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Abstract: Antimicrobial resistance is now considered a global dilemma and threat to many antibiotics running in
clinical practices. In Pakistan, its worst consequences appear and rise day by day, especially in hospital and community-
acquired healthcare settings. In Khyber Pakhtunkhwa (KP) especially in Peshawar, most of the Tertiary Care Hospitals,
have a big flow of in and outpatients throughout the country as well across the border from Afghanistan, Iran, and
Middle Eastern countries. So, the opportunities for cross infections, and transmission of Multidrug resistance/superbug
strains are higher up, which needs to be assisted and evaluated. The current study was a combined prospective and
retrospective nature study carried out in the endocrinology ward, in a tertiary care hospital in, Peshawar, KP, Pakistan. To
ensure a thorough evaluation of treatment outcomes and the validity of the findings, the study attempted a combination
of prospective monitoring and retrospective analysis to assess AMR, CSTs, and hospital stay longevity among 97 DFU
inpatients. DFU was most prominent in the age range of 51-60 years, followed by 41-50 and patients above 60 years
of age, respectively. Various antibiotics were prescribed to DFU patients. Among antibiotics, cefoperazone-Salbactam
combination was highly prescribed (31.8%) followed by Linezolid (18.8%), and Ciprofloxacin and Meropenem (13.6%
each). Patients having an age limit of 10-40 years were mostly resistant to antibiotic regimens including Ampicillin-
clavulanic acid, cefipime, and cefoperazone-sulbactam. Similarly, patients in the age limit 41-50 were resistant to
cefotaxime-sodium and ceftazidime. Furthermore, patients in the ages ranging 51-60 were resistant to co-trimaxazole,
levofloxacin and moxifloxacin. In contrast, patients above the range of 61 years were found to be resistant to Ampicillin-
clavulanic acid, cefipime, cefotaxime, ceftriaxone, co-trimaxazole, and levofloxacin. In conclusion, there is a strong
need for comprehensive studies considering pathogen transmission, and cross-border infections in Pakistan to prevent
the growing issue of AMR.
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1. INTRODUCTION sports, education, import and exports across

borders and gate-passes. Afghanistan shares a
Pakistan has shared international borders with 2670 Km, shared border with Pakistan, they have
Afghanistan, Iran, China, Tajikistan and India.  the highest exchanges of human across-boarders
Diversities in regional, socio-cultural, and religious ~ (Chaman border, Baluchistan and Torkham border,
attributes and shared various norms, traditions, = Khyber Pakhtunkhwa (KP), as compared to other
relations, business exchanges, health concerns, neighbouring countries. Most of the Afghan
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people come to Pakistan for business, jobs, sports,
and health-treatment concerns. They are seeking
treatment, especially in the public and private sector
hospitals like Hayatabad Medical Complex (HMC),
Khyber Teaching Hospital (KTH), Lady Reading
Hospital (LRH), North-West General Hospital
and Research Center (NWGH-RC), Rahman
Medical Institute (RMI) and many more in private
sectors. Each day thousands of Afghan people
come to Peshawar for various ailments treatment.
So, there may be chances that they may bring or
go back with MDR pathogens. (Figure 1), depicts
the human traffic and mobility across borders for
various purposes, but the most associated are health
concerns. The spread of MDR has increased due to
human traffic and mobility in cross-border regions
throughout the globe, which may be considered
to increase AMR, especially in underdeveloped
countries, where there are no strategies to overcome
excessive misuse of antibiotics. So, regional
infection prevalences are one of the key factors in
AMR/MDR prevalences, which are mostly ignored
in Asian countries like Afghanistan, Iran, Pakistan,
India, Nepal, Sri Lanka and most of the Arabic
countries.

Diabetes mellitus (DM) is a global dilemma,
which are highly prevailed in Asian countries.
The complications associated with DM are life-
threatening and lead to permanent organ damage
and disabilities [1]. Uncontrolled Diabetes mellitus
may extend into various complications, among
which one of the common complications is diabetic
foot or diabetic foot ulcer (DFU) [2]. It may be
due to poor glycemic control, vascular diseases,
neuropathies and poor foot care by diabetic patients.
In 15% of diabetic patients, a sore or wound at the
bottom of the foot may commonly occur [3].

Global prevalence of DFU among diabetic
patients is about 6.3%, whereas only in Asia, where
its prevalence is about 5.5%. The highest number
of DFU patients was reported in Belgium at 16.6%,
where the least accounted for in Australia which is
about 1.5%. The highest number of DFU patients
was reported in Belgium at 16.6%, where the least
accounted for in Australia is about 1.5%. Though,
DFU may be associated with the global burden
of diabetes, which estimated in 2019, that 9.3%,
almost 463 million people have diabetes mellitus.
It will be raised to 10.2% (578 million) in 2030,
while in 2045, it may reach 10.9% (700 million)
[4, 5].

As in Pakistan, we do not have that much
prospective research, that’s why we don’t have
exact prevalences, especially in each province.
Though very few and limited publications were
founded on DFU patients in Pakistan. It has been
found that the prevalence of DFU patients in
Pakistan ranges from 2.1 to 50.9%, which may
be considered an alarming situation [6]. If the
infections in DFU are uncontrolled it may lead
to limb loss [7]. The uncontrolled infections may
be associated with antibiotic non-responsiveness,
which is considered as an AMR/MDR or extended
drug resistance (XDR). A limb is lost every 3 h in
Australia as a result of uncontrolled infections in
DFU. It is estimated that approximately 50%-70%
of all lower limb amputations are due to DFU [8].
In addition, it is reported that every 30 s one leg
is amputated due to DFU worldwide [9]. Most of
the diabetes related-deaths are associated with
DFU, which attributes up to 8% among other
complications [10].

Antibiotics are effective against pathogenic
bacteria, but excessive consumption and misuse
may lead to the development of genetic mutations
extended to resistance [11]. Overcrowded inpatient
hospital wards and hospital-acquired cross
infections may enhance the global burden of AMR/
MDR infections. Overconsumption, decreased
responsiveness, and long hospital stays may indicate
AMR. As we know, mostly in Pakistan and many
other Asian countries, antibiotics are prescribed
without CSTs and rely on empirical therapy which
may be due to high burdens of infections, limited
hospital and healthcare facilities, and longer
hospital stay which increase the healthcare costs.

The current study is an approach, to determine the
cross-border infection demographics, antibiotic
consumption, responsiveness and hospital stay
longevity specifically in DFU inpatients in a tertiary
care hospital in Peshawar. It is an attempt that
evaluate the antibiotic excessive use, switching over
from one class to another class of antibiotics, and
the hospital stay prolongation in DFU inpatients.

2. MATERIALS AND METHODS

2.1. Study Universe

The current study was a combined prospective
and retrospective nature study carried out in the
endocrinology ward, in a tertiary care hospital of,
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Fig. 1. Pakistan-Afghanistan border, periphéry cities and hospitals (Source Google map with modification).

Peshawar, Khyber Pakhtunkhwa (KP), Pakistan.
To ensure a thorough evaluation of treatment
outcomes and the validity of the findings, the study
attempted a combination of prospective monitoring
and retrospective analysis to assess AMR, CSTs,
and hospital stay longevity among DFU inpatients.
By combining previous information from patient
records with real-time observations of antibiotic
usage, our method ensured a thorough evaluation
of treatment outcomes in DFU patients.

The hospital comprised more than 33
Departments, 1797 beds, above than 1350
physicians and surgeons, with 450 other technical
staff. The hospital provides both medical and
surgical services to both inpatients, n= 139693 and
outpatients (OPD), n= 535912, emergency patients
n= 1061690, in the last year, 2022 (https://www.Irh.
edu.pk/, retrieved on 26-Septmeber-2023).

2.2. Including/Excluding Criteria

Only those DFU patients (included across borders)
were included in the study who were hospitalized
(in-patients) for their severe sepsis, ulcers and
infections. Outpatients and all DFU patients were
excluded from this study who visited the hospital
for their routine checkups, and dressings or had
incomplete medical records.

2.3. Patient Data Collection Procedure

Both prospective and retrospective procedures
and methodology used by Haleema et al., 2023

were adopted with a little modification for data
collection [12]. The regional vicinity and cross-
border DFU inpatients were specifically sorted
out and were noted down for AMR, identified
through CSTs. The Patient antibiotic consumption
records were properly checked for DM and DFU
diagnosis. Patient ID, name, age, sex, locality, date
of Admission (DOA), and date of discharge (DOD)
for hospital longevity/stay were specifically noted.
Antimicrobial therapy and antibiotic consumption
charts, dose and regimen schedules were properly
evaluated for responsiveness and sensitivity.
Empirical therapy and culture sensitivity tests
(CSTs) were properly followed and noted down. An
Excel sheet was properly maintained for the said
parameters.

2.4. DFU Inpatient Demographics

DFU inpatient demographics were identified
through age group ranges (including across
borders). We classify the patient demographics
into various age ranges, which start from 10
years and extend up to 60 and above years. The
patient’s demographic (regional vicinity and across
borders) were further sorted for male and female
DFU inpatients’ which were separately tabulated,
according to the following age groups (Table 1).

2.5. Culture Sensitivity Tests (CSTs)

As we know in Pakistan, mostly we have empirical
therapies for antibiotic prescriptions, which means,
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Table 1. DFU in patients’ demographics (age ranges).

DFU inpatients DFU inpatients

from Pakistan  Across borders
(n=x) (n=y)

Age ranges
(years)

10-29 Years
30-40
41-50
51-60
61-above

that the physicians/clinicians prescribe antibiotics
without CSTs. So, we also collected information
for empirical and CST therapies, especially in DFU
inpatients. CSTs were also noted down from the
patient medication history profile.

2.6. Hospital Stay and Longevity

The hospital stays and longevity (H-S/L) were
calculated from the date of admission and date of
discharge in all DFU inpatients including across.
The date of admission and discharge were all
mentioned on the patient medication chart history.

2.7. Antibiotic Consumption and Responsiveness

During the hospital stay, antibiotic consumptions
were properly monitored and evaluated in DFU
inpatients in both regional and across-border
inpatients. The sensitivity and responsiveness were
properly monitored and followed for antimicrobial
resistance and sensitivity. During the hospital
longevity, switching over from the initial antibiotic
therapy to another antibiotic treatment was also
noted down. Age range-wise antibiotic consumption
and responsiveness were also evaluated for AMR.
Empirical therapy and CSTs were also properly
observed for each patient [12].

2.8. Statistical Analysis

The co-relation of hospital stay and antibiotic was
evaluated through regression correlation and t-test
multiple while using GraphPad Prism. Another
mode, the mean median and percentages were
calculated through MS Word Excel.

3. RESULTS
The age range of male and female DFU inpatients’

demographics information is mentioned in (Figure
2). DFU was most prominent in the age range of

51-60 years, followed by 41-50 and patients above
60 years of age, respectively. A total of n=97 DFU
inpatients, where the majority of them were male
patients of almost all age ranges. Similarly, among
these DFU inpatients, in some cases, some patients
belonged to Afghanistan, which is a neighbour
country to Pakistan. A total of n=8 cases were
reported from Afghanistan (male=3, female =5)
(Figure 3).

Some of the cases of AMR were reported both
from within the regional vicinity of Pakistan as
well as from across the border. (Figure 4a) is an
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Fig. 2. DFU inpatients age-range demographic

information’s in tertiary care hospital of Peshawar
during (January-March, 2023).
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Fig. 3. DFU inpatients demographics including
cases reported from Afghanistan (a cross-
border), in tertiary care hospital of Peshawar
during (January-March, 2023).



AMR, Pathogen Transmission and Cross-Infections within Regional Vicinity and across Borders 97

across-border AMR case reported of a female (40
Years) from Afghanistan, where Figure 4b is a
CST, where the most commonly used antibiotics
were highlighted. The CST report of the DFU
patient revealed that the strain is MDR showcasing
resistance to 12 tested antibiotics including;
Penicillin (amoxicillin and amoxicillin+clavulanic
acid combination), Cephalosporins (cefixime,
cefixime, cefotaxime, ceftazidime, ceftriaxone),
Fluoroquinolone  (ciprofloxacin, moxifloxacin
and levofloxacin), Imipenem, Meropenem and
piperacillinttazobactam combination therapy,
respectively (Figure 4). Likewise, (Figures 5a
& 5b) show AMR cases and their CSTs reported
from the regional vicinity of Pakistan. Moreover,
the CST report of the DFU patient from Pakistan
(regional vicinity) showed that the strain is MDR
showcasing resistance to 08 tested antibiotics
including; Penicillin (amoxicillin+clavulanic acid),
Cephalosporins (cefipime, cefotaxime, ceftazidime,
ceftriaxone), Fluoroquinolone (ciprofloxacin, and
levofloxacin), and doxycycline antibiotic therapy,
respectively (Figure 5).

Figure. 6 shows the percentage of empirical
therapy and CSTs in the current prospective and
retrospective study of DFU inpatients.

Various antibiotics were prescribed to DFU

across-boarder
MDR Case

patients during the study as shown in (Figure
7). Among antibiotics, cefoperazone-Salbactam
combination was highly prescribed (31.8%)
followed by Linezolid (18.8%), and Ciprofloxacin
and Meropenem (13.6% each). Additionally,
clindamycin, cefixime, cefotaxime, moxifloxacin,
and clarithromycin were also prescribed to some
patients.

The AMR percentage among all clinically
sensitive antibiotics in DFU patients is depicted in
(Figure 8). Patients having an age limit of 10-40
years were mostly resistant to antibiotic regimens
including Ampicillin-clavulanic acid, cefipime, and
cefoperazone-sulbactam. In addition, patients in the
age limit 41-50 were resistant to cefotaxime-sodium
and ceftazidime. Furthermore, patients in the age
range of 51-60 were resistant to co-trimaxazole,
levofloxacin and moxifloxacin. Moreover, patients
above the range of 61 years were found to be
resistant to Ampicillin-clavulanic acid, cefipime,
cefotaxime, ceftriaxone, co-trimaxazole, and
levofloxacin.

Lastly, hospital stay and longevity were also
assessed for DFU patients as shown in (Figure 9).
Mostly, patient stay in the hospital was revealed to
be between 6-15 days due to non-responsiveness of
antibiotics during antibiotic therapy. This increase
in hospital stay can be attributed to AMR as
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Fig. 4. Across border DFU MDR case reported from Afghanistan, Female, age 40 Years, in Peshawar, KP,

Pakistan, A) DFU ulceration B) Culture sensitivity tests.
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Regional vicinity
MDR Case

Fig. 5. Regional vicinity (Pakistan) DFU MDR case reported, Male, age 44 Years, in Peshawar, KP, Pakistan,

A) DFU ulceration B) Culture sensitivity tests.
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Fig. 6. The percentage of empirical
therapies and CSTs performed for DFU
inpatients.

antibiotics are not working on DFU patients.
4. DISCUSSION

The current study is an attempt to find out the cross-
border AMR infections in DFU patients. The study
included 97 DFU patients from Pakistan as well
as Afghanistan. All the medical records of these
patients were evaluated for antibiotic consumption.
Additionally, the CST reports were also taken into
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Fig. 7. Antibiotic consumption in DFU.

consideration for figuring out the susceptibility
and resistance pattern of bacteria that caused these
infections. The ratio of DFU patients was found to
be higher in the age ranges 51-60, followed by 41-
50 and above 60 years, respectively. It was noticed
that patients in the age range of 51-60 years or above
presented with comorbidities such as hypertension.
Due to its contribution to peripheral vascular disease
and delayed wound healing, hypertension is linked
to an increased risk of diabetic complications,
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including DFUs [13]. For DFU patients, the
existence of hypertension as a comorbidity in this
age range emphasizes the significance of proactive
measures, including blood pressure control [14], to
maximize treatment success and lower the risk of
consequences including infection and amputation

[8].

During the current study, we came across
two special and highly resistant (MDR/superbug)
cases of DFU patients. CST report of the DFU
patient from Afghanistan revealed that the strain

is MDR showcasing resistance to 12 tested
antibiotics including; Penicillin  (amoxicillin
and amoxicillin+clavulanic acid combination),
Cephalosporins (cefipime, cefixime, cefotaxime,
ceftazidime, ceftriaxone), Fluoroquinolone
(ciprofloxacin, moxifloxacin and levofloxacin),
Imipenem,Meropenemandpiperacillin+tazobactam
combination therapy, respectively (Figure 4a).
Similarly, the CST report of the DFU patient from
Pakistan (regional vicinity) showed that the strain is
MDR showcasing resistance to 08 tested antibiotics
including; Penicillin (amoxicillin+clavulanic acid),
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Cephalosporins (cefipime, cefotaxime, ceftazidime,
ceftriaxone), Fluoroquinolone (ciprofloxacin, and
levofloxacin), and doxycycline antibiotic therapy,
respectively (Figure 4b). In hospital settings, there
are higher chances of hospital-acquired infections
and cross-infection incidents [15]. For this purpose,
the cross-border pathogens and MDR cases need to
be reported scrutinized, and treated in controlled,
highly hygienic hospital setups to safeguard public
health [16].

Various antibiotics were prescribed to DFU
patients, such as a cefoperazone-sulbactam
combination (31.8%) followed by linezolid
(18.8%), and ciprofloxacin and meropenem
(13.6% each). Furthermore, clindamycin, cefixime,
cefotaxime, moxifloxacin, and clarithromycin were
also prescribed to DFU patients with a percentage
of 4.5% each. MDR cases were reported from
Pakistan as well and some cases were reported
from Afghanistan. Furthermore, MDR cases from
Afghanistan were resistant to Ampicillin-clavulanic
acid, cefotaxime, ceftazidime, ceftriaxone,
Meropenem and piperacillin-tazobactam
combination. Hospital longevity of the majority of
patients was between 6-15 days which is an ample
time for cross infections to occur, which may
result in the onset of hospital-acquired infections.
Specifically, MDR strains can transmit from one
patient to another during a hospital stay [17].

During the study, we noticed a shift of resistance
towards broad-spectrum antibiotics with an increase
in patients’ age. Patients having an age limit of 10-
40 years were mostly resistant to narrow-spectrum
antibiotic regimens including Penicillin and first
and 2nd generation Cephalosporins. In addition,
patients in the age limit 41-50 were resistant to 3™
generation Cephalosporins. Furthermore, patients
in the age range of 51-60 were resistant to broad-
spectrum antibiotics such as co-trimaxazole and
Fluoroquinolones including levofloxacin and
moxifloxacin, respectively. Moreover, patients
above the range of 61 years were found to be
resistant to penicillins (Ampicillin-clavulanic
acid), Cephalosporins (cefipime, cefotaxime,
ceftriaxone) and Fluoroquinolones (moxifloxacin
and levofloxacin), and co-trimaxazole. This may be
linked to antibiotic overuse/misuse, comorbidities
in old age, and a weakened immune system to
fight off pathogens [18]. Healthcare-associated
antimicrobial resistance places a substantial burden
on patients [19]. If these scenarios were not taken

into consideration, there may be the issues of cross
infections, AMR transmission and chances of
acquiring MDR infections.

Access to sanitation, proper utilization and
purchasing of effective antibiotics are lower in poor
nations and refugees which increases the purchasing
of low-grade antibiotics, and empirical therapies,
which fuels the onset of AMR [20]. Moreover,
AMR cases in DFU are now becoming more
frequent due to poor sanitation of infected areas of
patients as a result of poverty and lack of patient
education. During the study, various patients were
presented with severe ulcers on their limbs and
feet. Additionally, patients also received empirical
therapies for their DFU conditions. Merely
depending on empirical therapy compromises
effective treatment approaches, leaving patients
with extended hospital stays and heightened
susceptibility to resistant infections [21]. These
empirical therapies may result in the prevalence
of AMR and can shape the onset of MDR, XDR
and superbugs [22]. These resistant infections are
responsible for increasing hospital longevity and
overall healthcare costs [23]. As evident from the
results of this study, the majority of the patients
stayed in the hospital for more than one week. This
increase in hospital longevity may be associated
with infections caused due to drug-resistant strains
[24].

There are several limitations to relying
solely on hospital data when evaluating cross-
infections and AMR. These include the possibility
of underreporting cases resulting from mild or
asymptomatic infections [25], differences in
diagnostic procedures between healthcare facilities
that could cause differences in reported AMR
rates [26], and the impact of previous antibiotic
use on resistance patterns. It is essential to apply
established processes for data collecting and
analysis alongside other monitoring techniques,
such as community- and laboratory-based
surveillance, to overcome these constraints with
hospital data [27]. Furthermore, to effectively
combat AMR in healthcare settings, efforts must
be made to improve reporting procedures [28],
expand diagnostic capabilities, and implement
antimicrobial stewardship programs [29].

The results of the study highlight how cross-
border healthcare significantly affects antibiotic
resistance. AMR and cross-infection patterns found
in Khyber Pakhtunkhwa tertiary care hospitals have
the potential to significantly affect regional and



AMR, Pathogen Transmission and Cross-Infections within Regional Vicinity and across Borders 101

global health outcomes, even outside of the local
context. AMR strains are becoming more prevalent,
which not only puts the local people at risk but
also has the potential to spread resistant diseases
throughout the entire globe [30]. The spread of
AMR strains from KP hospitals to nearby regions
and beyond is an urgent concern considering the
international movement of individuals and the
interconnection of healthcare systems. This might
cause multidrug-resistant (MDR) pathogens to
spread, which would make common infections
more difficult to treat [31]. Concerns over the
spread of drug-resistant bacteria are raised by the
influx of people seeking medical care in Pakistan
from neighbouring countries such as Afghanistan,
particularly with regard to DFU. The spread of
superbugs and MDR infections is facilitated by
these cross-border migrations, which increases the
global AMR threat [32].

A multimodal approach is necessary to
effectively reduce the spread of cross-infections
and antimicrobial resistance (AMR) in the context
of the study region. First of all, healthcare facilities
may optimize antibiotic use and stop the spread
of resistant bacteria by putting antimicrobial
stewardship policies into place. For the purpose
of reducing transmission within hospital
settings, enhanced infection control measures
such as isolation protocols and hand hygiene
procedures are essential [33]. Enhancing the
capacity for antimicrobial susceptibility testing
(AST) diagnostics can also direct focused antibiotic
treatment and minimize the inappropriate use of
broad-spectrum antibiotics [34]. Since pathogens
are borderless and rapidly travel across individuals,
collaborations with neighbouring countries might
encourage cross-border collaboration in the fight
against antimicrobial resistance [35]. Working
together can help strengthen surveillance systems
and track the regional and worldwide spread of
resistant infections by facilitating the interchange
of information, resources, and credentials [36].
Furthermore, public health education initiatives
can increase awareness about safe antibiotic
usage and infection prevention, while strong
surveillance and monitoring systems are essential
for tracking resistance trends and early epidemic
detection. Lastly, there is a strong need for global
collaboration, one health approach and antibiotic
stewardship programs to be implemented [37].

Several factors, such as resource restrictions,
infrastructure  limitations, and  stakeholder
participation, affect the feasibility and scalability
of proposed interventions to minimize cross-
infections and AMR in the context of the

current study. In environments with limited
resources, antimicrobial stewardship programs
may be difficult to establish because they need
initial investment in infrastructure, employees,
and educational programs [38, 39]. However, by
decreasing antibiotic overuse and AMR-related
healthcare expenditures, these programs promise
long-term cost reductions [40].

5. CONCLUSIONS

The migration of patients seeking medical attention
from Afghanistan to Pakistan is a major factor in
the spread of drug-resistant infections, which in
turn increases the burden of AMR worldwide.
Furthermore, considering the high prescription
rates of certain antibiotics, the widespread use
of empirical antibiotic therapy without culture
sensitivity testing in the treatment of DFU patients
promotes antibiotic misuse and the development of
resistant strains. This highlights the critical need
for improved diagnostic techniques and appropriate
prescription practices, particularly for the treatment
of DFU patients. To address these issues, global
collaborationisrequired. This collaboration includes
improving monitoring systems, setting antimicrobial
stewardship programs into place, as well as
developing antibiotic consumption regulations that
consider health disparities and increase access to
high-quality healthcare. Lastly, there is a strong
need for comprehensive studies considering
pathogen transmission, and cross-border infections
in Pakistan to prevent the growing issue of AMR.

6. ACKNOWLEDGEMENTS

Special acknowledgement to the Department of
Pharmacy, Shaheed Benazir Bhutto University, Sheringal
for supporting this research work. This research article
has been presented by Dr. Zul Kamal (invited speaker) in
the ANSO-PAS-MAAP Conference, held in November,
2023 in Pakistan Academy of Scineces, Islamabad.

7. CONFLICT OF INTEREST
The authors have no conflicts of interest to declare.
8. REFERENCES

1. A. Sinclair, T. Dunning, and L. Rodriguez-Mafias.
Diabetes in Older People: New Insights and
Remaining Challenges. The Lancet Diabetes &
Endocrinology 3(4): 275-285 (2015).

2. L. Yazdanpanah, M. Nasiri, and S. Adarvishi.
Literature Review on the Management of Diabetic
Foot Ulcer. World Journal of Diabetes 6(1): 37



102

10.

11.

12.

13.

Bilal et al. (2024)

(2015).

J. Ahmad. The Diabetic Foot. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews 10(1): 48-
60 (2016).

F. Akhtar, A.U. Khan, B. Qazi, S. Kulanthaivel,
P. Mishra, K. Akhtar, and A. Ali. A Nano
Phototheranostic Approach of Toluidine Blue
Conjugated Gold Silver Core Shells Mediated
Photodynamic Therapy to Treat Diabetic Foot
Ulcer. Scientific Reports 11(1): 24464 (2021).

B.J. Jeon, H.J. Choi, J.S. Kang, M.S. Tak, and E.S.
Park. Comparison of Five Systems of Classification
of Diabetic Foot Ulcers and Predictive Factors for
Amputation. International Wound Journal 14(3):
537-545 (2017).

M.S. Khan, M. Azam, M.N. Khan, F. Syed, S.H.B.
Ali, T.A. Malik, S. M. A. Alnasser, A. Ahmad, S.
Karimulla, R. Qamar. Identification of Contributing
Factors, Microorganisms and Antimicrobial
Resistance Involved in the Complication of Diabetic
Foot Ulcer Treatment. Microbial Pathogenesis 184:
106363 (2023).

I. Ugkay, K. Gariani, Z. Pataky, and B.A. Lipsky.
Diabetic Foot Infections: State-of-the-Art. Diabetes,
Obesity and Metabolism 16(4): 305-316 (2014).

C. Lin, J. Liu, and H. Sun. Risk Factors for Lower
Extremity Amputation in Patients with Diabetic
Foot Ulcers: A Meta-Analysis. PloS one 15(9):
€0239236 (2020).

E. Ugwu, O. Adeleye, I. Gezawa, 1. Okpe, M.
Enamino, and I. Ezeani. Predictors of Lower
Extremity Amputation in Patients with Diabetic
Foot Ulcer: Findings from Medfun, a Multi-Center
Observational Study. Journal of Foot and Ankle
Research 12: 1-8 (2019).

JR. Brownrigg, M. Griffin, C.O. Hughes, K.G.
Jones, N. Patel, M.M. Thompson, R. J Hinchliffe.
Influence of Foot Ulceration on Cause-Specific
Mortality in Patients with Diabetes Mellitus.
Journal of Vascular Surgery 60(4): 982-986 (2014).
A. Ullah, Z. Kamal, G. Ullah, and H. Hussain. To
Determine the Rational Use of Antibiotics; a Case
Study Conducted at Medical Unit of Hayatabad
Medical Complex, Peshawar. International Journal
of Research in Applied, Natural and Social Sciences
1(2): 66 (2013).

H. Shah, U. Bibi, Z. Kamal, M. Esa, M. Naeem,
S. Ahmad, and M. Shafique. Prescribing Pattern
of Ampicillin and Cloxacillin: Sensitivity and
Responsiveness  in  Pneumonia:  Antibiotic
Resistance. Proceedings of the Pakistan Academy of
Sciences: B Life and Environmental Sciences 60 (S):
65-75 (2023).

P. Caruso, M. Longo, M. Gicchino, L. Scappaticcio,
M. Caputo, M.I. Maiorino, G. Bellastella, and
K. Esposito. Long-Term Diabetic Complications

14.

15.

16.

17.

18.

19.

20.

21.

22.

as Predictors of Foot Ulcers Healing Failure: A
Retrospective Study in a Tertiary-Care Center.
Diabetes Research and Clinical Practice 163:
108147 (2020).

Q.T. Nguyen, S.R. Anderson, L. Sanders, and L.D.
Nguyen. Managing Hypertension in the Elderly:
A Common Chronic Disease with Increasing Age.
American Health & Drug Benefits 5(3): 146 (2012).
N.F. Fernandez-Martinez, S. Carcel-Fernandez,
C. De la Fuente-Martos, R. Ruiz-Montero, B.R.
Guzman-Herrador, R. Leén-Lopez, F. J. Gomez,
J.Guzman-Puche, L. Martinez-Martinez and 1.
Salcedo-Leal. Risk Factors for Multidrug-Resistant
Gram-Negative Bacteria Carriage Upon Admission
to the Intensive Care Unit. International Journal of
Environmental Research and Public Health 19(3):
1039 (2022).

C. Dunbar, J.E. Santorelli, W.A. Marshall, L.N.
Haines, K. Box, J.G. Lee, E. Strait, T. W Costantini,
A. M. Smith, J.J. Doucet and A.E. Berndtson .
Cross-Border Antibiotic Resistance Patterns in Burn
Patients. Surgical Infections 24(4): 327-334 (2023).
N. Blanco, L.M. O’Hara, and A.D. Harris.
Transmission Pathways of Multidrug-Resistant
Organisms in the Hospital Setting: A Scoping
Review. Infection Control & Hospital Epidemiology
40 (4): 447-456 (2019).

D.G. Armstrong, T.-W. Tan, A.J. Boulton, and S.A.
Bus. Diabetic Foot Ulcers: A Review. Jama 330(1):
62-75 (2023).

J.A. Jernigan, K.M. Hatfield, H. Wolford, R.E.
Nelson, B. Olubajo, S.C. Reddy, N.McCarthy,
P.Paul, L. C. McDonald,A. Kallen, A. Fiore, M.
Craig,and J.Baggs. Multidrug-Resistant Bacterial
Infections in US Hospitalized Patients, 2012-2017.
New England Journal of Medicine 382(14): 1309-
1319 (2020).

M. Osman, R. Rafei, M.B. Ismail, S.A. Omari, H.
Mallat, F. Dabboussi, et al. Antimicrobial Resistance
in the Protracted Syrian Conflict: Halting a War in
the War. Future Microbiology 16(11): 825-845
(2020).

S.S. Kadri, Y.L. Lai, S. Warner, J.R. Strich, A.
Babiker, E.E. Ricotta, C,Y. Demirkale, J. P.
Dekker, T. N. Palmore, C. Rhee, M. Klompas,
D. C. Hooper, J. H. Powers, A. Srinivasan, R. L.
Danner and J. Adjemian. Inappropriate Empirical
Antibiotic Therapy for Bloodstream Infections
Based on Discordant in-vitro Susceptibilities:
A Retrospective Cohort Analysis of Prevalence,
Predictors, and Mortality Risk in Us Hospitals. The
Lancet Infectious Diseases 21(2): 241-251 (2021).
O.A. Shaikh, Z. Asghar, R.M. Aftab, S. Amin, G.
Shaikh, and A.J. Nashwan. Antimicrobial Resistant
Strains of Salmonella Typhi: The Role of Illicit
Antibiotics Sales, Misuse, and Self-Medication



23.

24.

25.

26.

27.

28.

29.

30.

31

AMR, Pathogen Transmission and Cross-Infections within Regional Vicinity and across Borders

Practices in Pakistan. Journal of Infection and
Public Health 16(10): 1591-1597 (2023).

M.L. Cristina, A.M. Spagnolo, L. Giribone, A.
Demartini, and M. Sartini. Epidemiology and
Prevention of Healthcare-Associated Infections in
Geriatric Patients: A Narrative Review. International
Journal of Environmental Research and Public
Health 18(10): 5333 (2021).

L. Peters, L. Olson, D.T. Khu, S. Linnros, N.K.
Le, H. Hanberger N. T. B. Hoang, D. M. Tran, M.
Larsson. Multiple Antibiotic Resistance as a Risk
Factor for Mortality and Prolonged Hospital Stay:
A Cohort Study among Neonatal Intensive Care
Patients with Hospital-Acquired Infections Caused
by Gram-Negative Bacteria in Vietnam. PloS One
14 14(5): e0215666 (2019).

P.S. Nyasulu, J. Murray, O. Perovic, and H.
Koornhof. Laboratory Information System for
Reporting Antimicrobial Resistant Isolates from
Academic Hospitals, South Africa: Lsi for Reporting
Antimicrobial Resistant Isolates. The Journal of
Infection in Developing Countries 11 (9): 705-718
(2017).

J. Keizer, L. Braakman-Jansen, S. Kampmeier,
R. Kock, N. Al Naiemi, R. Te Riet-Warning, N.
Beerlage-De Jong, K. Becker and J. E. W. C.
Van Gemert-Pijnen. Cross-Border Comparison
of Antimicrobial Resistance (Amr) and Amr
Prevention Measures: The Healthcare Workers’
Perspective. Antimicrobial Resistance & Infection
Control 8: 1-13 (2019).

R.M. Moirongo, L.M. Aglanu, M. Lamshéft, B.O.
Adero, J. May, and D. Eibach. Laboratory-Based
Surveillance of Antimicrobial Resistance in Regions
of Kenya: An Assessment of Capacities, Practices,
and Barriers by Means of Multi-Facility Survey.
Frontiers in Public Health 10: 1003178 (2022).
M.A.A. Majumder, S. Rahman, D. Cohall, A.
Bharatha, K. Singh, M. Haque and M. Gittens-
St Hilaire. Antimicrobial Stewardship: Fighting
Antimicrobial Resistance and Protecting Global
Public Health. Infection and Drug Resistance:
4713-4738 (2020).

B.H. Gulumbe, U.A. Haruna, J. Almazan, I.H.
Ibrahim, A.A. Faggo, and A.Y. Bazata. Combating
the Menace of Antimicrobial Resistance in Africa:
A Review on Stewardship, Surveillance and
Diagnostic Strategies. Biological Procedures Online
24(1): 19 (2022).

S. Mudenda, B. Chabalenge, V. Daka, R.L. Mfune,
K.I. Salachi, S. Mohamed, W.Mufwambi, M.
Kasanga and S. K. Matafwali. Global Strategies to
Combat Antimicrobial Resistance: A One Health
Perspective. Pharmacology & Pharmacy 14(8):
271-328 (2023).

C. Glasner, M.S. Berends, K. Becker, J. Esser, J.

32.

33.

34.

35.

36.

37.

38.

103

Gieffers, A. Jurke, G. Kampinga, S. Kampmeier,
R. Klont, R. Kdock, L.von Miiller, Nashwan al
Naemi, Alewijn Ott, G. Ruijs, K. Saris, A.Tami, A.
Voss, K. Waar, J.van Zeijl, and A. W Friedrichl.
A Prospective Multicentre Screening Study on
Multidrug-Resistant Organisms in Intensive Care
Units in the Dutch—-German Cross-Border Region,
2017 to 2018: The Importance of Healthcare
Structures. Eurosurveillance 27(5): 2001660 (2022).
P. Gone, and R. Darla. Review on Designing a
Comprehensive Macroeconomic Modeling Strategy
for Antimicrobial Resistance. World Journal of
Advanced Research and Reviews 16(1): 705-716
(2022).

M.M. Rahman, M.A. Alam Tumpa, M. Zehravi,
M.T. Sarker, M. Yamin, M.R. Islam, M. Harun-Or-
Rashid, M. Ahmed, S. Ramproshad, B. Mondal, A.
Dey, F. Damiri, M. Berrada, M. H. Rahman and S.
Cavalu. An Overview of Antimicrobial Stewardship
Optimization: The Use of Antibiotics in Humans
and Animals to Prevent Resistance. Antibiotics
11(5): 667 (2022).

M. Ramzan, A. Raza, Z. un Nisa, R.M. Abdel-
Massih, R. Al Bakain, F.M. Cabrerizo, T. E. D.Cruz,
R. K. Aziz, and S. G. Musharraf. Detection of
Antimicrobial Resistance (Amr) and Antimicrobial
Susceptibility Testing (Ast) Using Advanced
Spectroscopic Techniques: A Review. TrAC Trends
in Analytical Chemistry 172: 117562 (2024).

P. Veepanattu, S. Singh, M. Mendelson, V.
Nampoothiri, F. Edathadatil, S. Surendran, C.
Bonaconsa, O. Mbamalu, S. Ahuja, G. Birgand, C.
Tarrant, N. Sevdalis, R. Ahmad, E. Castro-Sanchez,
A. Holmes and E. Charani. Building Resilient and
Responsive Research Collaborations to Tackle
Antimicrobial Resistance—Lessons Learnt from
India, South Africa, and Uk. International Journal
of Infectious Diseases 100: 278-282 (2020).

A.Q. Chua, M. Verma, L.Y. Hsu, and H. Legido-
Quigley. An Analysis of National Action Plans on
Antimicrobial Resistance in Southeast Asia Using
a Governance Framework Approach. The Lancet
Regional Health—Western Pacific 7: (2021).

K. Iskandar, L. Molinier, S. Hallit, M. Sartelli,
T.C. Hardcastle, M. Haque, H. Lugova, S.
Dhingra, P. Sharma, S. Islam, I. Mohammed,
I, N. Mohamed, P. Abi Hanna, S. E. Hajj, N.
A. H. Jamaluddin, P. Salameh and C. Roques.
Surveillance of Antimicrobial Resistance in Low-
and Middle-Income Countries: A Scattered Picture.
Antimicrobial Resistance & Infection Control 10:
1-19 (2021).

E.E. Kpokiri, D.G. Taylor, and F.J. Smith.
Development of Antimicrobial  Stewardship
Programmes in Low and Middle-Income Countries:
A Mixed-Methods Study in Nigerian Hospitals.



104

39.

Bilal et al. (2024)

Antibiotics 9(4): 204 (2020).

S. Singh, E. Charani, S. Devi, A. Sharma, F.
Edathadathil, A. Kumar, A. Warrier, P. S. Shareek,
A. V. Jaykrishnan and K. Ellangovan. A Road-Map
for Addressing Antimicrobial Resistance in Low-
and Middle-Income Countries: Lessons Learnt from
the Public Private Participation and Co-Designed
Antimicrobial Stewardship Programme in the

40.

State of Kerala, India. Antimicrobial Resistance &
Infection Control 10: 1-9 (2021).

S.0. Abimbola, M.A. Otieno, and J. Cole. Reducing
the Use of Antimicrobials as a Solution to the
Challenge of Antimicrobial Resistance (Amr):
Approaching an Ethical Dilemma through the Lens
of Planetary Health. Challenges 12 (2): 23 (2021).



