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The Puzzle of Volume, Coverage, and
Application Time in Hand Disinfection

To the Editor—Pires et al1 provide some interesting data and
suggest that using 3mL hand rub and rubbing the volume into
both hands for either 15 or 30 seconds yields a similar bacterial
reduction on healthcare worker (HCW) hands. Although
they did not look at the coverage of both hands after 15 or
30 seconds (eg, with a fluorescent dye), the data nevertheless
suggest that once the hand rub is fairly distributed to both
hands within 15 seconds, further rubbing does not add to the
overall efficacy of 60% isopropanol.

The general application of 3mL, however, deserves further
consideration. Based on data from France, the use of 3mL is
regarded by 99.8% of HCW as sufficient for complete hand
coverage.2 At the same time, all studies indicate that on
regular hands the application of 3mL keeps hands moist for
more than 30 seconds,3,4 sometimes even for 60 seconds.2 The
other side of this correlation is that an HCW will require a
volume between 1.7 and 2.1mL depending on the type of hand
rub3 if hands are to remain moist for 30 seconds. If the setting
used by Pires et al with 3mL per application for a 15-second
duration were transferred into clinical practice, hands would still
be moist after 15 seconds and would need to dry during the next
15–45 seconds before further patient care activities. What would
an HCW be able to do during the drying time? Also, having

alcohol-moist hands can result in burns because static electricity
may cause ignition of the vapor from the hand rub, although this
is extremely uncommon.
The goal certainly remains to make hand hygiene easier

for augmented compliance especially in hospital units withmany
indications per healthcare worker and per shift.5 But how can
this goal be achieved? If hands are rubbed until dry and shorter
application times are desired, smaller volumes per application
will be needed on average size hands, (eg, 1.5 or 2mL). A volume
of 1.5mL is considered sufficient for hand coverage by 95.8% of
HCWs, and a volume of 2mL is considered sufficient by 98.5%.2

A volume of ~2mL would also be acceptable to users.6 Average-
sized hands are dry after ~30 seconds. But based on efficacy data
obtained with European Standard EN 1500, these volumes
usually fail the EN 1500 efficacy requirement with mean log10
reductions between 3.05 and 4.03.3,4

Healthcare workers will certainly welcome shorter but
equally effective hand disinfection. Recommending a smaller
volume, however, should be assured from various viewpoints.
This new volume should ensure coverage of both hands; this
technique should be easy to perform and be effective on
small and large hands. Coverage of hands can quite easily be
measured with a fluorescent dye. At the same time, the sim-
plicity of the rub-in technique can be evaluated. These mea-
surements could provide the basis for testing the efficacy of
such a change (eg, according to EN 1500).
It may be time to review some parameters of current efficacy

testing standards. Hand size currently has no place in EN 1500.
Why not have 3 subgroups of subjects with small, medium,
and large hands, respectively? A proposal for hand-size classi-
fication has been made already.7 Each participant would
initially have to determine how much volume is necessary to
keep both hands wet (eg, for 20 or 30 seconds), resulting in a
specific test volume per subject and application time. This
volume would later be used for efficacy testing against the
reference procedure. A second parameter for review may be
the type of contamination in EN 1500. Having half of the
hands in an Escherichia coli broth is associated with a high
organic load on both hands. If the broth contained a black
dye, hands would probably be classified as “visibly soiled”
and should be washed instead of treated with a hand rub.8

A different type of contamination with a high inoculum but a
substantially lower amount of organic load may better
resemble clinical practice9; it may even show that 2mL of a
hand rub is very effective.
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Understanding the β-Lactam/Inhibitor
of β-Lactamase Combinations: Reassessment
for Better Antimicrobial Stewardship

To the Editor—The β-lactamases are plasmid-encoded or
chromosomally encoded enzymes that hydrolyze β-lactam
antibiotics. Those that are plasmid-mediated can be rapidly
transferred between bacterial genera and can put in check
the successful use of β-lactam agents. The β-lactam/inhibitor of
β-lactamase (BL/IBL) combinations are a class of agents with
proven success in treating infections caused by bacteria produ-
cing β-lactamases, mostly the conventional-spectrum enzymes.1

The prevalence of gram-negative bacteria resistant to
broad-spectrum β-lactams has increased alarmingly in past
decades, including those extended-spectrum β-lactamase (ESBL)–
producing organisms with poorer clinical outcomes than more
susceptible organisms.2

Unequivocally, carbapenems have a relatively high clinical
success rate among patients infected with ESBL-producing
organisms.3 However, indiscriminate carbapenem use has
contributed to the increased emergence of carbapenem-resistant
Enterobacteriaceae (CRE).4

Because it is crucially important to conserve the usefulness of
carbapenems in the era of antimicrobial resistance, a survey was
conducted to monitor the contemporary crude prevalence of
resistance rates for BL/IBL combinations against Escherichia coli,
Klebsiella, and Proteus species displaying a conventional or ESBL-
enzyme spectrum, including those presenting a carbapenem-
resistance profile but not a carbapenemase production relation.
Enterobacterial isolates were recovered from inpatients between

January 1 and December 26, 2016, at a tertiary hospital in
Porto Alegre, Southern Brazil. Escherichia coli, Klebsiella, and
Proteus species were selected because other minor prevalent
enterobacterial species such as Enterobacter, Providencia, Serratia,
and Citrobacter freundii have an intrinsic resistance to amoxicillin/
clavulanate. Biochemical tests using a MicroScan automated
system (Beckman Coulter, Brea, CA) were used to identify E. coli,
Klebsiella, and Proteus species and to determine their resistance
rates to amoxicillin/clavulanate (AMC), ampicillin/sulbactam
(SAM), and piperacillin/tazobactam (TZP). All selected enter-
obacterial isolates were confirmed for the presence of an ESBL
enzyme using a synergistic test applying clavulanic acid, as
previously described.2 Isolates with reduced susceptibility to
any carbapenem agent were tested using a synergistic test
applying phenyl-boronic acid and ethylenediaminetetraacetic acid
to detect Klebsiella pneumoniae carbapenemase (KPC) and
metallo-β-lactamase enzyme, in that order. Only CRE isolates
with a negative result for any carbapenemase were included in
this study.
A total of 942 isolates were included in this survey; 878

isolates (93.2%) had a community profile: 441 E. coli (50.2%);
213 Proteus mirabilis (24.3%); 210 K. pneumoniae (23.9%);
and 14 K. oxytoca (1.6%). In addition, 62 isolates (6.6%) had
an ESBL-producing spectrum: 53 K. pneumoniae (85.5%),
8 E. coli (12.9%); and 1 P. mirabilis (1.6%). Only 2 isolates
(0.2%), K. pneumoniae, and E. coli, had a carbapenem-resistance
profile. Of these isolates, 591 (62.7%) were recovered from
urine, 174 (18.5%) were recovered from blood, 92 (9.8%)
were recovered from respiratory secretions, 19 (2%) were
recovered from catheter tip, and 66 (7%) were recovered from
elsewhere.
Resistance rates to AMC, SAM, and TZP for each categorized

group (community-based, ESBL-producing, or CRE profile) are
shown in Table 1. Overall, among the BL/IBL combinations, TZP
was the most active combination (14.6% of resistance rate),
followed by AMC (32.3% of resistance rate) and SAM (51.9% of
resistance rate). The greatest potency of activity was shown by TZP
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