


UNVEILING THE HIDDEN PATHOGENS: BACTERIOLOGICAL AND MOLECULAR CHARACTERIZATION OF GRAM-POSITIVE COCCI IN DEEP-SEATED ABSCESSES


ABSTRACT
Background: Deep-seated abscesses are clinically challenging because pathogen recovery may be affected by anatomical location, specimen quality, prior antimicrobial exposure, and the need to recover both aerobic and anaerobic organisms. 
Aim: This study evaluated the bacteriological profile of deep-seated abscesses and characterised antimicrobial resistance among Gram-positive cocci using phenotypic and genotypic methods.
Methods: A cross-sectional study was conducted from August 2023 to July 2024 in a tertiary-care centre. Samples from 120 patients with clinically diagnosed deep-seated abscesses were processed by Gram staining, aerobic and anaerobic culture, biochemical identification, antimicrobial susceptibility testing, phenotypic resistance testing, and polymerase chain reaction for selected resistance genes.
Results: Microbial growth was detected in 71 of 120 specimens (59.2%), yielding 77 bacterial isolates. Of these, 75 (97.4%) were aerobic and 2 (2.6%) were anaerobic. Among Gram-positive cocci, three Enterococcus faecalis isolates and two methicillin-resistant Staphylococcus aureus (MRSA) isolates were identified. All E. faecalis isolates were susceptible to vancomycin; two were susceptible to penicillin, high-level gentamicin, and linezolid. Both MRSA isolates were susceptible to cotrimoxazole, tetracycline, vancomycin, linezolid, and erythromycin but resistant to cefoxitin. The mecA gene was detected in both MRSA isolates.
Conclusion: The findings demonstrate a predominance of aerobic organisms, with limited anaerobic recovery, and document antimicrobial resistance among the small number of Gram-positive cocci recovered. Phenotypic susceptibility testing with targeted molecular confirmation may support organism-directed management of deep-seated abscesses.
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INTRODUCTION
Abscesses are localised collections of pus that develop as a consequence of the host immune response to microbial invasion and tissue destruction. While superficial abscesses are generally accessible for diagnosis and treatment, deep-seated abscesses pose considerable clinical challenges because of their inaccessible anatomical locations, delayed presentation, and potential for systemic complications. Their management often requires a multidisciplinary approach involving appropriate imaging, surgical drainage, and targeted antimicrobial therapy.
Deep-seated abscesses can occur at various anatomical sites, including the liver, pancreas, peritoneum, retroperitoneum, psoas muscle, and other intra-abdominal or deep soft-tissue compartments. They are commonly associated with predisposing conditions such as diabetes mellitus, immunosuppression, trauma, previous surgery, or perforation of hollow viscera. Their insidious onset and non-specific clinical manifestations may delay diagnosis, increasing the risk of sepsis, prolonged hospitalisation, and adverse outcomes.
These infections may be monomicrobial or polymicrobial and can involve both aerobic and anaerobic bacteria. The microbial spectrum varies according to anatomical site, host factors, and geographic setting. Commonly reported pathogens include Staphylococcus aureus, Escherichia coli, and Bacteroides species. The emergence of multidrug-resistant organisms has further complicated treatment and highlights the importance of timely microbiological diagnosis and antimicrobial susceptibility testing.
Conventional culture remains the cornerstone of diagnosis; however, recovery of anaerobic organisms may be limited by inappropriate specimen collection, transport delays, and technical constraints. Molecular methods can complement phenotypic testing by detecting resistance determinants such as mecA and selected carbapenemase-associated genes. Such approaches facilitate accurate characterisation of resistant pathogens and support rational antimicrobial therapy.
Despite their clinical importance, comprehensive data on deep-seated abscesses from Indian tertiary-care centres remain limited. Therefore, the present study was undertaken to evaluate the bacteriological profile of aerobic and anaerobic organisms and characterise antimicrobial resistance using phenotypic and genotypic methods, thereby providing region-specific data to support improved diagnosis, treatment, infection control, and antimicrobial stewardship.
The diagnostic value of microbiological investigation in deep-seated abscesses depends strongly on the quality of the specimen and the recovery methods used. Representative aspirates or tissue obtained directly from the infected focus are preferable to superficial material, and prompt processing is particularly important when anaerobic infection is suspected. The literature also emphasises that abscess management is not based on antimicrobial therapy alone; drainage or other source-control procedures remain central when a drainable collection is present, while culture and susceptibility testing help refine antimicrobial selection (Brook, 2007; Solomkin et al., 2010; William et al., 2024).
Gram-positive cocci warrant specific attention because resistance mechanisms can substantially alter therapeutic options. In Staphylococcus aureus, methicillin resistance is most commonly mediated by the mecA gene, which encodes the low-affinity penicillin-binding protein PBP2a; cefoxitin-based phenotypic testing is widely used as a practical surrogate for mecA-mediated resistance, while PCR provides direct genotypic confirmation (Chambers, 1997; Jain et al., 2008; Lakhundi & Zhang, 2018). Enterococci also possess a combination of intrinsic and acquired resistance mechanisms, including clinically important resistance to beta-lactams and aminoglycosides, making isolate-level susceptibility testing important for treatment decisions (Arias & Murray, 2012; Guan et al., 2024). Recent evidence also supports the complementary use of phenotypic and molecular approaches for MRSA characterisation: cefoxitin-based testing has shown close agreement with mecA-based detection in a tertiary-care setting, while another study reported discordance between phenotypic cefoxitin resistance and mecA detection, indicating that the two approaches can provide complementary information when resistant isolates are evaluated (Sisodia et al., 2025; Nieko et al., 2025). More broadly, current antimicrobial-resistance literature emphasises that bacterial resistance can arise through multiple mechanisms, and recent systematic evidence on clinical Enterococcus isolates continues to document substantial resistance across antimicrobial classes, supporting isolate-specific susceptibility testing and ongoing resistance surveillance (Shiyamala et al., 2026; Jabbari et al., 2025).
Aim: To evaluate the bacteriological profile of Gram-positive cocci isolated from deep-seated abscesses and to characterise drug-resistant pathogens using phenotypic and genotypic methods in a tertiary-care centre.
Objectives:
· To isolate and identify aerobic and anaerobic bacterial pathogens from clinical samples of deep-seated abscesses in a tertiary care centre.
· To determine the antimicrobial susceptibility patterns of the isolates in accordance with CLSI 2023 guidelines.
· To characterise drug-resistant pathogens phenotypically and genotypically.

 MATERIALS AND METHODS
STUDY DESIGN:
Cross-sectional study

STUDY SETTINGS:
	The study was carried out in the Institute of Microbiology, in collaboration with the Institute of Surgical Gastroenterology and the Institute of General Surgery, at Madras Medical College and Rajiv Gandhi Government General Hospital, Chennai.

STUDY PERIOD:
The study was conducted from August 2023 to July 2024.

STUDY POPULATION:
The study population included adult patients of all age groups and both sexes who were clinically diagnosed with deep-seated abscesses attending the tertiary care centre during the study period.

SAMPLE SIZE CALCULATION: 120
n = Z2 × PQ / d2 =3.84 × 25.2 × 5 ×95 / 16 = 114
A total of 120 patients who met the selection criteria during the study period were included in the study.
STUDY PROCEDURES:
· After obtaining informed written consent, patients who met the selection criteria were included in the study.
· Detailed clinical history and demographic details of the participants were recorded using a structured proforma.
· Relevant samples from the abscess site (pus/exudate) were collected aseptically under radiological guidance or during other interventions.
· Direct Gram staining of the specimens was performed to identify the presence of inflammatory cells and morphology of bacteria.
· Samples were inoculated onto standard aerobic and anaerobic culture media, including blood agar, MacConkey agar, anaerobic blood agar, and Robertson cooked meat medium, and were incubated under appropriate conditions.
· Isolates were identified based on colony morphology, microscopy, and a series of  biochemical reactions.
· Antimicrobial Susceptibility Testing (AST) was performed using the Kirby-Bauer disc diffusion method on Mueller-Hinton agar, and results were interpreted in accordance with the CLSI guidelines.
· Phenotypic methods were used to detect resistant organisms, including ESBL and MRSA screening tests.
· Genotypic characterisation of resistant pathogens was performed using polymerase chain reaction (PCR) for selected resistance genes
 (e.g., mecA).
RESULT
Table 1: Proportion of Culture positive & Culture negative specimens in deep seated abscess (n=120)
	MICROBIAL GROWTH
	FREQUENCY
	PERCENT

	With microbial growth
	71
	59.2

	Without microbial growth
	49
	40.8

	Total
	120
	100


Of the 120 participants, 71 patients showed microbial growth (59.2%), while 49 showed no microbial growth (40.8%).
Figure 1. Proportion of culture positive & Culture negative specimens in deep seated abscess


Figure 2. Distribution of organisms isolated from patients with deep seated abscess:
Among the 77 bacterial pathogens isolated from patients with deep-seated abscesses, 75 (97.4%) were aerobic organisms and 2 (2.6%) were anaerobic isolates.

Pattern of distribution of anaerobic pathogen among deep seated abscess: 
Table 2.Pattern of distribution of anaerobic pathogen among deep seated abscess (n=2)
	Disease
	Anaerobic Isolate

	Cholangitic abscess
	Peptostreptococci

	Peritoneal abscess
	Peptostreptococci


  
The anaerobic organism Peptostreptococci was isolated from both a cholangitic abscess and a peritoneal abscess.
Antimicrobial Susceptibility Profile of Gram positive cocci:
Table 3. Antimicrobial Susceptibility Profile of Gram positive cocci (n=5)
	Organism
	Enterococcus faecalis
	Staphylococcus aureus (MRSA)

	No.of isolates
	3
	2

	Antibiotic
	S
	R
	S
	R

	Gentamicin
	-
	-
	1 (50.0%)
	1 (50.0%)

	Cotrimoxazole
	-
	-
	2 (100.0%)
	0

	Ciprofloxacin
	-
	-
	1 (50.0%)
	1 (50.0%)

	Ampicillin
	1 (33.3%)
	2 (66.7%)
	-
	-

	Tetracycline
	-
	-
	2 (100.0%)
	0

	Penicillin
	2 (66.70%)
	1 (33.3%)
	0
	2 (100.0%)

	High-Level Gentamicin
	2 (66.70%)
	1 (33.3%)
	-
	-

	Vancomycin
	3 (100.0%)
	0
	2 (100.0%)
	0

	Linezolid
	2 (66.70%)
	1 (33.3%)
	2 (100.0%)
	0

	Erythromycin
	-
	-
	2 (100.0%)
	0

	Cefoxitin
	-
	-
	0 
	2 (100.0%)


The antibiotic sensitivity profile of Gram-positive cocci, specifically Enterococcus faecalis and methicillin-resistant Staphylococcus aureus (MRSA), revealed susceptibility to several key antimicrobials. Among the three Enterococcus faecalis isolates, all (100.0%) were sensitive to vancomycin, while 66.7% showed sensitivity to both penicillin and high-level gentamicin. Additionally, two-thirds of the isolates were sensitive to linezolid. These findings suggest preserved activity of glycopeptides and oxazolidinones against the Enterococcus isolates studied, while beta-lactam and aminoglycoside resistance remain concerns.
Regarding Staphylococcus aureus (MRSA) isolates (n = 2), both exhibited 100.0% sensitivity to cotrimoxazole, tetracycline, vancomycin, linezolid, and erythromycin. However, neither Staphylococcus aureus isolate was sensitive to cefoxitin, confirming methicillin resistance. The consistent sensitivity to vancomycin and linezolid in both Enterococcus and MRSA isolates underscores their continued importance as therapeutic agents for resistant Gram-positive infections.
Detection of genes for the resistant pathogens by PCR:
Table 4. Detection of genes for the resistant pathogens by PCR
	PATHOGENS
	mecA gene
	P value

	                            
Staphylococcus aureus (MRSA)
	2 
	0.001*


*- statistically significant by Chi square test


DISCUSSION
Microbiological yield and aerobic-anaerobic distribution
The culture-positive proportion of 59.2% indicates that a substantial fraction of clinically diagnosed deep-seated abscesses yielded recoverable microorganisms, while the recovery of 77 bacterial isolates from 71 culture-positive specimens suggests that at least some infections contained more than one bacterial isolate. The marked predominance of aerobic organisms (97.4%) over anaerobes (2.6%) should be interpreted cautiously. Anaerobic recovery is highly sensitive to the anatomical source of infection, prior antimicrobial exposure, sample volume, oxygen exposure during collection and transport, and the laboratory methods used for incubation and identification. Reviews of abscess microbiology describe clinically important contributions from anaerobic organisms, whereas recent work on deep-seated infections has shown that optimised anaerobic culture and modern identification techniques can improve recognition of fastidious species (Brook, 2007; Solomkin et al., 2010; William et al., 2024). Accordingly, the two Peptostreptococci isolates identified in the present study confirm the presence of anaerobic Gram-positive cocci, but the low absolute number does not establish that anaerobes are uncommon across all deep-seated abscesses in this setting.
Antimicrobial susceptibility of Gram-positive cocci
Among the Gram-positive organisms, both Staphylococcus aureus isolates were methicillin-resistant and susceptible to vancomycin and linezolid. Enterococcus faecalis showed resistance to penicillin and high-level gentamicin and was susceptible to vancomycin (Table 3). These findings are consistent with Sudhaharan et al. (2018), who observed Staphylococcus aureus as a major contributor to multidrug-resistant infections. Similarly, Kanakadurgamba et al. (2021) reported that 31.4% of S. aureus isolates were MRSA.
The susceptibility results for Enterococcus faecalis and MRSA are clinically relevant but should be regarded as descriptive because only three E. faecalis isolates and two MRSA isolates were tested. All three E. faecalis isolates remained susceptible to vancomycin, while one isolate was resistant to linezolid and one showed high-level gentamicin resistance. This pattern is compatible with the broader observation that enterococci can acquire resistance to multiple drug classes and that high-level aminoglycoside resistance is clinically important because it can abolish the bactericidal synergy expected from an aminoglycoside combined with a cell-wall-active agent (Arias & Murray, 2012; Guan et al., 2024; Patterson & Zervos, 1990). For the two MRSA isolates, the retained in-vitro susceptibility to vancomycin and linezolid is encouraging for these individual isolates; however, the very small sample size does not permit estimation of local susceptibility rates or prediction of efficacy in the wider patient population.
Phenotypic-genotypic concordance of methicillin resistance
Among the resistant pathogens, the mecA gene was detected in all Staphylococcus aureus (MRSA) isolates. A statistically significant association was observed between the type of aerobic organism and the resistance-gene pattern.
In the present study, resistance-gene detection showed that the mecA gene was identified in both MRSA isolates (Table 4). González-Vázquez et al. (2024) noted that 95.5% of methicillin-resistant strains carried the mecA gene and also discussed the relevance of SCCmec types. While the present study did not explore SCCmec or biofilm genes, the presence of mecA supports genotypic confirmation of MRSA. The current study further established that all isolates carrying the mecA gene were Staphylococcus aureus (MRSA), reinforcing the strong link between organism type and resistance genotype (P = 0.001). Such associations underscore the importance of incorporating both phenotypic and genotypic testing in clinical microbiology to anticipate resistance patterns and guide effective empirical therapy.
A significant association was also observed between the organism and the presence of resistance genes (P = 0.001). The mecA gene was detected in all Staphylococcus aureus (MRSA) isolates (100%) (Table 4). These findings affirm a strong correlation between phenotypic resistance and genotypic markers in certain pathogens. The integration of statistical analysis in the present study highlights the clinical importance of organism-specific resistance surveillance and supports targeted antimicrobial therapy in managing deep-seated abscesses.
Detection of mecA in both cefoxitin-resistant S. aureus isolates provides phenotypic-genotypic concordance within the study sample. mecA encodes PBP2a, a penicillin-binding protein with reduced affinity for most beta-lactam agents and is the principal molecular determinant underlying classical MRSA phenotypes (Chambers, 1997; Lakhundi & Zhang, 2018). Cefoxitin disc diffusion has been shown to correlate closely with mecA-mediated methicillin resistance and is therefore useful for routine laboratory screening, while PCR can resolve or confirm resistance at the genetic level (Jain et al., 2008; Lakhundi & Zhang, 2018). Nevertheless, because only two MRSA isolates were available, the present findings demonstrate concordance in these isolates rather than a population-level estimate of the sensitivity or specificity of either method.
Clinical interpretation and antimicrobial-stewardship implications
Taken together, the findings support an organism-directed approach to deep-seated abscess management in which adequate source control is combined with properly collected microbiological specimens, susceptibility testing, and targeted molecular confirmation when clinically relevant. The recovery of resistant Gram-positive cocci illustrates why empirical therapy should be reassessed when culture results become available, particularly in patients with prior healthcare exposure or other risk factors for resistant organisms. Evidence-based guidance for complicated deep infections emphasises source control and representative microbiological sampling, while contemporary studies of deep-seated anaerobic infection reinforce the importance of appropriate laboratory methods for maximising pathogen recovery (Solomkin et al., 2010; William et al., 2024). For enterococci and MRSA, resistance can evolve through diverse genetic mechanisms, so local surveillance and isolate-specific susceptibility results remain more informative than extrapolation from the small number of resistant isolates identified in this study (Arias & Murray, 2012; Lakhundi & Zhang, 2018).
CONCLUSION
The study demonstrates that deep-seated abscesses are associated with a considerable burden of bacterial infection and antimicrobial resistance. Although aerobic organisms predominated, anaerobic pathogens were also identified, highlighting the importance of appropriate specimen collection and both aerobic and anaerobic culture techniques. Among Gram-positive cocci, MRSA and E. faecalis demonstrated clinically relevant resistance patterns, while vancomycin and linezolid retained activity against the isolates studied. Detection of the mecA gene in all MRSA isolates supports the value of integrating phenotypic and genotypic methods for characterisation of antimicrobial resistance. Routine culture and antimicrobial susceptibility testing, supported by molecular diagnostics where feasible, can aid targeted antimicrobial therapy and strengthen antimicrobial stewardship in the management of deep-seated abscesses. 

Limitations 
This single-centre study included a limited number of Gram-positive cocci, with only three Enterococcus faecalis isolates and two MRSA isolates available for detailed susceptibility analysis. The low anaerobic recovery may have been influenced by specimen characteristics, transport, prior antimicrobial exposure, or culture conditions. Molecular testing was restricted to selected resistance genes, including mecA, and did not assess broader resistance determinants, SCCmec types, or biofilm-associated genes. Consequently, the resistance findings are descriptive and should not be interpreted as population-level estimates.
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