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Abstract Terminal disinfection and daily cleaning have been
performed in hospitals in Taiwan for many years to reduce the
risks of healthcare-associated infections. However, the effective-
ness of these cleaning approaches and dynamic changes of sur-
face microbiota upon cleaning remain unclear. Here, we report
the surface changes of bacterial communities with terminal dis-
infection and daily cleaning in a medical intensive care unit
(MICU) and only terminal disinfection in a respiratory care cen-
ter (RCC) using 16s ribosomal RNA (rRNA) metagenomics. A
total of 36 samples, including 9 samples per sampling time, from
each ward were analysed. The clinical isolates were recorded

during the sampling time. A large amount of microbial diversity
was detected, and human skin microbiota (HSM) was predomi-
nant in both wards. In addition, the colonization rate of the HSM
in the MICU was higher than that in the RCC, especially for
Moraxellaceae. A higher alpha-diversity (p = 0.005519) and a
lower UniFrac distance was shown in the RCC due to the lack of
daily cleaning. Moreover, a significantly higher abundance
among Acinetobacter sp., Streptococcus sp. and Pseudomonas
sp. was shown in the RCC compared to the MICU using the
paired t test. We concluded that cleaning changes might contrib-
ute to the difference in diversity between two wards.

Keywords 16S rRNAmetagenomics . Healthcare-associated
infection . Acinetobacter . Respiratory care centre . Medical
intensive care unit . Environmental cleaningmethods

Introduction

Healthcare-associated infections (HAIs) remain a major cause of
patient morbidity and mortality (Wang et al. 2007). These infec-
tions are mainly caused by several nosocomial pathogens. These
include methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant Enterococcus, extended-spectrum beta-
lactamase-producing Escherichia coli and Klebsiella species,
and f l uo roqu ino lone - o r ca rbapenem- r e s i s t an t
Enterobacteriaceae, Pseudomonas and Acinetobacter spp.
(Deshpande et al. 2007; Hsueh 2012). In the USA, 1.7 million
HAIs resulting in 99,000 deaths were reported in 2002 (Klevens
et al. 2007). Inanimate hospital environments (IHEs) are often
overlooked reservoirs for these bacteria. Transmission of
healthcare-associated pathogens (HAPs) via surface contamina-
tion is now a critical issue in HAIs (Bokulich et al. 2013, Strassle
et al. 2012,Weber et al. 2010). Thus, environmental cleaning and
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strict monitoring of IHEs is necessary to drastically reduce the
risk of HAIs.

In recent years, a number of studies have demonstrated that
environmental cleaning interventions can improve the effective-
ness of cleaning and reduce contamination on surfaces (Dumigan
et al. 2010; Eckstein et al. 2007). Infections, including urinary
tract infections, bloodstream infections and ventilator-associated
pneumonia, constitute one of the major issues in intensive care
units (ICUs) and respiratory care centers (RCCs) (Kuo et al.
2008; Liu et al. 2011). Patients in ICUs are more susceptible to
colonization, and the organisms are often more resistant to anti-
microbial agents than in other environments. Furthermore, stabi-
lized patients in ICUs will be transferred to RCCs if they require
ventilator use for more than 21 days in the ICU. The Centres for
Disease Control and Prevention (CDC) infection control guide-
lines for the routine and terminal cleaning of hospital rooms
recommend paying attention to the disinfection of patient care
surfaces, especially surfaces designated as ‘high-touch’, as a
source of HAIs (Sehulster and Chinn 2003). Daily cleaning is
conducted once each day, and terminal cleaning is conducted
only when a patient is discharged from the room in clinical
practice. In Taiwan, terminal disinfection is required for all of
the wards in hospitals; however, whether daily cleaning is per-
formed or not depends on the infection control policy of the
individual hospital. Although the effectiveness of cleaning on
repeatedly touched hospital surfaces has been demonstrated in
several countries (Donskey 2013), the higher incidence of HAPs,
e.g. Acinetobacter baumannii, causing higher mortality andmor-
bidity was previously reported in Taiwan (Chen et al. 2015), and
the prevalence of carbapenem-resistant A. baumannii (CRAB)
has been gradually rising in Taiwan (Jean andHsueh 2011b; Jean
et al. 2009), China (He et al. 2011) and Korea (Lee et al. 2004).
Thus, evaluation of the effectiveness of environmental cleaning
upon daily cleaning or after terminal disinfection in hospitals
would be required in Taiwan to reduce the incidence of HAIs.

The effectiveness of cleaning on IHEs was routinely eva-
luated by standard cultivation techniques. However, more than
99 % of the microorganisms present in many natural environ-
ments are not readily cultivable (Amann et al. 1995). Recently,
culture-independent methods based on amplification and se-
quencing of bacterialmetagenomes have been developed to iden-
tify thousands of different bacteria in a single sample (Tringe and
Hugenholtz 2008). Using 16s ribosomal RNA (rRNA) amplicon
metagenomics, the identification and tracking of bacterial diver-
sity in hospital environments has become feasible (Bokulich et al.
2013; Hewitt et al. 2013; Lo et al. 2011; Oberauner et al. 2013).

Here, we used 16s rRNA amplicon sequencing and
quantitative PCR (qPCR) to investigate the microbial di-
versity of IHEs in a medical intensive care unit (MICU)
and an RCC in a study hospital. Two cleaning procedures
were performed in the two wards; the MICU had daily
cleaning and terminal disinfection, and the RCC had ter-
minal disinfection. The purpose of this study was to (1)

investigate the bacterial community diversity with two
different cleaning methods in the MICU and RCC during
the study period and (2) to elucidate the relationship of
persistent A. baumannii colonization under two different
hospital cleaning methods in two wards.

Materials and methods

Patients and setting

Hsin-Chu Branch of National Taiwan University Hospital
(NTUH) is a regional teaching hospital with 699 ward beds
in northern Taiwan. There were 16 beds in MICU and 12 beds
in the RCC. Clinical data were collected during the sampling
period in February 2014 in both wards of NTUH Hsin-Chu
Branch.

Disinfection procedure

BothMICU and RCC underwent terminal disinfection when a
patient was discharged or changed his bed. The terminal dis-
infection procedure was performed as follows: (i) a health care
workers (HCWs) wiped the surface (the bed, monitor, venti-
lator, and stethoscope) with 500-ppm hypochlorite and kept it
wet for 30 min and then wiped it again with clean water; (ii) a
HCWs changed the curtain, mattress, and quilt. In addition,
daily cleaning was performed everyday in each bed in MICU,
which include wiping the bed bar monitor, ventilator, stetho-
scope, oxygen supply and suction button, hemodialysis ma-
chine, intravenous pump and feeding pump with the 500 ppm
hypochlorite only without waiting 30 min to wipe with water.
The only surfaces not cleaned with the anti-bacterial wipes
were the keyboards and mice of the computers. Table 1 and
Fig. 1 list the location of the surfaces sampled and the disin-
fection procedure in the two wards.

Sample collection and DNA extraction

Environmental samples were collected from the MICU and
RCC at the Hsin-Chu Branch of NTUH. A list of all of the
tested sites is provided in Fig. 1. Sampling sites around a bed
in each ward were chosen based on the frequency with which
the surfaces were highly touched. The sampling times were
performed as a patient was hospitalized in the MICU or RCC
at 0, 3, 7, and 14 days. The sampling time for day 0 is desig-
nated as around 30 min for sampling after terminal disinfec-
tion and before a new patient was admitted to the ward. The
sampling time for days 3, 7, and 14was around 20 h after daily
cleaning in the MICU. The surfaces were sampled with sterile
cotton swabs. On the flat surfaces (e.g., ventilator screen and
monitor screen), approximately 12 cm2 of each surface was
swabbed. The computer mice were swabbed in their entirety,
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and a total of 10 keys on each keyboard were swabbed. After
sampling, the swabs were transported back to the microbiolo-
gy laboratory at Yuanpei University for further DNA
extraction.

DNA extraction and PCR

The protocols for DNA extraction and PCR were followed
based on the description by Tang et al. (2015). Briefly, and
prior to DNA extraction, the cotton from the swab was re-
moved, the DNAwas extracted and barcoded PCR amplifica-
tion was performed using the V1 forward primer (5′-AGAG
TTTGATCCTGGCTCAG-3′) and the V2 reverse primers (5′-
TGCTGCCTCCCGTAGGAGT-3′) with 382-bp amplicons
flanking the highly variable V1–V2 region of the 16s rRNA
gene sequence (Cai et al. 2013).

Amplicon sequencing

Individual barcoded PCR products were purified and then
pooled with a total combined concentration of 1 μg (total
volume = 50 μl). All of the barcoded PCR fragments were
sequenced using an IlluminaMiseq Desktop Sequencer at Tri-
I Biotech Inc. (Taipei, Taiwan). The raw sequences were de-
posited at the NCBI sequence Read Archive under the
Bioproject accession number PRJNA301917.

Quantitative PCR

The amount of net bacterial biomass in a sample was deter-
mined by qPCR using an Eco Real-Time PCR System
(Illumina, CA, USA). A pair of primers, V1 and V2, for the
16s rRNA gene were used. Briefly, the template DNA

Fig. 1 The key to the surface
swab samples in the wards of the
MICU and RCC

Table 1 Location of surface sampling and disinfection procedure performed in two wards

Ward MICU RCC

Surface Code Final disinfection Daily cleaning Code Final disinfection Daily cleaning

Bed bar M-1 ˙ ˙ R-1 ˙

Ventilator screen M-2 ˙ ˙ R-2 ˙

Ventilator Oxygen button M-3 ˙ ˙ R-3 ˙

Stethoscope M-4 ˙ R-4 ˙

Monitor screen M-5 ˙ R-5 ˙

Curtains M-6 ˙ R-6 ˙

Chart cover M-7 ˙ R-7 ˙

Computer Keyboard M-8 R-8

Mouse M-9 R-9

MICUMedical intensive care unit, RCC Respiratory care center
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extracted from the samples was diluted 1:10, and 2.5 μl was
added to SYBR Green PCR Master Mix (Biogenesis
Technologies, Inc., Taiwan) for each reaction that was used
for analysis. A melting curve analysis was performed to de-
termine the specificity of the PCR products. Genomic DNA
from E. coli ATCC 25922 was used to generate the standard
curves for quantification. All of the samples were run in trip-
licate to confirm the reproducibility of the data.

Computational and statistical analyses

Paired-end reads were assembled with PEAR software
(http://www.exelixis-lab.org/web/software/pear), and low-
quality reads were filtered using the QIIME database with
default parameters (Caporaso et al. 2010). The remaining
reads were checked for chimeric sequences with UCHIME
(Edgar et al. 2011) and clustered into operational taxonomic
units (OTUs) using a closed-reference OTU selection protocol
at the 97 % identity level with a UPARSE algorithm (Edgar
2013) run against the Greengenes database (McDonald et al.
2012). The taxonomy associated with each OTUwas assigned
as the taxonomy associated with the reference sequence de-
fining the OTU.

Statistical analysis

All of the statistical analyses were performed using the R
project version 3.1.2 (http://www.R-project.org). The
numbers of reads for each microbe whose relative
abundance was in the top 33 abundant families was
represented by bar charts. The bacterial diversity was
determined using the Shannon diversity index box plot.
One-tailed paired-sample t tests were used to test whether
the abundance (sequence reads) of known HAPs differed sig-
nificantly at days 0 and 14 of hospitalization in both wards.
The unweighted UniFrac metric (Lozupone and Knight 2005),
which only accounts for the presence/absence of taxa and not
abundance, was used to determine the phylogenetic similarity
of the bacterial communities associated with the various sam-
pling surfaces. Principal coordinate analysis (PCoA) is used to
reduce the dimension of variables performed at the genus level
to summarize similarity with different disinfection procedures
(Huang and Hsueh 2008). A heatmap was generated based on
the description of Ling (1973).

Results

Sample collection and sequencing

A total of 36 samples for each ward, including 9 samples per
sampling time, were collected, followed by DNA extraction
and barcoded PCR amplification; a high number of amplicons

were obtained and sequenced. In total, the raw dataset of 72
samples contained 2,452,954 sequences. Approximately
11,479 sequences per sample were obtained from the RCC,
with an average of 328 phylotypes per sample. A total of
13,970 sequences per sample were obtained from the MICU,
with an average of 347 phylotypes per sample (Table S1). A
phylotype is defined here as organisms sharing ≧97 % 16s
rRNA gene sequence identity.

Taxonomic composition of the hospital environmental
microbiota and information of clinical isolates

The clinical isolates recorded during the study period in the
two wards are listed in Table 2. A total of seven and three
isolates was recorded in the MICU and RCC, respectively.
A. baumannii, Pseudomonas spp. and Staphylococcus spp.
were isolated in both wards during the sampling period.

Figure 2 shows the relative abundances of the bacterial
communities at the family level in the MICU and the RCC.
The abundances of bacterial communities from all of the sam-
ples collected for each of the wards was compared (Fig. 2a).
Human skin microbiota (HSM) was predominant in both
wards compared to the hospital environmental microbiota
(HEM). In addition, the colonization rate of HSM in the
MICU was higher than that in the RCC, especially for
Moraxellaceae (1.0–54.6 %), Corynebacteriaceae (1.1–
38.4 %), Prevotellaceae (1.6–41.0 %), Propionibacteriaceae
(0.8–46.5 %), Clostridiaceae (1.6–50.2 %), Veillonellaceae
(4.5–23.2 %), and Streptococcaceae (2.5–42.8 %). Notably,
more than 20 % ofMoraxellaceae was observed in the MICU
even though the wards were cleaned daily. Figure 2b com-
pares the bacterial profiles between days 0 and 14 of hospital-
ization in the two wards. Although the two wards had terminal
disinfection at day 0, the HSM, such as Corynebacteriaceae
andMoraxellaceae, remained the most abundant in these two
areas. The HEM, such as Bacillaceae (0.1–55.8 %) and
Weeksellaceae (0.3–64.7 %), were also abundant in the

Table 2 Clinical isolates retrospectively recorded during the sampling
period in the RCC and MICU

Pathogen Ward

MICU RCC

Eikenekka cirridens ˙

Staphylococcus, Coagulase negative ˙ ˙

Ainetobacter baumannii ˙ ˙

Klebsiella pneumoniae ˙

Pseudomonas spp. ˙ ˙

Enterococcus spp. ˙

Escherichia coli ˙
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Fig. 2 Relative abundances of the most abundant bacterial groups on
surfaces in the MICU and RCC. Mean values of the samples collected
from days 0 and day in the two wards. Their relative height represents the

percentage of the reads that can be placed at a family level of taxonomy
using Miseq reads with a BLASTX search of the Greengenes database
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RCC. A rapid increase of Porphyromonadaceae was found in
both wards at day 14. Furthermore, the association between
clinical isolates and environmental communities showed that
Moraxellaceae was predominant across the MICU and the
RCC at day 14.

Dynamic changes between hospital environmental
microbiota under two different hospital environmental
cleaning methods

We investigated whether two cleaning protocols were related
to microbial diversity. An inter- and an intra-ward comparison
of the bacterial communities revealed no difference in alpha-
diversity (Fig. 3). However, communities from the RCC
showed higher alpha-diversity than those in the MICU on
day 14 (p = 0.005519), which implied that the lack of daily
cleaning in the RCC would contribute to the richness of the
bacterial communities.

To further explore the relationship for all of the samples
between different bacterial communities in the RCC and the
MICU, PCoA analysis was performed using genus-level

taxonomic profiles. As shown in Fig. 4, the visual pattern
between the MICU and the RCC was quite different.
Bacterial communities in the RCC were localized in the pos-
itive direction of principal component 2 (PC2) relative to those
of the MICU. Notably, four samples taken from the ventilator
screen, including M-2-0, M-2-3, M-2-7 and M-2-14, were
separated from each other (Fig. 4a). Microbial communities
and net bacterial biomass showed thatMoraxellaceae became
the predominant bacteria after day 3 and was possibly cross-
transmitted from the neighbourhood area. Furthermore, net
bacterial biomass from non-disinfection areas such as key-
boards at both wards were significantly higher (P < 0.05) than
the disinfection areas such as ventilator screens (Fig. S1).

A pairwise investigation of the UniFrac distance of
bacteria communities associated with various surfaces in
the two wards on day 14 of hospitalization is shown in
Table 3. The diversity distance is higher in the MICU than
in the RCC, implying that the MICU was highly diverse
in species on day 14. In total, a higher difference in bac-
terial composition was observed in the MICU (31/36,
86.1 %) compared to the RCC (17/36, 47.2 %) as the
values of the UniFrac distance were more than 0.5.

Fig. 3 Alpha-diversity
calculations using Shannon
measures for inter-wards and
intra-wards samples on days 0
and day 14. Calculations and
plots were generated using the R
project
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Occurrence of predominant Acinetobacter species
between the hospital environmental microbiota profile
and clinical isolates

Because Acinetobacter spp. remains the predominant ge-
nus in the two wards, the correlation between
Acinetobacter and bacterial communities in IHEs and
their association with clinical isolates across 36 samples
in each ward is shown in Fig. 5. In the MICU,
Acinetobacter spp. and Streptococcus spp. were clus-
tered apart from Staphylococcus, Pseudomonas and
Enterococcus. In contrast, Acinetobacter spp. and
Staphylococcus spp. was clus tered apar t f rom
Pseudomonas spp. in the RCC. This result implies that
the abundance and appearance of Acinetobacter spp. and
their clustered genera differed between the two wards.

Comparison of five different healthcare associated
pathogens under two different hospital environmental
cleaning methods

The results of the paired t test examining the bacterial
abundance of taxa in the MICU and RCC are listed at
Table 4. Comparing five different HAPs in the same
ward at the two time-points (days 0 and 14), a signifi-
cantly higher abundance among Acinetobacter spp.,
Streptococcus spp. and Pseudomonas spp. was shown
in the RCC compared to the MICU. Considering two
time-points at the different wards, Acinetobacter spp.
was significantly abundant in day 0 in the MICU com-
pared to the RCC. However, Staphylococcus spp. and
Enterococcus spp. became more abundant in the RCC
on day 14 compared to the MICU.

Fig. 4 PCoA analysis of MICU and RCC samples. a The two principle
coordinates explained approximately 43 and 35 % of the variation in the
samples from the MICU and RCC, respectively. Principal coordinate
analysis of bacterial communities at the genus level from the sampling
sites: terminal disinfection and daily cleaning (green), terminal
disinfection (blue) or no disinfection (red). b Relative abundances of

bacterial communities and net bacterial biomass in the ventilation
screen (M-2 site) in the MICU. The net bacterial biomass was
determined by qPCR. The orange arrow bar represents the distribution
of M-2 samples in the MICU. M-2-1, M-2-3, M-2-7 and M-2-14
represent sampling of the M-2 site at days 0, 3, 7 and 14
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Discussion

Pathogens with a high incidence of antimicrobial resistance in
hospitals have become a public health concern (Hsueh et al.
2001). Due to the limited effectiveness of antimicrobials
against these pathogens, infection control plays a major role
in reducing HAIs. Previously, we applied 16s rRNA
metagenomics to evaluate the surface microbiota in the work-
station and device within the RCC in this study hospital (Tang
et al. 2015). We concluded that bacteria communities in the
two areas were clustered together, which indicate that co-
transmission via HCWs across workplaces and devices may
occur. In this study, we further describe and compare the bac-
terial community with different hospital cleaning methods in
two wards by analysing the dynamics of the surface microbi-
ota in IHEs in this hospital. This is the first study in Taiwan to
apply 16s rRNA metagenomics to evaluate the effectiveness
of cleaning approaches. In addition, we also elucidate the cau-
sality of persistent A. baumannii colonization.

In the present study, we established that (1) hospital envi-
ronment microbiota can become durably contaminated after
exposure to colonized patients at two wards; and (2) although
human skin microbiota may become complex within an insti-
tution, Acinetobacter spp. are persistently the predominant
bacteria in the IHEs in this hospital. The prevalence of

CRAB has been gradually rising in Asia, including Taiwan
(Jean and Hsueh 2011b; Jean et al. 2009), China (He et al.
2011) and Korea (Lee et al. 2004). Oxacillinase genes, which
are located on plasmids and are downstream of insertion se-
quence ISAba3 and IS1008 (two promoters for transcriptional
control of blaOXA genes), were shown to play an important
role in TaiwanCRAB isolates (Lee et al. 2009). Because of the
serious problems of clonal dissemination of clinical CRABs in
Asian countries (Jean et al. 2009; Yang et al. 2009), the inci-
dence of CRAB isolates is highly persistent in Taiwan (Jean
and Hsueh 2011a), especially in this study hospital (Liu et al.
2013). Weber’s report showed that Acinetobacter spp. survive
for prolonged periods of time in the environment (Weber et al.
2010), and our previous report showed that environmental
Acinetobacter spp. remain susceptible to carbapenem even
though this microorganism was predominant in this hospital
(Tang et al. 2015). Despite the fact that carbapenem-
susceptible A. baumannii is widely distributed in these hospi-
tals, these bacteria remain a risk factor for infection due to
their natural competence (Ramirez et al. 2010) and their ge-
nome plasticity (Mugnier et al. 2009) upon exposure to
antibiotics.

There is high variation and a trend of higher richness in the
RCC because of a lack of daily cleaning and gradual accumu-
lation of hospital environmental bacteria. Acinetobacter spp.

Table 3 Results of pairwise comparisons for unweighted Unifrac distances of bacteria communities associated with various surfaces in wards located
in MICU and RCC on the 14th day of hospitalization

Ward Bed bar Ventilator screen Oxygen button Stethoscope Monitor screen Curtains Chart cover Keyboard

MICU Bed bara

Ventilator screena 0.584

Oxygen buttona 0.713 0.350

Stethoscopeb 0.704 0.681 0.768

Monitor screenb 0.723 0.329 0.513 0.433

Curtainsb 0.763 0.796 0.858 0.732 0.610

Chart coverb 0.511 0.600 0.736 0.508 0.539 0.679

Keyboardc 0.551 0.630 0.741 0.469 0.519 0.720 0.152

Mousec 0.736 0.733 0.718 0.603 0.596 0.687 0.510 0.531

RCC Bed barb

Ventilator screenb 0.720

Oxygen buttonb 0.777 0.405

Stethoscopeb 0.454 0.596 0.685

Monitor screenb 0.696 0.365 0.362 0.571

Curtainsb 0.764 0.381 0.378 0.592 0.517

Chart coverb 0.672 0.420 0.373 0.536 0.394 0.357

Keyboardc 0.519 0.399 0.660 0.444 0.460 0.709 0.443

Mousec 0.468 0.398 0.681 0.454 0.505 0.668 0.465 0.188

italics font represented P > 0.5
a Daily cleaning and terminal disinfection
b Terminal disinfection
c None
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and Streptococcus spp. became the same clonal abundant clus-
ter in the MICU. Under two different cleaning methods, we
thought that this association could also reflect an important
underlying ecological relationship in the two wards, and the
reason is as follows: (1) the accumulation of bacterial com-
munities in the MICU, which had daily cleaning and terminal
disinfection, showed a model of ecological succession and
Acinetobacter spp. replacing other successional species to be-
come the abundant bacteria in MICU; and (2) the accumula-
tion of bacterial abundance in the RCC, which had terminal

disinfection only, showed a different model of ecological suc-
cession. In this regard, further experiments are necessary to
elucidate these differences.

There were statistically significant differences in bacterial
abundance among Enterococcus spp., Acinetobacter spp.,
Streptococcus spp., and Pseudomonas spp. under two different
cleaning methods and between the two time-points in the two
wards. In regards to terminal disinfection, effective terminal
disinfection significantly decreased environmental contamina-
tion of A. baumannii in Strassle’s study (Strassle et al. 2012);

Fig. 5 A heatmap of the relative abundances at the genus level of bacterial community profiles in the MICU and the RCC. Red circles represent clinical
isolates recorded in the sampling period. Visualization of the bacterial community clusters above the dashed blue line is represented below the heatmap

Table 4 Result of paired t test examining the bacterial cell abundances of taxa in the MICU and RCC

MICU RCC Paired t test

Day 0 Day 14 Day 0 Day 14 A/C B/D A/B C/D
df Sum-sq. Mean-sq. (A) Sum-sq. Mean-sq. (B) Sum-sq. Mean-sq. (C) Sum-sq. Mean-sq. (D)

Acinetobacter 8 29,638 3293.111 26,062 2895.778 9059 1006.556 36,061 4006.778 0.0275 NS NS 0.0249
Staphylococcus 8 2372 263.556 694 77.111 3815 423.889 5262 584.667 NS 0.0909 NS NS
Streptococcus 8 5613 623.667 2641 293.444 1935 215 4337 481.889 NS NS NS 0.0192
Pseudomonas 8 1590 176.667 1120 124.444 717 79.667 1318 146.444 NS NS NS 0.0617
Enterococcus 8 590 65.556 1310 145.556 1557 173 3911 434.556 NS 0.0043 NS NS

NS not significant (P > 0.1)
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however, persistent contamination represents a significant risk
factor for transmission of HAIs. Concerning daily cleaning,
Hess’s report showed that daily cleaning of ICU rooms, which
were occupied by patients colonized with multi-drug resistant
A. baumannii (MDRAB), was associated with a non-significant
reduction in contamination of healthcare worker gowns and
gloves after routine patient care activities (Hess et al. 2013).
As shown in Table 4, we assumed that daily environmental
cleaning combined with terminal disinfection would lead to
significant reductions of healthcare-associated pathogens and
fewer MDRAB infections. In Taiwan, terminal disinfection is
recommended in all of the wards, but daily cleaning is not
necessary for all of the hospitals. For example, daily cleaning
was performed in ICUs and RCCs in most of the medical cen-
ters and was then gradually decreased in regional hospitals.
Further research is needed to determine this policy.

Nevertheless, there are also some limitations to this study
(mostly because of the few number of cases). First, only two
study wards at a hospital were included. More sample sites from
other hospitals would strengthen the general applicability of our
results. Second, there is lack of clone identity evidence to con-
firm the clonal relationship between isolations from hospital
environment surfaces and patients; hence, an assessment of
causality among clinical isolates and HEM was not able to be
analysed. Lastly, there were several variables, including the type
of care patients and the different healthcare workers with differ-
ent compliance between those two wards, which could interfere
with the study results. Further studies should be performed to
define the role of HEM and HSM and a long-term investigation
is necessary to manipulate the cleaning regimens in order to
improve the effectiveness of cleaning on hospital environment.

Our study discovered unexpectedly high bacterial communi-
ty diversity, and hospital environmental microbiota are closely
associated with the HSM in IHEs in the MICU and RCC.
Although most hospital environmental microbiota can be con-
sidered non-pathogenic under normal circumstances, there are
potential risks in MICU and RCC settings where patients are
extremely vulnerable to infections. Our study also suggests that
cleaning changes might contribute to the difference in diversity
between two wards. In Taiwan, strict compliance with hospital
environmental cleaning policy and the close and continuous
monitoring of HAPs at healthcare institutions would be
required to reduce HAIs.
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