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Abstract:

The abstract summarizes the susceptibility, intermediate, and resistant profiles of Pseudomonas bacteria to vari-
ous antibiotics in different wound samples. The study included a total of 55 samples and focused on assessing
the effectiveness of different antimicrobial agents against Pseudomonas infections. Among the aminoglycosides
tested, amikacin showed the highest susceptibility, with 78% of Pseudomonas strains being susceptible, fol-
lowed by tobramycin at 83%. Gentamicin and netilmicin also exhibited susceptibility rates of 66% and 70%
respectively. However, resistance was observed in varying proportions, with gentamicin showing the highest
resistance at 20%. For antipseudomonal carbapenems, imipenem exhibited susceptibility in 50% of cases, while
meropenem and doripenem showed susceptibility rates of 56% and 66% respectively. Resistance to car-
bapenems was notably high, with imipenem showing resistance in 47% of cases. Antipseudomonal cephalospor-
ins like cefepime and ceftazidime showed susceptibility rates of 72% and 63% respectively, with moderate re-
sistance observed. Among antipseudomonal fluoroquinolones, ciprofloxacin exhibited a susceptibility rate of
71%, while levofloxacin showed a lower susceptibility rate of 53%. Resistance rates for both fluoroquinolones
were moderate. Interestingly, polymyxins (polymyxin B and colistin) showed no susceptibility, indicating high
levels of resistance in all tested samples.
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Introduction

Postoperative wound infection or surgical site in-
fection is an important cause of health care associ-
ated infections among surgical patients. Pseudomo-
nas aeruginosa is a leading cause of health care
associated infections, ranking second among gram-
negative pathogens as reported by the United States
national nosocomial infection surveillance system.
P. aeruginosa contributes substantially to wound-
related morbidity and mortality worldwide.

The organism enters into the blood, causing sepsis
that may spread to the skin and leads to ecthyma
gangrenosum, a black necrotic lesion.[3] It produc-
es several substances that are thought to enhance
the colonization and infection of host tissue.[4]
These substances together with a variety of viru-
lence factors, including lipopolysaccharides
(LPSs), exotoxin A, leukocidin, extracellular slime,
proteases, phospholipase, and several other en-
zymes, make P. aeruginosa the most clinically sig-
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nificant pathogen among non-fermenting bacteria.
P. aeruginosa has the capacity to carry plasmids
containing genes that regulate antimicrobial re-
sistance, and this feature has led to the appearance
of some strains that are resistant to normally relia-
ble antibiotics in the recent years, the growing inci-
dence of P. aeruginosa has been of particular inter-
est. The incidence of P. aeruginosa in postoperative
wound infection is becoming more serious in de-
veloping countries because of lack of general hy-
gienic measures, mass production of low quality
antiseptic and medicinal solutions for treatment,
and difficulties in proper definition of the responsi-
bilities among the hospital staff.[13]

The hospital-acquired nature of infections with P.
aeruginosa has been noted and while some patients
suffer endogenous infections, the vast majority is
acquired from exogenous sources. So, the objective
of our study was to determine the incidence of P.
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aeruginosa in the isolates of Ostomy wounds in our
hospital and its antimicrobial susceptibility pattern.

Material and Methods

Patients from the Medical Tertiary Care centers in
Eastern India who had Percutanecous Endoscopic
Gastrostomy (PEG) insertion were included in the
study. There was consistent follow-up. The first
step was to choose each patient at random from one
of the two categories. Within the course of their
hospital stay, 39 individuals who met the PEG re-
quirements received PEG insertion, making up
Group A. In contrast, 33 patients belonging to
Group B were released after consolidation and ful-
filling the PEG requirements; 14 days after their
release, they had PEG implantation. The following
conditions were not considered for inclusion: hy-
persensitivity to perchlorate, recent use of antibiot-
ics (within the last four days), low white blood cell
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count (below 500 cells/dl), or serum creatinine lev-
els more than 300 mmol/l. Medical Hospital's eth-
ics board gave its stamp of permission before the
research could go forward, and participants were
required to provide signed aware permission. A
different research took into account an additional
100 cases. It was necessary to apply other antisep-
tics to the individuals' wound sites. For metric units
(kilograms and meters): BMI = weight (kg) /
[height (m)]>. For English units (pounds and inch-
es): BMI = weight (Ib) x 703 / [height (in)]>. Cor-
rected Serum Albumin (g/dL) = Measured Serum
Albumin (g/dL) + 0.8 x (4 - Serum Albumin).

The Mueller—Hinton Broth was utilized for as-
sessing the minimum inhibitory concentration
(MIC) of the Pseudomonas bacteria against a spec-
trum of antibiotic drugs.

Observation:

Table 1: Demography: Two groups of patients considered for the Pseudomonas infection study:

Characteristic Group A Group B
Male: female ratios 22:17 18:15

Age 58.42+9.21 57.78+8.56
Albumin 3.12+0.38 3.05+0.29
Basal metabolic index 23.58+2.14 23.21£1.87
Diabetes Mellitus (DM) (%) 35% 31%

In Table 1, the demography of the two patient
groups considered for the Pseudomonas infection
study is presented. Group A comprised 22 males
and 17 females, while Group B consisted of 18
males and 15 females, indicating male-to-female
ratios of 22:17 and 18:15, respectively.

The average age in Group A was 58.42 years with a
standard deviation of 9.21, whereas in Group B, it
was slightly lower at 57.78 years with a standard
deviation of 8.56. The mean albumin levels were

3.12+0.38 in Group A and 3.05+0.29 in Group B,
showing a marginal variation between the two
groups. The Body Mass Index (BMI) for Group A
averaged 23.5842.14 and for Group B at
23.21+1.87.

Regarding diabetes mellitus (DM), it was prevalent
in 35% of patients in Group A and 31% in Group
B, suggesting a slightly higher occurrence in Group
A, though the disparity between the groups was not
substantial.

Table 2: Wound Infection Rates with Antibiotic intake schedule (separate group study), N=100:

Type of Wound Infection With Antibiotic | Without Antibiotic | p-
Prophylaxis (N=55) Prophylaxis (N=45) Value
Mild infection around the stoma. 6 (10.9%) 4 (8.9%) 0.72

The necessity for the intake of antibiotics | 25 (45.5%) 14 (31.1%) 0.15
throughout the body.

Severe infection affecting the whole body. 0 (0%) 0 (0%) 0.00
Fungal infection or infection caused by fungi. 5(9.1%) 1 (2.2%) 0.24
Total 36 (65.5%) 19 (42.2%) 0.06

Table 2 outlines the wound infection rates concern-
ing different types of infections in a study group of
100 patients; it's divided into two subgroups based
on the intake schedule of antibiotics.

Of the total, 55 patients received antibiotic prophy-
laxis, while 45 did not. The analysis reveals that
for minor peristomal infections, the incidence was
10.9% in the group with antibiotic prophylaxis and
8.9% in the group without, displaying no statistical-
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ly significant difference with a p-value of 0.72.
Regarding the need for systemic antibiotics, 45.5%
of patients with antibiotic prophylaxis required
systemic antibiotics compared to 31.1% in the
group without prophylaxis. Though there was a
notable difference, the p-value of 0.15 suggests this
disparity was not statistically significant.

Interestingly, there were no reported cases of sepsis
in either group, indicating a 0% incidence rate for
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this complication. When observing mycotic infec-
tions, the group with antibiotic prophylaxis exhibit-
ed a rate of 9.1%, while the group without prophy-
laxis showed a rate of 2.2%. Despite this discrep-
ancy, the p-value of 0.24 indicates no significant
statistical difference. Overall, when considering the
total number of infections (combining all types),
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65.5% of patients with antibiotic prophylaxis expe-
rienced infections compared to 42.2% in the group
without prophylaxis. This comparison yielded a p-
value of 0.06, suggesting a trend toward signifi-
cance. This implies a potential association between
antibiotic prophylaxis and a higher overall infection
rate.

Table 3: Pseudomonas bacteria susceptibility, intermediate and resistant profile to different spectrum of
antibiotics in different wound samples as depicted (Total n=55):

Antimicrobial Category Antimicrobial Agent | Susceptible n | Intermediate n | Resistant n
(Antibiotic name) (%) (%) (%)

Aminoglycosides tested Amikacin 43 (78) 3(6) 9 (16)

Aminoglycosides tested Gentamicin 36 (66) 8 (14) 11 (20)

Aminoglycosides tested Tobramycin 46 (83) 1(2) 8 (15)

Aminoglycosides tested Netilmicin 38 (70) 4(8 12 (22)

Antipseudomonal carbapenems | Imipenem 27 (50) 23 26 (47)

tested

Antipseudomonal tested car- | Meropenem 31 (56) 4(8) 20 (36)

bapenems

Antipseudomonal carbapenems | Doripenem 36 (66) 4(8) 14 (26)

tested

Antipseudomonal cephalosporins | Cefepime 40 (72) 7(12) 9(16)

tested

Antipseudomonal cephalosporins | Ceftazidime 35(63) 6 (10) 15 (27)

tested

Antipseudomonal fluoroquin- | Ciprofloxacin 39 (71) 4(8) 12 (21)

olones tested

Antipseudomonal fluoroquin- | Levofloxacin 29 (53) 12 (22) 14 (25)

olones tested

Antipseudomonal penicillins + - | Ticarcillin—clavulanic 0(0) 30 (54) 25 (46)

lactamase inhibitors tested acid

Antipseudomonal penicillins + - | Piperacillin—tazobactam | 30 (55) 11 (20) 14 (25)

lactamase inhibitors tested

Monobactam tested Aztreonam 25 (45) 13 (24) 17 (31)

Phosphonic acids tested Fosfomycin 36 (65) 13 (24) 6 (11

Polymyxins tested Polymyxin B 0(0) 0(0) 55

Polymyxins tested Colistin 00 00 55

Table 3 illustrates the susceptibility, intermediate,
and resistant profiles of Pseudomonas bacteria to
various categories of antibiotics across different
wound samples, encompassing a total of 55 sam-
ples.

Table 3 results: Within the Aminoglycosides cate-
gory, Amikacin displayed susceptibility in 78% of
cases, with 6% showing intermediate susceptibility
and 16% exhibiting resistance. Gentamicin showed
susceptibility in 66%, with 14% intermediate and
20% resistance. Tobramycin exhibited susceptibil-
ity in 83%, with only 2% showing intermediate
susceptibility and 15% demonstrating resistance.

Netilmicin showed susceptibility in 70%, 8% in-
termediate susceptibility, and 22% resistance. For
Antipseudomonal Carbapenems, Imipenem dis-
played susceptibility in 50%, intermediate suscep-
tibility in 3%, and resistance in 47% of cases.
Meropenem showed susceptibility in 56%, inter-
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mediate susceptibility in 8%, and resistance in
36%. Doripenem exhibited susceptibility in 66%,
8% intermediate susceptibility, and 26% resistance.
Among Antipseudomonal Cephalosporins,
Cefepime demonstrated susceptibility in 72%, in-
termediate susceptibility in 12%, and resistance in
16% of cases. Ceftazidime showed susceptibility in
63%, intermediate susceptibility in 10%, and re-
sistance in 27%.

Antipseudomonal Fluoroquinolones displayed var-
ying profiles: Ciprofloxacin showed susceptibility
in 71%, intermediate susceptibility in 8%, and re-
sistance in 21%. Levofloxacin exhibited suscepti-
bility in 53%, intermediate susceptibility in 22%,
and resistance in 25%.

Antipseudomonal Penicillins + p-lactamase inhibi-
tors presented distinct patterns: Ticarcillin—
clavulanic acid showed no susceptibility, 54% in-
termediate susceptibility, and 46% resistance. Pipe-
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racillin—tazobactam exhibited susceptibility in
55%, intermediate susceptibility in 20%, and re-
sistance in 25%. Aztreonam within the Monobac-
tam category displayed susceptibility at 45%, in-
termediate susceptibility at 24%, and resistance at
31%. Fosfomycin in the Phosphorus acids category
showed susceptibility in 65%, intermediate suscep-
tibility in 24%, and resistance in 11%. Notably,
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both Polymyxin B and Colistin in the Polymyxins
category showed no susceptibility, with all samples
demonstrating resistance. Overall, these findings
highlight the varied susceptibility patterns of Pseu-
domonas bacteria to different classes of antibiotics,
emphasizing the importance of judicious antibiotic
selection based on susceptibility profiles to ensure
effective treatment.

Table 4: Infected and non-infected patients wound care variable study (Total n=55):

Category Total (n=55) Not Infected (n=37) Infected (n=18)
The documentation of wound care

Available documentation 28 (51%) 15 (40%) 13 (72%)
Documentation not present 27 (49%) 22 (60%) 5 (28%)
Cleansing substance

Soap & water 5 (9%) 1 (3%) 4 (22%)
Normal saline 12 (22%) 5 (14%) 7 (39%)
Chlorhexidine 2 (4%) 2 (5%) 0 (0%)
Not documented 36 (65%) 29 (78%) 7 (39%)
Topical antiseptic solution usage

Iodine solution usage 9 (16%) 5 (14%) 4 (22%)
Silver usage 2 (4%) 2 (5%) 0 (0%)
Mupirocin calcium usage 1 (2%) 1 (3%) 0 (0%)
Not documented in the text 43 (78%) 29 (78%) 14 (78%)
Dressings applied

Fibre gauze/or surgical tape application 4 (7%) 3 (8%) 1 (6%)
Non-permeable film/tape application 1 (2%) 0 (0%) 1 (6%)
Semi-permeable film usage 2 (4%) 0 (0%) 2 (11%)
Calcium alginate and fibre gauze usage 1 (2%) 1 (3%) 0 (0%)
Hydrocolloids applied 1 (2%) 0 (0%) 1 (6%)
Combine surgical tape use 1 (2%) 0 (0%) 1 (6%)
Not documented in the text 45 (82%) 33 (89%) 12 (67%)
Frequency

Daily use 6 (11%) 2 (5%) 4 (22%)
Twice daily use 2 (4%) 1 (3%) 1 (6%)
Every 8 hours usage 1 (2%) 1 (3%) 0 (0%)
Every 4 hours usage 1 (2%) 0 (0%) 1 (6%)
Every 2 hours usage 1 (2%) 1 (3%) 0 (0%)
Not documented in the text 44 (80%) 32 (87%) 12 (67%)

Table 4: In a study encompassing 55 cases, the
documentation of wound care practices varied sig-
nificantly between infected and non-infected
groups. Notably, 51% of cases had some form of
documentation regarding wound care, with 72% of
the infected cases having records, while 40% of the
non-infected cases had documented care, indicating
a higher level of record-keeping for infected cases
compared to non-infected cases. The choice of
cleansing agents differed among cases, with vari-
ous solutions used. For instance, 22% of cases uti-
lized soap and water, while 39% opted for normal
saline. Chlorhexidine was used in 4% of cases,
exclusively in the non-infected group.

Topical antiseptics, such as iodine and silver, were
employed in 16% and 4% of cases, respectively,
with iodine being slightly more prevalent in both
infected and non-infected cases. However, a con-
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siderable 78% of cases lacked recorded information
about topical antiseptic usage. The choice of dress-
ings also exhibited variability, with a majority
(82%) of cases needing documented dressing in-
formation. Among reported cases, fiber gauze
and/or surgical tape were used in 7%, while semi-
permeable film and hydrocolloids were each used
in 4% of cases.

The frequency of dressing changes also showed
divergence in practices, with 80% of cases lacking
documented frequency information. Notably, 11%
of infected cases employed semi-permeable film,
compared to 0% in the non-infected group, indicat-
ing some divergence in dressing choices between
the two groups. Overall, the study demonstrates
considerable variability and a lack of standardized
documentation across wound care practices in both
infected and non-infected cases, signifying a need
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for more consistent record-keeping and potentially
standardized protocols for gastrostomy wound care.

Discussion

There are significant differences in the statistics
about infections at the percutaneous endoscopic
gastrostomy (PEG) site throughout different parts
of the world. According to states, the infection oc-
currence varies depending on the study's patient
numbers and length; for example, it is 32% in Bris-
bane, Queensland, Australia, 17% in the state of
Kansas, USA, and 12% in Pakistan [6][7]. Our
work is the first comprehensive clinical epidemiol-
ogy examination on PEG site infections in India,
and it uncovered an astounding incidence rate of
28.8%. Prior research in Pune did not record any
cases of PEG site diseases; instead, it concentrated
on pneumonia caused by ventilators [8]. Among the
most common species in our investigation were
Pseudomonas aeruginosa (37%), Klebsiella pneu-
moniae (19.4%), and Candida species (15.4%).
Consistent with previous studies, our results show
that a variety of microorganisms are present in in-
fections caused by PEG [4,13]. Key elements im-
pacting the occurrence of PEG infection include the
use of antibiotics as a preventative measure, proper
methods of inserting, and standards for wound care.
Many studies have shown that antibiotic treatment
is helpful in decreasing the risk of getting sick after
PEG insertion [9][10][11].

Results showed that gastrostomy infections of the
wound were more common than expected, and this
was independent of patient characteristics such as
gender, age, the reason for gastrostomy, insertion
procedures, and prophylactic use of antibiotics. The
discovery of the wound flora prompted first worries
about antibiotic suitability. Aminoglycosides cover
a large variety of bacteria, making them the pre-
ferred prophylactic [6][9]. Curiously, antibiotics
were not associated with rates of infection, even
though they were suitable. This might mean that
antibiotics only worked throughout the surgery and
that factors after that could be to blame for illness-
es. The wide variety and lack of uniformity in
wound care procedures stood out the most. This
variation indicates that there is no agreement or
evidence-based strategy for the best way to care for
gastrostomy wounds [9]. Activated charcoal dress-
ings mixed with silver were the only subject of a
single recorded case study that successfully re-
duced infection after four weeks [9]. In contrast to
the recommendation of just one intravenous dosage
of cefuroxime by the British Society of Gastroen-
terology [12], our medical centre's practice up until
2005 advocated amoxicillin-clavulanic  acid
prophylaxis due to the prevalence of Staphylococ-
cus aureus illnesses. This prophylactic is less suc-
cessful, moreover, since our new research shows
that P. aeruginosa is the most common. Consistent
with patterns seen in related research, oral and gas-
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trointestinal cancers are now recognized as the
leading indication for PEG implantation [4,13].
These results highlight the need to improve infec-
tion avoidance measures during PEG changes by
reevaluating antimicrobial prophylactic techniques
based on common infections.

Additionally, a variety of coverings such as gauze,
hydrocolloids, films, calcium alginate, and combi-
nation pads were used, likely to control exudate, a
typical problem with gastrostomy wounds associat-
ed with the dangers of infection [14]. Unfortunate-
ly, there was a lack of consistency in the reporting
of these procedures by the nursing staff, mainly
when it came to wounds that were infected. As a
result, our comprehension of the provided treat-
ment needed to be completed. There was already
much variation in treatment methods, and the med-
ical center’s protocols required to provide clear
instructions for dealing with wounds that were in-
fected. Inadequate scientific information directing
appropriate methods for gastrostomy site diseases
[14] and a lack of defined standards for treating
wounds that are infected have made it challenging
to create a uniform baseline. In order to successful-
ly reduce infection rates, this research emphasizes
the critical need for evidence-based solutions and
consistent processes to address heterogeneity in
gastrostomy wound care practices, with a particular
emphasis on infected wounds.

Minimal data confirms the usefulness of topical
antiseptics, but around 25% of patients got them.
Iodine was more often used than silver because it
was more readily available [14,15]. As it is, clini-
cians use a wide range of cleaning agents, topical
antiseptics, treatment types, and clothing frequen-
cy. There is a lack of substantial clinical evidence
for antiseptic treatments like iodine and silver de-
spite the literature's advocacy of these agents for
eliminating excess exudate [15]. Our hospital's
procedure, which did not address infected wounds
specifically, nonetheless advised daily cleaning of
the gastrostomy site with soap and water. Curious-
ly, there were no discernible variations in the fre-
quency of use of various cleaning agents between
wounds that were infected and those that were not.
While worries about microbial resistance have
dominated conversations about their everyday us-
age, there needs to be more investigation into their
possible benefits for fragile gastrostomy patients.

This research provides valuable insights into the
antibiotic susceptibility of 145 Pseudomonas aeru-
ginosa isolates obtained from various clinical sam-
ples of patients who were hospitalized. Nearly half
(41.40%) of these isolates came from those aged
21-40, with a further 31.0 per cent coming from
those aged 60 and older. This pattern could be as-
sociated with lower immune systems, more pro-
longed hospital admissions, and more common root
causes of illness in these age groups. Results from
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Ahmadabad, India, showed that there were a lot of
people between the ages of 31 and 45 (29.0% of the
total population) [16]. Contrary to the results re-
ported by Ahmed et al. [17], which showed a great-
er frequency amongst men (77.7%), a majority of
our participants were females (55.17%). Pseudo-
monas infections were also more common in those
between the ages of 35 and 50 [18]. It's important
to note that different hospitals may have other dis-
tributions of P. aeruginosa samples because of par-
ticular atmospheric conditions.

A significant treatment obstacle has emerged in the
form of medication resistance, with a dramatic in-
crease in the incidence of resistant strains amongst
hospital-acquired bacteria versus many anti-
pseudomonal medicines [20][21]. Consistent with
results from research in Mangalore, India [22], one
striking finding in our investigation was that all P.
aeruginosa isolates were susceptible to imipenem.
This might be because of the limited use of this
antibiotic at our institution. However, new research
shows that imipenem tolerance may range from
mild to severe [18,19,23,24]. The two most effec-
tive medicines against the P. aeruginosa strains in
our investigation were ciprofloxacin (72.41% sensi-
tive) and Amikacin (82.75% sensitive). The inverse
is true as well; research in Malaysia, Turkey, Bang-
ladesh, and India found that aminoglycoside re-
sistance has grown [18—19]. Research conducted
in Malaysia revealed significant resistance to
ciprofloxacin at a rate of 92%, whereas an analysis
from North Kerala, India, indicated a rate of re-
sistance of 40.5% to fluoroquinolones [24].

In particular, our research found that piperacillin
had a resistance rate of 55.17 per cent when used
alone. On the other hand, cefoperazone-sulbactam,
an inhibitor of beta-lactam and beta-lactamase,
showed a much lower resistance rate of 34.48%,
demonstrating the wide range of beta-lactamase
inhibitors [23]. According to experts, this strategy
is the best option for treating infections caused by
P. aeruginosa [25]. In their investigation, Shenoy et
al. [22] also found that 54.66 per cent of the bacte-
ria tested were resistant to piperacillin. A Saudi
Arabian investigation found that Pseudomonas ae-
ruginosa samples taken from patients had far lower
rates of piperacillin resistance (11.5%) [26]. Re-
search out of Kathmandu, Nepal, also showed that
cefoperazone-sulbactum had an 84.8% sensitivity
rate against P. aeruginosa isolates taken from an
ICU [25].

Conclusion:

The susceptibility profile of Pseudomonas bacteria
in the examined wound samples presents a con-
cerning trend of resistance across multiple antibi-
otic classes. While certain antibiotics like tobramy-
cin and ciprofloxacin show relatively higher sus-
ceptibility, the overall resistance rates, especially in

Sinha et al.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

carbapenems, cephalosporins, and penicillins with
B-lactamase inhibitors, raise significant therapeutic
challenges. The absence of susceptibility to Poly-
myxin B and Colistin further limits effective treat-
ment options. These findings emphasize the im-
portance of judicious antibiotic use, continual sur-
veillance of resistance patterns, and the exploration
of alternative therapeutic strategies to manage
Pseudomonas infections effectively.
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