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ABSTRACT: Surgical site infections (SSls) are significant postoperative complications associated with
increased morbidity, prolonged hospital stays, and rising healthcare costs. This study investigated the
microbial diversity and antibiotic resistance profiles of pathogens isolated from SSls in post-operative
patients between January 2022 and June 2022. A total of 90 wound samples were analyzed, yielding 150
bacterial isolates. Among these, Gram-negative rods were the most prevalent (39%o), followed by Gram-
negative cocci (31%). Gram-positive isolates accounting for 30%. Antibiogram analysis focused on the 10
most resistant isolates from each group. Among Gram-positive isolates, SN 81 exhibited the highest
resistance, with 88% resistance to tested antibiotics. Among Gram-negative isolates, SN 123 showed the
highest resistance at 94%, particularly against carbapenems and cephalosporins. These findings highlight
the critical need for robust infection control practices, surveillance of resistance patterns, and the

development of tailored therapeutic strategies to combat antimicrobial resistance in healthcare settings.
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INTRODUCTION

Surgical site infection (SSI) refers to an infection
occurring in the area of the body where a surgical
procedure was performed, typically within 30 days of
the operation, or up to one year in cases involving
implants (Pal and Guhathakurta 2012). SSls are a
prevalent complication of surgery, posing significant
risks to patients and healthcare systems alike. They
account for approximately 1-3.1% of all surgical
procedures globally and contribute to about 2% of
mortality related to healthcare-associated infections
(HAIs) (Barie and Wilson 2015). The World Health
Organization (WHO) has identified antimicrobial
resistance (AMR) as a critical global health threat,
projecting it could lead to 10 million deaths annually by
2050 (O’Neill, 2014). The incidence of nosocomial
infections, including SSls, ranges from 2-20% in
developed countries (Sawyer et al., 2018), while rates
are higher in low-resource regions. In India, the
incidence of SSI is reported to be between 4.04-30%
(Pal and Guhathakurta 2012), emphasizing the regional
variability in infection rates. Globally, a multicenter
study conducted across 66 countries revealed an overall
SSI incidence of 12.3% (Sawyer et al., 2018). Specific
studies have documented varying rates: Sierra Leone at
11.5% (Lakoh et al.,, 2022), sub-Saharan Africa at
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14.8% (Ngah et al., 2016), Ethiopia at 21.1% (Misha et
al., 2021), and lower rates in China (Li et al., 2020).
The predominant causative pathogen of SSls is
Staphylococcus aureus (Spagnolo et al., 2013; Berrios
et al., 2017), though Gram-negative bacteria such as
Escherichia coli, Klebsiella species, Pseudomonas
species, and Proteus species are frequently implicated
(ElI-Saed et al., 2015). Infections are often
polymicrobial, involving both aerobic and anaerobic
organisms (Akhi et al., 2015; Bishnoi et al, 2021).
Emerging multidrug-resistant strains, defined as
pathogens resistant to three or more antimicrobial
classes, complicate treatment outcomes (El-Kholy et
al.,, 2018). Anaerobic bacteria also contribute
significantly, highlighting the need for precise
identification of causative microorganisms and their
antimicrobial resistance profiles (Akhi et al., 2015).
Factors contributing to the development of SSls can be
classified as patient-related or perioperative. Patient-
related factors include advanced age, male sex,
smoking,  comorbidities, and the use of
immunosuppressive drugs like steroids (Neumayer et
al., 2007; Cruse and Foord 1973). Perioperative factors
include inadequate antiseptic preparation, improper
shaving techniques, suboptimal surgical scrubbing, high
bacterial load, and contaminated or infected wound
classifications (Segal et al., 2014; Collin et al., 2019).
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SSlIs remain a major burden, particularly in low- and
middle-income  countries where resources and
preventive measures may be limited (Mehtar et al.,
2020; Ademuyiwa et al., 2021). Infection rates in these
regions underscore the disparity compared to developed
countries. Preventive strategies include proper hand
hygiene, universal mask usage, compliance with aseptic
techniques, and timely administration of antibiotic
prophylaxis before incision (Tanner et al., 2011;
Chauveaux et al., 2015). The COVID-19 pandemic
demonstrated that adherence to basic infection
prevention practices, such as hand hygiene, masking,
and social distancing, can significantly reduce SSls
(Pantvaidya et al., 2022; Cappelli et al., 2022).
Effective SSI management involves mechanical or
anatomic  source control and often requires
antimicrobial therapy (Akhi et al., 2015; Velin et al.,
2021). ldentifying the causative microorganisms and
their antibiotic resistance profiles is critical for
selecting appropriate treatments and achieving optimal
outcomes. Prevention and control efforts must focus on
reducing bacterial load at the surgical site and
improving adherence to infection prevention protocols
(Sawyer et al., 2018; Lubega et al., 2017).

SSls, though preventable in most cases, continue to
challenge healthcare systems worldwide. A coordinated
effort involving healthcare providers, patients, and
policymakers is essential to mitigate their impact and
improve surgical outcomes (Ademuyiwa et al., 2021,
Mukagendaneza et al., 2019).

MATERIALS AND METHODS

A. Specimen Collection

Surgical wound specimens were collected aseptically
before any cleaning with antiseptics to ensure the
preservation of original microbial flora. The skin
surrounding the surgical wound was sterilized with
70% ethyl alcohol using a sterile cotton swab. Special
care was taken to avoid contact with surrounding
tissues to prevent contamination from endogenous skin
flora.

Experienced nurses collected the wound samples from
the depth of the wound using sterile cotton swabs
moistened with sterile saline under strict aseptic
conditions. Two swabs were collected for each wound.
The swabs were immediately placed in modified
Stuart’s Transport Medium and transported to the
bacteriology laboratory within one hour to ensure
sample viability.

B. Laboratory Processing and Bacterial Isolation

(i) Microscopic Examination. One of the swabs was
used to prepare smears on clean glass slides. The
smears were fixed with alcohol and stained using the
Gram staining technique. This procedure enabled the
detection of pus cells and bacteria, which were
classified, based on morphology (cocci or bacilli) and
Gram characteristics  (Gram-positive or Gram-
negative).

(i) Bacterial Culture. The second swab was
inoculated onto several culture media, including: Blood
Agar: To detect hemolysis patterns and support the
growth of a broad range of bacteria. MacConkey Agar:
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To differentiate Gram-negative enteric bacteria based
on lactose fermentation, Mannitol Salt Agar: To isolate
Staphylococcus species, particularly Staphylococcus
aureus, Nutrient Agar: To support the growth of non-
fastidious organisms. These culture plates were
incubated aerobically at 37°C for 24 hours. The
presence and growth of bacterial colonies were
recorded for further identification.

(iii) Bacterial Identification. The identification of the
bacterial colonies was carried out by examining their
morphology, Gram nature and biochemical tests. For
Gram staining, smears were prepared from pure
colonies then stained with Gram stain, and then
subjected to microscopic examination to assist in the
identification process.

C. Ethical Considerations

Ethical approval was obtained from the Ethical Review
Committee of the affiliated university. Participants
provided written informed consent before sample
collection. All samples were collected as per standard
procedures given by Standard Operating Procedure for
Antimicrobial Resistance Surveillance National AMR
Surveillance Network (NARS-Net) 2023, India. All
data were pseudonymized and securely stored to
maintain  participant confidentiality. This study
followed international ethical guidelines, including the
Declaration of Helsinki, to ensure ethical compliance
and respect for participants' rights.

D. Antibiogram test

The antibiotic susceptibility examination was done
using the disc diffusion method (Kirby-Bauer Method)
on Muller-Hinton agar according to the National
Committee for Clinical Laboratory Standards.
Antimicrobial profiling was conducted using two
distinct antibiotic panels sourced from HiMedia
(Mumbai, India). The first panel consisted of 32 discs
targeting Gram-positive bacteria and included the
following antibiotics: Cefazolin (CZ, 30 W),
Chloramphenicol (30 pg), Ciprofloxacin (CIP, 5 pg),
Clindamycin (2 pg), Erythromycin (E, 15 pg),
Levofloxacin (LUX, 5 pg), Oxacillin (OX, 1 ug),
Penicillin (P, 10 pg), Roxithromycin (RXT),
Rifampicin (RD), Tetracycline (TE), Vancomycin
(VA), Ampicillin-Sulbactam (SAM), Cefdinir (CN, 5
Hg), Cefuroxime (CXM, 30 ug), Clarithromycin (CLR,
15 pg), Benzylpenicillin (G), Linezolid (LZ, 30 ug),
Amoxicillin (AX, 25 ug), Amoxicillin-Clavulanic Acid
(AC, 20/10 pg), Cefotaxime (CT), Cefepime (CP),
Cephalothin (CEP, 30 pg), Methicillin (MET, 5 ug),
Teicoplanin  (TEI, 30 pg), Amikacin (30 pg),
Ampicillin (10 pg), Azithromycin (AZ, 15 pg),
Piperacillin (PC, 100 pg), Cefuroxime Sodium (CR, 30
Hg) Cephalexin (CP, 30 pg), Co-Trimoxazole (CT, 25
Hg).The second panel included 31 discs targeting
Gram-negative bacteria and comprised the following
antibiotics: Imipenem (IPM, 10 pg), Ciprofloxacin
(CIP, 5 pg), Tobramycin (TOB, 10 pg), Moxifloxacin
(MO, 5 pg), Ofloxacin (OFX, 5 pg), Norfloxacin (NX,
10 pg), Sparfloxacin (SPX, 5 pg), Levofloxacin (LE, 5
Hg), Co-Trimoxazole (COT, 25 pg), Colistin (CL, 10
Hg), Nalidixic Acid (NA, 30 pg), Augmentin (AMC, 30
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Mg), Kanamycin (K, 30 pg), Gatifloxacin (GAT, 5 pg),
Gentamicin (GEN, 10 pg), Amikacin (AK, 30 pg),
Streptomycin (S, 25 pg), Ceftriaxone (CTR, 30 pg),
Cefpodoxime (CPD, 10 pg), Ticarcillin (TI, 75 pg),
Cefazolin (CZ, 30 pg), Cefuroxime (CXM, 30 pg),
Chloramphenicol (C, 30 pg), Piperacillin (PIP, 100 pg),
Piperacillin + Tazobactam (TZP, 100/10 pg), Cefdinir
(CN, 5 pg), Lomefloxacin (LOM, 10 pg), Linezolid
(LZ, 30 pg), Meropenem (MEM, 50 pg), Ampicillin +
Sulbactam (20 pg), Ceftazidime + Clavulanic Acid
(CAC, 40 pg).A bacterial suspension (of each isolated
bacterium) was prepared in saline to achieve a turbidity
equivalent to 0.5 McFarland standards. The suspension
was then evenly swabbed across the surface of a
Mueller-Hinton Agar (MHA) plate, which was allowed
to dry briefly at room temperature. Subsequently,
antibiotic disks were placed on the agar surface, and the
plates were incubated at 35°C for 18-24 hours. After
incubation, the plates were examined for zones of
inhibition or resistance, and the observations were
carefully recorded.

RESULTS AND DISCUSSIONS

A. Specimen Collection

During the study period, surgical site infections (SSIs)
were identified in 120 patients. Out of these, samples
were obtained from all thel20 patients. In total, 150
samples were collected from different post-operative
patients between January 2022 and June 2022.

Gram characteristics and morphology of bacteria isolated from the
wounds of patients with surgical site infections (SSIs)

Gram negative rods
39%

Fig. 1. Distribution of Bacterial Types in Surgical Site
Infections Based on Gram Staining and Morphology.

B. Isolation and identification of bacterial isolates

A total of 150 distinct bacterial isolates were obtained
from 120 samples. These isolates were sequentially
labeled as SN1 to SN150. Each isolate was thoroughly
examined for its microscopic characteristics. Based on
their Gram-staining properties and morphological
appearance under the microscope, the isolates were
categorized into four groups: Gram-positive rods,
Gram-positive cocci, Gram-negative rods, and Gram-
negative cocci.

The pie chart (Fig. 1) illustrates the Gram
characteristics and morphology of bacteria isolated
from the wounds of patients with surgical site infections
(SSIs). Among the 150 bacterial isolates, Gram-
negative rods were the most prevalent, accounting for
39% of the isolates. This was followed by Gram-
negative cocci, which constituted 31% of the isolates.
Gram-positive rods and Gram-positive cocci each
represented 15% of the total isolates.
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Table 1: Distribution of Bacterial Isolates by Gram
Staining and Morphology.

Gram nature Number of isolates
Gram positive Rods 23
Gram positive cocci 22
Gram negative rods 58
Gram negative cocci 47
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The predominance of Gram-negative rods suggests their
significant role in SSls, which aligns with previous
studies highlighting pathogens like Escherichia coli and
Pseudomonas aeruginosa as common Gram-negative
isolates in wound infections (Sanchez et al., 2013;
Bediako-Bowan et al., 2020). The notable presence of
Gram-negative cocci also supports their association
with SSls, particularly in polymicrobial infections
(Golia et al., 2014). In contrast, Gram-positive isolates
such as Staphylococcus aureus and Enterococcus spp.
remain key contributors to SSls, as reflected by the
30% combined prevalence of Gram-positive rods and
cocci. The findings underscore the diversity of bacterial
pathogens in SSIs and the importance of tailoring
antimicrobial treatments based on Gram-staining
results.

These results highlight the critical need for targeted
antibiotic therapy to manage SSls effectively.
Understanding the distribution of Gram-positive and
Gram-negative bacteria aids in optimizing empirical
antibiotic choices and reducing the risk of antibiotic
resistance.

B. Antibiogram test

Out of the 150 bacterial strains isolated from surgical
site infection (SSI) wounds, some demonstrated
sensitivity, while others exhibited resistance to specific
antibiotics. Each bacterial isolate displayed a unique
pattern of sensitivity and resistance to the antibiotics
tested. A total of 64 antibiotics were employed in this
analysis, with 32 antibiotics tested against Gram-
positive isolates and 31 antibiotics tested against Gram-
negative isolates. The selection of antibiotics was
tailored to the Gram-staining characteristics of the
isolates to ensure appropriate and effective evaluation.
Some bacterial isolates exhibited resistance to one or
two antibiotics, while others showed resistance to
nearly all antibiotics tested. This pattern of antibiotic
resistance was observed in both Gram-positive and
Gram-negative isolates.

For further analysis, the top 10 most resistant isolates
from each group—Gram-positive and Gram-negative—
were selected for detailed studies. The selected Gram-
negative isolates were: SN 18, SN 27, SN 69, SN 74,
SN 90, SN 123, SN 133, SN 136, SN 141, and SN 142,
Similarly, the top 10 Gram-positive isolates exhibiting
the highest levels of resistance were: SN 9, SN 29, SN
35, SN 51, SN 62, SN 81, SN 99, SN 115, SN 129, and
SN 148.

The resistance patterns of these isolates were analyzed
comprehensively, and the results are presented in Fig.
2 and 3, which depict the antibiogram profiles for the
selected Gram-positive and Gram-negative isolates,
respectively. This detailed examination provides
insights into the degree of resistance and highlights the
urgent need to address antimicrobial resistance in
clinical settings.
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Fig. 2. Antibiotic Resistance Patterns of Selected Gram-Positive Isolates.

The graph (Fig. 2) illustrates the antibiogram profile of
selected Gram-positive isolates, showcasing their
percentage resistance to antibiotics. Among the isolates,
SN 81 exhibited the highest resistance at approximately
88%, followed by SN 99 and SN 148, both showing
resistance levels close to 85%. In contrast, SN 9
showed the lowest resistance percentage at around 72%.
Isolates SN 29, SN 35, SN 51, SN 62, SN 115, and SN
129 displayed intermediate resistance levels ranging
between 75% and 83%. The data highlights significant
variation in resistance among the isolates, reflecting the
diverse antibiotic resistance mechanisms in Gram-
positive bacteria.

The results revealed concerning levels of antibiotic
resistance among the selected Gram-positive isolates.
High resistance levels observed in isolates such as SN
81 and SN 99 underscore the growing challenge posed
by multidrug-resistant Gram-positive bacteria in
clinical settings. Gram-positive bacteria, such as
Staphylococcus aureus and Enterococcus faecium, are

known for their ability to develop resistance through
various mechanisms, including the production of beta-
lactamases, modification of target sites, and efflux
pump activity (Munita & Arias 2016).

The intermediate resistance levels observed in several
isolates suggest the possibility of selective pressure
from the overuse or misuse of antibiotics, a
phenomenon that has been widely reported in both
hospital and community settings (Davies & Davies
2010). Additionally, the relatively lower resistance in
isolates such as SN 9 indicates that some strains may
still be susceptible to available antibiotics, which could
guide treatment decisions. The findings align with
global reports highlighting the prevalence of antibiotic
resistance in Gram-positive bacteria (WHO, 2020).
Addressing this issue requires a multifaceted approach,
including the prudent use of antibiotics, implementation
of infection control measures, and on-going
surveillance to monitor resistance trends (Pérez et al.,
2019).

Antibiogram Profile of Selected Gram-Negative Isolates
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Fig. 3. Antibiotic Resistance Patterns of Selected Gram-Negative Isolates.

The presented bar graph (Fig. 3 and 4) illustrates the
antibiogram profile of selected Gram-negative isolates
based on their percentage resistance to tested
antibiotics. Among the isolates, SN 123 exhibited the
highest resistance percentage at 94%, followed by SN
141 with 92%. Isolates such as SN 27, SN 69, and SN
142 showed resistance levels exceeding 90%.
Meanwhile, the isolates SN 18, SN 74, and SN 90
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displayed intermediate resistance percentages, ranging
between 86% and 89%. The isolates SN 133 and SN
136 recorded the lowest resistance levels, falling just
above 84%. These findings highlight the variability in
resistance patterns among Gram-negative isolates,
indicating significant concerns regarding antibiotic
efficacy.
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The results underscore the alarming prevalence of high
antibiotic resistance among Gram-negative isolates. SN
123 and SN 141, with resistance rates above 92%, point
to multidrug-resistant profiles that pose a severe threat
to clinical treatments. Similar observations have been
reported in recent studies, which attribute the high
resistance in Gram-negative bacteria to the presence of
robust outer membranes and efflux pumps that reduce
antibiotic penetration (Chaudhary et al., 2021).
Moreover, the variation in resistance levels among
isolates may stem from genetic differences,
environmental pressures, and antibiotic exposure
histories (Pérez et al., 2019).

These findings align with global trends in antimicrobial
resistance,  particularly among  Gram-negative
pathogens like Pseudomonas aeruginosa and Klebsiella
pneumoniae (World Health Organization, 2020).
Efforts to combat this issue necessitate stringent
antimicrobial ~ stewardship  programs and the
development of novel therapeutic strategies, including
phage therapy and resistance-modifying agents. Further
molecular characterization of these isolates is essential
to identify resistance determinants and inform targeted
interventions.

CONCLUSIONS

This study underscores the growing challenge posed by
multidrug-resistant organisms in surgical site infections
(SSls). Gram-negative isolates exhibited alarming
resistance rates, with SN 123 showing the highest
resistance at 94%, highlighting the threat posed by
extensively drug-resistant strains. Among Gram-
positive isolates, SN 81 demonstrated the highest
resistance at 88%, reflecting the persistent challenge of
treating infections caused by pathogens like
Staphylococcus aureus. These findings call for urgent
action, including the implementation of antimicrobial
stewardship programs, adherence to infection control
protocols, and continued research into novel therapeutic
strategies. Addressing these challenges is essential to
improving surgical outcomes and mitigating the impact
of antimicrobial resistance on global healthcare.

FUTURE SCOPE

The future scope of this study includes expanding the
research to diverse geographic regions to assess
regional variations in resistance patterns and conducting
advanced molecular studies to identify resistance
mechanisms. It can explore alternative therapies like
phage therapy, rapid diagnostic tools for early
detection, and the development of enhanced infection
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control protocols. Implementing antibiotic stewardship
programs and aligning with global initiatives like
WHO?’s action plan on antimicrobial resistance could
amplify its impact. Long-term monitoring of resistance
trends, investigating host-pathogen interactions are
promising areas. These efforts can guide policy-
making, improve therapeutic strategies, and enhance
surgical outcomes globally.

REFERENCES

Ademuyiwa, A. O., Hardy, P., Runigamugabo, E.,
Sodonougbo, P., Behanzin, H., Kangni, S. & Krauss,
R. H. (2021). Reducing surgical site infections in low-
income and middle-income countries (FALCON): a
pragmatic,  multicentre, stratified, randomised
controlled trial. The Lancet, 398(10312), 1687-1699.

Akhi, M. T., Ghotaslou, R., Beheshtirouy, S., Asgharzadeh,
M., Pirzadeh, T., Asghari, B. & Memar, M. Y. (2015).
Antibiotic susceptibility pattern of aerobic and
anaerobic bacteria isolated from surgical site infection
of hospitalized patients. Jundishapur Journal of
Microbiology, 8(7), €20309.

Barie, P. S. & Wilson, S. E. (2015). Impact of evolving
epidemiology on treatments for complicated skin and
skin structure infections: the surgical
perspective. Journal of the American College of
Surgeons, 220(1), 105-116e6.

Bediako-Bowan, A. A., Kurtzhals, J. A., Mglbak, K., Labi, A.
K., Owusu, E. & Newman, M. J. (2020). High rates of
multi-drug  resistant  gram-negative  organisms
associated with surgical site infections in a teaching
hospital in Ghana. BMC Infectious Diseases, 20, 1-9.

Berrios-Torres, S. I, Umscheid, C. A., Bratzler, D. W., Leas,
B., Stone, E. C., Kelz, R. R. & Healthcare Infection
Control Practices Advisory Committee. (2017).
Centers for disease control and prevention guideline
for the prevention of surgical site infection,
2017. JAMA surgery, 152(8), 784-791.

Bishnoi, D., Umesha, C.and Sharma, C. S. (2021). Impact of
Row Spacing on Growth and Yield of Cluster bean
(Cyamopsis tetragonoloba L.) varieties. Biological
Forum — An International Journal, 13(3), 144-148.

Cappelli, S., Corallino, D., Clementi, M., Guadagni, S., Pelle,
F., Puccica, I. & Botti, C. (2022). Surgical site
infections in patients undergoing breast oncological
surgery during the lockdown: An unexpected lesson
from the COVID-19 pandemic. Il Giornale di
Chirurgia-Journal  of the Italian  Surgical
Association, 42(2), e02.

Chaudhary, M., Singh, A. & Kumar, R. (2021). Mechanisms
of antibiotic resistance in Gram-negative bacteria: A
review. Journal of Antimicrobial Research, 45(3),
234-248.

Chauveaux, D. (2015). Preventing surgical-site infections:
Measures other than antibiotics. Orthopaedics &
Traumatology: Surgery & Research, 101(1), S77-S83.

15(3): 941-946(2023) 945



Collin, S. M., Shetty, N., Guy, R., Nyaga, V. N., Bull, A,
Richards, M. J. & Lamagni, T. (2019). Group B
Streptococcus in surgical site and non-invasive
bacterial infections worldwide: A systematic review
and meta-analysis. International Journal of Infectious
Diseases, 83, 116-129.

Cruse, P. J. & Foord, R. A. (1973). Five-year prospective
study of 23,649 surgical wounds. Archives of Surgery,
107(2), 206-210.

Davies, J. & Davies, D. (2010). Origins and evolution of
antibiotic resistance. Microbiology and Molecular
Biology Reviews, 74(3), 417-433.

El-Kholy, A. A., Elanany, M. G., Sherif, M. M. & Gad, M. A.
(2018). High prevalence of VIM, KPC, and NDM
expression among surgical site infection pathogens in
patients  having  emergency  surgery. Surgical
infections, 19(6), 629-633.

El-Saed, A., Balkhy, H. H., Alshamrani, M. M., Aljohani, S.,
Alsaedi, A., Al Nasser, W. & Alzahrani, M. (2020).
High contribution and impact of resistant gram
negative pathogens causing surgical site infections at a
multi-hospital healthcare system in Saudi Arabia,
2007-2016. BMC infectious diseases, 20, 1-9.

Golia, S., Kamath, B. A. S. & Nirmala, A. R. (2014). A study
of superficial surgical site infections in a tertiary care
hospital at Bangalore. Journal of Research in Medical
Sciences, 2(3), 647-652.

Lakoh, S., Yi, L., Sevalie, S., Guo, X., Adekanmbi, O.,
Smalle, I. O. & Firima, E. (2022). Incidence and risk
factors of surgical site infections and related antibiotic
resistance in Freetown, Sierra Leone: a prospective
cohort study. Antimicrobial Resistance & Infection
Control, 11(1), 39.

Li, Z., Gao, J. R, Song, L., Wang, P. G., Ren, J. A., Wu, X.
W. & Fang, J. (2020). Risk factors for surgical site
infection after emergency abdominal surgery: a
multicenter cross-sectional study in China. Zhonghua
wei Chang wai ke za zhi= Chinese Journal of
Gastrointestinal Surgery, 23(11), 1043-1050.

Lubega, A., Joel, B. & Justina, L. N. (2017). Incidence and
etiology of surgical site infections among emergency
postoperative patients in Mbarara regional referral
hospital, South Western Uganda. Surgery Research
and Practice, 2017, 6365172.

Luo, R., Greenberg, D., Stone, C. & Dellinger, E. P. (2020).
Management of surgical site infections in adults.
Annals of Surgery, 271(6), 1087-1096.

Mehtar, S., Wanyoro, A., Ogunsola, F., Ameh, E. A,
Nthumba, P., Kilpatrick, C. & Solomkin, J. S. (2020).
Implementation of surgical site infection surveillance
in low-and middle-income countries: A position
statement for the International Society for Infectious
Diseases. International ~ Journal  of  Infectious
Diseases, 100, 123-131.

Misha, G., Chelkeba, L. & Melaku, T. (2021). Bacterial
profile and antimicrobial susceptibility patterns of
isolates among patients diagnosed with surgical site
infection at a tertiary teaching hospital in Ethiopia: A
prospective cohort study. Annals of Clinical
Microbiology and Antimicrobials, 20(1), 1-10.

Mukagendaneza, M. J., Munyaneza, E., Muhawenayo, E.,
Nyirasebura, D., Abahuje, E., Nyirigira, J. &
Muvunyi, C. M. (2019). Incidence, root causes, and
outcomes of surgical site infections in a tertiary care
hospital in Rwanda: a prospective observational cohort
study. Patient Safety in Surgery, 13(1), 1-8.

Munita, J. M. & Arias, C. A. (2016). Mechanisms of
antibiotic resistance. Microbiology Spectrum, 4(2), 1
37.

Neumayer, L., Hosokawa, P., Itani, K., El-Tamer, M.,
Henderson, W. G. & Khuri, S. F. (2007).
Multivariable predictors of postoperative surgical site
infection after general and vascular surgery: results
from the patient safety in surgery study. Journal of the
American College of Surgeons, 204(6), 1178-1187.

Ngah, J. E., Bénet, T. & Djibrilla, Y. (2016). Incidence of
surgical site infections in sub-Saharan Africa:
Systematic review and meta-analysis. Pan African
Medical Journal, 24, 171.

O’Neill, J. (2014). Antimicrobial resistance: Tackling a crisis
for the health and wealth of nations. Review on
Antimicrobial Resistance. Retrieved from https://amr-
review.org/sites/default/filess AMR

Pal, N. & Guhathakurta, R. (2012). Surgical site infection in
surgery ward at a tertiary care hospital: The infection
rate and the bacteriological profile. IOSR Journal of
Pharmacy, 2(5), 1-5.

Pantvaidya, G., Joshi, S., Nayak, P., Kannan, S., DeSouza, A.,
Poddar, P. & Puri, A. (2022). Surgical Site Infections
in patients undergoing major oncological surgery
during the COVID-19 paNdemic (SCION): A
propensity-matched analysis. Journal of Surgical
Oncology, 125(3), 327-335.

Pérez, F., Hujer, A. M., & Bonomo, R. A. (2019). Antibiotic-
resistant Gram-negative bacterial infections in patients
with compromised host defense mechanisms. Clinical
Infectious Diseases, 69(4), S502-S510.

Sanchez, C. J., Mende, K., Beckius, M. L., Akers, K. S,
Romano, D. R., Wenke, J. C. & Murray, C. K. (2013).
Biofilm formation by clinical isolates and the
implications in chronic infections. BMC Infectious
Diseases, 13(1), 47.

Segal, C. G., Waller, D. K., Tilley, B., Piller, L. & Bilimoria,
K. (2014). An evaluation of differences in risk factors
for individual types of surgical site infections after
colon surgery. Surgery, 156(5), 1253-1260.

Spagnolo, A. M., Ottria, G., Amicizia, D., Perdelli, F. &
Cristina, M. L. (2013). Operating theatre quality and
prevention of surgical site infections. Journal of
Preventive Medicine and Hygiene, 54(3), 131-137.

Tanner, J., Norrie, P., & Melen, K. (2011). Preoperative hair
removal to reduce surgical site infection. Cochrane
Database of Systematic Reviews, 11, CD004122.

Velin, L., Umutesi, G., Riviello, R., Muwanguzi, M., Bebell,
L. M., Yankurije, M. & Kateera, F. (2021). Surgical
site infections and antimicrobial resistance after
cesarean section delivery in rural Rwanda. Annals of
Global Health, 87(1), 77.

World Health Organization (2020). Antimicrobial resistance:
Global report on surveillance. Retrieved from
https://www.who.int

Journal, 15(3): 941-946.

How to cite this article: Sumedh P. Narwade, S.B. Mali and R.M. Khobragade (2023). Post- surgical Infections and
Associated Bacteria: A Study on Antibiotic Resistance Profiles of Bacterial Isolates. Biological Forum — An International

Narwade etal.,

Biological Forum — An International Journal

15(3): 941-946(2023) 946




