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A recent study reported enterococci that developed alcohol tolerance. We measured minimum inhibitory
concentrations (MICs) of isopropyl alcohol against 55 vancomycin-resistant Enterococcus faecium. We did not
find an increase in MICs when comparing the periods before and after the use of alcohol for hand hygiene in
a hospital, and we did not find a single isolate with a MIC higher than 11.5%. We consider alcohol to still be

an effective measure for hand antisepsis.
© 2019 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.

Enterococci are part of the normal gastrointestinal tract micro-
biota; however, they are currently important pathogens in health
care—associated infections, such as those related to intravascular
and urinary catheters.!” Health care—associated infections are a
global problem; bloodstream infections in the United States gener-
ate costs estimated at approximately $6.25 billion a year.> Washing
hands with soap and water is a good strategy to prevent these
infections, but the use of alcohol-based hand sanitizers containing
at least 60% alcohol has been a good alternative because washing
requires more time and sanitary facilities.*> Ethyl and isopropyl
alcohol have an inhibitory effect against Enterococcus spp even at
reported concentrations as low as 11%.° A recent report, however,
showed that some enterococci may be tolerant to alcohol at con-
centrations as high as 23%.” Therefore, the objective of the present
study was to determine whether exposure to alcohol used for
hand antisepsis has induced susceptibility changes to isopropyl
alcohol in strains of vancomycin-resistant Enterococcus faecium
(VRE) in a health care institution.

METHODS

We measured the minimum inhibitory concentration (MIC) of
isopropyl alcohol (Sigma-Aldrich; St. Louis, MO) against 55
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vancomycin-resistant E faecium clinical isolates. The strains were
isolated from patients hospitalized at a single hospital in Mexico,
the Instituto Nacional de Ciencias Medicas y Nutricion Salvador
Zubiran (INNSZ). At the INNSZ, the institutional policy for hand
cleaning was based on soap and water until 2009, when the use
of alcohol for hand antisepsis was formally implemented in all
areas of the hospital, concomitantly with the influenza A (HI1N1)
pandemic; the use of alcohol with 0.5% chlorhexidine was imple-
mented in 2012.

For the purposes of this study we selected VRE strains from 2
different periods: 1) before the systematized use of alcohol for
hand antisepsis (2002 and 2007), and 2) after alcohol hand anti-
sepsis was systematized at the INNSZ (2010 and 2018). The pro-
cedure was performed by microdilution in 96-well, round-bottom
plates (Corning; Corning, NY). The isolates were grown on sheep
blood agar plates with overnight incubation at 35°C. Subse-
quently, a suspension of 2 or 3 colonies in 0.9% saline was per-
formed until obtaining the turbidity of 0.5 McFarland (1.5 x 10®
CFU/mL), which was measured in a DensiCHEK Plus nephelometer
(Biomerieux; Durham, NC). Tubes were prepared with 10 mL of
BD Tryptic Soy Broth (BST) (Becton, Dickinson and Company;
Franklin Lakes, NJ) with the following final alcohol concentrations
(v/v): 36.8 mg/mL (46%), 18.4 mg/mL (23%), 9.2 mg/mL (11.5%),
4.6 mg/mL (5.75%), and 2.3 mg/mL (2.87%). In the wells, 100 uL of
the BST mixture were added to each of the concentrations of iso-
propyl alcohol to be tested, and then 10 L of each of the strains
diluted 1:20 in saline were added. A well with 100 uL of BST,
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Table 1
Clinical origin of strains of vancomycin-resistant Enterococcus faecium (vanA+) isolated
and tested against isopropyl alcohol

Specimen Frequency %

Urine 29 52.7
Abscess 6 10.9
Blood 5 9.1
Endotracheal aspirate 3 5.5
Biopsy 3 55
Ascites fluid 2 3.6
Other 7 12.7
Total 55 100

a well with isopropyl alcohol (92%), and a well with BST plus the
strain were included as controls for each strain tested.

The plates were incubated at 35°C for 18 to 24 hours, and the MICs
of each strain tested were read. The MIC was determined as the con-
centration at which 99.9% of the bacteria did not grow. An inferential
and correlational analysis for qualitative variables was performed
using the online software package VassarStats (http://vassarstats.
net). A Pvalue < .05 was considered significant.

RESULTS

A total of 55 strains of vancomycin-resistant E faecium were evalu-
ated. From these, 29 (52.7%) were isolated before the systematized

use of alcohol for hand antisepsis (2002 and 2007), and 26 (47.3%)
were isolated during the period when alcohol hand antisepsis was
systematized at the INNSZ (2010 and 2018). The strains were
obtained from different sources, as described in Table 1; most of
them (29, 52.7%) were isolated from urine, and 5 (9%) were isolated
from blood.

Overall, of the 55 strains studied, 12 (21.8%) had a MIC of 2.87%,
26 (47.3%) had a MIC of 5.75%, and 17 (30.9%) had a MIC of 11.5%.
When comparing the proportion of MICs identified among the iso-
lates from the 2 time frames (before and after the systematized use of
alcohol for hand antisepsis), there was no statistically significant dif-
ference (x? = 1.386; degrees of freedom = 2; P=.5). Figure 1 compares
the 2 periods related to the MICs identified for E faecium. The correla-
tion analysis between the periods of alcohol hand antisepsis and the
observed MICs showed a low correlation coefficient (Spearman’s rho)
of -0.105 (P=.387).

DISCUSSION

The present study found no significant increase in the MICs of
isopropyl alcohol for vancomycin-resistant E faecium strains when
comparing the period before and after the systematized use of alcohol
for hand hygiene in a medical institution. These results contrast with
those published by Pidot et al,” who reported that recent strains
of vancomycin-resistant E faecium (isolated from 2010 to 2015)
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Fig 1. Minimum inhibitory concentrations (MICs) of isopropyl alcohol against vancomycin-resistant Enterococcus faecium strains (vanA+) isolated in specific years before and after

the use of alcohol for hand antisepsis in a hospital.
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tolerated substantially higher concentrations of isopropyl alcohol, up
to 10 times more than strains isolated earlier (1997); the authors
hypothesized that the increased tolerance was a consequence of
adaptation of the organisms. Many journalistic notes based on these
conclusions followed, warning about a loss of efficacy of alcohol for
hand hygiene.® Our study has methodological differences, such as a
smaller sample size and a shorter period of exposure of Enterococci to
alcohol in a single institution. Thus, these studies may not be compa-
rable; however, we did not find a single isolate showing an isopropyl
alcohol MIC higher than 11.5% (post hoc statistical power [1 - 8]:
0.83), which is a strong observation, as hand antisepsis uses alcohol
concentrations at least 5 times higher (60%-70%).

These results are concordant with several reports in the literature
describing the sensitivity of VRE isolates to alcohol.®® Thus, based on
these reports and on our results, we consider that alcohol at the
appropriate concentrations should still be considered an effective
measure for hand antisepsis in healthcare institutions.

CONCLUSIONS

We did not find an increase in tolerance to isopropyl alcohol
among vancomycin-resistant E faecium isolated during 2 different
periods. We think that the use of alcohol is still an adequate measure
for hand hygiene in clinical environments, as it is used at concentra-
tions much higher than those that are required to inhibit the growth
in in vitro tests.
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