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Abstract

Wound infections result from contamination of a compromised skin following either intentional or
accidental trauma. Failure of wound to heal can be due to mixed infections, with huge impact on
global healthcare finances. For surveillance purposes, this investigation looks at wound infections
and their susceptibility to antibiotics. Data obtained from the Microbiology laboratory achieves for
the years 2014 and 2019 were wound characteristics, patient demographics and causative bacteria
pathogen. Also retrieved from the -80° C freezer were 270 Gram-negative bacteria isolates from
wounds that formed part of patient care. Vitek Compact 2 was used for bacteria IDs and AST testing.
Wound swabs were in majority (74.07%) followed by bedsore samples (12.22%). Others were tissue
cultures (6.3%), skin swab (3.7%) necrotizing fasciitis (1.48%), foot swabs (1.10%) and cervical wounds
(1.11%). Isolated pathogens included Pseudomonas aeruginosa (33.6%), Escherichia coli (24.78%),
Acinetobacter baumannii (21.85%), Klebsiella pneumoniae (17.65%), Proteus mirabilis (1,7%) and Morganelli
morganii (0.41%). Most isolates had become MDR after 5-years with extensive (100%) resistance to -
lactam and fluoroquinolone. Only tigecycline and amikacin maintained their antimicrobial activity
for the period with some bacteria species. Suitable therapeutic options were few irrespective of the
year of isolation particularly among the ESKAPE isolates. Overall results demonstrates that after a 5-
year period about 75% of the isolates of the bacteria pathogens had become resistant to most of the
antibiotics used for their management.
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1. Introduction

Wound infections arise from contamination of skin injuries and the underlining tissues by micro-
organisms that include bacteria, viruses or fungi. Common types of wounds can be categorized to
include bedsores, foot wounds, infections of surgical sites, burns amongst a wide range of others [1].
However, the process of wound healing is impeded by any form of microbial infection thereby
prolonging inflammation which subsequently leads to tissue destruction [2]. It is reported that
about 8.2 million people who were medicare beneficiaries had wounds with or without infections
with an estimated medicare cost that ranged from $28.1 to $96.8 billion for chronic and acute wounds
[3]. Highest amongst these were expenses incurred in treatment of surgical wounds and diabetic
ulcers [3]. As at the time of this report, the medicare cost for outpatient wound infections ($9.9 - $35.8
billion) had a higher trend when compared with those of inpatient ($5.0 - $24.3 billion). Globally, on
an annual basis, the pain and trauma of wounds are endured by individuals around the world, a
condition that is further complicated by infections [1].

Generally, wound infections is of public health concern in healthcare settings globally, inclusive
of Saudi Arabia with a huge impact on available financial sources, affecting the overall efficacy of the
healthcare system. It is of the view that the burden of wound infections is yet to be expansively
appraised but then is considered to be high in Saudi Arabia [4]. This in view of the high prevalence
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of challenging health conditions that include obesity, ischemic heart disease and diabetes among the
Saudi Arabia populace. Effective and timely management of such infections will not only reduce
the financial burden for treatment but also the resultant traumatic effects [5].

There is also the issue of caring for wounds at home by the untrained due to the influence of
traditional medical views that not only impairs wound healing process but increases the risk of
developing infections [6,7]. To establish the appropriate treatment of resultant infections, clinicians
should institute the diagnosis of an infected wound, followed with confirmation through
microbiological assay [8]. However, because such diagnostic procedures are usually time consuming,
empirical antibiotic treatment is instituted without adequate and conclusive diagnosis thereby
creating more clinical and economic burden by contributing to more AMR [9].

However, there is the failure for wounds to heal, and this can be attributed to polymicrobial
infections, other factors that include patient comorbid conditions that do contribute to sustainability
of healthcare services. Besides there is also the rise of drug-resistant bacteria contributing to prompt
and adequate management of bacterial infections globally thus leading to long hospitalization and
suffering of patients [10]. Saudi Arabia is a region with high antimicrobial resistance attributed to
practices of physicians in the use of antimicrobials [11]. Regular monitoring of antimicrobial
susceptibility of bacteria pathogens is recommended as this could be a guide for antimicrobial
therapeutic treatment for wound infections. This investigation seeks to bridge the gap in knowledge
in this region, by assessing the profiles of Gram-negative bacteria pathogen associated with wound
infections and their disposition to antibiotics, providing information that could help guide in the
treatment of these recalcitrant wound pathogens.

2. Materials and Methods

2.1. Study Area, Samples and Ethical Consideration

The study was conducted in Al-Ahsa which is located between Dammam and Riyadh, Southeast
of Saudi Arabia. The research utilizes the available data in the Microbiology Division of the
Department of Biomedical Sciences of College of Medicine, King Faisal University. Retrieved data
included demography (age and gender), date of isolation, sample type and the source (ward) of
origin. Wound infections were taken as those save as wound swabs, tissue cultures, bedsores, skin
ulcers and necrotizing fasciitis. Only data that equally had the isolated bacteria pathogen stored in
the -80 °C microbank were used for the investigation. The research protocol was approved by the
Research Ethics committee of King Faisal University, approval number KFU-REC-2026-JAN-
ETHICS53. Humans were not involved in the study and is therefore exempted from informed
consent, subject to provisions of the National committee of Saudi Arabia Bioethics (kacst.gov.sa,
section 11).

2.2. Bacterial Isolates Retrieval and Confirmation of IDs

Gram negative bacteria isolates that were preserved in microbankTM were retrieved from the -
80 °C freezer. Preserving and retrieving of the bacteria isolates were according to the guidelines of
the manufacturers (https://www.pro-lab-direct.com/v/vspfiles/microbank/microbank-wwp-
portfolio.pdf accessed 08/12/2025). Isolates were retrieved by plating out on MacConkey agar,
cultured aerobically for 24 hours at 37 °C. The overnight bacteria colony growth were plated out and
cultured under the same conditions to obtain pure colonies that were use for confirmation of bacteria
identities with Vitek Compact 2 (BioMerieux, Marcy L’Etoile, France) applying GN ID cards
according to the guidelines of the manufacturers (https://www.epa.gov/sites/default/files/2017-
01/documents/qc-22-04.pdf). Briefly pure overnight colony bacteria growth for each of the isolates
were suspended in sterile 3 mL of 0.45% saline solution. Using a DensichekTM turbidity meter
(BioMérieux Inc DensichekTM™), bacteria suspensions for each of the isolates were prepared to
attain a turbidity of between 0.50 — 0.63 as directed by the manufacturers. The prepared suspensions
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for each of the isolates were individually placed in the identity (ID) and antimicrobial susceptibility
test cassette (AST) for assay using Gram-negative (GN-ID AST) Cards.

2.3. Antimicrobial Susceptibility and Minimum Inhibitory Test

Tested antimicrobials were ampicillin (Amp), Augmentin (Aug), ampicillin-sulbactam
(SAM), piperacillin/tazobactam (Ptz), ceftazidime (CAZ), Ceftriaxone (Cxm), cefoxitin (Cfx),
Ceftazidime (Caz), cefuroxime (Cxm), Amikacin (Amk), cefepime (Pime), aztreonam (Azt),
imipenem (Imp), meropenem (Mer), gentamicin (Gm), tobramycin (Tob), ciprofloxacin (Cip),
levofloxacin (Levo), tigecycline (Tig), colistin (Cs), tetracycline (Tet) trimethoprim/sulfamethoxazole
(TMP/SMX), Tazocin (TZP), minocycline (Min), ticarcillin/clavulanic acid (TIC/CLV).

Minimum inhibitory concentration (MIC) were ascertained with Vitek 2 Automated System and
result interpreted according to CLSI [12] guidelines. Standardizes international terminologies of
Centers for Disease Control and prevention (CDC), those of European Centers for Disease prevention
and control were used to define Multidrug resistance (MDR), Extensive drug resistance (XDR) and
Extended-spectrum-beta-lactamase (ESBL) positive bacteria strains. Also, carbapenem resistant
isolates were categorized as Carbapenem-resistant Enterobacteriaceae (CRE).

2.4. Detection and Confirmation of ESBLs

Extended-spectrum beta-lactamases (ESBLs) isolates were detected by Vitek 2 Automated
System. Phenotypic assay was as recommended by CLSI [13] using the combined disc test (CDT).
ESBLs bacteria were seeded in Muller-Hinton agar, discs of 30 pg ceftazidime (CAZ), 30 pg
cefotaxime (CTX) combined with 10 ug clavulanic acid (CLA) were incubated aerobically for 24 h at
37 °C. The results were interpreted based on a single individual test against ceftazidime and
cefotaxime as well as separately in combination with clavulanate based on CLSI [13] guidelines.

2.5. Statistical Analysis

Data was collected and stored in Excel sheets. Data on the distribution of age are present as
means and Median calculated with Excel data analysis. The results on age distribution, antimicrobial
resistance or sensitivity are presented as percentages while graphs were computed on Excel sheet
and with GraphPad Prism 110.0(84). While MedCalc Software Ltd. Comparison of two rates
(https://www.medcalc.org/en/calc/rate_comparison.php Version 23.4.9; accessed March 7, 2026) was
used to compare significance between percentages with statistical significance taken as p<0.05.

3. Results

3.1. Demographics, Sample Types and Bacteria Pathogens

Two hundred and seventy Gram-negative bacteria isolates that formed part of patient care for
males (58.27%) and females (41.73%) were used for the investigation (Figure 1A). The ages ranged
from less than 1-year to 98-years-old with a mean age of 56.34 and median age of 63 (Figure 1B). In
majority were the 71 — 81-year of age and the least number in age group were 91 — 100-years-old.
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Figure 1. Demography showing gender and age group distribution of patients. M = males; F = females.

For sample types, in majority were wound swabs (74.07%; n = 200), next were bedsore samples
(12.22%; n = 33). Other isolates were from tissue cultures (6.3% n = 17), skin swab (3.7%) Necrotizing
fasciitis (1.48%; n = 4), foot swabs (1.10%) and cervical wounds (1.11%). (Figure 2A).

The bacterial pathogen associated with these infections were more of Pseudomonas aeruginosa
(33.6%; n = 112), Escherichia coli (24.78% n = 59), Acinetobacter baumannii (21.85%; n = 52), Klebsiella
pneumoniae (17.65%; n = 42), Proteus mirabilis (1,7%; n = 4) and Morganelli morganii (0.41%; n = 1) and
the results are displayed in Figure 2B.  Of the total number of the bacteria pathogens (n =270; 100%),
87 (32.22%) of them were confirmed ESBL producers constituting fifty-one (51) E. coli isolates, thirty-
five (35) K. pneumoniae and one (1) isolate of P. mirabilis. Additionally, four of the isolates were
classified as carbapenem resistant Enterobacteriaceae (CRE) isolates.
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Figure 2. Sources of isolated wound infection bacterial pathogens showing: (A) percentage sample distribution,

(B) bacteria pathogens isolated from infected wounds.

Samples originated from hospital wards (74.44%), intensive care units (ICU, 14.81%), emergency
room (ER, 8.15%) and outpatient department (OPD, 2.6%). This showed that the bacterial isolates
which formed part of diagnosis for patient care were from patients with comorbidities (Table 1).

Table 1. showing different bacteria isolates and their source of origin.

Bacteria Wards ICU OPD ER Grand Total
pathogen
P. aeruginosa 90 12 0 10 112
E.coli 44 4 5 6 59
K. pneumoniae 25 13 2 2 42
A. baumannii 40 8 0 4 52
M. morganii 1 0 0 0 1
P. mirabilis 1 3 0 0 4

Totaln; (%)  201; (74.44%)  40; (14.81%)  7;(2.6%) 22; (8.15%) 270; (100%)

n =number; ICU = intensive care unit; OPD = outpatient department; ER = emergency room.

3.2. Consolidated Antimicrobial Susceptibility Profile of the Isolates and ESBLs

3.2.1. Subsubsection

The results presented in Figure 3A is a consolidation in percentage resistance of the tested
antibiotics by the isolates. Overall sensitivity by the isolates was highest with colistin while the next
strongest performer was amikacin (86.3%). Carbapenems (meropenem, imipenem) exhibited an
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overall susceptibility of 66%, while fluoroquinolones and most of cephalosporins performed poorly
(Figure 3A). Also analysed were a consolidation of antimicrobial susceptibility pattern for ESBL
isolates. Results showed high resistance (91.95%) to 3rd generation cephalosporins (ceftazidime
and/or ceftriaxone and aztreonam) while being susceptible to the carbapenems (imipenem and
meropenem) . Generally, for this group of isolates, complete antimicrobial susceptibility profile
showed highest percentage resistance for piperacillin, norfloxacin, and levofloxacin (100%). Also high
were resistance to cefepime (97.7%) and the cephalosporins in general. For the ESBL producers, the
most active antibiotics with the lowest resistant percentages were, tigecycline (0.0%), meropenem
(2.3%), imipenem (3.45%), colistin (3.45%), amikacin: 16.1% (14/87) as shown in Figure 3B. However,
100.0% of isolates met the MDR definition with resistance to three or more antimicrobial classes.
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Figure 3. A-B. consolidation of antimicrobial resistance to antibiotics for all bacterial isolates (A) and identified
ESBL isolates(B). 3C-D. displaying different levels of percentage resistance (C) to antibiotics for the period of
2019 and gram-negative bacterial isolates susceptibility for the 2014 period.

3.3. Antimicrobial Assay of Bacteria Species and the Year of Isolation

The tested antimicrobials differed in regards with the years of isolation; thus, resistance analysis
were treated separately, comparing them according to bacteria species, year of isolation as well as

analysis based on antibiotic groupings.

3.3.1. Klebsiella Pneumoniae, Escherichia coli

In this group isolates collected in 2014 and 2019 were used for the analysis. Results showed
ESBLs E. coli and K. pneumonige (2019 collection) were highly resistant to fluoroquinolones
(ciprofloxacin, levofloxacin/norfloxacin) and penicillins (ampicillin/piperacillin) compared with 2014
isolates. Carbapenems (imipenem/meropenem), colistin, and tigecycline remained the most active
across species, with amikacin maintaining moderate activity as compared to gentamicin (Figure 3C).

A slight difference is seen amongst the isolates collected 5-year earlier (2014) with a display of
varying resistance profiles of carbapenem resistance (CRE), ESBL and non-ESBLs as displayed in

). Distributed under a Creative Commons CC BY license.
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Figure (3D). Generally, {-lactam/B-lactamase inhibitor (Augmentin) demonstrated the highest
resistance (57.9%) while the fluoroquinolones and several cephalosporins displayed about 42%
resistance. Thus, the best overall activity in terms of isolates susceptibility, were by aminoglycoside
(amikacin) with 94.7% and carbapenems (89.5%). The CRE-tagged K. pneumoniae stand out with
resistance to both carbapenems. Majority of ESBL isolates cluster, show resistance to 3rd/4th
generations of cephalosporins and to fluoroquinolones. For amikacin isolates again remains largely
susceptible (94.7%) it. However, CRE exhibited higher resistance in number to the tested antibiotics
as compared to the ESBLs and non-ESBLs isolates. The non-ESBL K. pneumoniae strains in this group
were highly susceptible to tested drugs, shows green across in the heatmap (Figure 3D). For the other
isolates, M. morganii and P. mirabilis exhibited a high susceptibility (15.4 — 100%).

3.3.2. Acinetobacter baumannii

For A. baumannii wound pathogen isolates, those collected in the year, 2014 and 2019 were also
included in this investigation. The results displayed in Figure 4A-B is the heatmap comparing the
resistance profile of these isolates. For the 2014 A. baumannii isolates, there was a high [-lactam
resistance with rates of 97.4% to third/fourth-generation cephalosporins (ceftazidime, cefepime) and
aztreonam (97.1%), showing a near complete state of non-susceptibility. In the case of
fluoroquinolones and p-lactam/p-lactamase inhibitors including ciprofloxacin, show 100% non-
susceptibility (R/I), and a high resistance to piperacillin/tazobactam (94.3%) was also observed. The
carbapenems (imipenem and meropenem) showed a resistance of 92% each. While a mixed resistance
profile is displayed among aminoglycosides (amikacin resistance ~72%, tobramycin ~28%, and
netilmicin 47%), demonstrating variability across agents in this class of antibiotics. Highest
susceptibility is seen in glycyclcycline-tetracycline-class of antimicrobial agents, (tigecycline and
minocycline (>76-83% S), suggesting relative susceptibility activity in this set (Figure 4A).

Also, for the isolates collected in 2019, a very high resistance to 3-lactams including carbapenems
(100% each for ampicillin/Sulbactam, cefepime, ceftazidime, meropenem, imipenem (92.9%) and
fluoroquinolones (ciprofloxacin 100%) is seen among A. baumannii isolates. Resistance by drug family
for the 2019 isolates were 100% for Penicillins/B-lactamase inhibitors, Cephalosporins,
Carbapenems (driven by meropenem; imipenem shows 92.9% R and 7.1% I), and Fluoroquinolones.
The high resistance rates across p-lactam and fluoroquinolone families suggest extensively drug-
resistant patterns. However, aminoglycosides and glycylcycline-tetracyclines (notably Tigecycline
and Minocycline) retain some susceptibility (42.9% each). While a 78.6% resistance to Trimethoprim
Sulfamethoxazole (TMP-SMX) is also seen as high. All the isolates were sensitive to colistin (100%)
with 0% resistance, (Figure 4A and B). The Resistance burden per isolate is demonstrated in Figure
4C-D. Across all antibiotics tested per isolate, the mean proportion resistant is 0.79 (79%), with a range
of 0.64 to 1.00, and an interquartile interval (25%-75%) of 0.71-0.86. This indicates that most isolates
are resistant to a large majority of agents tested. The burden of MDR/XDR is seen to be high across
the isolates with one of them (A30) resistant to all the tested antimicrobials (Figure 4D).

3.3.3. Pseudomonas aeruginosa

Figure 5 represents levels of percentage resistance of P aeruginosa to tested antibiotics, comparing
between 2014 and 2019 isolates. Results shows that in 2014, most of the isolates were susceptible to
the tested antibiotics apart from cephalosporins. After five years (2019) the trend reversed, showing
majority of the isolates being resistant. However, aminoglycosides still retained their activity after 5
years (2019). In some instances, XDR were observed among the isolates. Overall results demonstrates
that after a 5-year period about 75% of the isolates of the bacteria species have become resistant to
most of the antibiotics used for their management.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 5. Showing different Pseudomonas aeruginosa isolates susceptibility to tested antibiotics for 2014 and 2019

periods.
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3.4. Minimum Inhibitory Concertation of Antibiotics and ESBL Gene Carriage

The results in Table 2 demonstrates the minimum inhibitory concentration of the tested
antibiotics interpreted according to the guidelines of CLSI [12]. Results for resistance, intermediate
and susceptible values are displayed for the antibiotics while there is none for amoxicillin (K.
pneumoniae is intrinsically resistant to the antibiotic).

Table 2. Minimum inhibitory concentrations of tested antibiotics.

Antimicrobials Resistant Sensitive Intermediate
Amoxicillin - - -
Ampicillin 16, >=32 - -

Amox1c1lhn{C1avulan1c —13 248 16
Acid
Ampicillin/Sulbactam 4,16,>232 - -
Piperacillin/Tazobactam >=128 4 -
Cefalotin >= 64 2,8 -
Cefoxitin >= 64 4 -
Ceftazidime >= 64 1 -
Ceftriaxone >= 64 1 -
Cefepime >= 64 1 -
Imipenem >=16 <=0.25 2
Meropenem >=16 <=0.25 -
Amikacin >=64 <=2 8
Gentamicin >=16 <=1 -

Ciprofloxacin 2,>=4 <=0.25,1 -
Tigecycline >=8 <=05,2 -

Nitrofurantoin 128, 256 <=16 64

Trimethroprim/Sulfamet — 300 20 i
hoxazole
T1carc1llm/§lavulamc o198 16 i
Acid
Aztreonam 32,>=64 4 -
Tobramycin >=16 <=1 -
Levofloxacin >=8 1 -

- =none; Klebsiella pneumoniae is intrinsically resistant to amoxicillin lactamases.

Table 2 is a display of results of ESBL combined disc test interpreted according to the guidelines
of CLSI [2012]. All the isolate tested for confirmatory test had been identified by Vitek Compact 2
(BioMerieux, Marcy L’Etoile, France). Of the 51 E. coli isolates challenged for CTX/CLA or CAZ/CLA,
47 (92%) and 43 (84%) were confirmed significantly to be ELSB producers as compared to those in
which they were not detected. Also, for K. pneumoniae, significantly high number of the isolates
challenged were confirmed as ESBLs producers with CAZ /CLA (94%) and CXT/CLA (89%).

Table 3. Displays the results of double disc diffusion test For ESBL producing isolates.

Bacteria species No. negative (n /

(number) No. positive (n / %) %) p-value

E. coli (51) CTX/CLA 47 (92) 6 (8.0) 0.000173*
CAZ/CLA 43 (84.3) 10 (15.7) 0.00019*

K. pneumoniae (36)  CTX/CLA 32 (89) 5(11) 0.00278*
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CAZ/CLA 34 (94) 3 (6) 0.000595*

* represents significant difference between positivity and negative combined disc diffusion test for

both E.coli and K. pneumoniae ESBL isolates. (Statistically significant calculator-TGM Research product
used for the statistical analysis). https://tgmresearch.com/tools/statistical-significance-

calculator.html.

3.5. Antimicrobial Resistance Assay Based on Source of Bacteria Isolation

Resistance to antibiotics as displayed by the source of isolation shows extensive (100%) B-lactam
and fluoroquinolone (penicillin/ {-lactam inhibitors, cephalosporins, carbapenems and
fluoroquinolone) resistance across the regiments (Figure 6). Better antimicrobial activity is seen across
all with tigecycline.

Percentage resistance based on souce of isolation

Bedsores-| 10 10 100 100 - 100
Wound swab- 10 1m0 10 100 .

Skin Ulcers< 10 100 10 100

100

%o
Resistance

Source of isolates

100
) 100 100
0 100
T

Necrotising fascitis 4 100 100 10 100 100
T T T T T L
@6@6 QQ\@Q ) \6\(& +,§u\° &\\C}Q N +0‘° P S
& & g & FE S
_g\\Q\ &R C© ¢ W @‘ G
& S
N

Antimicrobials

Figure 6. Antimicrobial resistance outlook based on the source of the bacteria pathogen. SXT =

trimethoprim/sulfamethoxazole.

4. Discussion

The investigation shows that wound infections cut across gender of different age groups, while
being highest among the middle aged and the elderly (51-81) in findings that are similar to those of
an earlier report [4]. Reasons attributed to this high incidence in the stipulated age group is the
possibility of such patients presenting with other comorbid health conditions that lowers ability to
ward of infections due to weakened immunity [14]. That the least prevalent age group were patients
in the range of 90-years of age and above, could simply mean there is generally fewer number of such
patients. Besides this, there are other factors contributing to high antimicrobial resistance that are
thought to be linked to the age of patients. Due to elderly patients’ comorbid and weakened immune
system, the aged are thought to be unable to fight off infections in general. Subsequently, the high
percentages of resistance as seen in this report could also be related to the high number of the elderly
population from which the bacteria isolates originated from. Also, that all the isolated bacteria
pathogens were from patients who had other comorbidities that could have necessitated a prior wide
use of antibiotics prior to developing an infection of the wound. In addition to these, available
literature supports the fact that antimicrobial resistance though of a global public health concern, it
is more so among the elderly and in male gender [1]. Worthy of note is that there were more males
in this investigation than females with such opinions supported by other researchers [1,15]. Also, the
findings here being in consonance with those of previous reports [16,17].

Likewise, the Gram-negative bacteria pathogens included in this report, are similar to those of
other researchers as they are of higher risk in causing recalcitrant wound infections [18]. However,
the pattern by which bacteria species are most commonly encountered differs. Generally, though,
Gram-negative bacteria are reported to be principally associated with wound infections in Saudi
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Arabia [19]. Highest in number of the isolates associated with wound infections were those of P.
aeruginosa followed by E. coli, A. baumannii and K. pneumoniae. Some researchers [20,21] place the
trend of predominant Gram-negative bacteria (GNB) to be P. aeruginosa, K. pneumoniae and E. coli.
However, E. coli was the most prevalent in a recent report from Indonesia [22] followed by K.
pneumoniae and P. aeruginosa. While all findings established the involvement of the listed bacteria
pathogens in wound infections, specific patterns as regards their frequency are not specific but do
differ, reasons could be attributed to regional and global differences.

Also, the reasonable percentage of A. baumannii associated with wound infections in this report
is not unusual as the bacterium is listed as one of the pathogens of wound infections [22], as well as
being widely spread in healthcare settings [23] while being linked to outbreaks in trauma patients
[24].

In terms of available suitable antibiotic for therapeutic options, results here further emphasized
how limited the numbers are for the management of bacterial wound infections. The high percentage
resistance that did not improve with subsequent years points to the public health problem of hard-
to-treat bacteria pathogens in the region of the present study and globally too. Additionally, that the
ESBL isolates are susceptible to only five of the tested antibiotics (colistin, tigecycline, imipenem,
meropenem, amikacin) being the strongest performers indicates that there are no exceptions to this
trend. In agreement to the findings here are those of a recent report in the Saudi Arabia where the
researchers attributed high antibiotic resistance to the fact that management of wound infections are
initiated empirically with antibiotics [1].

In terms of bacteria species, the time of isolation showed differences in the tested antibiotics
for K. pneumoniae and E. coli for the years of 2014 and 2019. While percentage resistance was seen to
be higher among the 2019 isolates, amikacin and the carbapenems remained most potent antibiotics
regardless of year of isolation in findings that are similar to those of an earlier report [1]. There is the
possibility that these are the same strains of bacteria circulating in the region. Besides, the high
cephalosporin resistance by both E. coli and K. pneumoniae observed here are in harmoniousness with
other reports from Saudi Arabia and other regions [21,26]. However, the antibiotic susceptible strains
of P. mirabilis as seen here are different to those of an earlier report in Saudi Arabia [1]. Differences
can be credited to factors that could be due to the number of tested isolates which were quite few in
this investigation among other factors such as method of isolation and the tested antimicrobials.

On the need for continual surveillance is the resistance pattern displayed by A. baumannii isolates
in this investigation. The high resistance to the carbapenems is consistent with this bacteria species
in view of the fact that while resistance to imipenem remained high and did not change over a gap
of five years, the 2019 isolates were completely resistant to meropenem. This is in line with the 100%
resistance observed previously [4] while slightly higher than those of other reports [9,26]. This is
visibly why this opportunistic bacteria pathogen is included among the ESKAPE list. Colistin and
tigecycline might currently be the choice drugs but probably not for long due to evolving resistance
to these last line drugs [27]. This is because while the isolates of 2014 were XDR, suitable therapeutic
options could have been the aforementioned antibiotics. However, with PDR seen in 2019 isolates,
there will be the need for other new therapeutic options. The disparities in suitable and available
therapeutic options make comparisons of precise antibiotic susceptibility difficulty, not only
regionally but across nations of the world [4].

In the case of P. aeruginosa while earlier (2014) collected isolates were susceptible strains (SS), the
pattern was not maintained as later (2019) isolates were MDR. However, suitable therapeutic options
remained the same for aminoglycoside (amikacin, tobramycin and gentamicin) in findings that are
similar to an earlier report [1]. Also, in line with the findings here are those of Momenah et al., [28]
who reported high resistance to cephalosporins, quinolones and carbapenems. While such
similarities could be a reflection of the phenotypic strains circulating in the region, variations in
patterns of susceptibility as reported by researchers could differ based on study conditions, the
environmental impacts, tested antibiotics and differing conditions of bacteria isolations [29].
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5. Conclusions

This investigation into the Gram-negative bacteria wound infection pathogens exhibited by P.
aeruginosa seems to be the most dominate compared to those of E. coli, K. pneumoniae, A. baumannii.
Also, suitable therapeutic options remain minimal due to the high antibiotic resistance displayed by
the isolates against tested antibiotics. While suitability of amikacin, imipenem and meropenem for
isolates of K. pneumoniae and E. coli, irrespective of the year of isolation, the pattern was different for
A. baumannii infections. For this bacteria species, suitability of antibiotics changed with year of
isolation. While colistin and tigecycline were suitable as therapeutic options for 2014 A. baumannii
wound isolates, this was not the same in the case of those of 2019. One similarity between the isolates
irrespective of the year of isolation is the XDR characteristic which justifies this opportunistic
pathogen being classified as an ESKAPE in need of urgent new antibiotics. In the situation of P.
aeruginosa, the aminoglycosides (amikacin) remained appropriate as therapeutic options regardless
of the year of sample collection. There is however a consistently high resistance to antibiotics by the
bacteria pathogens associated with wound infections as has been shown in this study, thus
necessitating the need for continually surveillance for clinicians and healthcare providers in order to
optimize patient care cost effectively. The study also highlighted knowledge that could help in
minimizing risk factors associated with wound infections.
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Abbreviations

The following abbreviations are used in this manuscript:

MDR Multidrug resistance

XDR Extensive drug resistance

PDR Pan drug resistance

AST Antimicrobial susceptibility test

ESBLs Extended-Spectrum -Lactamases

ESKAPE (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter

baumannii, Pseudomonas aeruginosa, and Enterobacter spp.)

(CRE) Carbapenem-resistant Enterobacteriaceae.
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