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Antimicrobial resistance (AMR) has emerged as a critical threat 
to global public health. Timely and accurate identification of re-
sistant pathogens (followed by appropriate antimicrobial therapy 
and robust stewardship) is essential in order to curb the emer-
gence and spread of AMR. Although current diagnostic modalities 
offer clinical value, they are constrained by time requirements 
and limited capacity to differentiate colonization from active in-
fection. Lipoteichoic acid (LTA), specific to Gram-positive bacteria, 
serves as a direct indicator of bacterial presence. In parallel, the 
soluble urokinase-type plasminogen activator receptor (suPAR) 
reflects host immune response, providing insight into infection 
severity and progression. This study investigates the diagnostic 
and prognostic utility of a dual biomarker panel comprising LTA 
and suPAR for the rapid assessment of bacterial infections. In a 
case–control design, we have quantified the serum levels of LTA 
and suPAR by ELISA in 62 patients with confirmed bacterial infec-
tions and 38 matched controls. Statistically significant elevations 
were observed in patients with extensively drug-resistant (XDR) 
infections: LTA levels reached 54.47 ng/L (p=0.0111), and suPAR 
levels reached 284.74 ng/mL (p=0.0019), compared to the multi-
drug resistant (MDR) infection and the non-MDR infection groups. 
These findings underscore the potential of LTA and suPAR as com-
plementary biomarkers for the early detection and stratification 
of bacterial infections.
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1. Introduction

Major antimicrobial resistance (AMR) represents a 
critical global health challenge, driven largely by the 
overuse and misuse of antibiotics. Inappropriate an-
tibiotic application across agricultural, medical, and 
veterinary practice fosters the emergence of resist-
ance genes, contributing to a “silent pandemic” pro-
jected to surpass other leading causes of mortality 
by 20501. The proliferation of antibiotic-resistant 
microorganisms poses a substantial threat to glob-
al morbidity and mortality. Given its profound pub-
lic health and socioeconomic implications, AMR has 
long been recognized by the World Health Organi-
zation (WHO) as a priority area for pharmaceutical 
innovation. In 2016, WHO member states requested 
the development of a priority list of antibiotic-resist-
ant bacteria to guide research and drug development 
efforts2.

In the intensive care unit (ICU), Staphylococcus 
aureus is frequently implicated in sepsis, ventila-
tor-associated pneumonia, surgical site infections, 
and infections related to indwelling medical devic-
es. The widespread emergence of methicillin-resist-
ant S. aureus (MRSA) has led to the classification of 
many ICU staphylococcal infections as drug-resist-
ant. Additionally, coagulase-negative staphylococci 
(CoNS), including S. epidermidis, S. haemolyticus, S. 
hominis, and more recently S. lugdunensis, have be-
come prominent pathogens in healthcare-associated 
infections3. Across hospitals and urban centers, the 
treatment of bacterial infections caused by antibi-
otic-resistant strains presents an escalating clinical 
challenge4.

Antimicrobial susceptibility testing remains essen-
tial for selecting appropriate antimicrobial agents 
in the management of infectious diseases. Diagnos-
tic microbiology laboratories have seen continuous 
methodological evolution. Traditional phenotypic 
approaches such as disc diffusion and broth microdi-
lution, though labour-intensive and time-consuming, 
are still regarded as gold standards. In response to 
clinical demands, research efforts increasingly focus 
on developing rapid susceptibility testing methods 
suitable for routine laboratory use. These innova-

tions often incorporate automation and leverage 
genotypic or micro- / nanotechnological platforms5.

Terminology such as multidrug-resistant (MDR), 
extensively drug-resistant (XDR), and pan-drug-re-
sistant (PDR) is commonly employed in order to 
describe the spectrum of resistance patterns ob-
served in healthcare-associated bacterial infections. 
Notably, infections caused by multidrug-resistant or-
ganisms often present with clinical features indistin-
guishable from those caused by susceptible strains6.

Lipoteichoic acid (LTA), a surface-associated am-
phiphilic molecule involved in regulating autolyt-
ic wall enzymes (muramidases), is produced by 
Gram-positive bacteria. Upon bacteriolysis (induced 
by β-lactam antibiotics, lysozyme, or leukocyte-de-
rived cationic peptides), LTA is released and may 
persist within macrophages, contributing to chron-
ic inflammation7. The soluble urokinase-type plas-
minogen activator receptor (suPAR), the bioactive 
form of the membrane-bound glycoprotein uPAR, is 
predominantly expressed on immunologically active 
cells. As a marker of local inflammation and immune 
activation, suPAR has gained recognition as a predic-
tive biomarker in various inflammatory conditions8.

This study aimed at evaluating a biomarker pan-
el comprising LTA and suPAR for the detection of 
Gram-positive MDR bacterial infections, with the 
goal of advancing rapid and accurate diagnostic 
strategies for these clinically challenging pathogens.

2. Methodology

A case–control study was conducted between Octo-
ber and December 2024 at the Al-Husseini Teaching 
Hospital and the Al-Kafeel Specialized Hospital, Iraq. 
The study included 62 patients with confirmed bac-
terial infections and 38 healthy controls. Diagnoses 
were based on clinical signs and symptoms observed 
by physicians at the Al-Imam Al-Hussain Hospital, 
under the Karbala Health Directorate.

Among the 62 cases of Gram-positive bacterial 
infections, the distribution was as follows: sepsis 
(N=27), diabetic foot ulcers (N=8), urinary tract in-
fections (N=9), wound infections (N=8), vaginitis 
(N=3), abscesses (N=3), and pneumonia (N=4). In-



PROCEEDINGS OF THE 2ND INTERNATIONAL BABYLON CONFERENCE 
ON CLINICAL AND EXPERIMENTAL PHARMACOLOGICAL RESEARCH

323

PHARMAKEFTIKI, 37, 2S, 2025 | 321-325

clusion criteria were based on physician-confirmed 
bacterial infections in patients aged 18 years or old-
er, of either gender. Exclusion criteria encompassed 
individuals under 18 years of age, those with auto-
immune diseases, pregnant women, patients with 
catheters, and males with prostate conditions.

Specimen collection included urine, blood, and 
swab samples for microbial isolation and identifica-
tion. A loopful of each sample was inoculated onto 
MacConkey and blood agar plates, followed by over-
night incubation at 37°C under aerobic conditions. 
Blood samples were also collected so as to quanti-
fy LTA and suPAR levels in both patient and control 
groups.

Microbial identification and antimicrobial suscep-
tibility testing were performed using the VITEK 2 
system (bioMérieux), employing the ID-GPC identi-
fication card and AST modules. Ethical approval was 
obtained from the Ethics Committees of the Kerbe-
la Health Office, with institutional consent from the 
Imam Al-Hussain Hospital and the Al-Kafeel Special-
ized Hospital.

Statistical analysis was conducted by using the 
SPSS version 23 software. Mean and standard de-
viation values were calculated, and statistical sig-
nificance was assessed using a threshold of p<0.05. 
Analysis of variance (ANOVA) was applied for group 
comparisons, with Duncan’s post hoc test being used 
in order to evaluate multiple comparisons at the 
same significance level.

3. Results and Discussion

All infection groups demonstrated significantly ele-
vated LTA levels compared to controls (15.27 ± 7.17 
ng/L; p=0.0002). Among the infection types, wound 
infections exhibited the highest mean LTA concentra-
tion (60.62 ± 9.44 ng/L), followed by sepsis (47.68 
± 9.98 ng/L), urinary tract infections (47.32 ± 8.44 
ng/L), diabetic foot ulcers (45.86 ± 4.66 ng/L), pneu-
monia (44.59 ± 12.98 ng/L), and vaginitis (43.12 ± 
4.39 ng/L), with abscesses showing the lowest, yet 
still elevated levels (29.94 ± 4.54 ng/L) (Table 1).

Similarly, suPAR levels were markedly elevat-

Table 1. Comparison of biomarker levels of lipoteichoic acid (LTA) and soluble urokinase-type plasminogen activator 
receptor (suPAR), measured in ng/L and ng/mL, respectively, across control and patient groups or stratified by antimi-
crobial resistance patterns. Abbreviations used: MDR, multidrug resistant; SD, standard deviation; UTI, urinary tract 
infection; XDR, extensively drug resistant.

Variable
LTA suPAR

Mean SD Mean SD

Bacterial infection types

Control 15.27 7.17 120.67 23.68
Sepsis 47.68 9.98 231.97 84.18

UTI 47.32 8.44 250.49 82.32
Diabetic foot ulcer 45.86 4.66 243.53 55.15

Pneumonia 44.59 12.98 197.77 50.67
Vaginitis 43.12 4.39 300.47 113.35

Wound infection 60.62 9.44 257.05 107.77
Abscess 29.94 4.54 191.8 39.46

p-value 0.0002 0.0001

Antimicrobial 
resistance patterns

Non-MDR 43.86 11.32 199.38 47.25
MDR 48.91 9.09 260.44 87.60
XDR 54.47 8.57 284.74 96.63

p-value 0.0111 0.0019
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ed across all infection groups compared to con-
trols (120.67 ± 23.68 ng/mL; p=0.0001). Vaginitis 
showed the highest mean suPAR concentration, 
followed by wound infections (257.05 ± 107.77 ng/
mL), urinary tract infections (250.49 ± 82.32 ng/
mL), diabetic foot ulcers (243.53 ± 55.15 ng/mL), 
and sepsis (231.97 ± 84.18 ng/mL), while pneumo-
nia (197.77 ± 50.67 ng/mL) and abscesses (191.85 
± 39.46 ng/mL) exhibited the lowest, yet still ele-
vated levels (Table 1).

In terms of resistance patterns, LTA levels were 
significantly higher in XDR cases (54.47 ng/L; 
p=0.0111) compared to non-MDR (43.86 ng/L) and 
MDR (48.91 ng/L) groups. suPAR levels were also 
significantly (p=0.0019) elevated in XDR (284.74 
ng/mL) and MDR (260.44 ng/mL) cases relative to 
non-MDR infections (199.38 ng/mL) (Table 1).

These findings corroborate previous studies. For 
instance, elevated LTA levels have been demonstrat-
ed in bacterial infections, even in surgically treated 
mice without bacterial inoculation8. Elevated suPAR 
levels across all infection groups align with the find-
ings of a previous study9, which has reported that 
high plasma suPAR concentrations may predict case 
fatality and severe sepsis in emergency department 
patients with suspected infection. Furthermore, our 
results support the diagnostic and prognostic utility 
of LTA and suPAR in bacterial infections and antimi-
crobial resistance profiling10.

4. Conclusion

In conclusion, the significant elevation of LTA and su-
PAR in patients with bacterial infections underscores 
their potential as diagnostic and prognostic biomark-
ers. These findings contribute to the growing body 
of evidence supporting the role of these molecules in 
the host immune response to bacterial pathogens. Fu-
ture research should aim at elucidating the underlying 
mechanisms of these biomarker elevations and explore 
their therapeutic implications in clinical practice.
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