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Objectives: The hospital water environment is an important reservoir of multidrug-resistant organisms
(MDROs) and presents a risk for patient safety. We assessed the effectiveness of thermal and chemical
interventions on sinks contaminated with MDRO in the hospital setting.
Methods: We conducted a cross-sectional assessment of MDRO contamination of sinks and toilets in 26
clinical wards of a tertiary care hospital. MDRO-contaminated sink traps were then replaced and ran-
domized (1:1:1) to receive chemical (sodium hypochlorite), thermal disinfection (steam), or no inter-
vention. Interventions were repeated weekly for 4 weeks. Sinks were resampled 7 days after the last
intervention. The primary outcome was the proportion of decontaminated sinks. MDROs of interest were
extended spectrum beta-lactamase (ESBL) producing and carbapenemase-producing Enterobacterales,
and non-fermentative Gram-negative bacilli.
Results: In the cross-sectional assessment, at least one MDRO was identified in 258 (36%) of the 748
samples and in 91 (47%) of the 192 water sources. In total, 57 (42%) of the 137 sinks and 34 (62%) of the
55 toilets were contaminated with 137 different MDROs. The most common MDRO were ESBL Enter-
obacterales (69%, 95/137), followed by Verona Integron-Borne Metallo-b-Lactamase (VIM)
carbapenemase producing Pseudomonas aeruginosa (9%, 12/137) and Citrobacter spp. (6%, 5/137). In the
nested randomized trial, five of the 16 sinks (31%) in the chemical disinfection group were decontami-
nated, compared with 8 of 18 (44%) in the control group (OR 0.58; 95% CI, 0.14e2.32) and 9 of 17 (53%) in
the thermal disinfection group (OR 1.40; 95% CI, 0.37e5.32).
Discussion: Our study failed to demonstrate an added benefit of repeated chemical or thermal disin-
fection, beyond changing sink traps, in the MDRO decontamination of sinks. Routine chlorine-based
disinfection of sinks may need to be reconsidered. Gaud Catho, Clin Microbiol Infect 2024;30:1049
© 2024 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and
Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
Introduction

The water environment in healthcare settings (which includes
faucets, sinks toilets and plumbing infrastructure) favours
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microbial colonization [1]. Eradication of reservoirs of multidrug-
resistant organisms (MDROs) from the hospital water environ-
ment is challenging; several mitigation strategies have been re-
ported with varying degrees of success in ending outbreaks of
MDRO infections among patients and little effect on eradicating
MDROs from the water environment [2]. The removal of sinks and
implementation of water-free care in intensive care units (ICUs) has
proven to be successful [3,4]. However, this strategy is not feasible
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in non-ICU wards and alternative solutions are urgently needed to
reduce the transmission risk for patients.

We therefore conducted a cross-sectional study followed by a
nested randomized trial, with the aims of (a) quantifying the
burden of MDROs in the water environment of a tertiary care
hospital to measure the potential exposure risk for patients and (b)
assessing the added impact of two sink disinfection methods
(chemical and thermal) on MDRO decontamination of sinks after
systematic sink trap replacement.
Methods

Setting

This studywas conducted between 12 July 2021 and 28 February
2022 at a tertiary care hospital located in Geneva, Switzerland.
Study design

This study had two parts (Fig. 1). First, we performed a cross-
sectional assessment of the extent of MDRO contamination of
sinks and toilets in all participating clinical wards (n¼ 26). We then
conducted a randomized, controlled superiority trial among a
random selection of sinks contaminated with at least one MDRO.
Inclusion criteria

All 26 clinical wards that provide inpatient care in the oldest
building of the hospital were included in the cross-sectional study.
This included ten medical wards, seven surgical wards, eight pri-
vate mixed wards (medico-surgical), and one ICU (Table 1 and
Table S1b). All wards except the ICU were equipped with sinks
located in patient rooms. Since 2020, the ICU ward provides water-
free care following an outbreak of VIM-producing Pseudomonas
aeruginosa [4], but some preparatory sinks remain in non-patient
areas of the ICU and were included in the sampling scheme of
Fig. 1. Flowchart of the cross-sectional stu
the current study. Descriptions of the sampling strategy used for
the included wards are in the Supplementary material.
Interventions and procedures

Among all MDRO-contaminated sinks identified through the
cross-sectional study, a subset was selected for a nested random-
ized trial. The sink traps of all sinks in the nested trial were replaced
by new, identical sink traps. Thereafter, each of the sinks was
randomized on a 1:1:1 ratio to one of the two intervention arms
(chemical or thermal disinfection, further details are provided in
the Supplementary material) or to the control arm. The randomi-
zation sequence of sinks from each ward was computer-generated
by a statistician who was not directly involved in the study.

The chemical disinfection intervention consisted of the appli-
cation of a liquid disinfectant containing 2.5% chlorine (1 L water
containing 2.5% of sodium hypochlorine) in the sink trap, which
was closed for 15 minutes to allow the liquid to remain in contact
with the drain line. The thermal disinfection intervention consisted
of applying a steam generator to the sink drain line for 15 minutes.
In the control arm, no intervention occurred following the initial
replacement of the sink trap.

Each intervention was performed once a week for 4 weeks. In-
terventions were performed bymembers of the research teamwith
appropriate personal protective equipment. Swabs from each of the
sinks were collected 7 days after the last intervention, and repeated
again three months after the start of the intervention.
Environmental sampling

For both the cross-sectional analysis and the randomized trial,
we used sterile swabs for environmental investigations (SRK®
Hygiene Monitoring Kit e Single Wrapping containing one regular
FLOQSwab in a tube with 1 mL SRK® premoistening solution). Four
samples from different locations were collected on each sink
(further details are provided in the Supplementary material).
dy and the nested randomized trial.



Table 1
Characteristics of the sinks and toilets of the cross-sectional study

Sinks
N ¼ 137 (%)

Toilets
N ¼ 55 (%)

MDRO contaminationa 57 34
Type of ward Surgical 18/57 (31.6) 13/34 (38.2)

Medical 28/57 (49.1) 16/34 (47.0)
Mixed (medico-surgical) 7/57 (12.3) 3/34 (8.8)
Intensive care unit 4/57 (7.0) 2/34 (5.8)

Location of the positive samples in the sinks Strainer of the sink bowl 17/57 (29.8) d

Tailpipe of the drain 44/57 (77.2) d

Horizontal trap arm 44/57 (77.2) d

Water in the P-trap 41/47 (71.9) d

Without MDRO contamination 80 21
Type of ward Surgical 17/80 (21.5) 7/21 (33.3)

Medical 27/80 (33.7) 0/21 (0)
Mixed (medico-surgical) 33/80 (42.2) 13/21 (61.9)
Intensive care unit 3/80 (3.7) 1/21 (4.8)

MDRO, multidrug-resistant organism.
a MDRO contamination defined as at least one positive sample for a MDRO from that sink or toilet.
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Microbiological analysis

Environmental samples were processed by the bacteriology
laboratory of the hospital, using the procedure described in the
Supplementary material. The same bacterial species with similar
resistance profiles isolated from a single water source were
aggregated (e.g. two Klebsiella pneumonia strains producing New
Delhi metallo-beta-lactamase (NDM) carbapenemase isolated in
different samples in the same sink were counted only once).

Outcomes

For the cross-sectional analysis, the primary outcome was the
proportion of water sources (sinks and toilets) in all participating
wards thatwere contaminatedwith at least oneMDRO, defined as at
least one positive sample for an MDRO from that sink or toilet. The
following pathogens were considered as MDROs: Extended spec-
trum betalactamase (ESBL) or carbapenemase-producing Enter-
obacterales (CPE) and carbapenemase-producing, non-fermentative
Gram-negative bacilli such as Acinetobacter spp., Pseudomonas spp.,
and Achromobacter spp. Secondary outcomes of the cross-sectional
analysis included the relative distribution of MDROs in sinks and
toilets, distribution of contaminated sinks and toilets by ward type
(surgical, medical, mixed, and ICU) and distribution of contaminated
sinks by sample locations within the sinks.

For the randomized trial, the primary outcome was the pro-
portion of sinks that were decontaminated in each arm 7 days after
the last disinfection intervention. A sink was considered decon-
taminated if there was no MDRO detection on any of the post-
intervention samples collected from the sink. The secondary
outcome was the proportion of sinks that remained decontami-
nated in each arm at 3 months following the start of the inter-
vention period. The number of patients detected as newly colonised
by an MDRO in any of the included ward was also collected (details
in Supplementary material).

Statistical analysis

We compared the outcomes of the three arms of the nested
randomized trial using univariable and multivariable logistic
regression analyses, adjusting firstly for type of ward (surgical
wards versus others) and secondly for specific sampling location
within the sink (i.e. strainer of the sink bowl versus the three other
locations). The purpose of multivariable analyses was to adjust for
two factors (i.e. type of ward and sampling location of the sink)
which were not taken into account during the randomization
process. Independent variables (i.e. type of ward and sampling
location of the sink) were selected as clinically relevant adjustment
variables. The HolmeBonferroni method was used to account for
multiple testing of the primary outcome in the two superiority,
pairwise comparisons. Therefore, a p value of <0.025 was consid-
ered statistically significant.

All analyses were performed blinded to the intervention allo-
cation. Statistical analyses were performed using R statistical soft-
ware (R Foundation for Statistical Computing, version 4.0.2).

Sample size calculation

We expected no effect in the reduction of MDRO contamination
in the control arm. For both the chemical and thermal disinfection
intervention arms, however, a minimally relevant effect was
considered as a 50% reduction in the MDRO contamination of the
sinks seven days after the last disinfection intervention. Assuming a
false positive rate of 2.5% and accounting for multiple comparisons
using a Bonferroni correction, 51 contaminated sinks needed to be
included in the nested randomized trial (i.e. 17 in each arm) with
90% power to detect a statistically significant reduction in MDRO
contamination. Assuming a sink baseline contamination rate of
40%, 127 sinks needed to be included in the cross-sectional study.

Ethical considerations

The collection and analysis of environmental samples did not
require approval by an Ethics Committee.

Results

Cross-sectional study

From 12 July 2021 to 29 July 2021, a total of 713 samples were
collected (548 from sinks and 165 from toilets). At least one MDRO
was identified in 258 (36.2%) samples and in 91 (47.4%) of the 192
water sources: 41.6% (57/137) of the sinks and 61.8% (34/55) of the
toilets (Table 1). In total, 137 different MDROs were identified in 91
water sources (57 sinks; 34 toilets, Table S1). All species combined,
ESBL-producing bacteria were the most common (97/137; 70.8%),
followed by VIM-producing bacteria (20/137; 14.6%) and OXA-48-
producing bacteria (12/137; 8.8%). At least one MDRO was found
from water sources in all but two clinical wards.

The distribution of MDROs varied between the water sources
(sinks versus toilets). Among the 57 contaminated sinks, the most
common MDRO isolated were ESBL-producing Enterobacterales



Table 2
Results of sampling of the 51 sinks included in the nested randomized trial 7 days
after the last disinfection intervention

Control
N ¼ 18 (%)

Chemical
intervention
n ¼ 16 (%)

Thermal
intervention
n ¼ 17 (%)

Sink contamination
post-interventiona

10/18 (55.6) 11/16 (68.8) 8/17 (47.1)

ESBL-producing
bacteria

9/10 (90.0) 10/11 (90.9) 6/8 (75.0)

Carbapenemase-
producing bacteria

4/10 (40.0) 5/11 (45.5) 4/8 (50.0)

Sink contamination by
bacteriaa

ESBL-producing
Citrobacter spp.

2/10 (20.0) 2/11 (18.2) 0/8 (0)

ESBL-producing
Enterobacter cloacae

3/10 (30.0) 2/11 (18.2) 1/8 (12.5)

ESBL-producing
Escherichia coli

1/10 (10.0) 2/11 (18.2) 0/8 (0)

ESBL-producing
Klebsiella spp.

3/10 (30.0) 4/11 (36.4) 5/8 (62.5)

VIM-producing
Citrobacter spp.

0/10 (0) 0/11 (0) 0/8 (0)

VIM-producing
Pseudomonas
aeruginosa

4/10 (40.0) 3/11 (27.3) 2/8 (25.0)

OXA-48-producing
Citrobacter spp.

0/10 (0) 1/11 (9.1) 0/8 (0)

OXA-48-producing
Klebsiella spp.

0/10 (0) 1/11 (9.1) 2/8 (25.0)

Type of ward
Intensive care unit 0/10 (0) 0/11 (0) 1/8 (12.5)
Medical 5/10 (50.0) 7/11 (63.6) 3/8 (37.5)
Mixed (medico-

surgical)
3/10 (30.0) 2/11 (18.2) 1/8 (12.5)

Surgical 2/10 (20.0) 2/11 (18.2) 3/8 (37.5)
Location of the positive

samples in the sinks
Strainer of the sink

bowl
3/10 (30.0) 6/11 (54.5) 0/8 (0)

Tailpipe of the drain 6/10 (60.0) 8/11 (72.7) 3/8 (37.5)
Horizontal trap arm 9/10 (90.0) 9/11 (81.8) 7/8 (87.5)
Water in the P-trap 5/10 (50.0) 7/11 (63.6) 3/8 (37.5)

ESBL, extended spectrum betalactamase.
a Some cultures had polymicrobial growth.
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(59/81; 58.0%), followed by VIM-producing P. aeruginosa and Cit-
robacter spp. (Fig. S2 and Table S1). Among the 34 contaminated
toilets, the most common MDRO isolated were ESBL-producing
Enterobacterales, followed by OXA-48-producing Citrobacter spp.
and Klebsiella spp. (Fig. S2 and Table S1).

Across the different locations of the sinks that were sampled
(Fig. 1), the frequency of MDROs was similar (between 41 [71.9%]
and 44 [77.2%] of the 57 positive sinks), except for the strainer of the
sink bowl, fromwhich samples from only 17 (29.8%) of the 57 sinks
were positive (Table 1).

Randomized trial

Of the 57 sinks contaminated with at least one MDRO, 51 were
randomized and included in the nested randomized trial: 16
received chemical disinfection, 17 received thermal disinfection,
and 18 were in the control arm (Fig. 1). The baseline contamination
of the 51 sinks by ESBL- and carbapenemase-producing Gram-
negative bacteria were similar across the three groups (Table S2).

Seven days after the last disinfection intervention, 5 of 16 sinks
(31.2%) in the chemical disinfection arm (OR 0.58; 95% CI,
0.14e2.32) and 9 of 17 sinks (52.9%) in the thermal intervention
disinfection arm (OR 1.40; 95% CI, 0.37e5.32) were decontami-
nated. In the control arm, 8 of 18 sinks (44.4%) were decontami-
nated (Table 2). Multivariable logistic regression analysis adjusted
by type of ward or by sampling locationwithin the sink, showed no
significant difference in the primary outcome (Fig. 2). No missing
data were observed for this randomized controlled study.

Three months after the start of the intervention period, four of
the 16 sinks (25%) in the chemical disinfection arm (OR 0.43; 95% CI,
0.07e2.21) and eight of the 17 sinks (47.1%) in the thermal disin-
fection arm (OR 1.11; 95% CI, 0.24e5.11) remained decontaminated.
In the control arm, 8 of 18 sinks (44.4%) remained free of MDRO
contamination (Table S3).

The number of patients detected with an MDRO acquisition in
any of the included wards during the study period is provided in
the Supplementary materials (Table S4).

Discussion

In this study of the water environment of a tertiary care hospital,
we found a high proportion of sinks and toilets in clinical wards to be
contaminated with MDRO. In a nested randomized trial of sinks
contaminated with MDRO, we did not observe any added effect of
either chemical disinfection or thermal disinfection, beyond sink trap
replacement alone, in achieving sink decontamination by MDROs.

Our findings from the cross-sectional assessment are consistent
with those of a recent study which showed that, compared with
other environmental and frequently touched surfaces in hospitals,
sink drains have the highest level of MDRO contamination [5]. Our
study revealed MDROs in nearly all clinical ward water sources,
with toilets notably contaminated. Sinks, prone to rapid biofilm
formation [1], pose a transmission risk for MDRO acquisition, and
healthcare-associated infections, especially in ICUs [2]. The poten-
tial for MDRO transmission through sink and toilet splashes is
concerning, yet the dynamics are poorly understood. Comprehen-
sive longitudinal studies incorporating regular environmental and
patient sampling, along with molecular analysis, are crucial for a
deeper understanding of these transmission mechanisms and
developing effective control strategies.

Our finding that there was no added impact of either chemical
disinfection or thermal disinfection, beyond sink trap replacement
alone, in decontamination of MDRO challenges routine environ-
mental cleaning practices. The use of chlorine for the cleaning of
sink drains is common practice worldwide, particularly in ICUs. A
survey of 73 French ICUs showed that while one third of the ICUs
routinely disinfect sink drains by daily bleaching, 25% of these
remained contaminated [6]. A systematic review of outbreak re-
ports of CPE associated with the hospital water environment found
that, of the ten studies that implemented sink drain bleaching, only
two described CPE elimination from the environment; two studies
only reported halting the outbreak among patients, and the
remaining six reported no effect [2]. The fact that several sinkswere
decontaminated in each arm after replacing the sink traps highlight
the positive impact of removing the biofilm on this location of the
sinks and suggest that routine replacement of sink traps could be a
suitable alternative for MDRO decontamination in some settings,
particular in the context of high contamination pressure with a
large proportion of patients being MDRO carriers.

There is currently no specific disinfection procedure that is
recommended for the decontamination of the healthcare water
environment due to uncertainty and lack of consensus in terms of
effectiveness, toxicity, logistical challenges, and cost [7]. A study
showed effectiveness of foam products combining hydrogen
peroxide and peracetic acid in reducing recovery of Gram-negative
bacilli on days immediately after treatment, but with a return to
baseline by day seven post-intervention [8]. Other interventions
have been proposed with varying degrees of success [8].

To combat MDRO outbreaks, some ICUs have removed sinks
from patient areas, significantly reducing MDRO colonization and



Multivariable analysis adjusted for sample location on sink:

|

|

Chemical

Thermal

0.87 (0.18−4.34), p=0.87

0.98 (0.24−3.96), p=0.17

Multivariable analysis adjusted for surgical wards:

|

|

Chemical

Thermal

0.57 (0.14−2.39), p=0.44

1.20 (0.30−4.75), p=0.80

Univariable analysis:

|

|

Chemical

Thermal

0.57 (0.14−2.32), p=0.43

1.41 (0.37−5.32), p=0.61

Odds Ratio for decontamination (95% CI)

0.10 0.25 0.50 1.00 2.00 4.00 8.00

Increased chance of decontaminationDecreased chance of decontamination

Fig. 2. Odds ratios (95% CI) of decontamination by intervention arm in univariable and multivariable logistic regression analysis.
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healthcare-associated infections [3,4,9]. However, implementing
waterless patient care beyond ICUs is challenging. Alternatives
include sink modifications and devices producing heat or vibra-
tions to minimize contamination [10,11]. Innovations like sophis-
ticated sink designs featuring ultraviolet light and ozonated water
have shown promise in reducing bacterial growth, deserving
further clinical evaluation [12].

Our study has several limitations. First, the intervention was
performed weekly with a 2.5% bleach solution, so we cannot
conclude on the effects of daily use or higher concentrations,
although this would involve logistical challenges and the risk
damage to plumbing infrastructure. Secondly, the initial sink trap
change precluded evaluation of disinfection alone. However, bio-
film formation requires removal before effective disinfection, and
our intervention applications required specific drain lines for
chemical or thermal methods. Third, without prospective patient
sampling, the clinical impact remains unclear. In addition, non-
standardized environmental sampling makes comparisons of bac-
terial load difficult. Finally, we could not determine whether the
same or different MDROs were involved in sink recontamination
over time.

In conclusion, in a setting with a high contamination of water
sources with MDRO, our study did not demonstrate any added ef-
fect of either regular chemical or thermal disinfection beyond sink
trap replacement alone in sink decontamination, however the
sample size was limited. Regular replacement of sink traps may be
effective in reducing bacterial load and reducing the potential
transmission risk. Chemical disinfection of sink drains with bleach
is routine in many hospitals around the world; further studies are
needed on the effectiveness of such practices.
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