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Background: A surgical site infection (SSI) is any infection occurring after a medical
intervention. It is the most common nosocomial infection in low- and middle-income countries.
It has raised both mortality and morbidity. Resistance to antibiotics due to irrational use has
further added to the severity of the problem. Aims and Objectives: The current study was
designed with the aim of determining the incidence of SSIs among patients operated on a
tertiary care hospital, along with their antibiogram. Materials and Methods: An observational
study with a cross-sectional design was conducted on 150 patients with suspected SSI were
included in this study over a period of 1 year, from August 2021 to July 2022. An adult patient
with pus, serous, or seropurulent discharge from the surgical wound was included in the
study. Information was obtained using a pre-designed and pre-tested schedule. Identification
of the colony was done by gram staining and inoculation on 5% sheep blood agar and Mac
Conkey agar plates. Antimicrobial sensitivity testing was done. The data was analyzed using
Microsoft Excel. Results: A total of 152 patients were included in the study. The incidence
of SSI was found to be 38.2%. The mean age of the participants was 47.7 + 21.6 years.
The maximum incidence of SSI was noted in the 5" decade of life. Among the 58 patients’
samples, 65 aerobic bacterial colonies were isolated. Out of which Staphylococcus aureus
and Escherichia coli were the commonest organisms. On performing an antibiogram, a higher
degree of resistance was observed among Gram-negative organisms. Conclusion: SSI| adds
to the mortality as well as the morbidity of the patients. Not only this, but it also adds to
the expenses. A more stringent surveillance system and reinforcement of the guidelines was
the need of the hour to overcome this problem of hospital-acquired infections.
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INTRODUCTION

in low- and middle-income countries. Almost up to one-third
of patients undergoing any form of surgical intervention

Surgical site infection (SSI) has been defined as any infection ~ suffer from these infections. Although the overall prevalence

occurring in 30 days postoperatively or within 1 year for
procedures where an implant has been placed, provided these
infections could be attributed to the surgery and deep soft
tissue like muscle and fascia around the incision are involved
or any other part of the anatomy that has been manipulated
during the procedure.! Among all hospital-acquired infections
(HAIs), SSIs are the most common type seen among patients

of SSI is lesser in developed nations, it remains the second
most common type of HAL? Although the pooled global
incidence showed that one in every 10 patients suffers from
SSI, the national incidence can go as high as 38%, according to
teports from vatious researchers.” The National Nosocomial
Infections Surveillance reports that SSIs are the third-most
frequently encountered HAT in India.”
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SSIs take a toll on the mortality and morbidity of patients;
apart from that, they pose exorbitant monetary losses
to both the individual and the health-care system, along
with prolonged hospitalization.*” Studies suggest that
the cost of medical care can go up to sixfold if patients
suffer from such infections.*” Other impacts include
re-operation, re-admission, limitation of quality of life,
and social catastrophe.'” It also serves as an indicator
of the quality of the health care provided by the health
system. The pathophysiology of SSI is multifactorial
and envisages both endogenous and exogenous
contamination.” Various risk factors have been identified
that include old age, a higher body mass index (BMI),
poor nutritional status, a longer preoperative duration of
hospitalization, steps during patient preparation for the
procedure, and the duration of surgery. These factors
impact the outcome of surgery, and ill preparation favors
the SSI. Bacteriological studies have seen an increasing
prevalence of Gram-negative organisms as causative
agents for serious forms of SSI. Resistance to antibiotics
due to irrational use has further added to the severity of
the problem.'"'?

With this background, the current study was planned and
conducted with the aim of determining the incidence of
SSIs among patients operated on a tertiary care hospital
along with their antibiogram.

Aims and objectives

The current study was designed with the aim of determining
the incidence of SSIs among patients operated on a tertiary
care hospital, along with their antibiogram.

MATERIALS AND METHODS

This study was planned and undertaken by the Department
of Microbiology in association with the Department of
Surgery and Microbiology at Jawahatlal Nehru Medical
College, Bhagalpur, Bihar. A total of 150 patients with
suspected SSI were included in this study for 1 year,
from August 2021 to July 2022. Prior approval from the
Institutional Ethics Committee was obtained. Duly signed
informed consent forms were collected from each patient
before participation. For patients who were unable to give
consent, the same was obtained from the available family
member.

Selection of study participants

All the patients who underwent any form of surgery in
any of the surgical departments of the medical college
during the study period were enrolled in the study after
consideration of exclusion and inclusion criteria.
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Inclusion criteria

1. Patients with an age >14 years and all genders

2. Patients with pus, serous, or seropurulent discharge from
the wound, along with any signs of sepsis, were included.

Exclusion criteria

1. Patients who underwent laparoscopy were excluded

2. Patients who received pre-operative antibiotics for at
least for 1 week were excluded

3. Re-operated patients or patients receiving
immunosuppressive agents were also excluded from
the study group

4. Patients failing to give consent or follow-up were
excluded from the study.

Method of data collection

Baseline characteristics of the study population were
recorded. Itincluded age, gender, body mass index, diabetes
status, anemia, hypoalbuminemia, smoking, and history of
blood transfusion. A total of 150 patients with suspected
SSI were included in the study. At the time of the induction
of surgery, prophylactic antibiotic coverage was introduced
if no signs or indications of sepsis were seen. In cases
of contamination, antibiotics were continued in the post-
operative phase. For each patient, two swabs were collected.
Gram staining was performed using one swab. 5% sheep
blood agar and Mac Conkey agar plates were inoculated and
incubated at 37°C for 48 h. Based on characteristic features,
colonies were identified. For some, standard biochemical tests
were used.”'* Antimicrobial sensitivity testing was cartied
out by the modified Kirby Bauer disc diffusion method on
Muller Hinton agar. Results were interpreted in accordance
with Clinical Laboratory Standards Institute guidelines."

The data were compiled and analyzed using a Microsoft
Excel sheet. The result has been expressed in percentages.
The incidence rate of SSI was calculated.

RESULTS

In the total study duration of 1 year, a total of 238 patients
who had undergone major surgeries in the department
of general surgery at the designated medical college were
included in the study. After fitting all the selection criteria,
152 patients were included in the study.

Superficial SSI was detected in 58 patients, resulting in
an incidence rate of 38.2%. The age of patients varies
from 18 to 82 years, with a mean age of 47.7 + 21.6 years.
There was a female preponderance observed, with a male-
to-female ratio of 0.76:1. Table 1 gives a detailed age and
gender distribution of the study population. Among the
study participants, 14 patients had known diabetes, 28 had
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anemia, and 32 had hypoalbuminea. The SSI rate is hence
calculated to be 24.1%, 48.3%, and 55.2%, respectively. On
running the test of association, there was no significant
association noted between the development of SSI and
these conditions. Other risk factors known to be associated
with the incidence of SSI are documented in Table 2.

Among the 58 patients’ samples, 65 aerobic bacterial
colonies were isolated. Of which, Staphylococcus anrens and
Escherichia coliwere the commonest organisms [Table 3]. All
65 bacterial isolates underwent antimicrobial susceptibility
testing. Results are detailed in Table 4.

DISCUSSION

Although the recent past has seen tremendous advances in
terms of infection control, SSIs continue to be an issue of

Age group Morphocytes Total
Monomicrobial Polymicrobial Sterile
18-30 years 1 0 7 8
3140 years 11 1 21 33
41-50 years 16 5 31 52
51-60 years 10 3 19 32
>60 years 7 4 16 27
Total 45 13 94 152

Risk factor SSI P-value
Yes (58) No (94)
Body mass index (>30 kg/m?) 41 46 >0.05
Diabetes (Yes) 10 6 >0.05
Smoking (Yes) 27 15 >0.05
Anemia (Yes) 31 17 >0.05
Preoperative 43 18 >0.05
hypoalbuminemia (Yes)
Blood transfusion (Yes) 39 22 >0.05
Drains (Yes) 33 19 >0.05
Operative time (>2 h) 48 15 >0.05
Clean and contaminated 19 72 >0.05
wounds

SSI: Surgical site infection

Isolated organism Number (%) n=65

Staphylococcus aureus 31 (47.7)
Escherichia coli 14 (21.5)
Pseudomonas aeruginosa 8(12.3)
Citrobacter spp. 7 (10.8)
Acinetobacter spp. 3(4.6)
Klebsiella spp. 1(1.5)

Proteus spp. 1(1.5)
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concern for the medical fraternity. The majority of cases
occur among hospitalized patients. The reports on the rate
of incidence of SSIs varies from as high as 41.9% to as low
as 2.5%." The incidence of SSI in the current study was
noted to be 38.2%. Reports from Indian researchers have
been shown to have SSI rate from 6.1% to 38.7%.'" This
is much higher than the incidence reported from developing
nations.” This may be because of poor infection control
measures, poor general cleanliness, and overburdened
health-care facilities. The presence of comorbidities among
the study participants also played a key role.

Most of the study participants in the current study were in
their 5* decade of life, and there was a female dominance.
This is because aging is associated with slower healing,
more catabolism, and co-morbid states.!® Socio-economic
status could not be assessed due to the paucity of data,
but studies in the past have reported that those from the
lower economic section are more prone to develop SSI.*
We could not find any association between SSI and BMI,
while on the other hand, some studies have shown that
patients with a higher BMI had more chances of developing
SSL.*™Y The history of the presence of co-morbidities
has shown them to play a vital role in the development
of SSI as they cause impairment in wound healing.>*"?'*
Similarly, smoking tobacco also leads to SSI as it hinders
tissue oxygenation and impairs immunity.*Longer duration
of surgery and placement of drains also attributes to the
risk of developing SSI as there is tissue desiccation, longer
exposure to pathogens, and a lesser tissue concentration
of prophylactic antibiotics.**

Globally, the most common causative organism is S. aureus,
a Gram-positive cocci that has been reported to constitute
as high as 54.4% of the cases." The present study also
supports similar findings with a predominance of §. aurens
(47.7%). Consistent reports have been published from
other studies. This finding was also supported by other
studies.>' ™10 § gurens infections have a predominant role
among nosocomial infections and further create a grave
consequence of being associated with the emergence of
methicillin-resistant S. aureus strains. Rest 52.3% of the
colonies were Gram-negative isolates, of which E. co/i
was the most common (21.5%), followed by Pseudononas
aeruginosa (12.3%) and Citrobacter spp. (10.8%). This is in
tandem with other observations.*>'"* P. aeruginosa was the
most frequently reported cause of SSI in some of the
studies.*”! Multi-drug resistance is a global problem. In the
current study, the antibiotic susceptibility test revealed that
the majority of the isolates were resistant to antibiotics.
For Gram-positive bacteria, the least level of resistance
was noted for vancomycin, teicoplanin, linezolid, and
amikacin. A higher degree of resistance was noted among
the Gram-negative bacteria. These Gram-negative isolates
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Antibiotic Percentage of sensitive colonies
Staphylococcus Escherichia Pseudomonas Citrobacter Acinetobacter Klebsiella Proteus
aureus (31) coli (14) aeruginosa (8) spp. (7) spp- (3) spp. (1) spp- (1)
AMP 83.9 78.6 100 100 66.7 100 100
AMC 32.3 78.6 87.5 100 66.7 100 100
AMK 6.5 14.3 50 14.3 33.3 0 0
AZT - 78.6 75 100 66.7 100 100
CFP - 78.6 - 100 66.7 100 100
CFT - - 87.5 - - - -
CTR 22.7 42.9 87.5 42.9 333 100 100
CFX 16.1 - - - - - -
CIP 32.2 42.9 100 29.6 33.3 100 100
GEN 16.1 42.9 77.8 42.9 66.7 100
LNZ 3.2 - - - - - -
MRP - 14.3 25 14.3 0 0 0
PIP - 14.3 - - - - -
PTZ - - 25 14.3 33.3 100 0
TEC 0 - - - - - -
VAN 3.2 - - - - - -
had resistance up to 100%. Effective drugs for the isolates REFERENCES

in this study were meropenem, piperacillin-tazobactam,
and amikacin. Most resistance was noted for ampicillin,
amoxicillin-clavulanate, and cefotaxime.

Limitations of the study

This study was a single centre study with a comparatively
small sample size. Moreover, some of the risk factors of SSI
could not be included due to paucity of resources. There
was an associated attrition bias in the study.

CONCLUSION

Improved preoperative evaluation of the need for antibiotic
coverage, hygienic practices, and induction training of health
care providers are some of the measures that may help to
reduce SSI incidence. The study also focused on some of the
known risk factors for SSI. Including medical comorbidities
was one of the strengths of the study. More studies on SSI
are needed, as it incurs huge out-of-pocket expenditures for
the health system. A more stringent SSI surveillance system
settlement connecting all urban and rural setups is lacking in
our system, unlike in developed nations. Private practitioners
at the primary level may be added to the system. It may aid
in early diagnosis and, hence, better management, as well
as strengthen the health database.

ACKNOWLEDGMENT

We are thankful to the health-care workers and faculty
members of Microbiology and Surgery of Jawahar Lal
Nehru Medical College, Bhagalpur, Bihar, for their support.

258

1. Nathwani D, Duguid M, Dollard E, Jamieson C and Pottinger
P.  Overview of Antimicrobial Resistance. Antimicrobial
Stewardship from Principles to Practice. United Kingdom:
BSAC; 2018. p. 12-26. Available from: http://www.
bsac.org.uk/antimicrobialstewardshipebook/BSAC-
antimicrobialstewardship-fromprinciplestopractice-eBook.pdf
[Last accessed on 2022 Aug 30].

2. WHO. Global Guidelines on the Prevention of Surgical
Site Infection. Available from: https://www.who.int/gpsc/ssi-
prevention-guidelines/en/#.WB6CWivkT70.mendeley [Last
accessed on 2022 Aug 30].

3. Arora AK, Bharadwaj P, Chaturvedi HK, Chowbey PK,
Gupta SK, Leaper DJ, et al.. A review of prevention of surgical
site infections in Indian hospitals based on global guidelines
for the prevention of surgical site infection, 2016. J Patient Saf
Infect Control. 2018;6(1):1-12.
https://doi.org/10.4103/JPSIC.JPSIC_29_17

4. Setty NK, Nagaraja MS, Nagappa DH, Giriyaiah CS,
Gowda NR and Naik RD. A study on surgical site infections
(SSl) and associated factors in a government tertiary care
teaching hospital in Mysore, Karnataka. Int J Med Public Health.
2014;4(2):171-175.
https://doi.org/10.4103/2230-8598.133126

5. Shahane V, Bhawal S and Lele U. Surgical site infections: A one
year prospective study in a tertiary care center. Int J Health Sci
(Qassim). 2012;6(1):79-84.
https://doi.org/10.12816/0005976

6. Singh S, Chakravarthy M, Rosenthal VD, Myatra SN, Dwivedy A,
Bagasrawala I, et al.. Surgical site infection rates in six cities of
India: Findings of the International nosocomial infection control
consortium (INICC). Int Health. 2015;7(5):354-359.
https://doi.org/10.1093/inthealth/ihu089

7. Kumar A and Rai A. Prevalence of surgical site infection in
general surgery in a tertiary care centre in India. Int Surg J.
2017;4(9):3101-3106.

https://doi.org/10.18203/2349-2902.isj20173896

8. De Lissovoy G, Fraeman K, Hutchins V, Murphy D, Song D
and Vaughn BB. Surgical site infection: incidence and impact

Asian Journal of Medical Sciences | Dec 2023 | Vol 14 | Issue 12


https://doi.org/10.4103/2230-8598.133126
https://doi.org/10.12816/0005976
https://doi.org/10.18203/2349-2902.isj20173896

Kunal, et al.: Surgical site infections in a health-care system

on hospital utilization and treatment costs. Am J Infect Control.

2009;37(5):387-397.
https://doi.org/10.1016/}.ajic.2008.12.010

9. Kusachi S, Kashimura N, Konishi T, Shimizu J, Kusunoki
M, Oka M, et al.. Length of stay and cost for surgical site
infection after abdominal and cardiac surgery in Japanese
hospitals: Multi-center surveillance. Surg Infect (Larchmt).

2012;13(4):257-265.
https://doi.org/10.1089/sur.2011.007

10. Badia JM, Casey AL, Petrosillo N, Hudson PM, Mitchell SA and
Crosby C. Impact of surgical site infection on healthcare costs
and patient outcomes: A systematic review in six European

countries. J Hosp Infect. 2017;96(1):1-15.
https://doi.org/10.1016/j.jhin.2017.03.004

11. Mekhla and Borle FR. Determinants of superficial surgical site
infections in abdominal surgeries at a rural teaching hospital
in central India: A prospective study. J Family Med Prim Care.

2019;8(7):2258-2263.
https://doi.org/10.4103/jfmpc.jfmpc_419_19

12. NegiV, Pal S, Juyal D, Sharma MK and Sharma N. Bacteriological
profile of surgical site infections and their antibiogram: A study
from resource constrained rural setting of Uttarakhand State,

India. J Clin Diagn Res. 2015;9(10):DC17-DC20.
https://doi.org/10.7860/JCDR/2015/15342.6698

13. MacFaddin J. Biochemical Tests for Identification of Medical
Bacteria. 3 ed. Philadelphia, PA: Lippincott Williams and

Wilkins; 1976.

14. Forbes BA, Sahm DF and Weissfeld AS. Bailey and Scott’s
Diagnostic Microbiology. 10" ed. St. Louis, Misssouri, USA:

Mosby Inc.; 1998.

15. Clinical and Laboratory Standard Institute. Performance Standards
for Antimicrobial Susceptibility Testing. Vol. 1. Pennsylvania, USA:

Clinical and Laboratory Standard Institute; 2007.

16. Malik S, Gupta A, Singh PK, Agarwal J and Singh M. Antibiogram
of aerobic bacterial isolates from post-operative wound infections
at a tertiary care hospital in India. J Infect Dis Antimicrob Agents.

17.

18.

19.

20.

21.

22.

23.

24.

2011;28(1):45-51.
Lilani SP, Jangale N, Chowdhary A and Daver GB. Surgical site

infection in clean and clean-contaminated cases. Indian J Med
Microbiol. 2005;23(4):249-252.

https://doi.org/10.1016/s0255-0857(21)02530-5

Khan AK, Mirshad PV, Rashed MR and Banu G. A study on
the usage pattern of antimicrobial agents for the prevention of
surgical site infections (SSIs) in a tertiary care teaching hospital.
J Clin Diagn Res. 2013;7(4):671-674.

https://doi.org/10.7860/JCDR/2013/5323.2878

Chakarborty SP, Mahapatra SK, Bal M and Roy S. Isolation
and identification of vancomycin resistant Staphylococcus
aureus from post operative pus sample. Al Ameen J Med Sci.
2011;4(2):152-168.

Satyanarayana V, Prashanth HV, Basavaraj B and
Kavyashree AN. Study of surgical site infections in abdominal
surgeries. J Clin Diagn Res. 2011;5:935-939.

Sattar F, Sattar Z, Zaman M and Akbar S. Frequency of post-
operative surgical site infections in a tertiary care hospital in
abbottabad, Pakistan. Cureus. 2019;11(3):e4243.
https://doi.org/10.7759/cureus.4243

White MC, Longstaff L and Lai PS. Effect of pre-operative
anaemia on post-operative complications in low-resource
settings. World J Surg. 2017;41(3):644-649.

https://doi.org/10.1007/s00268-016-3785-6
Sorensen LT. Wound healing and infection in surgery: The
pathophysiological impact of smoking, smoking cessation, and

nicotine replacement therapy: A systematic review. Ann Surg.
2012;255(6):1069-1079.

https://doi.org/10.1097/SLA.0b013e31824f632d

Mujagic E, Zeindler J, Coslovsky M, Hoffmann H, Soysal SD,
Mechera R, et al. The association of surgical drains with surgical
site infections-A prospective observational study. Am J Surg.
2019;217(1):17-23.

https://doi.org/10.1016/j.amjsurg.2018.06.015

Authors’ Contributions:

K- Concept, design, clinical protocol, manuscript preparation, editing, and manuscript revision; AK- Definition of intellectual content, literature survey, prepared
first draft of manuscript, implementation of study protocol, data collection, data analysis; MK- Manuscript preparation and submission of article, coordination and
manuscript revision; KA- Design of study, statistical analysis and interpretation; AAH- Review manuscript; AA- Literature survey and preparation of figures

Work attributed to:

Microbiology and Surgery Department of Jawahar Lal Nehru Medical College, Bhagalpur, Bihar, India.

Orcid ID:

Kunal- " https://orcid.org/0009-0003-0432-1573

Ashutosh Kumar - ' https://orcid.org/0009-0001-9666-3217
Manish Kumar - * https://orcid.org/0000-0001-5947-7469
Kumar Amaresh - © https://orcid.org/0009-0008-7008-8390
Ashif Ali Hassan - * https://orcid.org/0009-0003-4120-3314
Anjoo Anupama - ' https://orcid.org/0009-0002-7243-8012

Source of Support: Nil, Conflicts of Interest: None declared.

Asian Journal of Medical Sciences | Dec 2023 | Vol 14 | Issue 12

259


https://doi.org/10.7860/JCDR/2015/15342.6698
https://doi.org/10.1016/s0255-0857(21)02530-5

https://doi.org/10.7860/JCDR/2013/5323.2878
https://orcid.org/0009-0003-0432-1573
https://orcid.org/0009-0001-9666-3217
https://orcid.org/0000-0001-5947-7469
https://orcid.org/0009-0008-7008-8390
https://orcid.org/0009-0003-4120-3314
https://orcid.org/0009-0002-7243-8012

