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Abstract

Introduction: Diabetes mellitus, characterized by chronic hyperglycemia due to defects in
insulin secretion, action, or both, is a prevalent metabolic disorder with severe long-term
complications, including nephropathy, retinopathy, peripheral neuropathy, and vasculopathy.
These conditions predispose patients to diabetic foot ulcers (DFUs), chronic non-healing
wounds associated with high risks of infection, amputation, and Charcot joint deformities.
DFUs represent a significant cause of hospitalization among diabetic individuals.

Methods

A cross-sectional descriptive study was conducted involving 138 DFU patients across multiple
hospitals in the Malakand Division, Pakistan. Data were collected from patient interviews,
clinical observations, and hospital records. Of the 138 patients, 13 underwent amputation,
and 3 required re-amputation.

Results

The mean age of participants was 45.7 # 10 years, with a mean diabetes duration of 8.7
3 years and ulceration duration of 4 * 2 years. The study population comprised 65% males
and 45% females. From 150 specimens, 455 aerobic bacteria were isolated (average of 3.03
isolates per specimen), with notable prevalence of multidrug-resistant (MDR) organisms
and methicillin-resistant Staphylococcus aureus (MRSA). Among gram-positive aerobes,
S. aureus (25.4%) was predominant, while Escherichia coli (16%) led among gram-negative
isolates. Gram-positive isolates exhibited resistance to ciprofloxacin (54.5%), erythromycin
(53.2%), and clarithromycin (52.56%), but were universally sensitive to vancomycin. Gram-
negative isolates showed resistance to ciprofloxacin (75%), cefuroxime (85%), and cefotaxime
(54.43%), with imipenem and sulbactam-cefoperazone demonstrating high sensitivity.

Conclusion

DFUs predominantly affect individuals around 50 years of age, with ulceration linked to
diabetes duration, treatment adherence, and wound care. Males are more affected than
females. Vancomycin exhibited 100% efficacy against gram-positive isolates, while linezolid
was effective in 92% of cases, aiding recovery in many patients. The presence of MDR isolates
underscores the need for tailored antibiotic therapy.
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AnHoTtauusa

BBemenme: CaxapHblii [OyuabeT, XapaKTePU3YIOMIMIICS XPOHUYECKON T'UIIePIIMKEMUEn
n3-3a JAedeKTOB CeKpeluu WHCYIMHA, OeiCTBUS wiu 060MxX (HAKTOPOB, SIBIISIETCS
pacrpocTpaHEeHHBIM MeTabOoIMYeCKMM PaACCTPOMCTBOM C TSDKEIBIMU  JTOJTOCPOYHBIMMU
OCJIO)KHEeHUSIMM, BKJIIOUasi HedpomaTuio, peTUMHOIATHI0, nepubepndecKkyo HelpornaTuio
M BACKyJIOTIATUIO. DTU COCTOSIHMSI TIpepacIioyiaraloT MaleHToOB K AMabeTUuUeckKuM si3BaM
cromnbl ([5C), XpOHMUECKMM He3aXKMBAKIIMM paHaM, CBSI3aHHBIM C BBICOKMM PUCKOM
nHdekuuy, amiyraiuu u nedopmauysmyu cycraBop Illapko. ISIC SIBASIIOTCS BakHOM
MIPUUYMHO TOCIIUTAIMU3ALMM CPey OObHBIX N1abeToM.

MeToapnIl

OBLIO TIPOBEIEHO IIOMepeYHOe OIMcaTe/bHOEe MCC/IeoBaHMe ¢ yyactueMm 138 maiyueHTOB
¢ DFU B HecKolbKUX OOMbHMIIAX B OKpyre Manakanm, [Takucrad. JaHHbIe ObUIM COOpaHbI
13 MHTEPBBIO C MallMeHTaMM, KIMHNYeCKMX HAOMIomeHnii M 00JIbHUYHBIX 3anuceii. M3 138
MarMeHToB 13 nmepeHecyin aMIyTaIuio, a 3 moTpeboBasach MOBTOPHAST aMITyTaIysI.

PesynbTaTbi

CpeIHMIT BO3PacCT yYaCTHMKOB cocTaBua 45,7 = 10 neT, cpeaHsIsl TPOIO/IKUTEIbHOCTD AuabeTa
cocraBmia 8,7 £ 3 roga, a MPOAO/IKUTENIBbHOCTD SI3Bbl — 4 £ 2 rona. Mccnemyemast mOmyJIsiimst
coctosizia u3 65% mMyskumH 1 45% xkeHiyH. Vi3 150 06pa311oB Ob1JI0 BbIIEIEHO 455 a3p0oOHbIX
6akTepuii (B cpenHem 3,03 130/sTa Ha oOpaselr) ¢ 3aMeTHBIM ITpeobyiagaHeM OPpraHM3MOoB
C MHOKECTBEHHO1 JIeKapCTBEHHOM yCTONYNBOCThIO (MJTY) 1 MeTULIMIMH-PE3UCTEHTHOTO
3onmotucToro craduiaokokka (MRSA). Cpeny rpaMIONIOKUTEIbHBIX a3p000B Impeobagan S.
aureus (25,4%),BTo BpeMs KaK Cpeiyi TpaMOTpHUIIaTe/IbHbIX M30JTOBInAMpoBaia Escherichia
coli (16%). I'pamMMoONOKUTETbHBIE U3OISTHI IIPOSIBUAM YCTOMIMBOCTD K IIUITPOGIOKCAIIMHY
(54,5%), sputpomuniunay (53,2%) u knapurpoMmunuuy (52,56%), HO ObLIM YHMBEPCATHHO
YyBCTBUTEbHBI K BAHKOMUIIMHY. ['paMoTpuiiaTe/ibHble U30JSThI IIPOSBUIN YCTONUMBOCTD
K 1uumnpodnokcanuny (75%), uedyporcumy (85%) u medorakcumy (54,43%), mpu 3TOM
MMUIIeHeM 1 cy/ibOaKkTaM-1ledorepa3oH MPoeMOHCTPUPOBAIN BbICOKYIO UyBCTBUTENbHOCTD.

3aKkaueHue

DFU npeumyiiieCTBEHHO MOPaskaroT Jito/ieii B Bo3pacTe 0koyio 50 JieT, Ipy 3TOM SI3BbI CBSI3aHbI
C IJIUTEIBHOCTBIO MyabeTa, MPUBEPKEHHOCTHIO JIEUEHNIO U YXOIOM 3a paHaMM. My>KUMHBI
CTpafaloT yallle, YeM KeHIIMHbI. BaHKOMUIMH 1pogeMoHcTpupoBas 100% 3¢b¢heKTUMBHOCTD
IIPOTUB T'PAMIIOJIOKUTENbHBIX M30JSITOB, TOTAA KaK JMHe30nun Obl 3PGeKTMBeH B
92% cmyyaeB, CITOCOOCTBYSI BBI3JOPOBJIEHMIO MHOTMX ITallMEHTOB. Hajmume WM30/ISTOB
C MHOXECTBEHHO} JIeKapCTBEHHOW YCTOMUYMBOCTBIO IOJUEPKMBAET HEOOXOAMMOCTh
VHAVBUIYAJIbHOV aHTUOAKTEePUATbHON Teparmu.

KnwoueBbie cimoBa: UyBCTBUTENBHOCTh K aHTUMOMOTMKAM, SI3Ba OMabeTHMUYECKOW CTOIIbI,
MHOXeCTBeHHasl JIeKapCTBeHHas YyCTOMUMBOCTh, MUKPOOMOIOTMYeCKIii ITPOGUIIb
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Introduction
Diabetes mellitus is a group of metabolic disorders defined by chronic hyperglycemia resulting
from impaired insulin secretion, insulin action, or both [1]. Uncontrolled diabetes leads
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to long-term complications, including nephropathy, retinopathy, peripheral neuropathy,
microtubule dysfunction, and vasculopathy [2, 3]. Peripheral neuropathy and vasculopathy
significantly increase the risk of developing diabetic foot ulcers (DFUs), chronic wounds
prone to infection due to reduced blood supply [4]. These ulcers are associated with severe
outcomes, such as amputations and Charcot joint deformities, and are a leading cause of
hospitalization among diabetic patients [5].

Diabetes is classified into several types. Type 1 diabetes, often termed juvenile diabetes,
arises from autoimmune destruction of pancreatic beta cells, primarily affecting children and
young adults [6]. Secondary diabetes mimics Type 1 but results from pancreatic damage due
to disease or injury rather than autoimmunity [7]. Type 2 diabetes, the most common form,
is characterized by insulin resistance and typically affects middle-aged and older adults,
though its incidence is rising among younger populations due to obesity [8]. Pharmacological
management includes insulin, amylin analogs, oral agents, and GLP-1 receptor agonists [9].

DFUs are polymicrobial infections, often involving gram-positive and gram-negative bacteria,
including MDR strains [10]. Common gram-negative isolates include E. coli, Klebsiella
pneumoniae, and Proteus mirabilis, while Pseudomonas aeruginosa exhibits notable
antibiotic resistance [11, 12]. Microbiological profiling and antibiotic sensitivity testing are
critical for effective treatment and preventing progression to deeper tissues, which may
necessitate amputation [13]. DFUs are graded from 1 (superficial) to 5 (extensive gangrene)
per the Wagner classification, with higher grades linked to increased amputation risk [14].
Approximately 60% of non-traumatic lower limb amputations are attributed to DFUs [15],
with re-amputation and mortality rates significantly impacting quality of life [16, 17].

This study investigates the microbiological patterns and antibiotic sensitivity profiles of
DFUs in a cohort from the Malakand Division, Pakistan, to inform clinical management and
reduce adverse outcomes.

Materials and Methods

A cross-sectional, descriptive study was conducted across multiple hospitals in the Malakand
Division, Pakistan, including Saidu Teaching Hospital and Central Hospital, Saidu Sharif,
Swat. Data were collected from 138 DFU patients and supplemented by hospital records of
over 500 patients. Diagnostic, microbiological, and culture sensitivity tests were performed
at Amreek Hospital and Anwar Hospital, Mingora, Swat.

Ulcer samples were obtained using sterile surgical tools, placed in saline within sterilized
containers, and transported to the laboratory. Gram staining was followed by culturing on
nutrient agar at 37°C for 24 hours. Primary growth was sub-cultured for purification, and
antibiotic sensitivity was assessed using strips on agar plates incubated for an additional
24 hours. Sensitivity was categorized as resistant (R), sensitive (S), or intermediate (I) based
on microbial growth inhibition. Microbial identification involved cultural characteristics
(colony morphology, color, odor) and biochemical tests (e.g., catalase, coagulase, indole,
TSI). Advanced identification was performed using Analytical Profile Indexing (API) strips
processed by automated software. Blood cultures utilized a Bactec lytic machine. Protocols
adhered to international standards (CLSI, EUCAST, FDA) [18].

Results
The study observed 138 patients over one year, with demographic data summarized in Table
1. The cohort comprised 65% males and 45% females, with a mean age of 45.7 * 10 years,
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diabetes duration of 8.7 # 3 years, and ulceration duration of 4 * 2 years. Type 2 diabetes
predominated (97.83%), with only 2.17% having Type 1.

e Table 1: Baseline Characteristics of Patients

VARIABLES MEAN £S.D
Total patients 138

Age 45.7+£10
Duration of diabetes 8.7+3
Duration of ulcer 4+£2
Gender

Male 65%
Female 45%
Type 1 diabetes 32.17%)
Type 2 diabetes 135 (97.83%)

From 150 specimens (92% pus, 8% blood), 455 aerobic bacteria were isolated, averaging
3.03 isolates per specimen. MDR and MRSA strains were prevalent. Among gram-positive
isolates, S. aureus (25.4%) was most common, followed by Streptococcus, coagulase-negative
staphylococci, and Enterococcus. Among gram-negative isolates, E. coli (16%) predominated,
followed by K. pneumoniae, P. mirabilis, and P. aeruginosa. Antibiotic sensitivity patterns are
presented in Table 2 and Table 3.

« Table 2: Antibiotic Sensitivity of Gram-Positive Aerobes (%)

Antibiotics Staphylococcus Aureus Streptococcus Enterococcus
Amikacin 85 - -
Clarithromycin 47 47.8 474
Linezolid 99 - -
Vancomycin 99 100 100
Clindamycin 65 59 -
Ciprofloxacin 45 454 45.2
Levofloxacin 19 - -
Erythromycin 45.8 47.8 46.8
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Ciprofloxacin Cefatoxime cefuraxime E— imipenem
pseudomanas 28 51 62.5 92.59 13.92 6.17
proteus mirabillis 37.93 47.37 74.47 1.15 227
=g klebsiella 43.33 60 75 5 1.14
—g— cschericia 74.04 76 84.62 2.22 1.89
Antibiotics

» Table 3: Antibiotic Resistance of Gram-Negative Isolates (%)

Gram-positive isolates showed resistance to ciprofloxacin (54.5%), erythromycin (53.2%),
and clarithromycin (52.56%), but were 100% sensitive to vancomycin. Gram-negative isolates
exhibited high resistance to ciprofloxacin (75%), cefuroxime (85%), and cefotaxime (54.43%),
with imipenem and sulbactam-cefoperazone being the most effective.

Of the 138 patients, 13 underwent amputation due to gangrene, and 3 required re-amputation
due to ulcer progression.

Discussion

Diabetes mellitus,adisorder of insulin dynamics, predisposes patients to severe complications,
including DFUs, driven by peripheral neuropathy and vasculopathy [1, 4, 5]. DFUs are a major
public health concern, with 14-20% of patients requiring amputation and 35-40% facing
re-amputation, reducing life expectancy by up to 60% [10, 16, 17]. This study confirms that
DFUs are polymicrobial, with S. aureus and E. coli as dominant isolates, consistent with
global findings [11, 12, 19]. Regional variations in microbial profiles may reflect differences in
antibiotic use and environmental exposure [13, 20].

The cohort’s baseline characteristics align with prior studies, though additional metrics like
BMI and HbAlc could enhance risk profiling [10, 21]. Ulcer severity ranged from Grade 1
(superficial) to Grade 5 (extensive gangrene), with higher grades necessitating amputation due
to delayed or inappropriate treatment [14]. Vancomycin’s 100% efficacy against gram-positive
isolates and linezolid’s 92% success rate highlight their therapeutic value, corroborating
other research [10, 21]. Gram-negative isolates showed significant resistance, with imipenem
emerging as a key option [12].

Risk factors for amputation included gangrene, prior DFU history, osteomyelitis, smoking,
and male sex, consistent with meta-analyses [17, 22]. Non-significant factors included
hypertension and HbAlc levels [16]. These findings underscore the importance of early
intervention and culture-guided therapy.

Conclusion
DFUspredominantly affectindividuals around 50 years old,with males at higherrisk. Ulceration
correlates with diabetes duration, treatment adherence, and wound care. S. aureus and E. coli
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the leading pathogens, with MDR strains posing treatment challenges. Vancomycin and

linezolid are highly effective against gram-positive isolates, while imipenem excels against

gra

m-negative bacteria. Amputation risk escalates with delayed referral, improper antibiotic

use, and poor diabetes control. These insights emphasize the need for timely, evidence-based

ma

nagement to improve outcomes.

References

1.

American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care.
2014;37(Suppl 1):S81-590. doi:10.2337/dc14-S081

2. Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. Report of the Expert Committee
on the Diagnosis and Classification of Diabetes Mellitus. Diabetes Care. 1997;20:1183-1197.

3. Genuth S, Alberti KG, Bennett P, et al. Follow-up report on the diagnosis of diabetes mellitus. Diabetes Care.
2003;26:3160-3167.

4. Cigna E, Fino P, Onesti MG, et al. Diabetic foot infection treatment and care. Int Wound J. 2016;13(2):238-
242.doi:10.1111/iwj.12277

5. Gemechu FW, Seemant F, Curley CA. Diabetic foot infections. Am Fam Physician. 2013;88(3):177-184.

6. WebMD. Type 1 diabetes. Available at: [https://www.webmd.com/diabetes/type-1-diabetes](https:/www.
webmd.com/diabetes/type-1-diabetes)

7. WebMD. Diabetes overview. Available at: [https://www.webmd.com/diabetes/default.htm](https:/www.
webmd.com/diabetes/default.htm)

8. WebMD. Type 2 diabetes. Available at: [https://www.webmd.com/diabetes/type-2-diabetes](https:/www.
webmd.com/diabetes/type-2-diabetes)

9. Whale K, Field C, Radhakrishnan R. Lippincott Illustrated Reviews: Pharmacology. 7th ed. Wolters Kluwer;
2018.

10. Miyan Z, Fawwad A, Sabir R, et al. Microbiological pattern of diabetic foot infections at a tertiary care center
in a developing country. ] Pak Med Assoc. 2017;67(5):665-669.

11. Tiwari S, Pratyush DD, Dwivedi A, et al. Microbiological and clinical characteristics of diabetic foot infections
in northern India. ] Infect Dev Ctries. 2012;6:329-332.

12. Lister PD, Wolter D], Hanson ND. Antibacterial-resistant Pseudomonas aeruginosa: clinical impact and
complex regulation of chromosomally encoded resistance mechanisms. Clin Microbiol Rev. 2009;22(4):582-
610. doi:10.1128/CMR.00040-09

13. Abd-Al-Hamead H, Al-Metwally RI, Khaled MA, et al. Bacteriological study of diabetic foot infection in
Egypt. ] Arab Soc Med Res. 2013;8:26-32.

14. Wagner FW Jr. The dysvascular foot: a system for diagnosis and treatment. Foot Ankle. 1981;2(2):64-122.
doi:10.1177/107110078100200202

15. Centers for Disease Control and Prevention. National diabetes fact sheet: general information and national
estimates on diabetes in the United States, 2003. Atlanta: US CDC; 2003.

16. Rathnayake A, Saboo A, Malabu UH, et al. Lower extremity amputations and long-term outcomes in diabetic
foot ulcers: a systematic review. World ] Diabetes. 2020;11(9):391-399. do0i:10.4239/wjd.v11.i9.391

17. Liu C, Sun H. Risk factors for lower extremity amputation in patients with diabetic foot ulcers: a meta-
analysis. PLoS ONE. 2020;15(9):e0239236.

18. Food and Drug Administration (FDA). CFR Title 21, Volume 5, Part 460. 2005.

19. Akhi MT, Ghotaslou R, Asgharzadeh M, et al. Bacterial etiology and antibiotic susceptibility pattern of
diabetic foot infections in Tabriz, Iran. GMS Hyg Infect Control. 2015;10:Doc02.

20. Siddiqui MA, Naeem H, Ali MM, et al. Microbiological and antimicrobial pattern of diabetic foot ulcers
(DFUs) at a tertiary care center in North East, Punjab. ] Pak Med Assoc. 2021;71(6):1566-1569.d0i:10.47391/
JPMA.1180

21. Anyim O, Okafor C, Young E, et al. Pattern and microbiological characteristics of diabetic foot ulcers in a
Nigerian tertiary hospital. Afr Health Sci. 2019;19(1):1617-1627. doi:10.4314/ahs.v19i1.37

22. Rubio JA, Jiménez S, Lazaro-Martinez JL. Mortality in patients with diabetic foot ulcers: causes, risk factors,
and their association with evolution and severity of ulcer. ] Clin Med. 2020;9(9):3009.

Received / Ionyueno 12.01.2025
Revised / Ilepecmompero 20.02.2025
Accepted / Ipunsamo 20.03.2025
78] (® ejsmr.org Vol. 1 Issue 12025



