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IntroductIon

Reduced susceptibility to biocides is apparently increasing, but 
it is more likely to be low level in nature and to concentrations 
well below those used in hospitals.[1] Concerns about the 
resistance of Pseudomonas aeruginosa to cationic biocides 
were expressed 50 years ago, subsequent studies showing 
that many different types of bacteria could gradually become 
less susceptible to most biocides over long periods of 
time.[1] In a study conducted by Chapman in 1998, increased 
insusceptibility to many biocides, including quaternary 
ammonium compounds (QACs), chlorhexidine, phenolics, 
heavy metals and even aldehydes, such as glutaraldehyde, 
was demonstrated.[2]

Glycopeptide‑resistant enterococci (GRE) showing resistance to 
glycopeptide antibiotics such as vancomycin and/or teicoplanin 
have been reported from many parts of the world.[3] As these 
strains also exhibit ampicillin and high‑level aminoglycoside 
resistance, they cause some of the most dreaded infections 
that are often difficult to treat.[4] Furthermore, these colonized 
patients contaminate themselves as well as environment, 
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thereby having potential for transfer of GRE from environment 
to patients.[5,6] As GRE survives for long periods of time on dry 
surfaces, it is a successful environmental contaminant causing 
some outbreaks.[7,8]

Several studies have been conducted in the past dwelling 
into the subject of reduced susceptibility of GRE to 
biocides. In addition, the existence of a probable association 
between glycopeptide and biocide resistance has often been 
hypothesized. However, most of these studies were largely 
inconclusive. We hereby present a study with the aim of 
exploring the possibility of existence of an association between 
glycopeptide resistance and reduced susceptibility to biocides 
among Enterococcus spp.

patIents and Methods

A pilot study was conducted in a super‑speciality hospital 
situated in New Delhi, India, between June and November, 
2015. Fourteen isolates of Enterococcus spp. (which were 
identified up to genus level as per standard procedures)[9] 
were obtained from various clinical samples of inpatients 
such as pus, bile, drain fluids, cerebrospinal fluid, urine, 
blood, and central lines. These isolates were subjected to 
antibiotic susceptibility testing to the following antibiotics 
by modified Kirby‑Bauer disk diffusion method as per the 
Clinical and Laboratory Standards Institute Guidelines 2015: 
ampicillin (30 μg), high‑level gentamicin (gentamicin 120 μg), 
linezolid (30 μg), teicoplanin (30 μg), and vancomycin (30 μg). 
Based on the preliminary glycopeptide susceptibility results 
obtained by the aforementioned method, all the isolates 
were classified into two groups, namely glycopeptide 
sensitive and glycopeptide resistant (resistant to vancomycin 
and/or teicoplanin), respectively. Isolates belonging to both 
these groups were subjected to tube dilution method suggested 
by Mazzola et al.[10] for determining minimum inhibitory 
concentration (MIC) of three commonly used biocides in our 
hospital, namely, sodium hypochlorite (4% available chlorine), 
5% w/v povidone‑iodine (0.5% w/v available iodine), and 
absolute ethanol (99.9%), respectively. Minimum bactericidal 
concentration (MBC) of these disinfectants was determined 
by subculturing from each of these tubes on to blood agar 
plates, which were then incubated aerobically at 37°C for 24 h. 
The highest dilution of disinfectant at which no growth was 
obtained on blood agar plates was taken as MBC. Similar tests 
were also performed on ATCC Enterococcus faecalis 29212, 
which was used as the control strain.

results

Of the 14 isolates of Enterococcus spp., six were susceptible 
and eight were resistant to glycopeptide antibiotics. Of the 
eight glycopeptide‑resistant test isolates, seven exhibited 
resistance to both vancomycin and teicoplanin whereas 
one isolate was resistant to vancomycin but susceptible to 
teicoplanin. The susceptibility of glycopeptide‑sensitive and 
glycopeptide‑resistant test isolates to ampicillin, high‑level 

gentamicin, and linezolid has been shown in Table 1. 
The MIC and MBC results of glycopeptide‑sensitive and 
glycopeptide‑resistant test isolates and those of ATCC 
E. faecalis 29212 for the three commonly used biocides in 
our hospital have been depicted in Table 2 and summarized 
as follows:

Sodium hypochlorite (4% available chlorine)
Of the six test isolates belonging to glycopeptide‑sensitive 
group, three had higher MIC and MBC values and one isolate 
had higher MBC value but lower MIC value in comparison to 
those of the control strain. On the other hand, seven out of the 
eight glycopeptide‑resistant test isolates had the same MIC and 
MBC values and one isolate had higher MIC and MBC values 
as compared to those of the control strain.

5% w/v povidone‑iodine (0.5% w/v available iodine)
Two out of the six glycopeptide‑sensitive test isolates had 
higher MBC values when compared to that of the control strain. 
However, five of these test isolates had the same MIC values 
and one isolate had lower MIC value than that of the control 
strain. Among the glycopeptide‑resistant test isolates, four 
had higher MIC and MBC values, two had the same MIC and 
MBC values, and two had lower MIC and same MBC values 
in comparison to those of the control strain.

Absolute ethanol (99.9%)
None of the test isolates belonging to glycopeptide‑sensitive 
and glycopeptide‑resistant groups displayed higher MIC 
and/or MBC values when compared to those of the control 
strain.

dIscussIon

Enterococci are present as commensals in the gastrointestinal 
tract.[11] Their emergence as important nosocomial pathogens in 
the last two decades can be attributed to their resistance to many 
commonly used antimicrobial agents and ease with which they 
appear to attain and transfer resistant genes.[4] Glycopeptide 
resistance in enterococci was first reported by Uttley et al. 
in 1989 from Great Britain.[12] Faecal carriage of GRE is 
recognized to be frequently associated with serious clinical 
infection and it is likely that colonization of gastrointestinal 
tract occurs as a prelude to clinical infection.[4]

Table 1: Percentage susceptibility of glycopeptide‑sensitive 
and glycopeptide‑resistant test isolates for ampicillin, 
high‑level gentamicin, and linezolid

Antibiotic

Organisms

Ampicillin, 
n (%)

High‑level 
gentamicin, 

n (%)

Linezolid, 
n (%)

Glycopeptide‑sensitive 
Enterococcus spp.*

1 (16.7) 3 (50) 6 (100)

Glycopeptide‑resistant 
Enterococcus spp.**

2 (25) 2 (25) 7 (87.5)

*The total number of glycopeptide‑sensitive test isolates was six, **The 
total number of glycopeptide‑resistant test isolates was eight
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Biocide resistance has been a poorly studied subject, 
possibly due to the belief that such resistance is rare and 
clinically insignificant. Various recent findings, however, 
have underlined the importance of biocide resistance as a 
clinically relevant phenomenon. Outbreaks of biocide‑resistant 
organisms in hospitals have also been described.[13] In 
Staphylococcus aureus, genetic mechanism for resistance to 
QACs has been elucidated.[13] In addition, cross resistance 
between triclosan and antituberculous drugs has been 
demonstrated in certain strains of mycobacteria.[13] To the 
best of our knowledge, till date, no association has been 
established between glycopeptide resistance and reduced 
biocide susceptibility among Enterococcus spp.

Although preliminary, the biocide MIC and MBC results 
obtained in the present study provide an insight on this intricate 
issue. More number of glycopeptide‑sensitive strains exhibited 
reduced susceptibility to sodium hypochlorite (4% available 
chlorine) than glycopeptide‑resistant strains of enterococci. 
However, more number of glycopeptide‑resistant isolates 
exhibited lower susceptibility to 5% w/v povidone‑iodine 
than glycopeptide‑sensitive isolates of Enterococcus spp. Both 
glycopeptide‑sensitive and glycopeptide‑resistant enterococci 
were equally susceptible to absolute ethanol (99.9%).

In a study conducted by Anderson et al., it was observed 
that both glycopeptide‑sensitive and glycopeptide‑resistant 
enterococci were equally susceptible to a wide range of 
environmental disinfectants and had parallel inactivation rates 
when challenged with extended dilutions of these products.[14] 
Gina and Martin also concluded that there was no difference 
between glycopeptide‑sensitive and glycopeptide‑resistant 
strains of Enterococcus spp. in terms of MIC and time–kill 

studies for several different biocides.[15] In a study conducted by 
Fraise, the author observed that there was an intrinsic resistance 
to chemical agents among enterococci although no clear 
relationship between antimicrobial resistance and resistance 
to chemical agents could be established. In the same study, it 
was also observed that some strains of Methicillin‑resistant 
S. aureus which had intermediate resistance to glycopeptides 
were demonstrated to have decreased susceptibility to some 
biocides.[13] Although in consonance with all the aforementioned 
studies, the results obtained in our study are largely inconclusive. 
However, it seems that there is a possibility of an association 
between glycopeptide resistance and reduced susceptibility to 
5% w/v povidone‑iodine. In addition, the reduced susceptibility 
of more number of glycopeptide‑sensitive strains (as compared 
to glycopeptide‑resistant strains) of enterococci to sodium 
hypochlorite (4% available chlorine) is a matter which needs 
to be looked into. A plausible explanation for this aberrant 
finding could be that disc diffusion and automated methods of 
glycopeptide resistance detection in enterococci are a problem, 
especially for strains exhibiting lower levels of resistance.[16] 
Use of lower content (5 μg) discs may solve this problem 
to some extent. In the present study, since susceptibility to 
vancomycin was determined by modified Kirby‑Bauer disc 
diffusion method using 30 μg disc instead of 5 μg disc, it is 
possible that some of the strains expressing lower levels of 
vancomycin resistance might have been missed and therefore, 
wrongly classified as glycopeptide (vancomycin) sensitive.

conclusIons

Although not definite, this study points toward a possible 
association between glycopeptide resistance and reduced 

Table 2: Minimum inhibitory concentration and minimum bactericidal concentration results of glycopeptide‑sensitive and 
glycopeptide‑resistant test isolates in comparison to those of control strain for the three commonly used biocides in our 
hospital

Disinfectant

Organisms

Sodium hypochlorite 
(4% available chlorine)

5 w/v povidone‑iodine 
(0.5% w/v available iodine)

Absolute 
ethanol (99.9%)

MIC MBC MIC MBC MIC MBC
Glycopeptide‑sensitive 
Enterococcus spp.

1:16 1:16 1:08 1:08 1:04 1:04
1:16 1:16 1:08 1:08 1:08 1:04
1:32 1:32 1:08 1:04 1:08 1:04
1:16 1:16 1:08 1:08 1:04 1:04
1:32 1:32 1:16 1:04 1:16 1:08
1:32 1:16 1:08 1:08 1:04 1:04

Glycopeptide‑resistant 
Enterococcus spp.

1:32 1:32 1:16 1:08 1:08 1:04
1:32 1:32 1:08 1:04 1:08 1:08
1:32 1:32 1:08 1:04 1:04 1:04
1:16 1:16 1:16 1:08 1:08 1:04
1:32 1:32 1:08 1:04 1:08 1:04
1:32 1:32 1:08 1:04 1:08 1:02
1:32 1:32 1:08 1:08 1:08 1:04
1:32 1:32 1:08 1:08 1:08 1:04

ATCC Enterococcus 
faecalis 29212***

1:32 1:32 1:08 1:08 1:04 1:04

***Control strain. MIC: Minimum inhibitory concentration, MBC: Minimum bactericidal concentration
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susceptibility to 5% w/v povidone‑iodine among enterococci. 
A major drawback of this study was that the sample size was 
very small owing to which no tests of significance could be 
conducted to verify our observations. Furthermore, the use of 
modified Kirby‑Bauer disc diffusion method in our study for 
determining glycopeptide resistance and grouping enterococci 
into glycopeptide‑sensitive and glycopeptide‑resistant strains 
might have resulted in misclassification of these isolates, 
thereby leading to some perplexing findings. It seems that 
biocide resistance is an important issue and may have links with 
antibiotic resistance. If biocide resistance becomes increasingly 
common and it is associated with resistance to antimicrobial 
agents, this could have an impact on increasing the number 
of untreatable human infections. More studies should be 
conducted to further explore this supposedly enigmatic issue.
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