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ABSTRACT 
Introduction: Surgical site infections (SSIs) remain a major cause of postoperative 
morbidity, with anaerobic bacteria increasingly recognized as significant 
pathogens. Understanding their prevalence, associated risk factors, and antibiotic 
susceptibility is critical to inform effective empirical therapy and optimize patient 
outcomes.

Objectives: To isolate and identify anaerobic bacteria from SSIs and assess their 
antibiotic susceptibility patterns during phase II.

Methodology: A prospective analytical cross-sectional study was conducted 
at Birat Medical College Teaching Hospital, Morang, Nepal, from April 2023 to 
December 2023. The study included 641 patients in phase I and 701 patients in 
phase II. Clinical specimens were collected and processed for anaerobic bacterial 
isolation. Antibiotic susceptibility testing was performed following CLSI guidelines. 
Host factors, infection sites, and laboratory parameters were analyzed for 
associations with anaerobic culture-positive SSIs.

Results: The overall prevalence of SSIs was 12.3%, with 5.7% caused by anaerobic 
bacteria. The most common anaerobic pathogen was Bacteroides fragilis (35%), 
followed by Peptoniphilus asaccharolyticus (27.5%), Bacteroides thetaiotamicron 
(22%), and Clostridium perfringens (15%). Nearly 50% of the anaerobic isolates 
exhibited resistance to metronidazole and tetracycline. Significant associations 
were observed between comorbidities and infection sites in anaerobic culture-
positive cases.

Conclusion: This study highlights the growing antimicrobial resistance among 
anaerobic pathogens and need for updated antibiotic prophylaxis strategies to 
improve the management of SSIs. B. fragilis was the predominant anaerobic 
pathogen, and notable resistance to key antibiotics was observed. The study 
also identified significant associations between comorbidities, infection sites and 
anaerobic infections.

    Access the article online

DOI: 10.62065/bjhs732

Introduction	  
Surgical site infections (SSIs) are common postoperative complications that 
occur at or near the surgical incision, particularly when prosthetic materials are 
implanted during surgery.1 These infections often arise from the patient’s own 
normal flora. Surgical wounds are generally classified as clean, clean-contaminated, 
contaminated, or dirty, based on the degree of microbial contamination.2 Both 
aerobic and anaerobic bacteria can be responsible for SSIs.3
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Preoperative optimization plays a critical role in preventing SSIs. 
Strategies may include controlling diabetes, enhancing immune 
function, addressing malnutrition and obesity, optimizing 
skin condition, improving vascular health, promoting smoking 
cessation, and adjusting immunosuppressive medications.4 

Additionally, hematological parameters such as white blood 
cell (WBC) count, C-reactive protein (CRP), and erythrocyte 
sedimentation rate (ESR) are increasingly utilized for early 
detection and assessment of SSIs.5,6

The emergence of antibiotic resistance due to the overuse 
of antibiotics has significantly influenced the incidence and 
management of SSIs.6 Among anaerobic pathogens, commonly 
implicated bacteria include B. fragilis, Prevotella spp., 
Porphyromonas spp., Fusobacterium spp., Peptoniphilus spp., 
and Clostridium spp. Understanding the distribution of these 
pathogens, their resistance patterns, and associated clinical 
factors is essential for guiding empirical therapy and improving 
surgical outcomes.

This study aims to compare the rate and patterns of anaerobic 
bacteria in SSIs during phases I and II, focusing on pathogen 
identification and antibiotic susceptibility to support evidence-
based antimicrobial management.

Methodology
A hospital-based analytical cross-sectional study was conducted 
at Birat Medical College Teaching Hospital (BMCTH), Morang, 
Nepal. Phase I (October 2021–December 2022) included 641 
surgical patients out of 5,487. Phase II (April 2023–December 
2023) enrolled 701 patients out of 7,239 to assess anaerobic 
bacterial profiles and resistance patterns. Patients with SSIs 
admitted to general surgery, orthopedics, obstetrics, and 
gynecology wards were included. Ethical approval was obtained 
from the Nepal Health Research Council (NHRC; Ref. No. NHRC 
234/2020 & 160/2023), and written informed consent was 
obtained from adults (≥18 years) or guardians for minors.

The Phase II sample size was calculated using Cochran’s formula, 
assuming 38% prevalence.7

Sample size (n) = 

                          =   

                         =627

Inclusion criteria were patients of any age and sex with SSIs per 
CDC guidelines; patients from ICU, with blood/urine/sputum 
samples, or incomplete records were excluded. Preoperative, 
intraoperative, and postoperative antibiotic administration 
followed WHO guidelines (2016), with patient risk factors and 
hematological and renal parameters collected from operative 
records.8

Sample collection and microbiology: Pus, tissue, and body 
fluids were aseptically collected and transported in anaerobic 
vials. Samples were inoculated into Robertson’s cooked meat 
broth and incubated overnight, then sub cultured on blood agar, 
Brucella blood agar, and Bacteroides bile esculin agar for 48–72 

hours in anaerobic jars with AnaeroGas Packs, indicators, and 
palladium catalysts.9  Metronidazole discs (5 μg) were used to 
selectively isolate anaerobic bacteria, and aerotolerance tests 
distinguished obligate from facultative anaerobes. Obligate 
anaerobes were confirmed by susceptibility to colistin (10 μg), 
kanamycin (1,000 μg), and metronidazole (5 μg) discs.10 Bacterial 
identification employed conventional methods and the Vitek 2 
Compact System (BioMérieux), with Bacteroides fragilis ATCC 
25285 as the control.11,12

Antibiotic susceptibility: Agar dilution determined minimal 
inhibitory concentrations (MICs) for cefoxitin, tetracycline, 
piperacillin/tazobactam, clindamycin, imipenem, and 
metronidazole according to CLSI guidelines.12 MIC ranges were: 
metronidazole 0.125–64 µg/mL; imipenem and clindamycin 
0.125–16 µg/mL; piperacillin/tazobactam 0.125–128 µg/mL; 
cefoxitin 2–64 µg/mL; tetracycline 2–16 µg/mL.

Data analysis: Data were entered in MS Excel and analyzed using 
SPSS v29. Frequencies, percentages, and odds ratios from logistic 
regression assessed associations between anaerobic culture 
positivity and socio-demographic, clinical, hematological, and 
renal parameters. A p-value <0.05 was considered statistically 
significant.

Results
Among the 701 operated patients in Phase II, the overall SSI rate 
was 86 (12.3%), with 40 cases (5.71%) confirmed as anaerobic 
SSIs. Clinical samples were predominantly obtained from pus 22 
55%), followed by body fluids 12(30%) and tissues 6(15%).

Analysis of socio-demographic and clinical factors showed that 
age, gender, hospital unit, wound category and urgency of 
surgery were not significantly associated with anaerobic culture-
positive SSIs. However, the presence of comorbidities and the 
anatomical site of infection were significantly associated with 
anaerobic SSIs (p < 0.05) (Table 1).
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Table 1:  Association of anaerobic culture result with socio-demographic and clinical characteristics of the study population in Phase 
II

Host factors
Anaerobic culture positive

N (%) Odds ratio (95% CI) p-value

Age group (years) 0-10 6(15) 0.25 (0.01 - 4.73) 0.355 

11-20 3(7.5) 1 (0.05 - 18.92) 1

21-30 16(40) 0.67 (0.09 - 5.13) 0.697

31-40 2(5) 2 (0.08 - 51.6) 0.676

41-50 5(12.5) 0.5 (0.03 - 7.99) 0.624

51-60 3(7.5) 1 (0.05 - 18.92) 1

61-70 3(7.5) 2 (0.05 - 18.92) 1

71-80 2(5) 2 (0.08 - 51.6) 0.676

Gender Male 19(47.5) 2.48 (0.59 - 10.4) 0.215

Female 21(52.5) 2.13 (0.45 - 10.1) 0.339

Units General Surgery 19(47.5) 2.18 (0.19 - 25.02) 0.531

Gynaecology 4(10) 5.33 (0.53 - 54.03) 0.157

Orthopaedic 17(42.5) 2.91 (0.6 - 14.18) 0.186 

Comorbidities Diabetes mellitus 4(10) 0.33 (0.16 - 0.71) 0.004

Large number of visitors 4(10) 0.44 (0.22 - 0.89) 0.023

Increasing age 2(5) 0.36 (0.17 - 0.74) 0.005

Smoking/alcohol 7(17.5) 0.43 (0.21 - 0.91) 0.028 

Weak immune system 11(27.5) 0.26 (0.11 - 0.64) 0.003

Obesity 6(15) 0.42 (0.2 - 0.87) 0.02

Malnutrition 1(2.5) 0.34 (0.17 - 0.71) 0.004

Prolong hospitalization 3(7.5) 0.42 (0.21 - 0.86) 0.017

No comorbidities 2(5) - -

Wound category Clean 16(40) 0.26 (0.1 - 0.7) 0.008

Clean contaminated 7(17.5) 0.57 (0.28 - 1.16) 0.122

Contaminated 18(45) 0.83 (0.36 - 1.93) 0.67

Urgency of Surgery Elective 31(77.5) 2.78 (0.3 - 25.86) 0.368

Emergency 9(22.5) 1.44 (0.29 - 7.14) 0.657 

Observe of SSIs (days) 1 to 7 8(20) 2.33 (0.34 - 15.8) 0.385

8 to 14 18(45) 1.7 (0.42 - 6.88) 0.457

15 to 21 9(22.5) 0.7 (0.12 - 4.03) 0.688

21 to 30 5(12.5) 1.5 (0.14 - 16.32) 0.739

Site of infections Necrotising fasciitis 6(15) 0.36 (0.17 - 0.77) 0.009

Cellulitis 8(20) 0.23 (0.09 - 0.56) 0.001

Perforative Peritonitis 2(5) 0.19 (0.08 - 0.45) <0.001

Appendicular abscess 5(12.5) 0.21 (0.09 - 0.5) <0.001

Periodontal abscess 4(10) 0.2 (0.08 - 0.48) <.001

Liver abscess 1(2.5) 0.18(0.08 - 0.43) <0.001

Pancreatic abscess 8(20) 0.23 (0.09 - 0.56) 0.001

Perianal abscess 1(2.5) 0.18 (0.08 - 0.43) <0.001

Intraabdominal abscess 3(7.5) 0.19 (0.08 - 0.46) <0.001

  Caesarean abscess 2(5) 0.19 (0.08 - 0.45) <0.001
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Logistic regression analysis of hematological and renal 
parameters revealed that total leukocyte count (TLC) was 
significantly associated with anaerobic SSIs (p = 0.003), while 
neutrophil percentage, ESR, CRP, albumin, random blood 
sugar, uric acid, sodium, potassium, and creatinine showed no 
significant association (Table 2).

Table 2:  Haematological and renal function tests of SSIs patients 
in Phase II

Parameters

Haematological risk factors

Anaerobic culture 
positive blood 
sample n(%)

Odds ratio (95% 
CI)

p-value

TLC (WBCs/ul) 0.05 (0.01 - 0.37) 0.003

Normal 21 (52.5)

Increased 19 (47.5)

Neutrophils (%) 0.33 (0.03 - 3.2) 0.341

Normal 4 (10)

Increased 36 (90)

ESR (mm/hr) 1.96 (0.48 - 7.99) 0.346

Normal 23 (57.5)

Increased 17 (42.5)

CRP (mg/L) 0.48 (0.09 - 2.49) 0.383

<12 10(25)

>12 30 (75)

Albumin (g/dL) 1.27 (0.3 - 5.46) 0.748

1-4 27 (67.5)

>4 13 (32.5)

Random  blood 
sugar (mg/dl)

1.96 (0.42 - 9) 0.78

1-100 27 (67.5)

>100 13 (32.5)

Uric acid 
(mmol/L)

1.44 (0.3 - 6.87) 0.644

Normal 16 (40)

Increased 24 (60)

Sodium (mmol/L) 3.75 (0.21 - 66.77) 0.368

Normal 38 (95)

Increased 2 (5)

Potassium 
(mmol/L)

2.8 (0.16 - 49.11) 0.481

Normal 38 (95)

Increased 2 (5)

Creatinine (g/dl) 3.75 (0.51 - 27.5) 0.194

Normal 32 (80%)

Increased 8 (20%)

Out of 40 (5.71%) anaerobic bacterial isolates the B. fragilis 
14 (35%) was the was the most prevalent followed by B. 

thetaiotamicron 9 (22%), Cl. perfringens 6 (15%) and P. 
asaccharolyticus 11 (27.5%) in SSIs (Figure 1). 

Figure 1: Anaerobic bacteria isolated from various SSIs in 
Phase II (n=40)

Antibiotic susceptibility patterns revealed high resistance rates 
among the isolates. B. fragilis was highly resistant to metronidazole 
11 (78.6%), followed by tetracycline 9 (64.3%), clindamycin 7 
(50%) and imipenem 5 (35.7%). Similarly, B. thetaiotamicron was 
resistant to tetracycline 5 (55.6%) and metronidazole 3 (33.3%). 
P. asaccharolyticus was resistant to metronidazole (36.4%), 
clindamycin (36.4%) and tetracycline (36.4%) respectively. Cl. 
perfringens was resistant to metronidazole (33.3%) clindamycin 
(33.3%), cefoxitin (33.3%) and tetracycline (33.3%) respectively. 
All isolated anaerobic bacteria were sensitive to cefoxitin (82.5%) 
(Table 3).
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Table 3:  Antibiotic susceptibility pattern of anaerobic bacteria in Phase II

Bacterial species Antibiotics MIC Range (µg/mL) MIC50 MIC90 % Susceptible % Resistant

Bacteroides fragilis (N=14) Metronidazole 0.125 to 64 32 64 21.4% (3/14) 78.6%(11/14)

Imipenem 0.125 to 16 2 16 64.3% (9/14) 35.7% (5/14)

Clindamycin 0.25 to 16 5 16 50.0% (7/14) 50.0% (7/14)

Piperacillin/tazobactam 0.125 to 128 8 128 71.4% (10/14) 28.6% (4/14)

Cefoxitin 2 to 64 8 32 85.7% (12/14) 14.3% (2/14)

Tetracycline 2 to 16 8 16 35.7% (5/14) 64.3% (9/14)

Bacteroides thetaiotamicron ((N=9) Metronidazole 0.125 to 64 2 64 66.7% (6/9) 33.3%(3/9)

Imipenem 0.125 to 16 1 16 77.8% (7/9) 22.2%(2/9)

Clindamycin 0.25 to 16 1 16 66.7% (6/9) 33.3%(3/9)

Piperacillin/tazobactam 0.125 to 128 4 128 77.8% (7/9) 22.2%(2/9)

Cefoxitin 2 to 64 8 64 88.9% (8/9) 11.1%(1/9)

Tetracycline 2 to 16 8 16 44.4% (4/9) 55.6%(5/9)

Peptoniphilus asaccharolyticus(N=11) Metronidazole 0.125 to 64 2 64 63.6% (7/11) 36.4%(4/11)

Imipenem 0.125 to 16 1 16 72.7% (8/11) 27.3%(3/11)

Clindamycin 0.25 to 16 1 16 63.6% (7/11) 36.4%(4/11)

Piperacillin/tazobactam 0.125 to 128 4 128 81.8% (9/11) 18.2%(2/11)

Cefoxitin 2 to 64 8 64 81.8%(9/11) 18.2%(2/11)

Tetracycline 2 to 16 8 16 63.6%(7/11) 36.4%(4/11)

Clostridium perfringens(N=6) Metronidazole 0.125 to 64 32 64 66.7% (4/6) 33.33%(2/6)

Imipenem 0.125 to 16 2 16 83.3% (5/6) 16.7%(1/6)

Clindamycin 0.25 to 16 5 16 66.7% (4/6) 33.3%(2/6)

Piperacillin/tazobactam 0.125 to 128 8 128 83.3%(5/6) 16.7%(1/6)

Cefoxitin 2 to 64 8 32 66.7% (4/6) 33.3%(2/6)

  Tetracycline 2 to 16 8 16 66.7% (4/6) 33.3%(2/6)

Discussion 

In the present phase II, SSIs decreased markedly to 12.3%, 
with anaerobic SSIs at 5.7%, representing a 36.2% overall 
reduction and a 3.8% decline in anaerobic SSIs. These values 
are comparable to reports from the United States (4.7%) and 
Thailand (2.5%).9 The proportion of postoperative wound 
specimens declined to 47.5% in phase II, along with an 18.1% 
reduction in pus specimens, underscoring the value of sustained 
SSIs surveillance in infection prevention programs.14

Age and gender distribution in phase II showed more cases in 
females. Age group 21-30 showed high SSIs likely due to obstetric 
procedures. Demographic factor did not show significant 
asociations with anaerobic culture positivity as showed by 
earlier studies.15 Contaminated wounds predominated in 
phase II (45%), while no dirty wounds were reported. As noted 
previously, wound class may not reliably predict SSIs because 
classification depends on intraoperative judgment and patient-
specific factors.15 Length of hospital stay also did not correlate 
with SSIs, possibly reflecting improvements in perioperative 
care.16 SSIs were more common in elective than emergency 

surgeries, comparable to findings by Cheng et al. (2015).15

Infection site showed a significant association with anaerobic 
culture positivity. In phase II, cellulitis and pancreatic abscesses 
were common, whereas phase I predominantly yielded cellulitis 
and necrotizing fasciitis. Variations likely reflect differences 
in contamination risk across anatomical locations: colorectal 
wounds carry high microbial loads; orthopedic and cardiac 
implants favor biofilms; abdominal wounds heal slowly; and 
extremity wounds are environmentally exposed.1,17

Among hematological markers, only WBC count showed a 
significant association with anaerobic SSIs in this phases. This 
aligns with Muna and Al-Hameed (2022), who reported elevated 
WBCs in bacterial infections,18 although CRP remained non-
specific.19

Bacteroides spp. were the most frequent isolates in phase II 
(35%), consistent with phase I (31.2%) and higher than reported 
by Singh et al. (19.1%) and Shenoy et al. (20.9%).13,20 Other 
isolates included B. thetaiotamicron (22.5%), Cl. perfringens 
(16%), and P. asaccharolyticus (27.5%). Variability across studies 
likely reflects geographic and clinical differences.
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Metronidazole resistance (50%) was slightly lower than phase 
I (54.1%) but higher than the 7–31% reported by Sood et al. 
(2021).16 The highest resistance occurred in B. fragilis (78.6%). 
In this Phase II study Imipenem resistance reached (27.5%), 
significantly higher than the reports by Sood et al. (2021) and 
Young et al(2014).16,21 Clindamycin resistance (40%) increased 
from phase I and comparable to global trends of rising 
resistance.16 Piperacillin–tazobactam resistance (22.5%) also 
increased compared to phase I, whereas cefoxitin resistance 
(17.5%) remained lower than previous reports.16 Tetracycline 
resistance was greatest in B. fragilis (64.3%), with moderate 
increases in other species across phases.

Clinically important anaerobic bacteria were isolated which 
represents. The reduction in anaerobic isolates and resistant 
strains following changes in surgical prophylaxis in phase II 
highlights the importance of continued anaerobic bacteriology 
surveillance to guide SSIs management and antimicrobial 
Stewardship. 

Conclusion
This phase II study confirms Bacteroides fragilis as the leading 
anaerobic pathogen associated with surgical site infections, 
consistent with our phase I findings. Comorbidities, infection 
site, and elevated WBC counts were significantly associated 
with anaerobic culture-positive SSIs, underscoring their clinical 
relevance. The antibiotic susceptibility pattern highlights the 
need for informed empirical therapy, as resistance among 
anaerobes continues to evolve. Strengthening anaerobic 
diagnostics and integrating resistance data into local treatment 
guidelines will be essential to improving clinical outcomes.

Recommendations
Routine surveillance of anaerobic pathogens should be 
conducted at regular intervals preferably every five years and 
include multicenter data to better capture regional resistance 
trends. Standardization of antibiotic panels for anaerobic 
testing is strongly recommended to ensure comparability across 
laboratories. Based on our findings, cefoxitin and piperacillin 
tazobactam demonstrated the most favorable susceptibility 
profiles and may be considered first-line empiric options for 
anaerobic infections. Conversely, antibiotics such as clindamycin, 
tetracycline, and metronidazole should be used judiciously and 
guided strictly by susceptibility results.

Limitations
Only phenotypic methods were used for identification and 
antibiotic susceptibility testing. Incorporation of molecular 
approaches such as resistance gene detection would have 
provided more precise insights into the underlying mechanisms 
of antimicrobial resistance and strengthened the study’s 
conclusions.
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