitals with modern facilities, SSIs
remain continue to be a major problem.9 These infections
are caused by exogenous and/or endogenous microorganisms that enter the surgical site either during or after the
surgical procedure. Infections usually develop within five
to seven days of surgery. The presentation of an infected
surgical wound can be characterized by pain, tenderness,
warmth, erythema, swelling and pus formation. The factors
that influence risk of SSIs include age, nutritional status,
pre-existing infection, co-morbid illness, pre-operative site
preparation, poor surgical technique, prolonged duration
of surgery and inadequate sterilization of surgical instruments.9 In addition, the virulence factors of the organisms,
physiological state of the wound tissue and immunity of
the host are also important factors.10

Pathogens that are able to survive in the hospital environment for long period and resist the action of disinfectants
are particularly more important for SSIs. These infections
are further complicated by increasing prevalence of multidrug resistant organisms like methicillin resistant Staphylococcus aureus (MRSA), vancomycin resistant Enterococci
(VRE), multidrug resistant E coli, Pseudomonas spp and
Acinetobacter spp.11,12

Limited data is available regarding etiological agents of
SSIs and resistance profile of the isolates in most of the
developing countries including Nepal.7,8 Therefore, present study was conducted to identify the causative agents of
SSIs and antibiotic resistance patterns of the isolates. Findings of the study would be beneficial for medical practitioners to select appropriate empirical antimicrobial therapy and implementation of infection control measures.

METHODS

Study setting and period: This hospital based cross-sectional study was undertaken at Manipal Teaching Hospital,
Pokhara, Nepal, between September 2019 to December
2019. Approval from the Institutional Review Committee
(IRC) of Manipal College of Medical Sciences (MCOMS),
Pokhara, Nepal, was obtained before the commencement
of the study. Manipal Teaching Hospital provides surgical
care to the patients visiting various department including
General Surgery, Neurosurgery, Urosurgery, Orthopedics,
Obstetrics and Gynecology, Otorhinolaryngology, Ophthalmology and Dental departments. This hospital has eight
operation theaters and performs approximately 200 different surgeries in a month with seasonal variation.
Specimen collection and transportation: A total of 161
page 34

swabs from infected surgical sites were included in this
study. All the specimens were immediately transported and processed in the clinical microbiology laboratory.
Sociodemographic details, medical history and other demographic data were retrieved from medical record using
structured format

Isolation and identification of bacterial isolates: Samples
were inoculated on Blood agar, Chocolate agar and MacConkey agar plates. Inoculated plates were aerobically incubated at 37°C for 24 to 48 hours. Blood agar and chocolate agar plates were incubated under 5% CO2 in a candle
jar. Identification of the isolates was performed by standard microbiological techniques such as colony morphology, Gram stain, IMViC test, catalase test, coagulase test
etc.13 Plates showing no bacterial growth after 48 hours of
incubation were discarded and reported accordingly.

Antibiotic susceptibility testing: Antibiotic susceptibility
testing of the isolates was performed on Mueller Hinton
agar (HI Media, Mumbai, India) by the Kirby–Bauer disc
diffusion method.14 Bacterial isolates showing resistance
to at least one agent in three or more antimicrobial categories were labeled as multi drug resistant (MDR).15 Methicillin resistance among S. aureus isolates were screened
by the cefoxitin (30 μg) disc diffusion method.14 Extended
Spectrum Beta Lactamase (ESBL) production among Gram
negative bacilli was detected by standard methods.14 Minimal inhibitory concentration (MIC) of vancomycin was
performed by the Epsilometer test following CLSI guidelines to rule out the possibility of vancomycin resistant
Staphylococcus aureus (VRSA) and vancomycin intermediate Staphylococcus aureus (VISA).14

RESULTS

Specimens from 161 patients with clinical features of
post-surgical infection were included in this study of
which, 104 (64.6%) were males and 57 (35.4%) were females. Bacterial growth was detected in 80/161 (53 male
and 27 female) samples yielding a total of 94 bacterial
isolates. Single bacterial isolate were recovered from 66
(82.5%) samples whereas 14 (17.5%) samples had two
types of bacteria. Details of age and gender distribution of
the patients are shown in Table 1.
Table 1: Age and gender distribution of the patients
Gender
Male

Female
Total

Age groups (years)

<20

20-40

41-60

61-80

>80

07

18

17

20

02

21
28

20
38
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24
41

27
47

Total

05

97

07

161

64
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Gram positive bacteria were isolated in 57.4% (54/94) cases and S. aureus was the most common organism (49/54).
Gram negative bacteria constituted 42.6% (40/94) of total
isolates and E coli was the commonest organism (13/40)
followed by Pseudomonas species (11/40) and others.
Details of the etiological agents and clinical conditions requiring surgery are depicted in Table 2.
Table 2: Frequency of etiological agents associated with
surgical sites
Indications for surgery

Etiological agents

Appendicitis Hernia Ovarian Cyst Ulcer Others Total

MRSA

10

03

01

07

11

32

Pseudomonas spp.

01

01

—

—

09

11

MSSA

06

Acinetobacter spp.

01

E coli
Proteus spp.

Enterobacter spp.

06

—

02

02

01

—

—

—

—
—

24

—

—

—

—

—

01

06

03

—

—

06

—

01

Streptococcus pyogenes
Total

—

01

01

Enterococcus spp.

—

04

03

01

Klebsiella pneumoniae

01

—
—
—

13

06
04

—

03
01

48

17

07

13

03
05
01
04
01

94

Out of 49 S. aureus isolates, 32 (65.3%) were MRSA and
remaining were MSSA. Majority of S. aureus isolates were
susceptible to amikacin and tetracycline. All isolates of S.
aureus and Enterococcus species were susceptible to vancomycin. Vancomycin E test for MRSA (Figure: 1) showed
all isolates were susceptible with MIC values ranging
from 0.75 µg/ml to 1µg/ml. Among MRSA isolates, 81.2%
(26/32) were multidrug resistant (MDR). Details of antibiotic resistance patterns of Gram positive isolates are
shown in Table 3.

13 E coli isolates, 46.2% were ESBL producers. Klebsiella
species showed higher resistance to amikacin, gentamicin,
ciprofloxacin and piperacillin-tazobactum as compared to
E coli isolates. However, the difference was statistically insignificant. Among Klebsiella species, 40% (2/5) isolates
were ESBL producers. Majority of the Pseudomonas species were susceptible to the commonly used antibiotics
except ceftazidime. Among non fermentative Gram negative bacilli, higher resistance was observed among Acinetobacter species as compared to Pseudomonas species.
Resistance to imipenem was detected in one isolate of E
coli, one isolate of Pseudomonas species and two isolates
of Acinetobacter species. Details of antibiotic resistance
patterns of Gram negative isolates are shown in Table 4.
Table 4: Antibiotic resistance patterns of Gram negative
isolates
Antibiotic
Amikacin

Proteus
Klebsiella Pseudomonas Acinetobacter
E coli
species
species
species
species
(N= 13)
(N= 11)
(N= 07)
(N= 05)
(N=03)
Frequency (%) Frequency (%) Frequency (%) Frequency (%) Frequency (%)
01(7.7%)

01 (20%)

Gentamicin

02(15.4%)

01 (20%)

Imipenem

01(7.7%)

--

Ciprofloxacin 05(38.5%)
Cefepime

06 (46.2%)

Piperacillin02 (15.4%)
Tazobactam

Cefotaxime 06 (46.2%)

Ceftazidime 06 (46.2%)

01 (9%)

03 (42.8%)

01 (9%)

02 (28.5%)

02 (40%)

02 (18.1%)

02 (40%)

02 (18.1%)

01 (20%)

02 (40%)

Tobramycin

04 (57.1%)

01 (9%)

04 (57.1%)

04 (57.1%)

00

01 (33.3%)
01 (33.3%)
00

01 (33.3%)

01 (10%)

02 (28.5%)

01 (33.3%)

05 (45.4%)

04 (57.1%)

--

--

1 (9%)

--

3(42.8%)

01 (33.3%)
--

Table 3: Antibiotic resistance patterns of Gram positive
isolates
Antibiotic

Amikacin

Gentamicin

Tetracycline
Teicoplanin

Chloramphenicol

04 (8.1%)

Enterococcus
species
(N= 04)
Frequency (%)
--

Streptococcus
pyogenes
(N= 01)
Frequency (%)
--

--

00

--

S. aureus
(N= 49)
Frequency (%)
15 (30.6%)
04 (8.1%)
--

Co-Trimoxazole

08 (16.2%)

Cefoxitin

32 (65.3%)

Erythromycin
Clindamycin

Ciprofloxacin
Vancomycin

--

01 (25%)
00
--

00
--

--

00

34 (69.3%)

04 (100%)

01 (100%)

33 (67.3%)
00

04 (100%)
00

01 (100%)
--

29 (59.1%)

---

---

Majority of Gram negative isolates were susceptible to
amikacin, imipenem and piperacillin-tazobactum. Out of

Figure 1: Vancomycin E test of MRSA

DISCUSSION

Despite advancement in the surgical and antiseptic/disinfection techniques, management of SSIs remains challenging. Hospital environmental surfaces, objects, instruments
and healthcare professionals serve as a potential reservoir
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for infectious agents.16 Bacterial agents survive on these
areas for variable duration of time depending upon number of factors. Increasing resistance among the nosocomial
bacterial pathogens and emergence of multidrug resistant
isolates further contributes to the increasing incidences of
SSIs. In addition, patient’s own bacterial flora get opportunity to colonize and multiply in the subcutaneous tissues
resulting into post-operative wound infections. SSIs are
reported as third most common nosocomial infections following urinary tract infections and pneumonias.17

The prevalence of SSIs, etiological agents and antimicrobial resistance patterns of the isolates vary from hospital
to hospital, geographical area and country depending upon
various factors. These factors include diversity of the study
population, antimicrobial use patterns, microbial carrier
rates and infection control practices. Therefore, it is important to have adequate data regarding etiological agents
and resistance patterns of the isolates at local, regional and
national level for better management of SSIs. S. aureus, is a
major human pathogen and a predominant cause of SSIs
worldwide with a prevalence rate ranging from 4.6% to
54.4%.18

In our study, bacterial growth was detected only in only
49.7% (80/161) samples. Low rate of bacterial isolation
could be due to prophylactic use of antibiotics like cefazolin, ceftriaxone and cefaperazone sulbactam. Anaerobic bacteria constitute a significant part of indigenous flora
and have been isolated from surgical sites.19 Association of
anaerobic bacterial pathogens could be another possible
reason for low rate of bacterial isolation in our study.

According to CDC, S. aureus, CoNS and E coli were the most
prevalent organisms associated with SSIs.20 In our study,
two most common bacterial isolates were S. aureus and E
coli. S. aureus, being normal flora of skin, nasal cavity and
various other anatomical sites, likely to colonize the surgical site resulting into endogenous infection. In addition S.
aureus is one of the most prevalent nosocomial pathogens,
colonizing healthcare workers and residing on hospital environmental surfaces.16 Similar findings have been reported from Nepal and other countries.21 -24

In our study, methicillin resistance was detected among
65.3% S. aureus isolates, which is higher than other studies conducted within and outside Nepal.22,23,25 High rate of
MRSA in our study could be due to prophylactic use of antibiotics and high prevalence of MRSA in the Western region of Nepal. Isolation of high percentage of MRSA from
surgical sites limits the therapeutic options and prolongs
the duration of hospital stay. However, no vancomycin re-
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sistant isolate was detected in this study. Research findings
from other hospitals of Nepal, have reported the emergence of VISA and VRSA.26

Gram negative isolates comprised of 42.6% (40/94) of all
bacterial isolates. Three most common Gram negative isolates were E coli (32.5%), Pseudomonas species (27.5%)
and Klebsiella spp (12.5%). Similar findings have been reported by other studies conducted in Nepal and India.22,27
Some of the studies have reported Pseudomonas species as
most common agent associated with SSIs.27,28 The highest
prevalence of E coli among Gram negative isolates in our
study could be associated with spread of colonizing flora
from perineal region. High rate of isolation of Pseudomonas
species can be attributed to their being a normal flora of
human skin and important contaminants of hospital surfaces, surgical instruments and even some of the chemical
disinfectants. High percentage of ESBL producing Gram
negative isolates indicate increasing drug resistance and
decreased susceptibility to third generation cephalosporins. Increased resistance among Gram negative isolates
is probably due to prophylactic use of antibiotics like cefazolin, ceftriaxone and cefaperazone sulbactam. Emergence of imipenem resistant Gram negative isolates is
global threat with very limited or no therapeutic options.
Imipenem resistant Gram negative isolates have been reported among patients admitted in Intensive Care Units
(ICUs) of Manipal Teaching hospital.29 Operation theaters,
ICUs and Post-operative ward of our hospital are located
adjacent to each other. These isolates probably get transferred from ICU to Post-operative ward by healthcare
workers resulting into SSIs.

CONCLUSIONS

Association of Gram positive bacteria in SSIs was found
higher as compared to Gram negative isolates. S. aureus
was the most common Gram positive bacterial isolate and
E coli was the most frequently isolated Gram negative bacteria. High percentage of MRSA was detected among the
S. aureus isolates without any VISA and VRSA. High percentage of Gram negative isolates was susceptible to imipenem, piperacillin-tazobactam, amikacin and gentamicin
except Acinetobacter species. Resistance to imipenem was
detected among isolates of E coli, Pseudomonas species and
Acinetobacter species. Periodic monitoring of bacteriological agents causing SSIs and antibiotic resistance patterns is
necessary to understand the changing trends of resistance
pattern. In this view, findings of this study are important
for successful management of SSIs and selecting antimicrobial agents for prophylactic use.
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LIMITATIONS
Anaerobic bacterial culture was not performed due to unavailability of the resources. Fungal culture was not performed.
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