Biomedical Samples
Our research primarily focuses on biomedical microorganisms isolated from clinically relevant samples, particularly from immunocompromised patients such as leukemia patients who are highly susceptible to opportunistic infections. We work extensively on rare and emerging opportunistic pathogens, especially Stenotrophomonas maltophilia, Burkholderia along with other clinically significant and rare opportunistic multidrug-resistant microorganisms. Through collaborations with multiple hospitals such as AIIMS Rishikesh etc., biomedical samples are routinely received and processed in our laboratory for microbiological, molecular, and pathogenicity-related investigations.
One of the major aspects of our work involves antimicrobial susceptibility testing (AST) to determine the resistance and sensitivity profiles of clinical isolates against a broad spectrum of antibiotics. Using standardized microbiological approaches such as disk diffusion assays, minimum inhibitory concentration (MIC) analysis, and broth-based susceptibility testing, we evaluate the antimicrobial resistance patterns of the isolates. These studies help in understanding multidrug resistance mechanisms and contribute toward identifying effective therapeutic strategies for difficult-to-treat infections.
A significant part of our research is dedicated to studying microbial biofilms, which play a major role in chronic and persistent infections. We investigate the ability of clinical isolates to form biofilms under laboratory conditions using quantitative and qualitative biofilm assays. Isolates identified as strong biofilm producers are further characterized under different environmental and physiological conditions, including variations in sugar concentration, salt concentration, pH, and temperature. These studies help us understand how environmental stress and nutrient availability influence biofilm formation, architecture, and persistence in clinically relevant pathogens.
To further characterize microbial morphology and biofilm ultrastructure, we employ electron microscopy techniques, particularly scanning electron microscopy (SEM). Electron microscopy allows detailed visualization of microbial surface architecture, extracellular polymeric substances (EPS), and the structural organization of mature biofilms. These imaging studies provide high-resolution evidence of biofilm development and microbial interactions on different surfaces.
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We also perform genomic analysis of microbial isolates to explore their genetic composition, virulence determinants, antimicrobial resistance genes, and biofilm-associated regulatory pathways. Whole genome sequencing and comparative genomic analyses are used to identify important genetic elements associated with pathogenicity, adaptation, and resistance. This genomic information provides deeper insights into the molecular mechanisms that enable opportunistic pathogens to survive in hostile clinical environments and resist antimicrobial treatment.
In addition to in vitro studies, we are also involved in collaborative in vivo investigations using mouse models to evaluate microbial pathogenicity, host–pathogen interactions, and infection progression. These animal-based studies help bridge the gap between laboratory findings and clinical relevance by providing insights into microbial virulence, colonization behaviour, and treatment responses within a living system.
Overall, our work integrates clinical microbiology, antimicrobial resistance studies, biofilm biology, genomics, microscopy, and in vivo infection models to better understand opportunistic pathogens associated with immunocompromised patients. The combined multidisciplinary approach enables us to investigate both the molecular and physiological mechanisms underlying microbial persistence, virulence, and therapeutic resistance.
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