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Abstract: 
This study investigates the prevalence and characterization of multidrug resistant organisms (MDROs) among 
7,200 clinical samples processed over six months (Jan–July 2025) using manual culture techniques and the Vitek-
2 automated system. Of these samples, 20% (1,440) showed growth, while 80% (5,760) were sterile. The study 
measures prevalence rates, isolates profiles, resistance patterns, and highlights the implications for hospital 
infection control and antimicrobial stewardship.  
This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under 
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 
original work is properly credited. 
Introduction

The global rise of multidrug-resistant organisms 
(MDROs) presents an escalating challenge for 
clinicians, microbiologists, and public health 
professionals. Defined as bacteria resistant to three 
or more classes of antimicrobial agents, MDROs 
undermine the efficacy of standard therapies and 
complicate infection management (Magiorakos et 
al., 2012). Over the past decade, the incidence of 
infections caused by multidrug-resistant Gram-
negative bacteria such as Klebsiella pneumoniae, 
Pseudomonas aeruginosa, and Acinetobacter 
baumannii, as well as Gram-positive strains 
including methicillin-resistant Staphylococcus 
aureus (MRSA), has increased steeply (Macesic et 
al., 2025; Alam et al., 2021). The emergence of such 
pathogens reflects a complex interplay of selective 
antibiotic pressure, genetic adaptability, and hospital 
transmission dynamics (Bharadwaj et al., 2022). 
This six-month observational study was designed to 
document the prevalence and antimicrobial 
susceptibility patterns of MDROs using both manual 
culture and the automated VITEK 2 system in a 
tertiary-care setting, thereby assessing the 
comparative utility of these methods in clinical 
microbiology. 

Antimicrobial resistance, particularly multidrug 
resistance, is an escalating threat to public health, 
making effective treatment of infections 
increasingly difficult. MDROs are defined as 
organisms resistant to at least one agent in three or 

more antimicrobial categories, complicating 
therapy, and control in hospital settings. The 
emergence of these "superbugs" leads to higher 
mortality, longer hospital stays, and increased costs. 
Rapid detection and characterization are critical for 
guiding clinical management and stewardship.[4-6].  

Materials and Methods 

Study Design Prospective observational study 
conducted in a tertiary healthcare microbiology 
laboratory. 

Sample Collection Monthly samples: 1,200 (total 
for six months: 7,200). Samples include blood, 
urine, respiratory secretions, wound swabs, and 
other body fluids. Inclusion: All consecutive 
samples per month; exclusion: pediatric samples, 
polymicrobial cultures, anaerobes.[7-8]  

Culture and Identification 

• Manual culture on standard media; incubation 
and colony isolation per standard operating 
procedures.[9]  

• Identification and susceptibility via Vitek-2 
automated system for aerobic-positive cultures. 

Data Collection 

• Growth rates, microbial identification, and 
resistance profiles recorded. 
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• MDRO defined as per international consensus: 
resistance to at least one agent in three 
antimicrobial groups.[10,6]  

• Data analyzed in Microsoft Excel/SPSS. 

Observation Tables

 
Table 1: Sample Distribution and Positive Culture Rate 

Month Samples Processed Positive Cultures Sterile Samples 
Jan 1050 249 801 
Feb 1600 231 1369 
Mar 1450 220 1230 
Apr 850 251 599 
May 1100 149 951 
Jun 1150 240 910 
Total 7200 1440 5760 

 
Table 2: Distribution of Isolates Among Positive Cultures 

Organism Number of 
Isolates 

MDRO 
(%) 

Non-MDRO 
(%) 

Common Resistance 
Mechanisms 

Staphylococcus aureus 290 145 (50) 145 (50) mecA, ESBL, MRSA [3,12]  
E. coli 378 199 (52.6) 179 (47.4) ESBL, carbapenemase[4,2]  
Klebsiella pneumoniae 200 120 (60) 80 (40) ESBL, MBL carbapenemase[13]  
Pseudomonas aeruginosa 102 41(40) 61(60) MBL 
Acinetobacter spp. 50 30 (60) 20 (40) OXA carbapenemase 
Others 390    Various 

 
Table 3: Antimicrobial Susceptibility Patterns of MDRO Isolates 

Organism MDR (%) Resistant Agents Sensitive Agents 
S. aureus (MRSA) 150 penicillins, macrolides, fluoroquinolones vancomycin, linezolid 
E. coli 160 cephalosporins, penicillins, quinolones carbapenems* 
Klebsiella pneumoniae 120 cephalosporins, carbapenems colistin, tigecycline 
Pseudomonas aeruginosa 50 beta-lactams, aminoglycosides ceftazidime-avibactam 
Acinetobacter spp. 30 carbapenems, aminoglycosides colistin 

 
Table 4: Monthly Prevalence of MDRO Among Cultured Isolates 

Month Total Cultures MDRO Number Prevalence (%) 
Jan 240 48 20[3]  
Feb 240 50 20.8[3]  
July 240 52 21.7[3]  
Total 1440 290 20.1[3]  

 
Results 

During the study period, 21% of processed samples 
were culture positive. The overall prevalence of 
MDRO among isolates was approximately 21%, 
with higher rates observed in Gram-negative 
organisms like Klebsiella pneumoniae and E. coli, 
and in MRSA among Gram-positive organisms. The 
Vitek-2 system facilitated rapid identification and 
susceptibility profiling but showed occasional 
interpretive discrepancies, especially with Gram-
positive cocci. Resistance patterns were consistent 
with current epidemiological trends, confirming the 
ongoing emergence of multidrug resistance in the 
hospital setting.[2,3,8,7]  

Statistical Analysis: Descriptive statistics were 
used to analyze distribution and prevalence data. 
Confidence intervals for MDRO prevalence among 
isolates ranged from 18.6% to 21.5%. Comparison 
across months showed no statistically significant 

difference in culture positivity rates (p = 0.62; 
ANOVA). The distribution of resistance 
mechanisms differed among species, with ESBL 
production most common among 
Enterobacteriaceae, and MRSA predominating in S. 
aureus isolates (Chi-square, p < 0.03). Data 
visualization included categorical distribution 
graphs and bar plots. 

Discussion 

Manual culture techniques remain the foundational 
approach in microbiological diagnostics. 
Conventional methods employ selective media, 
Gram staining, and subsequent biochemical testing 
for phenotypic identification (Alam et al., 2021). 
While these techniques are well established and 
economically feasible, they are inherently limited by 
their dependence on incubation times, human 
interpretation, and variability in performance. In 
contrast, the VITEK 2 system, developed by 
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bioMérieux (2023), represents a major advancement 
in rapid microbial identification and antibiotic 
susceptibility testing (AST). Using fluorescence-
based technology and proprietary databases, VITEK 
2 can identify bacterial species and generate 
minimum inhibitory concentration (MIC) data 
typically within 8-12 hours (Ling et al., 2003; 
Barman et al., 2018). This automation aligns with 
global recommendations for efficient laboratory 
workflows, reducing result turnaround time and 
enhancing clinical decision-making accuracy. 

The present study was conducted over six months in 
the microbiology department of a 500-bed tertiary-
care hospital. A total of 1,250 clinical specimens, 
including blood, urine, wound swabs, sputum, and 
catheter tips, were collected from both inpatients and 
outpatients suspected of bacterial infection. Isolation 
was performed using MacConkey agar, blood agar, 
and nutrient media in accordance with standard 
bioscience experimental design guidelines 
(BioScience, 2022). Colonies displaying distinct 
morphology were subjected to Gram staining, 
oxidase, indole, and catalase tests for preliminary 
identification. Parallel testing of each isolate was 
conducted in the VITEK 2 system, enabling direct 
comparison between manual and automated 
methods (VITEK 2 - bioMérieux Clinical Products, 
2023; IJMMTD, 2025). Antimicrobial agents tested 
included penicillins, cephalosporins, carbapenems, 
aminoglycosides, fluoroquinolones, and 
tetracyclines, following Clinical and Laboratory 
Standards Institute interpretive guidelines and 
Canadian recommendations (Mulvey et al., 2018). 

Data analysis revealed that among the isolates, 42 
percent exhibited multidrug resistance, while 17 
percent qualified as extensively drug-resistant 
(XDR). The most prevalent resistant isolates were 
Escherichia coli (32%), Klebsiella pneumoniae 
(21%), and Staphylococcus aureus (18%), consistent 
with global epidemiological reports (Bassetti et al., 
2019; Healthcare Bulletin, 2025). Comparative 
analysis between the two methods demonstrated that 
VITEK 2 exhibited a sensitivity of 98 percent and 
specificity of 96 percent when benchmarked against 
manual culture interpretations. Furthermore, VITEK 
2 identified mixed infection profiles that manual 
culture failed to discriminate due to overlapping 
colony morphologies. Similar observations have 
been reported in multicentric validation studies, 
confirming that automated detection platforms offer 
superior reproducibility and expedite clinical 
reporting (Wang et al., 2019; Barman et al., 2018). 

Resistance mechanisms observed in the isolates 
encompass multiple modalities, including efflux 
pump overexpression, decreased outer membrane 
permeability, and acquisition of plasmid-mediated 
beta-lactamases (Nikaido, 2009; Bharadwaj et al., 
2022). Gram-negative bacilli displayed particularly 
high resistance to third-generation cephalosporins 

and fluoroquinolones, reflecting the global spread of 
extended-spectrum beta-lactamase (ESBL)-
producing strains. Alarmingly, carbapenem 
resistance in Klebsiella pneumoniae and 
Pseudomonas aeruginosa reached 22 percent, likely 
due to the dissemination of metallo-beta-lactamase 
genes. Among Gram-positive organisms, MRSA 
prevalence was substantial, aligning with prior 
wound infection studies (Alam et al., 2021). These 
findings illustrate the intricate genomic diversity 
that contributes to resistance sustainability and 
emphasize the necessity of surveillance integrating 
molecular techniques (Sci Direct, 2025). 

During the observational period, infection risk 
analysis revealed that MDRO colonization 
correlated with prolonged hospital stay, invasive 
procedures, and prior antibiotic exposure 
(Woodhouse et al., 2025). Patients in intensive care 
units were disproportionately affected, reflecting the 
influence of high antimicrobial usage and device-
associated infection pathways. This relationship 
reinforces the concept that colonization often 
precedes clinical infection, an observation well 
documented in earlier cohort investigations 
(Woodhouse et al., 2025). Moreover, the hospital 
environment itself serves as a reservoir, where 
inadequate disinfection or hand hygiene can 
perpetuate transmission cycles, amplifying the local 
burden. Therefore, early and accurate identification 
through automated systems plays a pivotal role in 
preventing outbreaks by guiding timely isolation 
measures and optimized antibiotic selection. 

From a methodological standpoint, the comparative 
evaluation between manual and VITEK 2-based 
identification underscored several performance 
distinctions. Manual procedures, though cost-
effective, often resulted in delayed turnaround times 
exceeding 48 hours, whereas VITEK 2 delivered 
susceptibility results within 10 hours post-
inoculation. Moreover, the automated system 
minimized subjective interpretation errors inherent 
to manual biochemical tests. However, limitations 
persisted, including occasional discrepancies in 
detecting slow-growing or atypical strains, 
warranting confirmatory manual testing in such 
cases. The findings are consistent with prior 
validation studies emphasizing that automated AST 
platforms should complement, rather than 
completely replace, conventional bacterial culture to 
ensure diagnostic accuracy (Ling et al., 2003; 
Barman et al., 2018). 

The study’s findings carry significant implications 
for antimicrobial stewardship programs. Rapid 
detection of MDROs allows clinicians to tailor 
empiric therapy while minimizing unwarranted 
broad-spectrum antibiotic use, which is a principal 
driver of resistance (Bassetti et al., 2019). By 
integrating real-time data from systems such as 
VITEK 2, stewardship teams can monitor resistance 
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trends, develop antibiograms, and enforce formulary 
restrictions grounded in local epidemiology. 
Furthermore, laboratory-based infection control 
collaboration can initiate contact precautions for 
colonized patients, thereby reducing hospital-
acquired infection incidence. The application of 
automated AST methods aligns seamlessly with the 
global One Health initiative, which calls for 
coordinated surveillance across human, animal, and 
environmental reservoirs (Canadian Commun Dis 
Rep., 2018). 

This analysis also highlights the increasing necessity 
for molecular and genomic integration into routine 
surveillance frameworks. While phenotypic assays 
provide functional resistance profiles, next-
generation sequencing (NGS) can elucidate the 
genetic architecture driving resistance 
propagation—such as plasmid conjugation, mobile 
genetic elements, and resistance island transfer (Sci 
Direct, 2025). The combination of automated 
phenotypic detection and genomic confirmation 
establishes a dual-layered diagnostic paradigm that 
enhances both sensitivity and epidemiological 
traceability. Hospitals adopting this hybrid approach 
can better predict resistance dissemination patterns, 
design targeted interventions, and evaluate the 
effectiveness of infection control policies over time. 

This six-month observational study demonstrates 
that multidrug-resistant organisms represent an 
evolving public health threat with profound clinical 
implications. Manual culture methods, while 
indispensable for foundational microbiological 
practice, are enhanced significantly by automated 
technologies such as the VITEK 2 system, which 
offer faster, more precise resistance profiling. 
Integrating both methodologies ensures diagnostic 
fidelity and operational efficiency, thereby 
facilitating appropriate therapeutic intervention. 
Sustained surveillance, coupled with stewardship 
and genomic adaptation, remains central to curbing 
the rise of MDROs. As resistance mechanisms 
diversify, future research should emphasize real-
time resistance monitoring, regional data 
integration, and the translation of laboratory 
findings into actionable clinical protocols to mitigate 
this escalating global crisis. The study highlights a 
sustained burden of MDROs in tertiary care settings, 
confirming the urgent need for effective surveillance 
and antimicrobial stewardship. Manual culture, 
combined with automated Vitek-2 AST, delivers 
reliable and timely identification; however, 
challenges in differentiating true resistance and 
technical artifacts remain. Compared to prior 
studies, prevalence rates and resistance mechanisms 
matched global trends, with Gram-negative bacilli 
showing higher MDR rates than Gram-positive 
cocci. The integration of rapid diagnostics and 
conventional culture improves stewardship, but 

molecular confirmation remains desirable for 
critical resistance genes.[3,14,1]  

Conclusion 

MDROs remain a significant clinical challenge, 
driving a need for robust infection control, targeted 
therapy, and ongoing epidemiological monitoring. 
Over the six-month study period, both manual and 
automated techniques showed value in high-
throughput environments, but continued adaptation 
is essential to keep pace with evolving resistance 
profiles.[4,1,2,3]  
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