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Risk factors, bacteriological profile and outcome of surgical site infections
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ABSTRACT

Background and Objectives: Surgical site infection (SSI) is a challenge for the surgeon. Incidence of SSI reported in liter-
ature varies from 0.5% to 15%. Severity of SSI ranges from superficial skin infection to life-threatening condition like septi-
caemia. It is responsible for increased morbidity, mortality, and economic burden to the hospital in general, and the patient in
particular. The aim of this study was to assess the risk factors, bacteriological profile, length of hospitalization, and cost due
to orthopaedic SSI in patients admitted to a tertiary care hospital.

Materials and Methods: This was a prospective case control study. Cases were diagnosed based on CDC definition of noso-
comial SSI. All cases were assessed preoperatively, intraoperatively and postoperatively, according to type of surgery, wound
class, duration of operation, antimicrobial prophylaxis, use of drain, preoperative hospital stay, causative micro organism,
total hospital stay, re-admission rates and cost incurred. Age, sex and surgical procedure matched controls without SSI, were
also assessed. Chi- square test and Fisher's exact test were used for analysis. P=<0.05 was considered significant.

Results: Out of 1023 patients, 47 cases had SSI, with a rate of 4.6%. Cigarette smoking was a risk factor for SSI (P = 0.0035).
The most common etiologic agents were Acinetobacter baumannii and Staphylococcus aureus. Incidence of re- admission
among SSI cases was more compared to controls (P= 0.0001). Costs attributable to SSI (Indian Rupees) was Rs 32,542
(17,054 to 87,514) which was significantly more than those without SSI (P= <0.001).

Conclusion: Despite latest surgical amenities, meticulous sterilization protocols and pre-operative antibiotic prophylaxis,
SSI continues to be present in healthcare settings. The increase in duration of hospital stay due to SSI adds to additional
burden to an already resource-constrained healthcare system.
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Organization's (WHO) ‘Clean Care is Safer Care
program’ shows that surgical site infection (SSI) is
the most reported and frequent type of HAI in low-
and middle-income countries (LMICs). It affects up
to one-third of the patients who have undergone a
surgical procedure (1). In LMICs, the overall inci-
dence of SSI is 11.8/100 surgical procedures (range
1.2—23.6). While the global estimates of SSI have
varied from 0.5% to 15%, studies in India have consis-
tently shown higher rates ranging from 23% to 38%
(2). The rate of SSI among clean surgeries is 4.04-
30% and clean contaminated surgeries is 10.06-45%.
SSI continues to be a major problem even in hospi-
tals with most modern facilities following standard
protocols of pre-operative preparation and antibiotic
prophylaxis (1-4).

By definition, a condition can be labelled as a SSI
only if infection occurs within 30 days of surgery or
90 days if implants are present and involves the site
of incision. There are many risk factors associated
with increase in the rate of SSIs, like increased dura-
tion of pre-operative stay, increased duration of sur-
geries, diabetes and hypertension (5).

Microbial contamination of the surgical site is
an essential precursor of SSI. These infections are
caused by exogenous (from the environment of the
operating theatre or the surgical ward) and endoge-
nous microorganisms, patient’s skin, mucous mem-
brane or hollow viscera. When mucous membrane
or skin is incised, the exposed tissues are at risk for
contamination with endogenous flora (6). Staphylo-
coccus aureus, coagulase negative Staphylococcus,
Enterococcus species, Escherichia coli remain the
most frequently involved pathogens (7, 8). Outbreaks
of SSI have also been caused by unusual pathogens
such as Rhizopus oryzea, Clostridium perfringens,
and Rhodococcus (9, 10).

In recent years there is a substantial increase in the
multi-drug resistant organisms in hospitals and in the
community which has led to the need to evaluate SSI
and their antibiotic susceptibility pattern. The inci-
dence of SSI may be predisposed by factors such as
pre-operative care, the theatre environment, post-op-
erative care and the type of surgery (11). Many other
factors influence surgical wound healing and deter-
mine the potential for infection (9-11).

Patients who develop an SSI are likely to have
an extended hospital stay with additional economic
costs, mainly attributable to the extended length of
stay (12). Indirect costs, such as loss of productivity
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by the patient and an increased burden on their care
givers, further add to the cost of SSI to healthcare
systems (13).

The present study was designed to determine the
rate, risk factors, microbial etiology and antibiotic
susceptibility profile of SSI in orthopaedic surgeries.
The study also aimed to measure the outcome of or-
thopaedic SSI based on duration of hospital stay, fre-
quency of re-admission and costs attributable to SSI.

MATERIALS AND METHODS

This was a prospective case control study conducted
in the Department of Microbiology and Orthopaedics
from January 2015 to December 2015 in Pondicherry
Institute of Medical Sciences, Pondicherry. The study
was reviewed and approved by the institute research
and ethics committee (IEC: RC/14/115). Written in-
formed consent was obtained from the patient/legal
guardian and confidentiality was maintained. All the
patients who underwent any surgery in Department
of Orthopaedics and developed SSI (Clinical or bac-
teriologically proven) were included in the study as
cases. Single team of surgeons operated all the cases.
Age, sex, surgical procedure and surgeon matched
controls (n=47) were selected by simple random sam-
pling. Cases of stitch abscess were excluded from this
study.

A predesigned proforma was used to collect the
relevant clinical data from all the patients who un-
derwent surgery. The surgical wound was inspected
for any signs of infection at the time of dressings. The
SSI was diagnosed based on the CDC definition of
nosocomial surgical site infection (14).

We classified the surgical wounds based on CDC
classification, which is world-wide accepted nomen-
clature for classification of SSI. All closed fractures
were classified as clean wounds. Open fractures were
classified as clean-contaminated, contaminated or
dirty based on the pre-operative and intra-opera-
tive findings. If the wound edges were healthy with
minimal soft-tissue contamination which could be
irrigated and cleaned macroscopically to the satis-
faction of the surgeon, the fracture was classified as
clean-contaminated. When an open fracture needed
additional soft-tissue coverage in the form of a flap/
skin grafting, with minimal contamination, it was la-
belled as contaminated wound. If the open fracture
was macroscopically grossly contaminated with mud,
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gravel or grease particles it was categorized as dirty
wound (14).

The patients were assessed preoperatively, intraop-
eratively and postoperatively. Details included were;
type of surgery, wound class, type and duration of op-
eration, antimicrobial prophylaxis, use of drain, pre-
operative hospital stay and total duration of hospital
stay. The patient details were collected from the time
of admission until discharge from the hospital and
also subsequently when they came to OPD for post
operative follow up.

If SSI was suspected, discharge from the wound
was collected with sterile swabs or aspirates/pus was
collected in sterile containers. The specimens were
transported to the microbiology laboratory immedi-
ately and processed as per standard protocol. Antibi-
otic susceptibility testing was done and results inter-
preted as per CLSI guidelines 2015.

The outcome of SSI was assessed by duration of
hospital stay, incidence of readmissions and cost at-
tributable to SSI.

Statistical analysis. Chi- square test was used to
determine the significant associations between the
risk factors and outcome and odds ratios were calcu-
lated using Fisher's exact test to test for the strength of
association between risk factors. P= <0.05 was con-
sidered statistically significant.

RESULTS

Patient factors associated with surgical site in-
fection (SSI). A total number of 1023 patients under-
went major surgery, of which 47 cases had surgical
site infection, rate 4.6% (Fig. 1). Most cases with SSI
were in the age group of 21 to 40 years. SSI was more
among men compared to women. Comorbidities like

Total cases of SSI

4.6%

& With SSI
& Without SSI

Fig. 1. Rate of surgical site infection (SSI)
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diabetes, hypertension and hypothyoidism did not
differ significantly between cases and controls. There
was history of cigarette smoking in 17 patients with
SSI which was a significant finding (P= 0.0035) (Ta-
ble 1).

Pre operative factors associated with SSI. Out
of the 47 cases of SSI, 14 cases were hospitalized for
> 3days prior to surgery (P= 0.0208). All 47 cases
of SSI had received antimicrobial prophylaxis prior
to surgery. Hair removal prior to surgery was done
in 44 cases (P= 0.1809). Skin preparation done with
iodine alone was done in 42 cases of SSI (P=0.0005).
The SSI rates for American Society of Anesthesiol-
ogists (ASA) classification; I, 11 and 111 were 70.2,
25.5% and 4.25% respectively (P= 0.628) (Table 2).

Intraoperative factorsassociatedwith SSI. Details
of Intra operative factors associated with SSI like na-
ture of operation, type of anaesthesia, surgeon, use of
drain, wound classification (Clean, Clean contaminat-
ed, Contaminated, Dirty), suture material used (Ny-
lon, Ethilon, Staples, Vicryl), duration of operation,
number of people in theatre are mentioned in Table 3.

Frequency of various pathogens causing surgi-
cal site infection. Out of the 1023 surgeries included
in the study, 4.6% (n = 47) developed SSI. A single
etiologic agent was identified in 30 cases, 2 in 10 cas-
es, 3 in 4 cases and no growth in 3 cases (Table 4).
The commonest etiologic agents were A. baumannii
and S. aureus other etiologic agents are mentioned in
Table 5. Out of the 11 A. baumannii isolated 10 were
multidrug resistant (MDR). Five out of 11 S. aureus
were MRSA.

Outcome of SSI. The mean duration of hospital
stay among cases was 12.54 and controls was 10.52
(P= 0.715). Incidence of re-admission among cases
was more compared to controls (P= 0.0001). Costs
attributable to SSI (Indian Rupees) was Rs 32,542
(17,054 to 87,514) (P= <0.001) (Table 6).

DISCUSSION

The overall SSI rate in the present study was 4.6%
and comparable with other reported rates rang-
ing from 2.5 to 41.9% (3, 5, 7, 10, 11). In this study,
most of the patients were in the age group 21-40 and
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Table 1. Patient factors associated with surgical site infection (SSI)

Variable Cases (n) Controls (n) p value Odds ratio 95% confidence interval
Age groups (years)

<21 4 4

21-40 27 25 0.913 0.926 0.209 to 4.103
41-60 12 16 0.719 1.333 0.276 to 6.442
>61 4 2 0.533 0.5 0.056 to 4.474
Sex

Female 6 4

Male 41 43 0.503 1.573 0.4136 t0 5.983
Co morbidities

None 41 37

Diabetes mellitus 3 7 0.179 2.585 0.622 to0 10.736
Hypertension 3 2 0.747 0.738 0.117 to 4.67
Hypothyroidism 0 1 0.442 3.32 0.131to0 84.011
Smoking

No 30 42

Yes 17 5 0.0035 0.2101 0.0698 to 0.6322

Chi-square test was used to compare the cases and controls. P<0.05 considered as significant.

Table 2. Pre operative factors associated with SSI

Variable Cases Controls p value Odds ratio  95% confidence interval
1) Pre op duration of hospitalization

<3days 33 42

> 3 days 14 5 0.0208 0.2806 0.0917 to 0.8586
2) Antimicrobial prophylaxis

Yes 47 47

No - -

3) Hair removal

Yes 44 40

No 3 7 0.1809 2.567 0.6210 to 10.604
4) Skin preparation

lodine 42 27

lodine with isopropyl alcohol 5 20 0.0005 6.222 2.086 to 18.563
5) ASA

| 33 30

I 12 16 0.4016 1.4667 0.598 to 3.597
1l 2 1 0.628 0.55 0.047 t0 6.379

Chi-square test was used to compare the cases and controls. P<0.05 considered as significant.

showed a male preponderance. Similar demographic
observation was reported by another study (15). Co
morbidities like diabetes, hypertension and hypothy-
oidism were not a risk factor for SSI. There was a
statistically significant association between cigarette
smoking and SSI in this study. Cigarette smoking

was significantly found to be associated with SSl ina
previous multivariate analysis (16). Cigarette smok-
ing has been reported to have an impact on wound
healing through impairment of tissue oxygenation
and local hypoxia via vasoconstriction (17-19).
Prolonged pre-operative duration of hospitalization
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Table 3. Intra operative factors associated with SSI

Variable Cases Controls p value Odds ratio 95% confidence interval
Nature of operation

Elective 33 30

Emergency 14 17 0.5104 1.336 0.5634 t0 3.167
Type of anaesthesia

General anaesthesia 17 20

Spinal anaesthesia 30 27 0.5265 0.765 0.334t0 1.7539
Surgeon

Assistant Professor 36 28

Associate Professor 1 19 0.0767 2221 0.9101 t0 5.419
Use of drain

Yes 21 15

No 26 32 0.203 1.723 0.7432 t0 3.995
Wound classification

Clean 18 21

Clean contaminated 18 15 0.478 0.714 0.282t0 1.811
Contaminated 7 8 0.973 0.979 0.297 t0 3.232
Dirty 4 3 0.592 0.643 1.267 to 3.261
Suture

Nylon 2 2

Ethilon 20 10 0.5123 0.5 0.0611 to 4.0907
Staples 10 25 0.379 25 0.3084 to 20.267
Vicryl 15 10 0.7061 0.667 0.0803 to 5.537
Duration of operation

<3 hrs 33 39

>3 hrs 14 8 0.1438 0.4835 0.1806 to 1.294
Number of people in theatre

<6 40 44

>7 7 3 0.1809 0.3896 0.0943 to 1.6098

Chi-square test was used to compare the cases and controls. P<0.05 considered as significant.

Table 4. Microbial growth Table 5. Frequency of various pathogens causing surgical
site infection
Growth Number
No growth 3 Organism Number MDR
3 organisms 4 Acinetobacter baumannii 11 10
2 organisms 10 Enterococcus faecalis 9 2
1 organism 30 Enterococcus faecium 3 3
Pseudomonas aeruginosa 8 1
with exposure to hospital environment has been re- Staphylococcus aureus 6
ported to increase the rate of SSI (20). The prolonged MRSA 5
preoperative stay favors the colonization with bac- Streptococcus pyogenes 2
teria and increases the risk of infection (20, 21). In Proteus mirabilis 2
this study hospitalization of more than 3 days prior to Escherichia coli 5 3
surgery increased the risk of SSI. Hair removal prior Klebsiella pneumoniae 4 2
to surgery was not associated with increased rate of Entertobacter species 4 2
SSI. A cochrane review found insufficient evidence Citobacter diversus 2
for an effect of preoperative hair removal on rates of Candida albicans 1
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Table 6. Outcome of SSI among cases and controls

Parameter Cases Controls p value
Mean duration of hospital stay (days) 12.54 (4-35 days) 10.52 (3-23 days) 0.715
Incidence of re- admission (n) Once-20 Once- 1 0.0001
2 times- 7 2 times-0 0.0001
3 times -3 3 times-0 0.3555
4 times- 2 4 times- 0 0.2555
Costs attributable to SSI (Indian Rupees) Rs 32,542(17,054 to 87,514) Nil <0.001

Chi-square test was used to compare the cases and controls. P<0.05 considered as significant.

SSlIs (22). Skin preparation done alone with iodine
had more SSI compared to iodine and isopropyl alco-
hol. Another cochrane review reported pre-operative
skin preparation with 0.5% chlorhexidine solution
with methylated spirit was more effective in prevent-
ing SSI than alcohol based povidine iodine paint (23).
In this study it was observed that, the rate of SSI was
not significantly associated with ASA classification;
unlike observations made by other studies (10, 24).

Intra-operative factors like nature of operation,
type of anaesthesia, surgeon, use of drain, wound
classification, suture material used, duration of op-
eration, number of people in theatre were not asso-
ciated with SSI in this study. The number of people
in theatre during operation has been considered as
an independent predictor of SSI (25). Studies have
shown that length of operation of more than 3 hours
leads to 4 times higher risk for SSI (26, 27). Increas-
ing the length of procedure increases the susceptibil-
ity of the wound, by increasing bacterial exposure
and the extent of tissue trauma (more extensive sur-
gical procedure) and decreasing the tissue level of the
prophylactic antibiotic. Surgical wound classification
has long been established as an important predictor
of the postoperative surgical site infections (28).

A. baumannii and Staphylococcus aureus were
the commonest isolates in this study similar to other
studies where S. aureus was the commonest (4, 6-9).
A. baumannii exhibited 100% resistance to cefotax-
ime, ciprofloxacin, piperacillin-tazobactam and imi-
penem. Number of studies in the literature indicate
emergence of antibiotic resistant microorganisms in
surgical patients (29, 30).

In the present study, mean postoperative stay in
patients who developed infection was 12.54 as com-
pared to patients who did not develop surgical site
infection where the mean postoperative stay was
10.52 days which was not significant. Incidence of
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re-admission among cases was more compared to
controls and was statistically significant. Our study
supports the findings of other published reports that
patients who have SSI following orthopedic proce-
dures incur excess costs (19-21).

CONCLUSION

Despite latest surgical amenities, meticulous ster-
ilization protocols and pre-operative antibiotic pro-
phylaxis, SSI continues to be present the a healthcare
setting. SSI persists to be a major encumber to the
patient both physically and financially. The SSI rate
can be reduced by appropriate preoperative, intraop-
erative and postoperative patient care; proper infec-
tion control measures and a sound antibiotic policy.

REFERENCES

1. Global Guidelines for the Prevention of Surgical Site
Infection. Geneva: World Health Organization; 2018.
Available from:
https:/Aww.ncbi.nlm.nih.gov/books/NBK536404/ last
accessed date 2.3.2021

2. Lilani SP, Jangale N, Chowdhary A, Daver GB. Sur-
gical site infections in clean and contaminated cases.
Indian J Med Microbiol 2005;23:249-252.

3. Kamat US, Fereirra AM, Kulkarni MS, Motghare DD.
A prospective study of surgical site infections in a
teaching hospital in Goa. Indian J Surg 2008;70:120-
124.

4. Al-Mulhim FA, Baraghah MA, Sadat-Ali M, Alom-
ran AS, Azam MQ. Prevalence of surgical site infec-
tion in orthopedic surgery: a 5-year analysis. Int Surg
2014;99:264-268.

Cheadle WG. Risk factors for surgical site infection.
Surg Infect (Larchmt) 2006;7 Suppl 1:S7-11.

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/
https://www.ncbi.nlm.nih.gov/books/NBK536404/

10.

11.

12.

13.

14.

15.

16.

17.

18.

http://ijm.tums.ac.ir

Nota SP, Braun Y, Ring D, Schwab JH. Incidence of
surgical site infectionafter spine surgery: what is the
impact of the definition of infection? Clin Orthop Relat
Res 2015;473:1612-1619.

Narula H, Chikara G, Gupta P. A prospective study on
bacteriological profile and antibiogram of postoperative
wound infections in a tertiary care hospital in Western
Rajasthan. J Family Med Prim Care 2020;9:1927-1934.
Owens CD, Stoessel K. Surgical site infections: epide-
miology, microbiology and prevention. J Hosp Infect
2008;70 Suppl 2:3-10.

Al-Mulhim FA, Baragbah MA, Sadat-Ali M, Alom-
ran AS, Azam MQ. Prevalence of surgical site infec-
tion in orthopedic surgery: a 5-year analysis. Int Surg
2014;99:264-268.

Korol E, Johnston K, Waser N, Sifakis F, Jafri HS, Lo
M, et al. A systematic review of risk factors associated
with surgical site infections among surgical patients.
PLo0S One 2013;8(12):e83743.

Lee J, Singletary R, Schmader K, Anderson DJ, Bolog-
nesi M, Anderson DJ, et al. Surgical site infection in the
elderly following orthopaedic surgery. Risk factors and
outcomes. J Bone Joint Surg Am 2006; 88:1705-1712.
Mujagic E, Marti WR, Coslovsky M, Soysal SD,
Mechera R, von Strauss M, et al. Associations of hospi-
tal length of stay with surgical site infections. World J
Surg 2018; 42:3888-3896.

Kirkland KB, Briggs JP, Trivette SL, Wilkinson WE,
Sexton DJ. The impact of surgical-site infections in the
1990s: attributable mortality, excess length of hospital-
ization, and extra costs. Infect Control Hosp Epidemiol
1999;20:725-730.

Onyekwelu I, Yakkanti R, Protzer L, Pinkston CM,
Tucker C, Seligson D. Surgical wound classification
and surgical site infections in the orthopaedic patient.
J Am Acad Orthop Surg Glob Res Rev 2017;1(3):e022.
Mawalla B, Mshana SE, Chalya PL, Imirzalioglu C,
Mahalu W. Predictors of surgical site infections among
patients undergoing major surgery at Bugando Med-
ical Centre in Northwestern Tanzania. BMC Surg
2011;11:21.

Gronkjer M, Eliasen M, Skov-Ettrup LS, Tolstrup
JS, Christiansen AH, Mikkelsen SS, et al. Preopera-
tive smoking status and postoperative complications:
a systematic review and meta-analysis. Ann Surg
2014;259:52-71.

Durand F, Berthelot P, Cazorla C, Farizon F, Lucht F.
Smoking is a risk factor of organ/space surgical site in-
fection in orthopaedic surgery with implant materials.
Int Orthop 2013;37:723-727.

Nolan MB, Martin DP, Thompson R, Schroeder DR,
Hanson AC, Warner DO. Association between smok-
ing status, preoperative exhaled carbon monoxide lev-
els, and postoperative surgical site infection in patients

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

IRAN. J. MICROBIOL. Volume 13 Number 2 (April 2021) 171-177

SURGICAL SITE INFECTIONS

undergoing elective surgery. JAMA Surg 2017;152:476-
483.

Sgrensen LT, Jorgensen S, Petersen LJ, Hemmingsen
U, Bilow J, Loft S, et al. Acute effects of nicotine
and smoking on blood flow, tissue oxygen, and aer-
obemetabolism of the skin and subcutis. J Surg Res
2009;152:224-230.

McGarry SA, Engemann JJ, Schmader K, Sexton DJ,
Kaye KS. Surgical-siteinfection due to Staphylococ-
cus aureus among elderly patients: mortality,dura-
tion of hospitalization, and cost. Infect Control Hosp
Epidemiol 2004;25:461-467.

Whitehouse JD, Friedman ND, Kirkland KB, Rich-
ardson WJ, Sexton DJ. The impact of surgical-site in-
fections following orthopedic surgery at a community
hospital and a university hospital: adverse quality of
life, excess length of stay, and extra cost. Infect Control
Hosp Epidemiol 2002;23:183-189.

Tanner J, Norrie P, Melen K. Preoperative hair removal
to reduce surgical site infection. Cochrane Database
Syst Rev 2011; (11):CD004122.

Dumville JC, McFarlane E, Edwards P, Lipp A, Holmes
A. Preoperative skin antiseptics for preventing surgi-
cal wound infections after clean surgery. Cochrane
Database Syst Rev 2013; (3):CD003949.

Khan M, Rooh-ul-Mugim, Zarin M, Khalil J, Salman
M. Influence of ASA score and Charlson Comorbidity
Index on the surgical site infection rates. J Coll Physi-
cians Surg Pak 2010;20:506-509.

Bruce J, Russell EM, Mollison J, Krukowski ZH.
The measurement and monitoring of surgical adverse
events. Health Technol Assess 2001;5:1-194.

Cheng H, Chen BP, Soleas IM, Ferko NC, Cameron CG,
Hinoul P. Prolonged operative duration increases risk
of surgical site infections: a systematic review. Surg
Infect (Larchmt) 2017;18:722-735.

Naranje S, Lendway L, Mehle S, Gioe TJ. Does opera-
tive time affect infection rate in primary total knee ar-
throplasty? Clin Orthop Relat Res 2015;473:64-69.
Mioton LM, Jordan SW, Hanwright PJ, Bilimoria KY,
Kim JY. The relationship between preoperative wound
classification and postoperative infection: a multi-in-
stitutional analysis of 15,289 patients. Arch Plast Surg
2013;40:522-529.

Norton TD, Skeete F, Dubrovskaya Y, Phillips MS, Bo-
sco JD 3¢, Mehta SA. Orthopedic surgical site infec-
tions: analysis of causative bacteria and implications
for antibiotic stewardship. Am J Orthop (Belle Mead
NJ) 2014;43:E89-92.

Cohen ME, Salmasian H, Li J, Liu J, Zachariah P,
Wright JD, et al. Surgical antibiotic prophylaxis and
risk for postoperative antibiotic-resistant infections. J
Am Coll Surg 2017;225:631-638.€3.

177


http://ijm.tums.ac.ir/

