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Abstract :

Introduction-Chemical substances with antiseptic, disinfectant, and/or preservative activity have been defined
as biocides. Chlorhexidine (CHX) is a biguanide compound, widely used in a clinical practice as a skin and
mucous membrane antiseptic and disinfectant. However, bacterial resistance to CHX has been detected but
there is a lack of simple method for routine testing of CHX susceptibility. Increasing frequency of hospital
infection leads to overuse and pressure of biocides, similarly to antibiotics. The linkage between bacterial
resistance and the use of biocides has been suggested.

Objective- Detection of decreased CHX susceptibility of clinical isolates from different wards in association
with drug resistance pattern of these isolates.

Materials And Methods: The clinical isolates were isolated from various clinical samples obtained from wards
and ICU. The MIC of chlorhexidine digluconate for all clinical isolates was determined as per CLSI guideline
and antibiotic resistance pattern was noted.

Results- Among 235 isolates 47 showed MIC of >256 g/ml and these isolates showed statistically significant
(P value < 0.05) association between decreased susceptibility to CHX and resistance to sulfamethoxazole-
trimethoprim, cephalosporin, carbapenem, aminoglycoside, penicillin with g lactamase inhibitors group of
antibiotics. Thirty one isolates with MIC > 512 mg/L showed statistically significant (P value < 0.05)
association between decreased susceptibility to CHX and resistance to Sulfamethoxazole-trimethoprim,
carbapenems and aminoglycoside group of antibiotics

Conclusion- This study raises an important question whether the indiscriminate use of CHX in hospital settings
might select the multi-drug resistant organisms to be the predominant flora in the hands of health care
providers which in turn might be transmitted to the patient. Especially in view of the fact that biocides when
used on the unclean and wet surfaces might itself promote the development of CHX resistance. Thus this study
highlights the point that CHX resistance might itself trigger antibiotic resistance.
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I.  Introduction

Disinfectants are chemical agents used to kill microorganisms on surfaces or in order to eliminate them
from the environment. The chemical agents, which have been used to prevent or limit microbial infection on the
skin, are called antiseptic or topical antimicrobial. There are chemical agents that have been used as
preservatives against microbial contamination by adding them into pharmaceuticals, cosmetics, and other
products. Chemical substances with antiseptic, disinfectant, and/or preservative activity have been defined as
biocides. ® CHX , a cationic bis-biguanide biocide with low mammalian toxicity and broad-spectrum
antibacterial activity, was first described in 1954."°! The primary mechanism of action of this biocide is
membrane disruption, concentration-dependent growth inhibition and cell death.’! Secondary interactions
causing inhibition of proteolytic and glycosidic enzymes.")

CHX is widely used in clinical practice as a skin and mucous membrane antiseptic and disinfectant.
The effectiveness of CHX in preventing growth of bacterial pathogens may vary with different organisms.®®
Concomitant antibiotic and biocide resistance have been previously reported in both Gram-negative and Gram-
positive bacteria.">*] However, bacterial resistance to CHX has been detected but there is a lack of simple
method for routine testing of CHX susceptibility.
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Increasing frequency of hospital infection leads to overuse and pressure of biocides, similarly to
antibiotics. The linkage between bacterial resistance and the use of biocides has been suggested. Resistance or
insusceptibility to biocides can be either intrinsic, as a result of natural characteristics of microorganisms, or it
can be acquired. Acquired resistance to biocides may arise from mutation and horizontal transfer of genetic
material such as plasmids or transposons. > Efflux pumps are common mechanisms of acquired resistance to
chlorhexidine digluconate. By this mechanism, other chemical substances are also excluded from the cell, which
can therefore also lead to resistance to antibiotics 8],

Low-level plasmid-mediated resistance to cationic biocides such as CHX has been observed in
antibiotic-resistant strains %% 2! ‘and it has been postulated that strains in which gac genes are present might
have enhanced survival in the clinical environment. Extensive use of cationic biocides could lead to the
selection of clinical isolates showing resistance to both antibiotics and biocides > % but the clinical relevance
of this possibility remains contentious 4,

It has been proposed that intrinsic resistance in gram-negative bacteria is of greater significance than
plasmid-mediated resistance. '“* Resistance to both antibiotics and biocides in gram negative organisms is more
likely where less specific mechanisms are involved, e.g., the outer membrane may act as a nonspecific exclusion
blanket thereby preventing the uptake of chemically unrelated molecules. ?*?2% There have, however, been
some instances where biocides have been claimed to select for resistant gram-negative bacteria. It was proposed
that the widespread use of CHX was responsible for selecting antibiotic-resistant strains. !

Il.  Aims & Objectives
Detection of decreased chlorhexidine susceptibility of clinical isolates from different wards in
association with drug resistance pattern of these isolates.

I11.  Materials And Methods
The clinical isolates were isolated from various clinical samples obtained from wards and ICU. The
MIC of chlorhexidine digluconate for all clinical isolates was determined as per CLSI guideline and antibiotic
resistance pattern was noted.

IV. Result

Among 235 isolates 47(20 %) showed MIC of >256 pg/ml of which 33(70%) showed resistance to
levofloxacin, 42 (89%) showed resistance to cotrimoxazole, 33 (70%) showed resistance to imipenem, 44 (94%)
showed resistance to ceftriaxone, 34 (72%) showed resistance to amikacin, 38 (81%) showed resistance to
cefoperazone, 34 (72%) showed resistance to piperacilin-tazobactum, 26 (55%) showed resistance to aztreonum,
27 (57%) showed resistance to azithromycin, 28 (60%) showed resistance to meropenem, 28 (60%) showed
resistance to cefoperazone-sulbactum, 28 (60%) showed resistance to lomefloxacin, 29 (62%) showed resistance
to ticarcilin-clavulunic acid, 2 (4%) showed resistance to polymyxin B. Among 235 isolates 47 showed MIC of
>256 ug/ml, which included Acinetobacter spp- 16(34%), Pseudomonas spp- 11(23%), Klebsiella spp-
17(36%), Sphingomonas paucimobilis- 2(4%), Proteus mirabilis- 1(2%) depicted in Figure 1. These 47 isolates
showed statistically significant (P value < 0.05) association between decreased susceptibility to CHX and
resistance to sulfamethoxazole-trimethoprim, cephalosporin, carbapenem, aminoglycoside, penicillin with f
lactamase inhibitors group of antibiotics (Table 1).

Thirty one isolates showed MIC of >512 ug/ml which included Acinetobacter spp- 11(35.5%),
Pseudomonas spp- 7(23%), Klebsiella spp- 11(35.5%), Sphingomonas paucimobilis - 1(3%), Proteus mirabilis-
1(3%), which has been depicted in Figure 2. These 31 isolates showed statistically significant (P value < 0.05)
association between decreased susceptibility to CHX and resistance to Sulfamethoxazole-trimethoprim,
carbapenems and aminoglycoside group of antibiotics (Table 2).
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Figure 1: Bar diagram showing correlation between CHX resistance (>256mg/L)
and resistance to different antibiotics.
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Figure 2: Bar Diagram distribution of the isolates showing decreased susceptibility to CHX (> 512 mg/L)

Table 1: Statistically significant association between different antibiotics and CHX resistance (>256mg/L)

ANTIBIOTICS P VALUE ASSOCIATION
Levofloxacin 0.087 NO
Cotrimoxazole 0.017 SIGNIFICANT
Imipenem 0.000 SIGNIFICANT
Ceftriaxone 0.006 SIGNIFICANT
Amikacin 0.000 SIGNIFICANT
Cefoperazone 0.332 NO
Piperacillin-tazobactum 0.001 SIGNIFICANT
Aztreonum 0.300 NO
Azithromycin 1.000 NO
Meropenem 0.021 SIGNIFICANT
Cefoperazone-sulbactum 0.389 NO
Lomefloxacin 0.075 NO
Ticarcilin clavulinic acid 1.000 NO
Polymyxin-b 0.566 NO
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Table 2: Statistically significant association between different antibiotics and CHX resistance(>512mg/L)

Levofloxacin 0.843 NO
Cotrimoxazole 0.040 SIGNIFICANT
Imipenem 0.000 SIGNIFICANT
Ceftriaxone 0.096 NO
Amikacin 0.012 SIGNIFICANT
Cefoperazone 0.663 NO
Piperacillin-tazobactum 0.119 NO
Aztreonum 0.572 NO
Azithromycin 1.000 NO
Meropenem 0.160 NO
Cefoperazone-sulbactum 0.666 NO
Lomefloxacin 0.312 NO
Ticarcilin clavulinic acid 1.000 NO
Polymyxin-b 0.552 NO

V.  Discussion & Conclusion

The varying effect of CHX upon clinical isolates is of importance as it may mean that certain isolates
will have an ability to survive CHX treatment and that the use of biocides could act as a selective pressure to
allow these isolates to predominate. The alarming finding in this study is that there is a significant correlation
between the decreased susceptibility to Chlorhexidine (Table 1 &2) and resistance to various class of antibiotics.
The study shows that decreased susceptibility of >256 mg/L was associated with resistance to sulfamethoxazole-
trimethoprim, cephalosporin, carbapenem, aminoglycoside, penicillin with B lactamase inhibitors group of
antibiotics. In hospitals, the contact of bacteria with biocides at low concentrations can create selective pressure
for some isolates, similar to the sub inhibitory concentration effects of antibiotics. 2 13282

Thus, it appears that biocide concentration is a major factor in the development of bacterial resistance.
If the surface to be disinfected was not clean and yet to be dried after disinfection, if the disinfectant was
prepared at lower concentrations than in-use concentrations, and if the diluted disinfectant was kept longer than
suggested by the manufacturer, then a low concentration of biocide is in contact with the bacteria. * It has been
documented that sub inhibitory concentrations of chlorhexidine digluconate can cause a permanent increase in
MIC values of clinical isolates. ™ These findings emphasize the importance to clean surfaces first before
biocides are applied. It is thereby important to pay attention to possible biofilm formation in wet surfaces.

This study raises an important question whether the indiscriminate use of CHX in hospital settings
might select the multi-drug resistant organisms to be the predominant flora in the hands of health care providers
which in turn might be transmitted to the patient. Especially in view of the fact that biocides when used on the
unclean and wet surfaces might itself promote the development of CHX resistance. Thus this study highlights
the point that CHX resistance might itself trigger antibiotic resistance.
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