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ABSTRACT

Background: Staphylococcus spp. are major pathogens causing diverse clinical infections.
Evaluating their phenotypic characteristics and antimicrobial response across different culture
media is essential for accurate diagnosis.

Objective: To assess vancomycin susceptibility testing performance of Mannitol Salt Agar (MSA)
compared with Mueller—Hinton Agar (MHA) against Staphylococcus spp.

Methods: Thirty clinical specimens (urine, wound, ear swabs) were collected. Isolates were
identified using standard microbiological methods including MSA for colony color, blood agar for
hemolysis, and VITEK-2 confirmation. Vancomycin susceptibility was evaluated on both media.
Statistical analysis used t-test, chi-square, and Pearson correlation (p < 0.05).

Results: Staphylococcus spp. were predominantly isolated from urine (60%; p = 0.007). On MSA,
40% showed yellow colonies and 60% pinkish-white (p = 0.27). Hemolysis patterns were 46.7%
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beta and 53.3% alpha/gamma (p > 0.05). Vancomycin produced significantly larger inhibition
zones on MSA (25.3 + 6.1 mm) than MHA (17.5 £ 5 mm; p < 0.0001). Strong correlation existed
between colony color and hemolysis pattern (r = 0.873, p < 0.001).

Conclusions: Vancomycin showed significantly larger inhibition zones on MSA compared to
MHA, indicating that high salt content and mannitol alter antibiotic diffusion and/or bacterial
phenotypic expression. Larger zones on MSA represent greater apparent susceptibility rather than
enhanced resistance detection. Therefore, MSA cannot replace MHA for standardized
antimicrobial susceptibility testing, as altered medium composition leads to misleading
susceptibility profiles.

Keywords: antimicrobial susceptibility testing; disk diffusion; high-salt medium; mannitol salt

agar; Mueller-Hinton agar; Staphylococcus aureus; vancomycin.

RESUMEN

Antecedentes: Staphylococcus spp. son patdgenos importantes que causan diversas infecciones
clinicas. Evaluar sus caracteristicas fenotipicas y respuesta antimicrobiana en diferentes medios es
esencial para el diagnostico preciso.

Objetivo: Evaluar el desempefio del Agar Sal Manitol (MSA) comparado con Agar Mueller—
Hinton (MHA) para pruebas de susceptibilidad a vancomicina contra Staphylococcus spp.
Meétodos: Se recolectaron 30 muestras clinicas (orina, heridas, oido). Los aislamientos se
identificaron mediante métodos microbioldgicos estandar: MSA para color de colonias, agar sangre
para hemolisis y confirmacion con VITEK-2. La susceptibilidad a vancomicina se evalué en ambos
medios. Se utilizaron prueba t, ji cuadrado y correlacion de Pearson (p < 0.05).

Resultados: Staphylococcus spp. se aislo principalmente de orina (60 %; p= 0,007). En MSA,
40 % de colonias fueron amarillas y 60 % rosadas blanquecinas (p= 0,27). Los patrones de
hemolisis fueron 46,7 % beta y 53,3 % alfa/gamma (p> 0,05). La vancomicina produjo zonas de
inhibicion significativamente mayores en MSA (25,3 + 6,1 mm) que en MHA (17,5 £ 5 mm;

p< 0,0001). Se observo fuerte correlacion entre color colonial y hemolisis (r= 0,873; p< 0,001).
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Conclusiones: La vancomicina mostro zonas de inhibicion significativamente mayores en MSA
que en MHA, indicando que el alto contenido de sal y manitol alteran la difusion del antibidtico o
la expresion fenotipica bacteriana. Las zonas mayores en MSA representan mayor susceptibilidad
aparente y no mejor deteccion de resistencia. Por tanto, el MSA no puede sustituir al MHA en
pruebas estandarizadas de susceptibilidad antimicrobiana.

Palabras clave: agar Mueller-Hinton; agar sal manitol; difusion en disco; medio de alta salinidad;

pruebas de susceptibilidad antimicrobiana; Staphylococcus spp.; vancomicina.
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INTRODUCTION

Staphylococcus is a ubiquitous Gram-positive pathogen renowned for its ability to cause a wide
spectrum of infections, from superficial skin and soft tissue infections to invasive diseases such as
pneumonia, endocarditis, osteomyelitis, and sepsis.?) It is one of the leading causes of nosocomial
and community-acquired infections globally, with increasing relevance due to its evolving
resistance to multiple antibiotics. This organism exhibits a remarkable ability to adapt to various
environmental pressures, survive within host immune defenses, and develop persistent infections,
making it a critical public health concern.®

Although S. aureus is not the most common uropathogen, it is increasingly implicated in urinary
tract infections (UTIs), particularly among catheterized patients, the elderly, and individuals with
diabetes or immunocompromised status.® Its ability to adhere to uroepithelial cells and form
biofilms enhances its pathogenicity in the urinary system. In wound infections, S. aureus is more
frequently encountered, especially in post-surgical sites and trauma-related injuries. The
organism's production of cytotoxins, surface adhesins, and enzymes enables tissue invasion,

immune evasion, and chronic colonization.®
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Blood agar and Mannitol Salt Agar (MSA) are widely used to phenotypically identify S. aureus.
Hemolysis, particularly beta-hemolysis, is a hallmark of virulent S. aureus strains and is mediated
by cytotoxins like alpha-hemolysin, which causes complete lysis of red blood cells.® On MSA, S.
aureus ferments mannitol, leading to a color shift from red to yellow, aiding in its differentiation
from other coagulase-negative staphylococci. These phenotypic characteristics correlate with strain
virulence and clinical outcomes.®

The adaptability of S. aureus is further underscored by its resistance development. Methicillin-
resistant Staphylococcus aureus (MRSA) is now endemic in many healthcare systems and
increasingly identified in community settings. MRSA strains carry the mecA gene, encoding
penicillin-binding protein 2a (PBP2a), which has reduced affinity for B-lactam antibiotics.” These
strains have shown resistance not only to methicillin but also to macrolides, aminoglycosides, and
fluoroquinolones, complicating treatment strategies.®

For decades, vancomycin has been the mainstay for treating MRSA infections. However, reduced
susceptibility has emerged in the form of vancomycin-intermediate S. aureus (VISA) and, more
recently, vancomycin-resistant S. aureus (VRSA). VISA is typically associated with thickened cell
walls and stepwise mutations in cell wall biosynthesis pathways,® whereas VRSA strains acquire
the vanA gene from enterococci, leading to altered peptidoglycan precursors that prevent
vancomycin binding.®? These strains have been implicated in therapeutic failures and increased
patient mortality.®?

Staphylococcus aureus has a unique capacity to form biofilms on indwelling medical devices and
mucosal surfaces, which significantly enhances its resistance to antibiotics and immune-mediated
killing. Biofilms consist of bacterial cells encased in an extracellular polymeric matrix, which
limits antibiotic penetration and facilitates persistent infection.!? Additionally, S. aureus can
survive intracellularly in non-professional phagocytes, contributing to recurrent infections despite
treatment.®®)

The global epidemiology of S. aureus, particularly MRSA, has evolved dramatically. Molecular
typing has revealed several epidemic clones circulating worldwide, including USA300, EMRSA-

15, and ST239. These clones are associated with distinct virulence profiles and resistance patterns,
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emphasizing the need for continuous surveillance and genomic monitoring.4 Both hospital-
acquired (HA-MRSA) and community-acquired (CA-MRSA) strains contribute significantly to the
burden of disease, although their transmission dynamics differ.*®

Given the limitations of current antibiotics, alternative treatment approaches are under
investigation. These include newer glycopeptides (dalbavancin, oritavancin), lipoglycopeptides,
anti-virulence therapies, and phage therapy. Meanwhile, standardization of antimicrobial
susceptibility testing, including media used (e.g., MSA vs. Muller Hinton Agar), remains critical
for interpreting inhibition zones accurately.®® Media composition can influence diffusion rates and
bioavailability, thus impacting the reliability of susceptibility profiles.

This study aim to evaluate the feasibility of using Mannitol Salt Agar as an alternative to Mueller-
Hinton Agar in measuring the antibiotic susceptibility of Staphylococcus spp. isolates to determine
if there are statistically significant differences in the results of antibiotic susceptibility testing when

using the two media.

METHODS
Design

This research followed a cross-sectional, descriptive laboratory design. The study focused on
comparing the antibacterial activity of vancomycin on Mannitol Salt Agar (MSA) and Mueller-
Hinton Agar (MHA) to evaluate possible medium-dependent variations in antibiotic response.
Subjects

The study population consisted of patients attending healthcare facilities in the southern region of
Babylon, Iraq, who presented with clinical signs suggestive of bacterial infection. A total of 30
clinical samples were collected between March 2025 and June 2025. These samples included urine,
wound swabs, and ear swabs selected through purposive sampling based on clinical suspicion of
infection. For each participant, demographic information such as age and sex was recorded to

support further correlation analyses.
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Variables
The study involved defined microbiological and clinical variables necessary to achieve the
objectives. Sample type, colony color on MSA, and hemolysis pattern on blood agar were treated
as descriptive and comparative variables related to bacterial characterization. The primary outcome
variables were the diameters of vancomycin inhibition zones measured on both MSA and MHA.
Additional descriptive variables, including age, sex, and bacterial species identification, were
included to assess their potential associations with phenotypic characteristics and antimicrobial
susceptibility outcomes.

Procedures
Susceptibility testing was performed using the Kirby—Bauer disk diffusion method following CLSI
M100, 34th Edition (2024) guidelines. Vancomycin (30 ug) disks (Oxoid, UK; Lot No. 2384712)
were applied to both MSA and MHA plates using a disk dispenser. Quality control was ensured by
testing ATCC reference strain Staphylococcus aureus ATCC 25923 in parallel with each batch,
with acceptance zones for vancomycin (30 pg) on MHA ranging 17-21 mm per CLSI criteria.
MSA (HiMedia Laboratories, Mumbai, India; Lot No. MSA-2025-03) and MHA (Oxoid, UK; Lot
No. MHA-2025-02) were prepared according to manufacturer instructions with a standardized agar
depth of 4 mm measured at 10 random points per plate. Bacterial suspensions were standardized to
0.5 McFarland turbidity (approximately 1.5 x 108 CFU/mL) using a DensiCHEK densitometer
(bioMérieux, France), verified by spectrophotometry at 625 nm (absorbance 0.08-0.10), and
inoculated using cotton swabs streaked across the entire agar surface in three directions. Plates
were incubated aerobically at 35 + 2 °C for 16-18 hours in ambient air, with zone diameters
measured to the nearest millimeter using a digital caliper (Mitutoyo, Japan) from the back of the
plate against a dark background illuminated with reflected light.

Processing
Continuous variables (age, inhibition zone diameters) were summarized as mean * standard
deviation (SD), while categorical variables (colony color, hemolysis pattern, sample type) were
expressed as frequencies and percentages. Comparison of inhibition zones between MSA and

MHA was performed using the paired samples t-test since the same bacterial isolates were tested
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on both media, with normality confirmed by the Shapiro-Wilk test and effect size calculated using
Cohen's d. Sex differences were analyzed using the independent samples t-test for age and
inhibition zones. Associations among categorical variables were assessed using the Chi-square test
or Fisher's exact test when expected cell counts were less than 5. Spearman's rank correlation
coefficient (p) was used to evaluate relationships between categorical variables (colony color,
hemolysis type, sample type), while point-biserial correlation was applied for dichotomous
variables (sex). The Shapiro-Wilk test was used to assess normality of continuous variables, with
non-parametric alternatives (Wilcoxon signed-rank test for paired comparisons; Mann-Whitney U
test for independent comparisons) to be applied if normality assumptions were violated. All
statistical analyses were performed using SPSS version 26 (IBM, USA) with a significance
threshold of p < 0.05.
Bioethical Issues

The study adhered to all applicable institutional and national ethical guidelines. Ethical approval
was obtained from the Institutional Ethics Committee under approval code IEC/2025/053, dated
March 1, 2025. All clinical samples were handled confidentially, and no personal identifiers were
included at any stage of the research. The study involved human-derived samples only, with
minimal risk to participants and full compliance with bioethical standards for research involving

human subjects.

RESULTS

From a total of 30 isolates (S. aureus), females were more distributed 20 (66.7%) compared to
males 10 (33.3%) without significant difference (p = 0.06).

The prevalence of staphylococcus spp. in the urine samples was high 18 (60%), lower than wound
7 (23.3%) and ear swab 5 (16.7%) with high significant differences (p = 0.007).

Color of colonies on MSA showed that yellow color was found in 12 (40%) samples while pinkish
white color was observed in 18 (60%) of samples without significant differences between them
(p=0.27) (Fig. 1; Fig. 2).

http://scielo.sld.cu
https://revmedmilitar.sld.cu

Bajo licencia Creative Commons [@IOI(‘?I@]


http://scielo.sld.cu/
https://revmedmilitar.sld.cu/
https://creativecommons.org/licenses/by-nc-sa/4.0/

Fig. 2 - S. aureus growth on MSA with yellow golden colonies with wide inhibition zone (Right). S.
aureus growth on MHA with standard inhibition zone (Left).

Beta hemolysis observed in 14 (46.7%) samples on blood agar while alpha or gamma hemolysis
was detected in 16 (53.3%) Without significant difference (p > 0.05).

Mean age of males was 37.60 + 18.41 years, while the mean age of females was 32.05 + 11.56
years. The difference was not statistically significant (p = 0.31).

For Vancomycin- Mueller H agar, the mean value for males was 18.90 + 3.72, compared to 16.90

+ 5.55 for females, with no statistically significant difference (p = 0.31).
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Regarding VVancomycin- Mannitol S agar, males had a mean value of 26.30 + 4.96, while females
had 24.85 + 6.66, and the difference was not statistically significant (P = 0.54) (table 1).

Table 1 - Mean comparison of different variables among males and females

) ) o Probability
Variables Sex Number of isolates Mean | Std. Deviation
value
Males 10 37.60 18.41
Age 0.31
Females 20 32.05 11.56
) Males 10 18.90 3.72
Vancomycin- Mueller H agar 0.31
Females 20 16.90 5.55
) ) Males 10 26.30 4.96
Vancomycin- Mannitol S agar 0.54
Females 20 24.85 6.66

Paired comparison of vancomycin inhibition zones showed significantly larger diameters on
Mannitol Salt Agar (25.3 £ 6.1 mm) compared to Mueller-Hinton Agar (17.5 £ 5 mm; paired
t-test, p < 0.0001, Cohen's d = 1.45) (table 2).

Table 2 - Comparison of vancomycin inhibition zone diameters on MSA versus MHA (n = 30 isolates)

Medium Mean £ SD (mm) | Median (mm) | Range (mm) | P value* | Effect Size (Cohen's d)
Mueller-Hinton Agar 175450 17.0 10-28 <0.0001 1.45 (large)
Mannitol Salt Agar 253%6.1 245 16-38

*Paired samples t-test; SD = standard deviation.

The correlation analysis between different variables revealed the following findings (table 3). Sex
showed a negative correlation with colony color (r = -0.196, p = 0.300), no correlation with type
of hemolysis (r = 0.000, p = 1.000), and a weak correlation with sample (r = 0.047, p = 0.804).
None of these correlations were statistically significant.

Sample had weak correlations with colony color (r = 0.090, p = 0.637) and type of hemolysis
(r =0.084, p = 0.660), both of which were not statistically significant.

Colony color showed a strong and statistically significant positive correlation with type of

hemolysis (r = 0.873, p = 0.000), indicating a strong association between these two variables.
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Table 3 - Correlation between different variables

Variables Sample| Colony color | Type of hemolysis
S Correlation Coefficient -0.196 0.000 0.047
ex

Sig. (2-tailed) 0.300 1.000 0.804

Correlation Coefficient - 0.090 0.084
Sample _ _

Sig. (2-tailed) - 0.637 0.660

Correlation Coefficient - - 0.873™
Colony color|__ _

Sig. (2-tailed) - - 0.000

*. Correlation is significant at the 0.01 level (2-tailed).

DISCUSSION

Among the 30 Staphylococcus aureus isolates examined, the inhibition zone of vancomycin in
Muller Hinton agar was 17.5+ 5 mm. This high susceptibility rate is encouraging, particularly in
an era of rising multidrug resistance. Vancomycin remains one of the most effective antibiotics for
serious infections caused by Gram-positive cocci, especially methicillin-resistant Staphylococcus
aureus (MRSA).®® However, resistance is gradually emerging in clinical settings, especially in
high-risk patient populations such as those undergoing dialysis or receiving long-term care.*® This
highlights the necessity of routine antimicrobial susceptibility testing prior to empirical treatment,
as resistance could compromise the clinical utility of vancomycin.?%

Out of the 30 samples, females represented a greater proportion (66.7%) compared to males
(33.4%), although this difference was not statistically significant (p = 0.06). This observation is
consistent with established epidemiology, where females are more frequently affected by S. aureus
urinary tract infections (UTIs) due to their shorter urethral anatomy, hormonal influences, and
frequent healthcare contact.?V Still, the insignificant P-value suggests that gender was not a
determining factor for the distribution of S. aureus infections in this specific population,
emphasizing the multifactorial nature of infection susceptibility.

The highest frequency of S. aureus was observed in urine samples (60%), followed by wound

samples (23.3%) and ear swabs (16.7%), with statistically significant differences between these
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categories (p = 0.007). This pattern reflects the adaptability of S. aureus to colonize both mucosal
and cutaneous environments. Its increasing presence in urine is particularly notable, possibly
facilitated by catheterization, biofilm formation on uroepithelial cells, and co-morbidities such as
diabetes.®? Studies have also shown that urinary S. aureus may result in hematogenous spread in
bacteremic patients, underlining its clinical significance.®

On MSA, 12 isolates (40%) formed yellow colonies indicative of mannitol fermentation—
characteristic of S. aureus—while 18 isolates (60%) produced pinkish-white colonies, suggesting
non-fermenting staphylococci or other species. Although this difference was not statistically
significant (p = 0.27), the presence of yellow colonies on MSA serves as a classic phenotypic
confirmation of S. aureus. The ability to ferment mannitol is regulated by metabolic genes that can
vary with strain virulence and environmental stress.%

Beta hemolysis was observed in 14 (46.7%) of the isolates, whereas 16 (53.3%) exhibited alpha or
gamma hemolysis. No statistically significant difference was observed (p > 0.05). Hemolysins,
particularly alpha- and beta-toxins, are virulence factors that enable S. aureus to lyse red blood
cells and evade immune responses.® Their variable expression may reflect differing levels of
virulence across strains. Hemolytic profiles can also inform potential tissue damage and severity
in systemic infections.

Comparison between males and females for age, and for vancomycin inhibition zones on Muller
Hinton and Mannitol Salt Agars, revealed no significant differences. This implies that host sex
does not play a prominent role in determining the inhibition efficiency of vancomycin or the
phenotypic behavior of S. aureus. This finding supports previous observations that S. aureus
virulence and antibiotic resistance are primarily driven by bacterial genetics and environmental
exposure, rather than host gender.(25)

A significant difference was observed between the inhibition zones of vancomycin on Mueller-
Hinton Agar (17.5 £ 5 mm) versus Mannitol Salt Agar (25.3 = 6.1 mm), with a P-value < 0.0001.
Importantly, larger inhibition zones on MSA indicate greater apparent susceptibility due to altered

antibiotic diffusion in the high-salt medium, not enhanced resistance detection. This medium-
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dependent variation underscores why MSA cannot substitute MHA for standardized antimicrobial
susceptibility testing, as it would yield misleading susceptibility profiles.?”

The strongest correlation was identified between colony color and hemolysis type (r = 0.873,
p < 0.001), indicating that isolates fermenting mannitol (yellow colonies) were more likely to show
beta-hemolysis, a virulence marker of S. aureus. This suggests that fermentation capacity and
hemolytic ability may be co-regulated or reflect the metabolic vigor of certain strains.?® Other
correlations, including sex vs. colony traits or sample type vs. hemolysis, were weak and
statistically non-significant, reflecting that environmental or procedural variables may have greater
influence than demographic factors.

Vancomycin produced significantly larger inhibition zones on Mannitol Salt Agar (25.3 £ 6.1 mm)
compared to Mueller-Hinton Agar (17.5 + 5 mm; p < 0.0001). These larger zones indicate greater
apparent susceptibility due to altered antibiotic diffusion and phenotypic expression in the high-
salt medium, rather than enhanced resistance detection. Therefore, MSA cannot be used as a
substitute for MHA in standardized antimicrobial susceptibility testing, as the medium-dependent

variation leads to misleading susceptibility profiles that could compromise clinical interpretation.
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