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Abstract Background: Variable control measures for vancomycin-resistant Enterococcus
(VRE) infections were adopted among different hospitals and areas. We investigated the
burden and patient characteristics of healthcare-associated VRE infections in 2018e2019
and 2020, when multiple preventive measures for COVID-19 were taken.
Methods: During the COVID-19 pandemic, mask waring and hand hygiene were enforced in the
study hospital. The incidence densities of healthcare-associated infections (HAIs), including
overall HAIs, methicillin-resistant Staphylococcus aureus (MRSA) HAIs, VRE HAIs, and VRE
healthcare-associated bloodstream infections (HABSIs), consumption of broad-spectrum anti-
biotics and hygiene products, demographic characteristics and medical conditions of affected
patients, were compared before and after the pandemic.
Results: The incidence density of both VRE HAIs and VRE HABSIs did not change statistically
significantly, however, the highest in 2020 than that in 2018 and 2019. This was in spite of uni-
versal mask waring and increased consumption of 75% alcohol in 2020 and consistent imple-
mentation of an antibiotic stewardship program in three observed years. The increased
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prescriptions of broad-spectrum cephalosporins might partially explain the increase of VRE
infection.
Conclusion: Increased mask wearing and hand hygiene may not result in the decline in the
development of VRE HAIs in the hospital during the COVID-19 pandemic, and continued moni-
toring of the dynamics of HAIs remains indispensable.
Copyright ª 2022, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Vancomycin-resistant Enterococcus healthcare-associated
infections (VRE HAIs) are of great health importance,
since they have been associated with a high mortality rate,
longer hospital-stay days, and higher healthcare cost.1

Approximately 30% in the US, �20% in Europe and Africa,
clinical Enterococcus isolates have been resistant to
vancomycin.2e4 In Taiwan, the first VRE case was reported
in 1996,5 and currently >20% of clinical Enterococcus iso-
lates were VRE.6

VRE has the ability to survive on hospital environmental
surfaces in dry conditions for longer than seven days.7

Therefore, the environmental cleaning is one of the keys
for a successful control of VRE HAIs.8 Besides this, there
have been many studies to investigate the effectiveness of
infection control measures against VRE infections. These
measures included hand hygiene, patient cohorting,9

chlorhexidine gluconate bathing, contact precautions,10

and antimicrobial stewardship.11,12 The effectiveness of
control measures was diverse among studies.10 This vari-
ability might be related to hospital and/or patient char-
acteristics and suggested the control measures unique to
the country- or hospital-level be essential to be useful
control strategies. However, the feasibility of hospital-level
interventions for VRE HAIs in Taiwan has rarely been
reviewed.

In the end of 2020, Taiwan did not experience an abrupt
upsurge of COVID-19 patients, with a total case number of
797,13 and was likely to be related to early preventive in-
terventions, such as border control, traveler quarantine,
social distancing, mask wearing in general population, and
health promotion were initiated in Jan. 2020eFeb.
2020.14e16 The COVID-19 burden in 2020 was limited with
only in a total of 10 patients admitted to the study hospital.
At Taiwan hospitals, hand hygiene, universal masking,
environmental cleaning, social distancing, restriction of
visitors and attendants, and body temperature monitoring
in the entry, have been implemented.14,15 Some of COVID-
19 control measures are common with those for VRE HAI,
and theoretically may result in a decrease of VRE inci-
dence. Echoing this hypothesis, one study from a hospital in
southern Taiwan during the first half of 2020 experienced a
reduction of incidence density of nosocomial VRE infection,
which was associated with more consumption of 75%
alcohol and soaps for hand hygiene, both widely used to
prevent COVID-19 17. On the other hand, an extra workload
to response towards the COVID-19 pandemic, which might
reduce the staff resources for antimicrobial stewardship
program might contribute the increase of VRE HAIs.18 These
2

contradictory findings motivated us to evaluate the recent
trend in VRE infections in association with potential pre-
disposing and protective factors. The objective of the
current work was to investigate the impact of COVID-19
control measures and/or related factors on VRE HAIs
through the analysis of patient and hospital data at the
study hospital from 2018 to 2020.

Methods

Healthcare-associated infections (HAIs)

This study was conducted at a teaching hospital with
approximately 1300 beds in southern Taiwan. The defini-
tions of HAIs followed those of Taiwan CDC,19 and VRE
HABSIs included the cases of VRE bacteremia noted at 48 h
or later after the admission. The information about the
incidence density of overall HAIs, methicillin-resistant
Staphylococcus aureus (MRSA) HAIs, VRE HAIs, VRE
healthcare-associated bloodstream infections (HABSIs),
total inpatient-days, case mix index (CMI) scores, defined
daily doses (DDDs) to define the average antibiotic con-
sumption for each year, and 48-h response rates of anti-
biotic consultations by antimicrobial stewardship program
(ASP) team, mainly infectious disease specialists, were
collected through the Center for Infection Control. The CMI
score reflects the disease complexity of hospitalized pa-
tients, and the higher CMI score suggests higher disease
complexity.20,21 Monthly requests and clinical indications of
75% alcohol, chlorhexidine, chlorhexidine alcohol, from
2018 to 2020 were obtained through the Department of
Pharmacy. Chlorhexidine bathing was not adopted as a
standard practice for the prevention of the colonization or
infection of multidrug-resistant organisms in intensive care
units. Annual consumption data of N95 masks and surgical
masks were sourced through the Department of General
Affairs. The data of annual requests for sodium hypochlo-
rite were retrieved from the Department of Environmental
Management and the compliance rates of hand hygiene
program were obtained from the Center for Infection
Control.

Healthcare-associated bloodstream infections due
to VRE

All patients with VRE HABSIs were reviewed for their de-
mographic characteristics and medical conditions through
the electronic medical records (EMRs). Underlying dis-
eases of each patient was abstracted from EMRs, and the
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Charlson comorbidity index (CCI) score was calculated
accordingly.22 Data extraction was performed by two of
the authors, M.F. and L.S.S., and in the cases of data
discrepancy, a consensus would be achieved by EMR
recheck.

Statistical analysis

Descriptive statistical analyses were conducted to compare
the incidence density of HAIs, patients’ demographic
characteristics, antibiotic consumption, and disinfection
agent consumption among three years. One-way ANOVA or
Welch ANOVA was performed to compare patient days, CMI,
the incidence density of overall HAIs, VRE HAIs, VRE HABSIs,
the 48-h response rate of antibiotic consultations, disin-
fection agents consumption, and antimicrobial agents
consumption in each year from 2018 to 2020 (Table 1).
Similarly, one-way ANOVA or Welch ANOVA was also per-
formed to compare age, hospital stay prior to VRE isolation,
and CCI score among inpatients with VRE HABSI. Those
variables with a significant difference in variances between
comparison groups were analyzed with Welch ANOVA. Tur-
key’s HSD test or GameseHowell test was conducted as a
post-hoc analysis for statistically significant variables being
identified through one-way ANOVA or Welch ANOVA
respectively. A chi-square test was used to compare the
proportions of gender, ICU stay, and comorbidity.

The annual and monthly requests of disinfection agents
from the hospital departments/wards were used as the
approximate consumption for the analysis purpose. EMR
data were entered in data spreadsheets of the Microsoft
Excel version 16.49, which also was used for graphical ex-
pressions. IBM SPSS Statistics version 25.0 was used for the
statistical analyses.

Only the first episode was included, if a patient had
multiple episodes of VRE HABSIs within one year. There
were two patients with an episode of VRE HABSI in two
consecutive years. To keep the independence between
groups for statistical analysis, they were analyzed by two
ways, the inclusion of the first or last record, and separate
statistical analyses were conducted. The analysis results
found there was negligible impact by either approach.
Therefore, the current study adopted the inclusion of the
first record of each patient.
Table 1 The incidence density of healthcare-associated infectio
variables that related to the characteristics of the study hospita

Variables (monthly)
mean � standard deviation

Ye

2018 2019

Patient days 32,891 � 1927 33,238
Case mix index 1.422 � 0.046 1.418 �
Incidence density (&)
Overall HAIs 3.77 � 0.33 3.32 �
MRSA HAIs 0.07 � 0.06 0.10 �
VRE HAIs 0.22 � 0.09 0.24 �
VRE HABSIsa 0.13 � 0.07 0.12 �

48-h response rate (%) 77.5 � 9.3 74.6 �
a HABSI, healthcare-associated bloodstream infection; MRSA, meth
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Ethics approval

This study received an ethical approval from the National
Cheng Kung University Hospital: NCKUH-10904009/A-ER-
108-373, and the patient consents can be waived.
Results

Hospital-level patient characters and healthcare-
associated infections (HAIs)

The one-way ANOVA results showed that there was a sta-
tistically significant difference in incidence density of HAIs
during the years from 2018 to 2020 [F(2, 33) Z 6.09,
P Z 0.006]. Turkey’s HSD test of multiple comparisons
showed that the incidence density of HAIs was significantly
higher in 2018 than that in 2019 or 2020 (95% confidence
interval [CI] 0.091e0.809, P Z 0.011; 95% CI 0.075e0.792,
P Z 0.015, respectively). Although there was no statistically
significant difference, the incidence density of MRSA HAIs
was the lowest in 2020 (Table 1). On the other hand,
although there was no statistically significant difference, the
incidence density of VRE HAI or VRE HABSI was the highest in
2020 (Table 1). Welch ANOVA result showed that there was a
significant difference in case mix index (CMI) during three
years [F (2, 19) Z 6.84, P Z 0.006]. A GameseHowell test
showed the mean CMI in 2020 was significantly lower than
that of 2018 (95% CI 0.0092e0.0869, P Z 0.015), but there
was no statistically significant difference between CMI in
2019 and 2020 (Table 1). The patient-days in 2020 were
lower in the first half of the year than those in the same
period of 2018 and 2019, which coincided with the emer-
gence and health impact of the COVID-19 pandemic, and
then increased in the second half of the year as high as those
in the same time period of 2019 (Figure S1).

In the study hospital, both 75% alcohol and 4% chlorhex-
idine solutions were primarily used for hand hygiene and
occasionally skin antisepsis prior to intramuscular injection
(75% alcohol) and wound cleaning (4% chlorhexidine).
Chlorhexidine alcohol solutions, regardless of chlorhexidine
concentration, were mainly used for skin antisepsis before
invasive procedures, including catheter insertion. The
annual consumption of 75% alcohol for hand hygiene or
ns (HAIs), vancomycin-resistant Enterococcus (VRE) HAIs, and
l from 2018 to 2020.

ar F value P value

2020

� 1816 31,666 � 1509 2.64 0.086
0.055 1.374 � 0.023 6.84 0.006

0.44 3.33 � 0.28 6.09 0.006
0.06 0.05 � 0.03 2.27 0.119
0.08 0.28 � 0.07 1.86 0.172
0.06 0.18 � 0.07 2.34 0.112
10.4 75.6 � 7.9 0.30 0.741

icillin-resistant Staphylococcus aureus.



Figure 1. The monthly consumption quantity of disinfection
agents and antimicrobial agents from 2018 to 2020. A) average
monthly consumption of 75% alcohol (ALC), 4% chlorhexidine
(CHX), and chlorhexidine-alcohol solutions (CHX-ALC) from
2018 to 2020. B) average monthly consumption of different
types or class of antibiotics. Note: VAN Z vancomycin;
TZP Z piperacillin/tazobactam; FEP Z cefepime;
3 GC Z third-generation cephalosporins; FQ_IV Z intravenous
fluoroquinolone. **: p < 0.001; *: p < 0.005.
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environmental disinfection in 2020 was approximately
14,000 L, and was 1.64 and 1.77 times higher than that in
2019 and 2018, respectively (Fig. 2). In line with this, the
Welch ANOVA and GameseHowell test results showed that
the requests from departments/wards on 75% alcohol in
litre/1000 patient-days were significantly higher in 2020
compared to 2018 and 2019 [F(2, 19) Z 10.4, P Z 0.001]
(95% CI 8.51e35.1, P Z 0.003 between 2018 and 2020, and
95% CI 8.66e35.2, P Z 0.003 between 2019 and 2020)
(Fig. 1A). In addition, there were high overall compliance
rates of hand hygiene, 96%e99%, between 2018 and 2020,
suggestive of acceptable adherence to the hand hygiene
program promoted even in the hospital in 2020, when the
hospital was fighting against the COVID-19 pandemic.

However, due to supply shortage during the COVID-19
pandemic, the annual consumption of 4% chlorhexidine
solution in 2020 was approximately 5000 L, and 0.66 and
0.67 times lower than that in 2019 and 2018, respectively
(Fig. 2). The Welch ANOVA GameseHowell test results
showed requests on 4% chlorhexidine solution from de-
partments/wards were significantly lower in 2019 and 2020
compared to that in 2018 [F(2, 20) Z 9.9, P Z 0.001] (95%
CI 0.572e2.93, P Z 0.004 between 2018 and 2019, and 95%
CI 0.823e3.14, P Z 0.002 between 2018 and 2020)
(Fig. 1A). On the other hand, the quantity of requests from
departments/wards on chlorhexidine alcohol (a total
4

consumption of 0.5%, 2%, and 5% solutions) in 2020 was
significantly higher in 2020 compared to 2018 and 2019 [F(2,
22) Z 27.6, P Z 0.001] (95% CI 0.296e0.637, P < 0.001
between 2018 and 2020, and 95% CI 0.266e0.588, P < 0.001
between 2019 and 2020) (Fig. 1A).

Sodium hypochlorite in different concentrations
depending on the target pathogens (e.g., 1000 ppm for
SARS-CoV-2 virus or 5000 ppm for Clostridium difficile) was
used as a main detergent for environmental cleaning at the
study hospital. There was a high variability of the intervals
between the requests of sodium hypochlorite from
different departments. Therefore, no statistical compari-
sons of monthly consumption of sodium hypochlorite could
be made in the study period. However, the annual con-
sumption of sodium hypochlorite in 2020 was approximately
13,600 L, which was 1.29 and 1.06 times higher than that in
2019 and 2018, respectively.

The one-way ANOVA results showed that there was no
statistically significant difference in vancomycin use at the
study hospital from 2018 to 2020 [F(2, 33) Z 1.88,
P Z 0.168]. Vancomycin usage in 2020 was 25.2 DDDs/1000
patient-days which is 0.1% lower than that in 2019 and 2.2%
higher than that in 2018 (Fig. 1B). The average use of
piperacillin/tazobactam and cefepime were also no statis-
tically significant difference during the studied three years.
In contrast, monthly average use of third-generation
cephalosporins and carbapenems in 2020 were statistically
significantly higher than in 2018 [F(2, 33) Z 3.69, PZ 0.036
(95% CI 0.387e14.6, P Z 0.037)] and [F(2, 19) Z 7.11,
P Z 0.005 (95% CI 0.922e8.71, P Z 0.015)] respectively
(Fig. 1B). The 48-h response rate, which reflects the
working efficacy of ASP members, in 2020 was 76%, similar
to that in 2019 and 2018, 75% and 74%, and there was no
statistically significant difference among study years (Table
1).

Healthcare-associated bloodstream infections due
to VRE (VRE HABSIs)

As for the cases of VRE HABSIs in three calendar years, one-
way ANOVA analyses showed there were no significant dif-
ferences, in terms of age, gender, Charlson comorbidity
index, the duration of hospital stay prior to the onset of
HABSIs, and the need of ICU care (Table 2). Among the
patients’ comorbidities, only peptic ulcer disease was most
common in 2018 and less common in 2020 [X2(2,
164) Z 7.74, P Z 0.021]. For other types of comorbidities,
such as diabetes mellitus, solid tumor with or without
metastasis, chronic heart, renal, lung or liver disease, or
cerebrovascular disease or dementia, there were no sig-
nificant differences among three study years (Table 2).

Overall trend

There were several factors that have been consistent dur-
ing three years (with no statistically significant change):48-
h response rate, hand hygiene compliance rate, CCI of VRE
HABSI patients, and vancomycin consumption (Fig. 2). On
the other hand, average consumption of third generation
cephalosporin, sodium hypochlorite, 75% alcohol, N95
mask, and surgical mask usage increased by statistically



Figure 2. The relative changes of several variables associated with healthcare-associated vancomycin-resistant Enterococcus
bloodstream infections from 2018 to 2020. The data in 2019 are regarded as the reference value. The annual hospital-wide con-
sumption/compliance data of parenteral vancomycin, third-generation cephalosporins, sodium hypochlorite, 75% alcohol, 4%
chlorhexidine, N95 mask, surgical mask, and hand hygiene compliance rate were used for analyses. Note: 48h RR Z 48-h response
rate; HHC Z hand hygiene compliance rate; CCI Z Charlson comorbidity index score; VAN Z vancomycin; 3 GC Z third-generation
cephalosporins; NaOCI Z sodium hypochlorite; ALC Z 75% alcohol, N95 Z N95 mask, MSK Z surgical mask, and CHX Z 4%
chlorhexidine.
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significantly or for more than 10% in 2020 compared to
previous two years (Fig. 2). A decline of 4% chlorhexidine
annual consumption for more than 10% in 2020 was also
noted (Fig. 2).
Discussion

COVID-19 prevention measures, such as hand hygiene,
universal mask wearing, and enhanced environmental
cleaning, are partially in common with the recommended
prevention measures for HAIs, and therefore may modify
the incidence of VRE HAIs. However, one size does not fit
all, since our hospital data show no statistically significant
decline in the incidence density of MRSA HAIs, VRE HAIs and
VRE HABSIs in 2020, with wide adoption of COVID-19 control
measures in the study hospital. The present study identified
other variables, such as the decreased yearly consumption
of 4% chlorhexidine solution and the increased use of third
generation cephalosporins,23,24 which might be related to
the increase of VRE HAI in the era of COVID-19.

A number of infection control polices for the COVID-19
outbreak in Taiwan have been implemented in the beginning
of 2020. Health promotion, hand hygiene, universal masking,
a surface cleaning, social distancing, restriction of the num-
ber of visitors, and body temperaturemonitoring at the entry,
have been widely implemented in the hospitals.14,15 Some
interventions, for example hand hygiene, are in commonwith
the commonly recommended measures for HAI preven-
tion.25,26 At the study hospital, the increased consumption of
75% alcohol solution in 2020 could reasonably be linked to
enhanced hand hygiene. Nevertheless, our results were not in
5

accordance with a decline in VRE HAI, as noted in the Lo’s
study.17 There are multiple possible concerns, for example,
VREmight be less susceptible to 75% alcohol, as reported from
Australia,27 VRE also might be transmitted mainly through
health equipment or environmental surfaces at the study
hospital, comparable to the report from German.28

In another aspect, the supply shortage and decreased
usage of 4% chlorhexidine in 2020 due to COVID-19 outbreak
deserved some concerns. An in vitro study found repeating
exposure to sub-inhibitory concentrations of chlorhexidine
induced a reduced susceptibility among VRE population.29

Strikingly, there were Enterococcus faecium populations
in the community and hospital settings tolerant against low
concentration chlorhexidine.30 Furthermore, in the
Denmark hospitals VRE isolates were less susceptible to
chlorhexidine than VSE isolates.31 The chlorhexidine sus-
ceptibility of VRE in the Taiwan hospitals is not well stud-
ied. The previous studies suggested the interaction of
reduced consumption of 4% chlorhexidine and chlorhexi-
dine susceptibility of VRE isolates in the hospital environ-
ments may influence the occurrence of VRE HAIs.29,31 The
monitoring of chlorhexidine consumption and susceptibility
among the environmental and HAI-related VRE isolates is
warranted. Antimicrobial and chlorhexidine susceptibility
testing and genotyping of identified VRE strains will be
continued at the study hospital.

Annual consumption of sodium hypochlorite used for
environmental cleaning in 2020 was not less than that in
2019 and 2018, suggestive of no major change in the
practice of environmental cleaning. Likewise, the average
compliance rate of hand hygiene program was 98% during
the study period. Both environmental cleaning and hand



Table 2 Clinical characteristics and numbers of patients with healthcare-associated bacteremia due to vancomycin-resistant
Enterococcus from 2018 to 2020.

Patients’ characteristics and
comorbidities

Year P value

2018 2019 2020

Age range (mean), years 39-93 (68) 16-91 (67) 20-94 (69) 0.812
Male sex (%) 28 (51) 26 (55) 41 (62) 0.671
ICU stay (%) 21 (41) 12 (26) 24 (36) 0.251
Hospital stay before VRE

isolation, range (mean),
days

3-467 (36) 6-261 (33) 4-213 (32) 0.891

Charlson comorbidity index,
range (mean)

0-16 (5.7) 0-10 (5.7) 0-11 (5.3) 0.643

Comorbidities (%)
Diabetes mellitus without

end organ damage/
complications

24 (47) 17 (36) 24 (36) 0.426

Diabetes mellitus with end
organ damage/
complications

2(4) 0 (0) 2 (3) 0.418

Metastatic tumor 20 (39) 17 (36) 22 (33) 0.805
Moderate to severe renal

disease
16 (31) 14 (30) 16 (24) 0.696

Peptic ulcer disease 14 (27) 6 (13) 6 (9) 0.021
Chronic pulmonary disease 10 (20) 15 (32) 12 (18) 0.189
Congestive heart failure 9 (17) 11 (23) 16 (24) 0.670
Cerebrovascular disease 9 (18) 5 (11) 7 (11) 0.460
Dementia 4 (8) 6 (13) 5 (8) 0.594
Tumor without metastasis 4 (8) 7 (15) 10 (15) 0.442
Mild liver disease 4 (8) 5 (11) 9 (14) 0.608
Moderate to severe liver

disease
3 (6) 9 (19) 6 (9) 0.090

Peripheral vascular disease 3 (6) 0 (0) 3 (5) 0.266
Leukemia 3 (6) 3 (6) 11 (17) 0.094
Hemiplegia 2 (4) 0 (0) 4 (6) 0.237
Transplantation 2 (4) 2 (4) 2 (3) 0.936
Myocardial infarction 2 (4) 2 (4) 3 (5) 0.986
Connective tissue disease 1 (2) 2 (4) 3 (5) 0.736
Lymphoma 1 (2) 4 (9) 1 (2) 0.110
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hygiene have been reported as key factors of HAI control.
Therefore, our data suggested that the study hospital at
least kept similar standards of HAI control during the
COVID-19 pandemic.

There have been several antibiotics in association with
increased VRE prevalence of incidence in the hospital set-
tings. Increased vancomycin consumption has been
contributed to the increased VRE infections in Taiwan.6

However, vancomycin consumption at the study hospital
was stable in three years. On the other hand, the increased
use of third generation cephalosporins was evident from
2018 to 2020, which have also been reported to increase
the risk of VRE infections.23,24 These broad-spectrum
cephalosporins do not directly promote the growth of
Enterococcus, but they eradicate competitive organisms
and lead to the overgrowth of Enterococcus.32,33

There was no difference in the 48-h response rates of
antibiotic consultations by AST team members in three
years. This result could reflect the stable and constant
effort for ASP, even during the period when there was extra
6

workload of the ASP team members, especially the infec-
tious disease specialists, to respond to the COVID-19
outbreak. Moreover, the annual consumption of key anti-
biotics was consistent if not decreased in three years,
except the increased consumption of third generation
cephalosporins and carbapenem. Further investigations to
identify factors related to the increase usage in third gen-
eration cephalosporins and to clarify the magnitude of its
impact on VRE HAIs should be considered.

The decline in the patient days and case mix index of
hospitalized patients in the study hospital in 2020 probably
reflect the hesitancy of the hospital visits among general
population in the period of the COVID-19 pandemic. In
accordance with the majority of other countries where an
upsurge of COVID-19 patients occurred, there was often a
decline in overall hospital admissions, for example in
Denmark from Mar. 2020 to Jan. 2021.34 However, these
changes in patient loads and disease severity in the hospital
seem to be limited in Taiwan. With unique implementation
of multidiscipline preventive measures for COVID-19, this
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setting provided us an opportunity to evaluate the real
impact of infection control interventions on HAIs in 2020.

The emerging and current levels of VRE endemicity
differ among countries. This in part could be relate to the
variations in the practices of antibiotic usage not only in
healthcare facilities, but also in agriculture, antimicrobial
resistance survey systems, and accessibility to antibiotics.35

Taiwan follows medical education systems of American and
British standards, and medical colleges adopt medical
textbooks from these countries.36 This western standard
medical practice may be related to the high prevalence of
vancomycin resistance among Enterococcus isolates, similar
to that in UK (>20%) and USA (30%). In contrast, a low
prevalence of VRE prevalence was noted in Japan, for
example <0.1% in 2019.37 Although Japan is geographically,
culturally, and climatically closer to Taiwan than Western
and European countries, the vast gap in the VRE prevalence
between two countries probably reflects the diversity in
medical practices, patientephysician relationship, health
insurance, etc.

There are multiple factors with potential influence on
MRSA HAIs and VRE HAIs but not considered in our study.
This includes the frequency of invasive treatment proced-
ures, including central venous catheters which could in-
crease the risk of VRE HAIs and HABSIs.38 Neither the
method of hospital environmental cleaning, nor the effec-
tiveness of hand washing and hand sanitizer usage among
hospital patients and visitors, were assessed. Although
there was a significant reduction in number of visitors
during COVID-19 due to the restrictions, we could not
quantify the degree of reduction in the visitors. The
methodology of bacterial identification was modified for
some bacterial species at the study hospital during
2018e2020. Therefore, our study exclusively focused on
MRSA HAIs, VRE HAIs and HABSIs, and other clinically
important multidrug-resistant organisms, such as
carbapenem-resistant Acinetobacter baumannii (CRAB) and
carbapenem-resistant Enterobacterales (CRE), were not
included. Detailed systematic data collection by the
administration regulation of hospital management would be
valuable.

Conclusion

An increase in the incidence density of VRE HAIs and HABSIs
was noted at a hospital in southern Taiwan in 2020 during
the first year of COVID-19 pandemic, in spite of increased
consumption of 75% alcohol and persistent efforts for
antibiotic stewardship program. However, the decreasing
consumption of 4% chlorhexidine solutions and increasing
usage of third generation cephalosporins may favor the
occurrence of VRE HAIs. Our results highlight the impor-
tance of continued surveillance of HAIs in the COVID-19 era,
even under the implementation of multiple preventive
measures for both COVID-19 and HAIs.
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