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ABSTRACT

Background: Multidrug-resistant (MDR) organisms increasingly complicate surgical wound infections
and may worsen tissue damage, delay healing, and reduce antibiotic effectiveness.

Objective: To determine the association of MDR bacterial infections with histopathological severity,
antibiotic outcomes, and community-level risk factors in surgical wound infections.

Methods: This cross-sectional analytical study included 120 patients with surgical wound infections
from January 2024 to January 2025 at the Department of Pathology, Khawaja Muhammad Safdar
Medical College, Sialkot, Pakistan, in collaboration with the Department of Microbiology, Sharif
Medical and Dental College, Lahore, Pakistan. Wound specimens were cultured, antibiotic
susceptibility was assessed, and tissue samples were examined histopathologically. Clinical outcomes
and risk factors were analyzed.

Results: MDR bacterial infection was identified in 68 patients (56.7%), while 52 patients (43.3%) had
non-MDR infection. MDR infection was significantly associated with diabetes mellitus (50.0% vs 23.1%;
p=0.003), prior antibiotic use (66.2% vs 25.0%; p<0.001), delayed presentation (58.8% vs 25.0%;
p<0.001), poor hygiene (55.9% vs 21.2%; p<0.001), and previous hospitalization (45.6% vs 19.2%;
p=0.003). Severe histopathological involvement was more frequent in MDR cases than non-MDR cases
(41.2% vs 13.5%; p=0.001). MDR infections showed lower favorable antibiotic response (38.2% vs
76.9%; p<0.001), higher repeat debridement (42.6% vs 15.4%; p=0.001), and longer hospital stay (9.6
+ 3.4 vs 6.1 £ 2.7 days; p<0.001).

Conclusion: MDR surgical wound infections were common and were associated with severe tissue
injury, poor antibiotic response, and adverse clinical outcomes.

Keywords: Multidrug Resistance, Surgical Wound Infection, Histopathology, Antibiotic Outcome,
Wound Healing, Community Risk Factors.

INTRODUCTION

Surgical wound infections remain among the
most common healthcare-associated infections
worldwide and continue to impose a substantial
burden on patients and healthcare systems
through prolonged hospitalization, increased

, middle- and high-income countries and
despite the improvement of the surgical
techniques, antimicrobial prophylaxis, and
antimicrobial care, they remain common. The
development of multidrug-resistant (MDR)
bacterial pathogens has added to the

healthcare costs, delayed wound healing, and
higher postoperative morbidity and mortality?.
Surgical wound infections have persisted in low-

complexity of these infections by limiting the
efficacy of traditional antimicrobial treatments
and causing treatment failures®3.
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Increasingly, multidrug-resistant organisms are
spreading in hospitals and in the community,
creating a challenge for clinicians treating
postoperative wound infections®*. Infection with
common multidrug resistant (MDR) pathogens
is a frequent cause of surgical site infections
and includes methicillin-resistant
Staphylococcus aureus (MRSA), extended-
spectrum B-lactamase (ESBL) producing
Escherichia coli and Klebsiella pneumonia,
carbapenem-resistant Acinetobacter baumannii
and multidrug-resistant Pseudomonas
aeruginosa®. Because of their different
resistance mechanisms such as enzymatic
destruction of antibiotics, modification of the
antibiotic target site, decreasing uptake of
antibiotic across the membrane, and active
export of the antibiotic by efflux systems,
therapeutic options are limited. Thus, infections
with MDR bacteria are also linked to extended
treatment with antibiotics, higher rates of
surgical re-intervention, longer time for tissue
healing and worse outcomes as opposed to
infections with susceptible bacteria®.

The severity of the tissue damage in surgical
wound infections is not just related to the
presence of a particular microbe, but also to the
host inflammatory response and the
pathological extent of tissue damage’.
Histopathological examination is performed to
assess the inflammatory cell infiltration, tissue
necrosis, edema, vascular congestion,
granulation tissue formation, fibrosis and
presence of bacteria in the wound bed which
gives an important clue for the biological
behavior = of infected wounds®.  Mild
histopathological changes may occur in both
bacterial and fungal infections, and can be
associated with persistent infection, local
immune dysfunction and delayed wound
healing, which can all have a negative impact
on clinical results. However, a thorough
investigation of the correlation between
multidrug-resistant bacterial infections and
histopathological severity has not been widely
studied, especially in clinical practice where
microbiological and pathological results are
assessed separately®.

The management of a surgical wound infection
is dependent upon prompt identification of the
organisms involved and selection of suitable
antimicrobial therapy with regard to
susceptibility testing!®. With the growing
problem of antimicrobial resistance, however,
the effectiveness of what were once considered
standard antibiotic regimens for empirical

treatment has significantly decreased. Patients
with MDR show an increased need for broad
spectrum antibiotics, combination antimicrobial
therapy, longer treatment durations, frequent
wound debridement and longer hospital stays?!.
Failure to start effective antimicrobial therapy
promptly does not only have a negative impact
on clinical outcomes, but also allows resistant
organisms to spread further in healthcare
settings. Knowledge of the susceptibility and
response to antibiotic therapy of MDR
pathogens is thus critical for effective
antimicrobial stewardship and better
outcomes*?,

In addition to the microbiological factors, a
variety of patient and community factors affect
the acquisition of resistant organisms and the
course of the surgical wound infection!3. The
factors such as diabetes mellitus, obesity,
malnutrition, smoking, anemia, poor glycemic
control, previous hospitalization, inadequate
personal hygiene, delayed postoperative follow-
up, overcrowded living conditions and limited
access to healthcare services have all been
identified as significant risk factors for
infection'*, Socioeconomic deprivation and
misuse of antibiotics in the community also
contribute to the spread and emergence of
resistant strains of bacteria. These biological,
behavioural and environmental factors are
interconnected and underscore the
multifactorial nature of surgical wound
infections and the need to combine
microbiological, pathological and
epidemiological aspects in the clinical decision-
making process'>.

While studies have investigated bacterial
resistance profiles, wound pathology or
individual clinical risk factors, few studies have
investigated the  association between
multidrug-resistant bacterial infections,
histopathological severity, antibiotic treatment
outcome and community-level determinants in
the same patient population!®. A holistic
assessment of these factors might help stratify
the risk, provide an early identification
mechanism for those most likely to have poor
outcomes and help formulate targeted infection
prevention strategies and evidence-based
antimicrobial policies!’.

Therefore, the present study aimed to
investigate the association between multidrug-
resistant bacterial infections and
histopathological severity in patients with
surgical wound infections while simultaneously
evaluating antibiotic treatment outcomes and
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community-level risk factors associated with the
development and progression of multidrug-

resistant wound infections. = Combining
microbiological culture results,
histopathological analysis, antimicrobial

susceptibility patterns, and epidemiological
patient features, this study aims to offer
clinically relevant evidence that can be used to
inform  surgical infection management,
antimicrobial stewardship program initiatives,
and patient care after surgery!8.

MATERIALS AND METHODS

This cross-sectional analytical study was
conducted from January 2024 to January 2025
at the Department of Pathology, Khawaja
Muhammad Safdar Medical College, Sialkot,
Pakistan, in collaboration with the Department
of Microbiology, Sharif Medical and Dental
College, Lahore, Pakistan. A total of 120
patients, who had clinically suspected surgical
wound infections, were selected and gave
informed consent. All adult patients who had
undergone surgical procedures and developed
wound discharge, erythema, swelling, pain,
delayed healing, fever or wound dehiscence
were included irrespective of their gender.
Patients with incomplete clinical
documentation, who received antibiotics for
longer than 72 hours prior to sampling, no
treatment history or who had non-bacterial
wound infections were excluded.

Structured proforma for demographic, clinical
and community-level data were collected.
These were: age, sex, type of surgery, duration
after surgery, diabetes mellitus, smoking status,
obesity, previous hospitalization, previous
antibiotic use, delayed presentation,
socioeconomic status, overcrowding, hygiene
status, and access to health care facilities. Risk
factors at the community level were determined
by patient history and classified based on a set
of predefined clinical criteria.

Wound samples were taken using a sterile
technique prior to the commencement or
alteration of antibiotic therapy. Pus/swabs were
collected from the infected wound area after
cleaning the surface with sterile normal saline
or tissue samples were collected from the
wound area. Samples were rushed to the
microbiology laboratory for culture and
antimicrobial susceptibility test. The bacterial
isolates were characterized by conventional
microbiological techniques such as Gram stain,

colony morphology, biochemical tests and
automated identification if  available.
Antimicrobial susceptibility testing was done by
Kirby—Bauer disc diffusion method on Mueller—
Hinton agar as per laboratory guidelines.
Multidrug resistance was considered resistance
to =1 antimicrobial agent in 3 or more
antimicrobial classes. Methicillin  resistant
Staphylococcus aureus, ESBL producing
Enterobacteriaceae, carbapenem resistant
Acinetobacter baumannii and  multidrug
resistant Pseudomonas aeruginosa were
classified as clinically important resistant
organisms.

Wound tissue biopsies and debrided tissue
specimens were fixed in 10% neutral buffered
formalin for histopathological evaluation and
were processed routinely, embedded in
paraffin, sectioned and stained with
hematoxylin and eosin. Histopathological
severity was measured by means of degree of
acute and chronic inflammatory cell infiltration,
tissue necrosis, edema, vascular congestion,
granulation tissue formation, fibrosis and
bacterial colonization. For  composite
microscopic findings, wound was classified as
mild, moderate, or severe. The severity was
defined as mild (superficial inflammation with
minimal tissue destruction), moderate (dense
inflammatory infiltrate with focal necrosis and
impaired granulation), and severe (extensive
necrosis, deep tissue involvement, marked
inflammatory response, vascular compromise,
and poor reparative changes).

The quality of antibiotic outcomes was
evaluated in the follow-up by examining clinical
response to antimicrobial therapy prescribed.
Treatment response was defined as good if
wound secretion, wound erythema, pain,
swelling, fever and wound healing were
improved and there was no requirement of
escalating antibiotic treatment. Poor outcome
was defined as persistence or progression of
infection, antibiotic change or escalation,
repeat debridement, long hospital stay, wound
dehiscence, and/or readmission for wound
infection.

The entered data was analyzed by SPSS
software version 26.0. Mean <+ standard
deviation was used to present continuous
variables, and the categorical variables were
presented as frequencies and percentages.
Categorical variables were compared between
the groups of MDR and non-MDR infection
using the chi-square test or Fisher's exact test.
Comparisons of continuous variables were
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performed using the independent-sample t-
test, if appropriate. Factors independently
associated with MDR bacterial infection and
severe histopathological involvement were
determined using binary logistic regression
analysis. 0Odds ratios (95% Confidence
Intervals) were computed. A p-value of less
than 0.05 was considered statistically
significant.

This study was approved by the appropriate
institutional review board prior to its onset. All
the information gathered were used only for
academic and research purposes and patient
confidentiality was maintained during the
research process.

RESULTS

A total of 120 patients with clinically confirmed
surgical wound infections were analyzed. The
average age of the population studied was 45.8
+ 13.6 years. There were 72 males (60.0%)
and 48 females (40.0%). Of the 68 patients
(56.7%), 68 patients had multidrug-resistant
bacterial infection and 52 patients (43.3%) had
non-MDR bacterial infection. The age of
patients with MDR infection was higher than
that of patients with non-MDR infection (48.1 +
12.9 year vs. 42.7 + 14.1 year; p=0.031). The
gender distribution did not differ significantly
between MDR and non-MDR infections
(p=0.410); although males were more common
in both groups, (Table 1).

A total of 46 patients (38.3%) had diabetes
mellitus, and it was significantly higher in MDR
group vs non-MDR group (34 patients (50.0%)
vs 12 patients (23.1%), p=0.003). The most
significant clinical difference between the two
groups was previous antibiotic exposure.
Overall, it was recorded in 58 patients (48.3%),
such as 45 patients (66.2%) with MDR
infection, and only 13 patients (25.0%) with
non-MDR infection (p<0.001). Previous
hospitalization was also associated with MDR
infection and was seen in 31 cases of MDR
(45.6%) and 10 cases of non-MDR (19.2%)
(p=0.003).

A definite association was seen between
community level factors and MDR surgical
wound infection. Delayed presentation beyond
5 days was documented for 53 patients
(44.2%) and was statistically higher in the MDR
compared to non-MDR cases of 40 (58.8%) and
13 (25.0%), respectively (p<0.001). Poor
hygiene status was observed in 49 patients
(40.8%), including 38 MDR cases (55.9%) and
11 non-MDR cases (21.2%) (p<0.001).
Overcrowded household conditions were
reported in 44 patients (36.7%) and were more
frequent in the MDR group than the non-MDR
group, 33 (48.5%) versus 11 (21.2%)
(p=0.002). Low socioeconomic status was
observed in 57 of the patients (47.5%) and was
significantly associated with MDR infection (39
MDR patients (57.4%) vs 18 non-MDR patients
(34.6%) (p=0.013), as shown in Table 1.

Table 1. Baseline Characteristics and Community-Level Risk Factors According To MDR Status

Variable Total MDR infection Non-MDR infection p-value
(n=120) (n=68) (n=52)
Age, years, mean £ SD 45.8 £ 13.6 48.1 £ 12.9 42.7 £ 14.1 0.031
Male gender 72 (60.0%) 43 (63.2%) 29 (55.8%) 0.410
Female gender 48 (40.0%) 25 (36.8%) 23 (44.2%) 0.410
Diabetes mellitus 46 (38.3%) 34 (50.0%) 12 (23.1%) 0.003
Smoking 39 (32.5%) 27 (39.7%) 12 (23.1%) 0.052
Obesity 31 (25.8%) 22 (32.4%) 9 (17.3%) 0.061
Prior antibiotic use 58 (48.3%) 45 (66.2%) 13 (25.0%) <0.001
Previous hospitalization 41 (34.2%) 31 (45.6%) 10 (19.2%) 0.003
Delayed presentation >5 53 (44.2%) 40 (58.8%) 13 (25.0%) <0.001
days
Poor hygiene status 49 (40.8%) 38 (55.9%) 11 (21.2%) <0.001
Overcrowded household 44 (36.7%) 33 (48.5%) 11 (21.2%) 0.002
Low socioeconomic status 57 (47.5%) 39 (57.4%) 18 (34.6%) 0.013

Microbiological analysis showed that gram-
negative organisms were slightly common than
gram-positive organisms. The most frequent
isolate was Staphylococcus aureus in 32
patients (26.7%), followed by Escherichia coli

in 27 patients (22.5%), Klebsiella pneumoniae
in 21 patients (17.5%), Pseudomonas
aeruginosa in 18 patients (15.0%),
Acinetobacter baumannii in 12 patients
(10.0%), and other bacterial isolates in 10
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patients (8.3%). Sixty-three percent (18/32) of
all Staphylococcus aureus isolates were MDR
(including methicillin-resistant strains). A high
percentage of isolates were multidrug resistant
(MDR) (83.3%, 10/12) of Acinetobacter
baumannii. MDR was also found in 15 out of 18
Pseudomonas aeruginosa isolates (83.3%), 14
out of 21 Klebsiella pneumoniae isolates
(66.7%) and 16 out of 27 Escherichia coli
isolates (59.3%). The results suggest that
gram-negative resistant microorganisms were a
significant fraction of the surgical wound
isolates.

Histopathological grading showed that MDR
infection was correlated with higher tissue
injury grades. Only 12 of the 68 cases (17.6%)
were histopathological mild in MDR cases, and
22 of 52 cases (42.3%) were histopathological
mild in non-MDR cases (p=0.003). There was
no significant difference in moderate severity
between the groups as it was observed in 28
MDR cases (41.2%) and 23 non-MDR cases
(44.2%) (p=0.742). In contrast, severe
histopathological involvement was thrice as
high in MDR wounds (28 patients, 41.2%)
compared to non-MDR wounds (7 patients,
13.5%) (p=0.001) which is shown in Table 2.
The microscopic tissue results also confirmed
the correlation between MDR infection and

severity of wounds. A dense acute inflammatory
infiltrate was seen in 51 (75.0%) of the MDR
and 25 (48.1%) of the non-MDR cases
(p=0.002). In addition, tissue necrosis was
significantly more prevalent in the MDR
infections (47 cases, 69.1%) than among the
non-MDR (19 cases, 36.5%) (p<0.001).
Marked edema was observed in 44 MDR cases
(64.7%) and 20 non-MDR cases (38.5%)
(p=0.004), while vascular congestion was
detected in 42 MDR cases (61.8%) compared
with 18 non-MDR cases (34.6%) (p=0.003).
Bacterial colonies were seen on microscopy in
36 (52.9%) MDR positive wounds and 12
(23.1%) non-MDR  wounds (p=0.001),
indicating a higher local bacterial load in MDR
infections. MDR infections were also more often
associated with poor granulation tissue
formation, with 40 cases (58.8%) of poor
granulation tissue seen in MDR infections as
compared to 14 cases (26.9%) of non-MDR
infections (p<0.001). A chronic inflammatory
infiltrate was observed in 39 cases of MDR
(57.4%) and 21 cases of non-MDR (40.4%) but
this was not statistically significant (p=0.064).
These results showed that the destructive and
less reparative histological patterns were more
prominent in the MDR infections as summarized
in Table 2.

Table 2. Histopathological Severity and Microscopic Findings According To MDR Status

Histopathological parameter MDR infection Non-MDR infection p-
(n=68) (n=52) value
Mild severity 12 (17.6%) 22 (42.3%) 0.003
Moderate severity 28 (41.2%) 23 (44.2%) 0.742
Severe severity 28 (41.2%) 7 (13.5%) 0.001
Dense acute inflammation 51 (75.0%) 25 (48.1%) 0.002
Chronic inflammatory infiltrate 39 (57.4%) 21 (40.4%) 0.064
Tissue necrosis 47 (69.1%) 19 (36.5%) <0.001
Marked edema 44 (64.7%) 20 (38.5%) 0.004
Vascular congestion 42 (61.8%) 18 (34.6%) 0.003
Bacterial colonies on microscopy 36 (52.9%) 12 (23.1%) 0.001
Poor granulation tissue 40 (58.8%) 14 (26.9%) <0.001

There were significant differences in antibiotic
response between MDR and non-MDR infection.
Overall, 66 patients (55.0%) had a favorable
response to initial or culture-guided antibiotic
therapy. However, favorable response was
significantly lower in the MDR group, where
only 26 patients (38.2%) improved without
major escalation, compared with 40 patients
(76.9%) in the non-MDR group (p<0.001).
Forty-two patients (61.8%) belonging to the
MDR group were poor responders to antibiotics

as opposed to 12 patients (23.1%) in the non-
MDR group (p<0.001) (Table 3).

Antibiotic escalation was required in 39 MDR
cases (57.4%) but in only 11 non-MDR cases
(21.2%) (p<0.001). MDR group patients had
combination antibiotic therapy in 34 (50.0%)
patients, while non-MDR group patients had in
only 9 (17.3%) patients (p<0.001). These
results indicate that MDR infections were less
likely to be sensitive to the empirical antibiotic
therapy and more likely to require alteration of
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therapy after knowing the culture and
susceptibility results.

Furthermore, clinical wound outcomes were
inferior for patients with MDR infection. Twenty-
nine MDR cases (42.6%) required a repeated
wound debridement versus eight non-MDR
cases (15.4%) (P= .001). Wound dehiscence
occurred in 22 MDR patients (32.4%) and 6
non-MDR  patients (11.5%) (p=0.007).
Prolonged hospital stay of more than seven

days was documented in 43 MDR patients
(63.2%) compared with 14 non-MDR patients
(26.9%) (p<0.001). Hospitalization period was
also significantly longer among patients in the
MDR group (9.6 £ 3.4 days) compared with the
non-MDR group (6.1 + 2.7 days) (p<0.001).
Ten MDR patients (14.7%) and three non-MDR
patients (5.8%) were readmitted for wound
infection, but this was not statistically
significant (p=0.119) (Table 3).

Table 3. Antibiotic Response and Clinical Outcomes According to MDR Status

Outcome variable MDR infection Non-MDR infection p-
(n=68) (n=52) value
Favorable antibiotic response 26 (38.2%) 40 (76.9%) <0.001
Poor antibiotic response 42 (61.8%) 12 (23.1%) <0.001
Antibiotic escalation required 39 (57.4%) 11 (21.2%) <0.001
Combination antibiotic therapy 34 (50.0%) 9 (17.3%) <0.001
Repeat wound debridement 29 (42.6%) 8 (15.4%) 0.001
Wound dehiscence 22 (32.4%) 6 (11.5%) 0.007
Prolonged hospital stay >7 days 43 (63.2%) 14 (26.9%) <0.001
Mean hospital stay, days + SD 9.6 £ 3.4 6.1 £ 2.7 <0.001
Readmission due to wound infection 10 (14.7%) 3 (5.8%) 0.119

Multivariable logistic regression analysis was
used to determine independent risk factors for
MDR bacterial infection. The use of antibiotics
prior to the onset of infection was still the most
significant independent risk factor for MDR
infection with an adjusted OR of 4.21 (95% CI:
1.88-9.43, p<0.001). Delayed presentation >5
days was also independently associated with
MDR infection with an adjusted OR of 3.38
(95% CI: 1.49-7.66; p=0.004). Having poor
hygiene status was associated with about three
times the risk of MDR infection (adjusted OR:
3.16; 95% CI: 1.38 to 7.24; p=0.006). Another
important predictor for MDR infection was
diabetes mellitus with an adjusted OR of 2.71

(95% CI: 1.18-6.22; p=0.019). Adjusting for
other factors, the previous hospitalization was
independently associated with MDR infection
with an adjusted OR of 2.84 (95% CI: 1.18-
6.83; p=0.020). MDR infection was also
independently  associated  with  severe
histopathological severity with a 3.74-fold
increase in risk (95% CI: 1.45-9.67; p=0.006).
The results shown in Table 4 indicated that the
household condition of overcrowding was
associated with MDR infection, although this
association was not statistically significant
(adjusted OR: 2.09; 95% CI: 0.91-4.79;
p=0.082).

Table 4. Multivariable Predictors of MDR Bacterial Infection

Predictor Adjusted OR 95% CI p-value

Prior antibiotic use 4.21 1.88-9.43 <0.001
Delayed presentation >5 days 3.38 1.49-7.66 0.004
Diabetes mellitus 2.71 1.18-6.22 0.019
Poor hygiene status 3.16 1.38-7.24 0.006
Previous hospitalization 2.84 1.18-6.83 0.020
Overcrowded household 2.09 0.91-4.79 0.082
Severe histopathological severity 3.74 1.45-9.67 0.006

The overall incidence of MDR bacterial
infections in surgical wound infection was 68
out of 120 patients (56.7%). These infections
had a relation to more extensive microscopic
damage of the tissues with higher incidence of

necrosis, vascular congestion, bacterial
colonization and lack of good granulation tissue
formation. MDR infection was also associated
with lower rates of antibiotic response, more
escalation of therapy, higher rates of repeat
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debridement, higher rates of wound
dehiscence, and longer hospitalizations. After
adjustment, community-level and patient-
related factors, particularly antibiotic use prior
to presentation, delayed presentation, diabetes
mellitus, poor hygiene, and previous
hospitalization, were important risk factors for
MDR infection at community level.

DISCUSSION

This study demonstrated a high burden of
multidrug-resistant bacterial infections among
patients with surgical wound infections, with
MDR organisms identified in 68 of 120 cases
(56.7%)!. This discovery suggests that resistant
bacterial pathogens are no longer confined to
the realm of complicated tertiary-care infections
but are becoming more common during routine
postoperative wound care. The high frequency
of MDR found in the present study is clinically
significant because these infections not only
were microbiologically resistant but were found
to be associated with higher histopathological
tissue damage and were less responsive to
antibiotic treatment and led to poorer wound
outcomes?3.

MDR infections were more likely to be seen in
patients who were older, had diabetes mellitus,
antibiotic use prior to hospitalization or
laboratory analysis, delayed presentation to the
hospital, poor hygiene status, overcrowding, or
low socioeconomic status®. Of these, the use of
antibiotics before the visit was the strongest
independent predictor of the occurrence of
MDR infection®. This validates the notion that
uncontrolled use and/or misuse of antibiotics
generate a selective pressure that allows
resistant organisms to survive and become
predominant in the flora of wounds. Often, in
the community, antibiotics may be prescribed
without the aid of a culture and may not be
completed, and may be started prior to
examination. These practices can cause wound
infections to become resistant to treatment,
which can lead to a long, costly course of
treatment®.

One of the most important results of this study
was the strong correlation between MDR
infection and the histological severity’. In
41.2% of the MDR cases and in 13.5% of the
non-MDR cases severe microscopic changes
were observed. The density of acute
inflammatory response, necrosis of tissue,
marked edema, vascular congestion, bacterial
colonies, and poor formation of granulation
tissue were greater in the MDR-positive

wounds®. The results indicate that MDR
infections can be correlated to a more
destructive environment of the wound. This
bacterial persistence after antibiotic exposure
could result in a longer inflammatory response,
affect tissue oxygenation, augment the necrotic
load and slow down reparative mechanisms.
The poor granulation tissue in MDR wounds
also reflects a reduced capacity to heal and is
responsible for the increased rates of prolonged
hospital stays and repeat wound
debridements®.

The microbiological pattern found in this study
reflects the evolving nature of surgical wound
infections as well'%, Despite the most common
organism being Staphylococcus aureus, gram-
negative bacteria Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, and
Acinetobacter baumannii were a significant
fraction of organisms isolated!!. The MDR rates
were especially high with Acinetobacter
baumannii and Pseudomonas aeruginosa,
highlighting the rising clinical importance of
MDR gram negative pathogens in wound
infections. These organisms can survive in the
hospital setting, form biofilms, are resistant to
multiple classes of antibiotics and can cause
chronic infections, especially in patients who
have delayed wound care or frequent hospital
contact*2.

The outcomes of antibiotic treatment were
significantly worse in patients with MDR
infection. The overall antibiotic response was
favourable in only 38.2% of the MDR cases and
76.9% of non-MDR cases'3. Antibiotics were
escalated in the MDR group more frequently as
was combination therapy, repeat wound
debridement and longer hospital stay!'4. This
means that microbiological resistance has a
direct clinical correlation. Susceptible organism
infections can usually be treated with standard
empirical or culture-directed antibiotic therapy,
whereas MDR infections often require
treatment with a more broad-spectrum
antibiotic, extended antibiotic therapy, and
more aggressive surgical therapy. The
increased incidences of wound dehiscence in
the MDR cases also indicates that resistant
infection may be associated with impaired
tissue repair and integrity*®.

There was a high association between
community-level risk factors and MDR infection.
MDR cases more commonly presented more
than 5 days later, had worse hygiene status,
more overcrowded living conditions and lower
socioeconomic status!®. These can lead to
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greater contamination with bacteria, delayed
access to good wound care facilities, suboptimal
wound care, and the spread of resistant
bacteria in the home or community. An
independent association between poor hygiene
and delayed presentation and MDR infection
suggests a need for public health measures in
addition to hospital-based antibiotic policies.
Burden of resistant wound infections may be
reduced through patient education, early
postoperative follow-up, wound-care
counseling, and community-level hygiene
improvement!7:18,

Diabetes mellitus was also an independent risk
factor for MDR infection. Diabetic patients have
been shown to have impaired neutrophil
function, reduced tissue perfusion,
hyperglycemia induced immune dysfunction
and delayed collagen synthesis, all of which
make them more susceptible to wound
infection'®. All these factors set the stage for
the persistence and destruction of tissue by
bacteria. Diabetes was associated more with
MDR cases in the present study, which suggests
monitoring of the wound post surgery and strict
glycemic control for diabetic patients?,

The present study is of important clinical
implications. Firstly, surgical wound infections
should not be managed on clinical appearance
alone, particularly in a high MDR prevalent
setting®8. Susceptibility testing and early
culture testing should be promoted prior to
changing antibiotics. Second, in patients who
need to be debrided and/or biopsied, a
histopathological evaluation may be able to give
more information about the severity of the
wound® 1%, Severe necrosis, bacterial colonies,
and poor granulation tissue may alert the
clinicians to a more complicated course of
infection. Thirdly, antimicrobial stewardship
needs to be coupled with community level
interventions as pre-antibiotic use and delayed
health care seeking behaviour were major risk
factors of MDR infections'>,

This study has some limitations. It was
performed on a sample of 120 patients from
selected institutional settings, and may not
apply to all surgical populations’8, No
molecular resistance testing was carried out
therefore  resistance  mechanisms  were
identified as a  phenotypic  process.
Polymicrobial patterns of wound infections may
be underestimated as anaerobic bacteria and
fungal causes were not cultured. As limitations,
the study may not sufficiently represent the
spectrum of community-level determinants of

antibiotic resistance, microbiological resistance
and disease severity, or antibiotic outcomes in
individuals with S.W.11%:20,

CONCLUSION

Patients with surgical wound infections
frequently suffered from multidrug-resistant
bacterial infections, which were significantly
associated with severe histopathological tissue
damage, poor antibiotic response, antibiotic
therapy escalation, re-wound-debridement,
wound dehiscence and longer hospital stay.
Previous antibiotic use, late presentation,
diabetes mellitus, poor hygiene score, previous
hospitalisation and advanced histopathology
involvement emerged as independent
predictors of MDR infection. These results
highlight the  importance  of  early
microbiological  diagnosis, wise use of
antibiotics, prompt surgical wound care,
histopathological evaluation in severe cases and
community-based efforts to prevent infections.
Improved antimicrobial stewardship and patient
education on wound hygiene and seeking
healthcare early could help to decrease the
burden of MDR surgical wound infections and
enhance postoperative outcomes.
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