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Abstract

Background: The emergence of antimicrobial resistance (AMR) makes the management of wound infections a serious issue, leading to
considerable morbidity worldwide. Local surveillance information plays a vital role in guiding empirical therapy for multidrug-resistant
organisms. This research paper set out to define the bacteriological profiles and susceptibilities of pathogens causing pyogenic wound infections
at a tertiary care hospital in North India. Material and Methods: 100 sequential patients suspected of having pyogenic wound infections were
recruited in this cross-sectional study. Conventional culture, identification, and antimicrobial susceptibility testing of pus samples were
performed using the Kirby-Bauer method according to CLSI guidelines. The results of the associations between the demographic data and
culture were analyzed using the Chi-squared and Fisher's exact tests. Results: 72 out of 100 (72) samples were positive on culture. The
predominant bacterial type is gram-positive (n=42), with gram-negative (n=30) as the only dominant type. The most common isolate was
Staphylococcus aureus (n=27, 37.5%), followed by Pseudomonas aeruginosa (n=11, 15.3%). The possibility of being culture-positive was
significantly associated with male gender (p=0.0217). Gram-positive isolates were very resistant to Ampicillin and Ciprofloxacin (>94%).
Nonetheless, Vancomycin and Linezolid were susceptible to gram-positive pathogens, whereas Imipenem was susceptible to gram-negative
pathogens. Conclusion: The predominant cause of wound infections in our current environment is Staphylococcus aureus, which shows
alarming resistance to the most common antibiotics, such as fluoroquinolones, which should not be used empirically. This work provides an
essential local antibiogram and explains why continuous monitoring should inform institutional antibiotic policy, why antimicrobial stewardship
should be embraced, and why the effectiveness of last-resort drugs should be maintained.
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INTRODUCTION

Wound infection is a significant health issue in the world and
has a highly effective impact on morbidity, mortality, and
economic impact on the healthcare industry. Wounds
constitute breaches in the protective barrier of the skin and
are therefore highly wvulnerable to colonization by
microorganisms. They may delay healing and cause serious
systemic complications, including cellulitis, bacteraemia,
and sepsis.[Y These wounds are generally divided into acute
wounds, i.e., surgical site infections (SSI) and traumatic
injuries, and chronic wounds, i.e., diabetic foot ulcers (DFU),
pressure ulcers, and venous leg ulcers. The global burden of
such wounds is phenomenal. This is one of the prevalent
healthcare-associated infections (HAIs), where surgical site
infections affect hundreds of millions of patients each year,
costing them on average 7-10 days of hospital stay.l?l DFUs
and chronic wounds, in general, are a growing problem
caused by the worldwide diabetes epidemic; it is projected
that a DFU is the antecedent of nearly 85% of all non-
traumatic lower limb amputations.[ To further increase this,
a recent landmark study in The Lancet, 2022, estimated that

bacterial antimicrobial resistance (AMR) caused 1.27 million
deaths worldwide in 2019 directly and was the cause of 4.95
million deaths, therefore, becoming a dominant cause of death
worldwide, more than HIV/AIDS and malaria.[) Microbiology
of wound infection has undergone a dramatic and alarming
change. Although formerly dominated by gram-positive cocci, an
increasingly  heterogeneous, and often  polymicrobial,
environment composed of both gram-positive and gram-negative
organisms is now common in the etiological milieu.
Staphylococcus aureus is still a fearsome gram-positive
pathogen, famous for its virulence factors that facilitate tissue
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invasion.®  The prevalence of Methicillin-resistant
Staphylococcus aureus (MRSA) across the world has turned
it into a nosocomial infection and a major menace to the
community.l®! At the same time, gram-negative bacteria have
been viewed as overt competitors, especially in nosocomial
and chronic wound infections. Candida albicans and
Pseudomonas aeruginosa are known for their inherent
resistance and biofilm-forming capacity, and
Enterobacteriaceae, including Escherichia coli and
Klebsiella pneumoniae, are now commonly isolated and
often have a more adverse clinical history.[®!

This changing epidemiological picture is necessarily
connected with the growing crisis of AMR. The years after
2010 have been characterized by an alarming increase in the
spread of multidrug-resistant organisms (MDROs). The
spread of strains that encode Extended-Spectrum Beta-
Lactamases (ESBLs) has made many cephalosporins
ineffective. The dissemination of Carbapenem-Resistant
Enterobacteriaceae (CRE) has led to the emergence of so-
called superbugs resistant to virtually all known drugs, with
the spread of AMR in India being among the highest
worldwide due to a perfect storm of factors such as high
population density, heavy burden of infectious diseases, and
unregulated sale of antibiotics.!®! Surveillance network data
from the Indian Council of Medical Research (ICMR)
indicate alarming rates of resistance. However, these findings
are steadily increasing among bacteria such as carbapenem-
resistant E. coli and K. pneumoniae.! Both community-and
hospital-acquired MRSA are also of a high prevalence, which
only contributes to the burdens of therapeutic challenges.™*
The most important aspect of AMR in India is the extreme
geographic heterogeneity; medical resistance can vary
greatly between hospitals.™ Such variation highlights the
limitations of using national guidelines in local clinical
practice. Empirical therapy cannot be effectively done
without sound, current, and local epidemiological
surveillance data. Hence, this research was designed to fill
this gap by providing a current picture of the pathogens that
cause wound infections and their resistance patterns at one of
the largest tertiary care hospitals in North India. The
proposed research question will evaluate the frequency of
different types of bacterial pathogens isolated from wound
infections in hospitalised patients, analyse the antimicrobial
susceptibility patterns of the identified gram-positive and
gram-negative strains, and ascertain demographic risk factors
attributable to culture-positive wound infections.

MATERIALS AND METHODS

Study Design and Setting: This was a cross-sectional,
descriptive study conducted in the Department of
Microbiology at Santosh Medical College and Hospital, a
tertiary care teaching hospital in Ghaziabad, Uttar Pradesh,
India.

Participants: The research population included both in-
patient (IPD) and out-patient (OPD) of the hospital patients
whose clinical presentations were considered having
pyogenic wound infections. Participants were selected
according to the predefined eligibility criteria.

Inclusion Criteria:

Patients who have clinical suspicions of wound infections,
such as but not limited to surgical site infections, drain
abscesses, diabetic ulcers, and soft tissue abscesses.

Written informed consent by the patient or his or her legal 1
to whom this type of assistance is to be provided.

Exclusion Criteria:

Patients who were not willing to take part in the study.
Patients who have a known history of HIV, being positive
with Hepatitis B surface antigen (HBsAg) and Hepatitis C
virus (HCV), or cancer.

Variables and Data Collection: The data gathered regarding
patient demographics and clinical history includes age, sex,
department, and medical history. The main findings of the
research included the culture positivity rate, the rate of isolated
bacterial species, and the antimicrobial susceptibility profiles of
the isolated species.

Collection and Processing of Specimen: Aseptic collection was
done on pus samples collected at the sites of the wound. Samples
in the case were obtained using a sterile cotton swab or a sterile
syringe, depending on the nature of the wound. Two swabs were
taken from one patient: one for a smear that could be examined
directly under the microscope, and the other for culture. All
samples were labeled with vital patient information and promptly
delivered to the microbiology laboratory.

All patients who reported to the inpatient (IPD) and outpatient
(OPD) departments with a clinically suspected outbreak of
pyogenic wound infections and met the eligibility criteria were
included. The study population included 100 participants,
deemed sufficient to meet the descriptive goals, including the
prevalence of the pathogens and local trends in antimicrobial
resistance.

Culture and Identification: The samples were cultured on
Blood, MacConkey, and Nutrient agar and incubated aerobically
at 37 °C for 24-48 hours. After incubation, bacterial isolates
were characterized according to standard protocols, including
assessment of colony morphology, Gram staining, and
biochemical tests for Catalase, Coagulase, and Oxidase.[*?
Antimicrobial Susceptibility Testing (AST): All isolates were
tested by Antimicrobial Susceptibility Testing (AST) by the
Kirby-Bauer disc diffusion technique on the agar of the Mueller-
Hinton using the CLSI parameters. A bacterial suspension was
adjusted to a 0.5 McFarland turbidity standard to make an
inoculum. This was further compared with a collection of
antibiotic discs applicable to Gram-positive and Gram-negative
pathogens.[*!

Bias: Eligible patients were recruited consecutively, as all
hospital departments (IPD and OPD) were eligible to minimize
bias. All microbiological tests were performed according to
standardized operating procedures (SOPs). Quality control was
conducted strictly in accordance with the CLSI guidelines, using
ATCC reference strains (S. aureus and E. coli) to assess the
reproducibility of the results.

Statistical Analysis: The data were discussed through
descriptive statistics (frequencies [n] and percentages [%]). To
conduct inferential analysis, the Pearson Chi-square test (2) was
employed to evaluate the relationships between patient
demographics and culture outcomes. The exact test of Fisher was
used to identify differences in antimicrobial susceptibility
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sampling in Gram-positive and Gram-negative isolates,
especially when the expected frequencies are small. All tests
were considered statistically significant if the p-value was
below 0.05.

Ethical Considerations: Formal approval of the study
protocol was obtained from the institution's ethics committee
of Santosh Medical College and Hospital. Informed consent
was obtained from all participants or their legal guardians for
minors before sample collection. The consent forms were
provided in English and Hindi to ensure they were well
understood. Patient confidentiality was strictly maintained at
all stages of the study by de-identifying samples and data
during analysis.

REsuLTs

Participant Flow and Characteristics: A total of 100
patients with clinically suspected wound infections were
enrolled in the study. All 100 participants provided samples
that were successfully processed and included in the final
analysis.

Demographic Characteristics: Based on an analysis of 100
patient samples, the results show a statistically significant
association between gender and culture outcome (p = 0.0217),
but no significant link with age (p = 0.5053). Males had a higher
number of positive cultures, with 23 gram-positive and 19 gram-
negative isolates. In contrast, females had a considerably higher
incidence of "No Growth" results (20 cases) than males (8 cases).
Although the distribution of outcomes was spread across all age
groups without a clear pattern, the highest number of total
infections was observed in patients aged 26-51 years. [Table 1]
Prevalence and Distribution: The screening of 72 bacterial
isolates from wound infections showed that gram-positive
bacteria were most common, with Staphylococcus aureus as the
most common isolated pathogen (37.5). The other notable gram-
positive isolates were Staphylococcus epidermidis (8.3%) and
Staphylococcus hominis (5.6%). Pseudomonas aeruginosa was
the most widespread gram-negative bacterium, found in 15.3
percent of the total isolates, followed by Klebsiella pneumoniae
and Escherichia coli, both found in 5.6 percent of the total
isolates. [Table 2]

Table 1: Demographic Characteristics of Patients with Gram-Positive, Gram-Negative, and No Growth Cultures

Parameter Gram Positive (n=42) Gram Negative (n=30) | No Growth (n=28) P value
Age <12 4 1 2 0.5053
13-25 4 3 2
26 -38 13 5 10
39-51 6 11 5
52- 64 9 4 6
>65 5 6 3
Gender Male 23 19 8 0.0217
Female 19 11 20

Table 2: Prevalence and Distribution of Bacterial Isolates from Wound Infections

Bacterial Isolate Number of Isolates (n)
Staphylococcus aureus (MRSA & MSSA) 27(37.50%)
Pseudomonas aeruginosa 11(15.30%)
Staphylococcus epidermidis 6(8.30%)
Klebsiella pneumoniae 4(5.60%)
Escherichia coli 4(5.60%)
Staphylococcus hominis 4(5.60%)
Acinetobacterlwoffii group 3(4.20%)
Staphylococcus haemolyticus 2(2.80%)
Enterococcus faecalis 2(2.80%)
Diphtheroids spp. 2(2.80%)
Acinetobacter baumannii complex 2(2.80%)
Enterobacter cloacae 1(1.40%)
Proteus mirabilis 1(1.40%)
Serratiaplymuthica 1(1.40%)
Staphylococcus auricularis 1(1.40%)
Staphylococcus lugdunensis 1(1.40%)

Antimicrobial Susceptibility Patterns: A study on 29
antibiotics demonstrated that there are different patterns of
susceptibility to gram-positive and gram-negative bacteria.
Gram-positive bacteria were found to be highly resistant to
generic antibiotics similar to Ampicillin, Ciprofloxacin, and
Levofloxacin, but is very vulnerable to Daptomycin,

Linezolid, Teicoplanin, and Vancomycin. Carbapenems in
gram-negative isolates. Imipenem was particularly effective,
but increased resistance was found with respect to
Aztreonam and Ciprofloxacin. A relative statistical study
indicated that in the vast majority of antibiotics. [Table 3]

Table 3: Antimicrobial Susceptibility Patterns of Gram-Positive and Gram-Negative Isolates

Drug Name Gram-positive Gram-positive Gram-negative Gram-negative
Sensitive Resistant Sensitive Resistant

Amikacin 0 0 3 1

Amoxicillin-clavulanic acid 8 11 2 1
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DiscussioN

This paper presents a critical analysis of the bacteriological
and antimicrobial resistance profiles of wound infections in
a tertiary care facility in North India. The 72 percent culture
positivity rate is essential in highlighting the significant
burden of microbial infection in this patient cohort. This
percentage is also comparable to that of Zubair et al,*4l who
reported a positivity rate of 76.8% in the surrounding area.
The presence of such rates may depend on such factors as the
particularity of the population of patients, the rate of chronic
infections, and the local practice of infection control.[*>l A
significant demographic result will be the statistically
significant association with the male gender and higher rates
of culture-positive infections (p = 0.0217). The current
observation is supported by several other studies on wound
infections, in which researchers such as Yakha et al,*! have
frequently explained this difference by the higher frequency
of occupational and outdoor activities among males.
Conversely, we were unable to establish a significant
correlation with age, as other studies have reported, such as
those conducted by Gardner and Frantz,1 who noted that
Staphylococcus aureus was the most dominant pathogen in
the survey (37.5%). Our observation is in very good
agreement with the overwhelming body of literature
worldwide, with studies by Dryden,[8l and Wadekar et al,[**]
finding consistent results, in which S. aureus is consistently
identified as the main agent in pyogenic infections.?%
Pseudomonas aeruginosa was the most prevalent among the
gram-negative samplings (15.3%). This becomes the typical
feature of a tertiary hospital environment, where P.
aeruginosa is a notorious nosocomial pathogen as observed
by Breidenstein et al.l?!

The most clinically relevant outcomes may be antimicrobial
susceptibility patterns. Among the gram-positive isolates, the

high level of resistance to the most prevalent oral agents, such as
Ciprofloxacin (92.2% resistance), aligns with other surveillance
data from India; a study by Mansoor et al,*? also reported
universal fluoroquinolone resistance in staphylococci. On the
contrary, the consistent sensitivity to VVancomycin, Linezolid,
and Daptomycin is a positive avenue of development, as global
records indicate that resistance to these last-resort agents is
infrequent,®! (Rayner and Munckhof. In gram-negative isolates,
the preponderance of ESBL-producing strains is shown to have
high background prevalence, and this has been emphasized by
Tesfaye et al,?! Although the carbapenems were active in our
research, it should be used with caution as several recent Indian
studies have described an increased rate of Carbapenem-
Resistant Enterobacteriaceae (CRE) that, these include a study
by Taneja and Sharma. 2]

CoNcLusION

The present study reports that gram-positive bacteria, mainly
Staphylococcus aureus, are the cause of wound pyogenic
infections at our hospital. An alarming discovery was that the
resistance of common agents such as fluoroguinolones is high,
and they are not suitable for empirical therapy. Nevertheless,
last-resort antibiotics like Vancomycin (gram-positive) and
carbapenems (gram-negative) are essential, as they are highly
effective. This information provides a basic, evidence-based
antibiogram indicating the need for continuous local monitoring.
This monitoring is necessary to inform clinical practice, develop
antibiotic-use policies, and enhance stewardship, ensuring the
effectiveness of these highly important last-resort medications is
maintained.
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