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minimum bactericidal concentration (MBC), and zone of

Methods: Four antiseptic preparations were tested against 33
bacterial isolates (29 clinical + 4 ATCC quality control strains) from five nosocomial species
with confirmed resistance profiles-methicillin-resistant Staphylococcus aureus (MRSA),
ESBL-producing Klebsiella pneumoniae and Escherichia coli, and MDR Pseudomonas
aeruginosa. Zones of inhibition (ZOI) were measured by agar disc diffusion; minimum
inhibitory concentrations (MIC) by CLSI MO07:2024 broth microdilution; and minimum
bactericidal concentrations (MBC) by sub-culture from MIC plates. Bactericidal activity was

defined as an MBC:MIC ratio of < 4. Results: IPA 70% demonstrated superior performance-
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highest mean ZOI (22.1 £ 2.3 mm), lowest MIC (40-55% v/v), and bactericidal activity
(MBC:MIC < 2) against all 33 isolates including all MDR phenotypes. CHG 4% was
bactericidal against susceptible organisms (MBC:MIC = 2) but only inhibitory against MRSA
(MBC:MIC > 4; 20Ol 11.1 £ 1.7 mm) and MDR P. aeruginosa (ZOl 6.2 + 1.3 mm). Triclosan
0.5% inhibited but did not kill all MDR organisms. Plain soap showed no antimicrobial
activity (ZOlI = 0 mm). One-way ANOVA confirmed significant inter-formulation
differences (F[3,128] = 187.4, p < 0.001); two-way ANOVA showed a significant
formulation x resistance interaction (F[3,124] = 14.2, p < 0.001). Conclusion: IPA 70% is
the only hand hygiene formulation that reliably kills bacteria regardless of resistance
phenotype and should be the first-choice agent in institutional antiseptic formularies. CHG
4% retains a role in surgical antisepsis. Triclosan 0.5% should be phased out from all
healthcare and laboratory formularies.

KEYWORDS: Antiseptic formulation; isopropyl alcohol; chlorhexidine gluconate; triclosan;
minimum inhibitory concentration; minimum bactericidal concentration; zone of inhibition;

multidrug resistance; formulary rationalisation; antiseptic stewardship.

1. INTRODUCTION

Walk into any hospital ward, clinical laboratory, or outpatient facility in India and you will
almost certainly find a hand hygiene dispenser on the wall. What you are far less likely to
find is documented evidence that the product inside it was selected on the basis of its proven
efficacy against the bacteria circulating in that setting. Antiseptic formulations are routinely
procured on grounds of cost, familiarity, or vendor availability-not on comparative

microbiological data.

This matters because the active ingredient-not the brand name or the colour of the bottle-is
what determines whether a hand hygiene product actually kills bacteria. IPA 70% v/v acts by
physically denaturing proteins and dissolving the lipid bilayer of the bacterial cell membrane.
Because this is a non-specific physical attack with no discrete molecular target, bacteria have

no straightforward genetic route to resistance-a critical practical advantage.[*?

CHG 4% wi/v works differently. It binds electrostatically to the bacterial cell membrane and
disrupts it progressively, with the added benefit of residual skin adherence that sustains
antimicrobial activity after application. These properties make it a valued agent in surgical

antisepsis. The concern, however, is that a subset of bacteria-MRSA foremost among them-

www.wipr.net | Vol 15, Issue 12,2026. |  1SO 9001: 2015 Certified Journal | 1721



Richa et al. World Journal of Pharmaceutical Research

carry gacA/B efflux pump genes that actively expel CHG molecules from the cell before a

lethal intracellular concentration is reached.®*

Triclosan 0.5% occupies a different category altogether. It targets a single enzyme-Fabl
(enoyl-acyl carrier protein reductase)-in the bacterial fatty acid synthesis pathway. This
specificity is exactly what makes it vulnerable: a single point mutation in fabl, or co-
expression of existing antibiotic efflux pumps such as MexCD-OprJ in P. aeruginosa, is
sufficient to confer meaningful resistance. In effect, triclosan behaves more like an antibiotic
than a classical biocide.*

These mechanistic differences would matter less if the organisms encountered in Indian
healthcare settings were predominantly susceptible strains. They are not. MRSA now
accounts for 30-40% of clinical S. aureus isolates nationally; ESBL-producing K.
pneumoniae constitutes 55-62% of isolates at tertiary centres; and roughly 35% of P.
aeruginosa isolates meet criteria for multidrug resistance (ICMR, 2022).12"%! Against this
background, the question is not merely academic: which hand hygiene products stocked in

Indian institutions actually kill the bacteria causing infections there?

The present study was designed to answer that question directly. We compared the in vitro
antimicrobial activity of four formulations-IPA 70%, CHG 4%, triclosan 0.5%, and plain
soap-across a panel of phenotypically characterised resistant and susceptible clinical isolates,
using ZOl, MIC, and MBC as complementary endpoints, with the goal of providing

actionable, evidence-based guidance for institutional antiseptic formulary decisions.

2. MATERIALS AND METHODS

2.1 Ethics and Regulatory Compliance

This was a purely in vitro study conducted on de-identified archived clinical bacterial
isolates; no patients were recruited and no new clinical samples were collected. Institutional

biosafety precautions were observed throughout the studies.

2.2 Test Formulations
Four hand hygiene preparations were selected to represent the range of products routinely
stocked in Indian hospitals and diagnostic laboratories (Table 1). These were: IPA 70% vl/v,

CHG 4% wl/v, triclosan 0.5% soap, and plain (non-antimicrobial) soap as a negative control.
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Table 1: Test formulations: active ingredient, mechanism of action, and preparation

method.
Formulation API (US(.:' Mechanism of Action Preparation
Concentration)
Isopropyl alcohol Eerﬂt(:rllgrﬂzrr]:;lggtilsﬁﬂp?t?gn Analytical-grade IPA
IPA 70% v/v . . . diluted to 70% v/v in
70% viv (physical kill-no specific A
sterile distilled water
molecular target)
- Electrostatic binding to Commercial CHG 4%
Chlorhexidine . _ . L _
CHG 4% w/v bacterial cell membrane; solution (Himedia/Sigma);
gluconate 4% wi/v . . \
residual skin adherence used undiluted
Triclosan Triclosan 0.5% Inhibits Fabl (en(_)yI-ACP Commercial gntlbacte:rlal
reductase), blocking fatty | soap (0.5% triclosan);
0.5% soap wiv ; . .
acid synthesis used undiluted
. Surfactant only-mechanical | Non-antimicrobial soap
Plain soap I no di - used
(control) None removal; no direct (pH_5.5—7.0), use
antimicrobial activity undiluted

2.3 Test Organisms

The test panel comprised 33 organisms in total: 29 clinical isolates and 4 ATCC reference

strains included for quality control (Table 2). Clinical isolates were sourced from archived

stocks held at a private clinical laboratory and had been previously characterised during

routine diagnostic work. Working cultures were prepared from glycerol stocks (—80°C) on

Blood Agar, with passage number kept to <3 under BSL-2 conditions. Species-level

identification was confirmed by VITEK 2 Compact automated identification (BioMérieux;

confidence threshold >91%). Resistance phenotypes were confirmed using validated criteria:
MRSA was identified by cefoxitin disc testing (CLSI M100-ED33:2023) combined with
oxacillin MIC determination; ESBL production was confirmed by the Double-Disc Synergy
Test (DDST); and MDR was defined using the Magiorakos et al. (2012) criteria, requiring

non-susceptibility in at least three antimicrobial categories.™

Table 2: Test organism panel: species, phenotype, resistance confirmation, and

rationale.
Organism Phenotype | n | Resistance Confirmation Rationale
Cefoxitin zone >22 mm; Susceptible comparator for
S aureus MSSA 4 | Oxacillin MIC <025 ug/ml | MRSA
Cefoxitin zone 10-14 mm; Major resistant gram-
S. aureus MRSA 3 Oxacillin MIC >8 ng/ml positive; CHG tolerance risk
K_pneumoniae | Suscetible | 3 CTX zone 28-32 mm; no Susceptible gram-negative
P P DDST enhancement comparator
K. pneumoniae ESBL- 3 CTX zone 12-16 mm; DDST | Plasmid-mediated
P producing enhancement 12-13 mm resistance; high clinical
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impact
. . CTX zone 26-30 mm; no .
E. coli Susceptible DDST enhancement Susceptible comparator
. ESBL- CTX zone 13-16 mm; DDST | Most common ESBL
E. coli . . - i
producing enhancement 8-10 mm producer in Indian settings
. . PIP-TAZ zone 22-24 mm; Intrinsically resistant
P. aeruginosa | Susceptible .
Imipenem zone 24—26 mm comparator
Non-susceptible in >3
P. aeruginosa | MDR categories; Imipenem Highest-risk gram-negative
intermediate
E. faecalis Susceptible Vancc_)mycm sensitive; HLGR Blofl_lm-formlng gram-
negative positive
ATCC I
Within CLSI M100- _—
;te:girre];\ce QC (4 spp.) ED33:2023 QC ranges Method validation

2.4 Zone of Inhibition Testing

ZOl testing was performed on Mueller-Hinton Agar (MHA; pH 7.2-7.4; standardised depth
of 4 mm). Plates were inoculated using a 0.5 McFarland suspension (absorbance 0.08-0.13 at
625 nm) applied by the three-direction swabbing technique. Sterile 6 mm filter paper discs
were each loaded with 20 pl of the respective test formulation and placed at equidistant
positions on the inoculated agar surface. After a 15-minute drying period, plates were
incubated at 35 + 2°C for 18-24 hours. ZOI diameters were measured to the nearest 0.5 mm
in reflected light using calibrated callipers. Every formulation—organism combination was
tested in triplicate across three independent experimental days, and results are reported as
mean + SD. Activity was graded using the scheme proposed by Kampf (2018): 0 mm = no

activity; 1-10 mm = weak; 11-20 mm = moderate; >20 mm = strong.

2.5 MIC Determination

MIC values were determined by the broth microdilution method (CLSI M07:2024) in Cation-
Adjusted Mueller-Hinton Broth (CAMHB) using 96-well microtitre plates. Two-fold serial
dilutions were prepared across the following concentration ranges: IPA 70-10% v/v; CHG 4-
0.125% w/v; triclosan 0.5-0.03% w/v. Each well was inoculated to a final density of 5 x 10°
CFU/ml and incubated at 35 + 2°C for 18-20 hours. The MIC was defined as the lowest
concentration at which no visible turbidity was observed. ATCC quality control strains were

included on every plate to verify assay performance.
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2.6 MBC Determination

Following MIC reading, 10 pl was sub-cultured from each turbidity-free well onto Blood
Agar and incubated at 37°C for 48 hours. The MBC was defined as the lowest concentration
achieving a >99.9% reduction in viable count (>3 log;o CFU/mI) relative to the starting
inoculum, following the convention of Pankey and Sabath (2004).*! An MBC:MIC ratio of
< 4 was used as the threshold for bactericidal classification; ratios > 4 were classified as

bacteriostatic.

2.7 Statistical Analysis

Inter-formulation differences in ZOl were assessed by one-way ANOVA followed by
Tukey's honestly significant difference (HSD) post-hoc test. Differences in ZOI between
susceptible and resistant isolate pairs for each formulation were evaluated using independent
samples t-tests. The interaction between formulation type and organism resistance phenotype
on ZOI was examined by two-way ANOVA. The relationship between CHG MIC and CHG
ZOl across the isolate panel was assessed by Pearson's product-moment correlation (two-
tailed; o = 0.05). All statistical analyses were performed using IBM SPSS Statistics version

26.0. All data are presented as mean + standard deviation.

3. RESULTS AND DISCUSSION

3.1 Overall Ranking of Formulations

The most striking finding of this study is how consistently IPA 70% outperformed every
other formulation across every organism tested. A clear, reproducible hierarchy emerged
across all 33 isolates: IPA 70% > CHG 4% > triclosan 0.5% > plain soap. One-way ANOVA
confirmed that these differences were not due to chance (F[3,128] = 187.4, p < 0.001), and
Tukey's HSD post-hoc testing established that every pairwise comparison was independently
significant (p < 0.001). Plain soap, as expected, produced a ZOI of zero against every
organism tested-a reminder that its role is physical removal of contamination, not
antimicrobial killing. Representative disc diffusion plates for all four key organisms are

shown in Figures 1-4.
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Table 3: Mean zone of inhibition (mm £ SD) for four antiseptic formulations against all

test organisms. *p < 0.001 vs. susceptible counterpart (independent samples t-test).

Organism (Phenotype) IPA 70% CHG 4% Triclosan | Plain Soap
(mm) (mm) 0.5% (mm) (mm)
S. aureus MSSA (n=4) 260+21 | 22417 13.9+1.3 0
S. aureus MRSA (n=3)* 241+21 | 111+1.7* | 10.0+1.3* 0
K. pneumoniae Susceptible (n=3) | 22.1+17 | 144+13 106+1.1 0
K. pneumoniae ESBL (n=3)* 21.0+19 | 104+15* | 82+13* 0
E. coli Susceptible (n=4) 23.1+19 | 155+1.3 119+ 1.5 0
E. coli ESBL (n=4)* 211+21 | 121+£1.7* | 93+1.1* 0
P. aeruginosa Susceptible (n=3) | 20.1+19 | 10.6+1.3 82+11 0
P. aeruginosa MDR (n=3)* 184+21 | 6.2+1.3* 52+1.1* 0
E. faecalis Susceptible (n=2) 24.0+19 | 204+15 126+1.3 0
ATCC QC (n=4), mean 248+21 | 186+5.2 12.8+2.7 0
Overall mean 221+23 | 144+438 10.1+£24 0

IPA 70%

A

-

Triclo 0.5%

Plain'soap

CHG 4%

A dumm

Fig. 1: Disc diffusion plate showing zones of inhibition (ZOI) of four antiseptic

formulations against methicillin-resistant Staphylococcus aureus (MRSA) on Mueller-
Hinton Agar after 18-24 h at 35 = 2°C. IPA 70% = 24.1 mm; CHG 4% = 11.1 mm;

Triclosan 0.5% = 10.0 mm; Plain soap = 0 mm (no zone). Disc diameter = 6 mm.
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Fig. 2: Disc diffusion plate showing ZOIl of four antiseptic formulations against
multidrug-resistant Pseudomonas aeruginosa (MDR P. aeruginosa) on Mueller-Hinton
Agar after 18-24 h at 35 + 2°C. IPA 70% = 18.4 mm; CHG 4% = 6.2 mm; Triclosan
0.5% = 5.2 mm; Plain soap = 0 mm. Note markedly reduced CHG and triclosan zones
compared to Fig. 1, consistent with MDR phenotype. Disc diameter = 6 mm.

3.2 MIC, MBC, and Bactericidal Classification
Table 4: MIC, MBC, and bactericidal classification for four formulations against

susceptible and resistant organisms.

Formulation Organism MIC MBC | MBC:MIC | Bactericidal?
(Phenotype)
MSSA /MRSA/All | 40-55% | 40-55% YES-all
0,
IPA 70% MDR v/iv viv 1 phenotypes
. 0.25- 0.5~
CHG 4% Susceptible (all spp.) 1.0% 2 0% <2 YES
4% (= No kill NO-tolerance
0,
CHG 4% MRSA use conc.) | at4% >4 confirmed
CHG 4% MDR P. aeruginosa >4% No kill >4 NO
ESBL No kill
0, 0
CHG 4% Enterobacteriaceae 2% at 4% >4 NO
Triclosan Sus_cc_aptlble gram- 0.25% 1% 4 Borderline
0.5% positives
Triclosan . 0.5% (= .
0.5% All MDR organisms use conc.) No Kill >4 NO
Plain soap | All organisms None None N/A NO
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Fig. 3: Disc diffusion plate showing ZOI of four antiseptic formulations against ESBL -
producing Escherichia coli on Mueller-Hinton Agar after 18-24 h at 35 + 2°C. IPA 70%
= 21.1 mm; CHG 4% = 12.1 mm; Triclosan 0.5% = 9.3 mm; Plain soap = 0 mm. Disc

diameter = 6 mm.

3.3 Effect of Bacterial Resistance on Each Antiseptic

Perhaps the most clinically important finding in this study is that resistance does not affect all
antiseptics equally. Two-way ANOVA revealed a highly significant interaction between
formulation type and resistance phenotype on ZOI (F[3,124] = 14.2, p < 0.001)-in other
words, the magnitude of the performance penalty imposed by MDR status depended critically
on which formulation was being used (Table 5). As the plate photographs in Figures 1-3
visually demonstrate, the ZOIl reduction in MDR and ESBL organisms is far more

pronounced for CHG and triclosan than for IPA.
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Table 5: Formulation-dependent ZOI reduction in MDR versus susceptible organisms.

Formulation (API) Overall Mean | MDR Mean | % Reducti_on vs. | Bactericidal
ZOIl (mm) ZOIl (mm) Susceptible vs. MDR?

YT

;nggl)/" (isopropy! 221+23 | 208+22 | 14% | (p<0.05) | YES

CHG 4%

(chlorhexidine 144+438 8.6+24 40% | (p <0.001) | NO

gluconate)

Triclosan 0.5% 10.1+2.4 76+1.6 25% | (p <0.001) | NO

Plain soap (no API) 0 0 N/A NO

3.4 Mechanistic Explanation for Differential Performance

IPA 70% owes its reliability to the brutally non-specific nature of its killing mechanism.
Alcohol denatures proteins and dissolves the lipid bilayer of the bacterial cell membrane
through physical chemistry-a process that requires no receptor, no specific binding site, and
no molecular target that could be mutated away. The modest 14% ZOI reduction seen in
MDR isolates is attributable to minor differences in cell wall composition, not acquired

resistance.>*?

CHG 4% presents a more complicated picture. When it works, it works well-but in MRSA, it
demonstrably does not always work at the use concentration. The 40% ZOI reduction in
MDR organisms is mechanistically explained by gacA/B-mediated efflux: pump proteins
encoded by these plasmid-borne genes actively transport CHG out of the bacterial cell,
preventing lethal intracellular accumulation.?”?! This study found a strong negative
correlation between CHG MIC and CHG ZOI across the panel (r = —0.78; 95% CI —0.88 to
—0.62; p < 0.001)-the higher the MIC, the smaller the zone, exactly as the efflux hypothesis
predicts. Critically, in all three MRSA isolates tested, the CHG MIC equalled or exceeded the
product's use concentration of 4% wi/v, meaning the formulation could inhibit but not kill-a
clinically meaningful failure mode that would not be apparent without comparative testing.!*"!
Triclosan 0.5% performed least reliably against MDR organisms, showing a 25% ZOlI
reduction. The underlying mechanism-fabl mutation combined with cross-resistance via pre-
existing antibiotic efflux pumps such as MexCD-OprJ in P. aeruginosa-is exactly what one
would predict from an agent whose mechanism of action resembles that of an antibiotic.!**!
The data from this study reinforce what the literature has long suggested: triclosan should be
treated as clinically obsolete for healthcare and laboratory hand hygiene applications,

particularly in settings where MDR organisms circulate.
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Fig. 4: Disc diffusion plate showing ZOIl of four antiseptic formulations against

susceptible Enterococcus faecalis on Mueller-Hinton Agar after 18-24 h at 35 = 2°C.

IPA 70% = 24.0 mm; CHG 4% = 20.4 mm (note large zone, nearly equivalent to IPA,

contrasting sharply with CHG performance against MRSA in Fig. 1); Triclosan 0.5% =

12.6 mm; Plain soap = 0 mm. Disc diameter = 6 mm.

3.5 Practical Formulary Recommendations

Table 6: Evidence-based antiseptic formulary recommendations based on MIC, MBC,

and ZOl data.
Formulation Recommendation Evidence Level | Action
First-line hand hygiene Stock at all hand hygiene
IPA 70% viv agent-all clinical STRONG stations; replace CHG and
settings triclosan for routine use
Second-line-surgical Retain in surgical
CHG 4% w/v | hand scrub and MODERATE formulary; remove from
vascular access only general-ward dispensers
Triclosan 0.5% Discor_mti_nue-no_ _ _Stop procurement _
s0ap ' bactericidal activity vs. CONDITIONAL | immediately; replace with
MDR organisms IPA 70%
Retain for visibly Keep at stations alongside
Plain soap soiled hands prior to STRONG IPA 70%; not a

IPA 70% application

standalone antiseptic

www.wipr.net | Vol 15, Issue 12,2026. |  1SO 9001: 2015 Certified Journal | 1730 J




Richa et al. World Journal of Pharmaceutical Research

3.6 Limitations

Several limitations of this study deserve acknowledgement. First, in vitro ZOI and MIC data
cannot be directly extrapolated to predict in vivo hand decontamination efficacy, where
additional variables-contact time, formulation excipients, organic load, skin pH, and
application technique-all influence outcome. Second, resistance phenotyping in this study
was entirely phenotypic; while the methods used are well-validated, molecular confirmation
of mecA, bla-CTX-M, and gacA/B by PCR would add an important layer of mechanistic
certainty and is planned for follow-on work. Third, the clinical isolate panel (n = 29) limits
statistical power for subgroup-level comparisons. Fourth, time-kill Kinetics at standardised
contact times-the timeframe most directly relevant to actual hand hygiene practice-would
substantially strengthen the translational relevance of these findings and represent the logical
next step for this research programme.

4. CONCLUSION

This study set out to ask a straightforward practical question-which hand hygiene products
reliably kill the drug-resistant bacteria circulating in Indian healthcare settings?-and the
answer is unambiguous: IPA 70% does, and the others do not always. IPA was the only
formulation that achieved bactericidal activity (MBC:MIC < 2) against every single isolate
tested, including all MDR phenotypes, and it did so consistently. It should be the first-choice

hand hygiene agent in institutional formularies.

CHG 4% retains a legitimate role in surgical hand antisepsis, where its residual activity and
proven clinical impact justify its use. However, the data presented here make a strong case for
removing it as the default hand rub in general wards and diagnostic laboratories where
MRSA and MDR P. aeruginosa are endemic. The finding that CHG MIC equalled its use
concentration in all three MRSA isolates-meaning the product inhibits but does not kill at the
deployed concentration-is precisely the kind of evidence that routine procurement decisions

miss.

Triclosan 0.5% soap has no defensible role in healthcare hand hygiene any longer. It failed to
achieve bactericidal activity against any MDR organism at its use concentration, its
mechanism is inherently vulnerable to the same efflux pumps that drive antibiotic resistance,
and its continued procurement adds selective pressure without providing reliable protection.

Institutions that still stock it should replace it with IPA 70%. We hope these findings

www.wipr.net | Vol 15, Issue 12,2026. |  1SO 9001: 2015 Certified Journal | 1731



Richa et al. World Journal of Pharmaceutical Research

contribute to a shift-still overdue in many Indian institutions-from habit-driven antiseptic

purchasing towards evidence-based formulary management.
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