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Background: The coronavirus disease 2019 (COVID-19) has influenced antimicrobial con-
sumption and incidence of multidrug-resistant organisms (MDROs). We aimed to study the
epidemiology of MDROs before and during the COVID-19 pandemic in Hong Kong.
Methods: With the maintenance of infection control measures, we described the trend of
MDRO infections, including methicillin-resistant Staphylococcus aureus (MRSA),
carbapenem-resistant Acinetobacter species (CRA), and extended-spectrum-beta-
lactamase-(ESBL)-producing Enterobacterales, in a healthcare region with 3100-bed
before (1 January 2016 to 31 December 2019, period 1) and during COVID-19 (1 January
2020 to 30 September 2022, period 2), together with the antimicrobial consumption using
piecewise Poisson regression. The epidemiological characteristics of newly diagnosed
COVID-19 patients with or without MDRO infections were analyzed.
Results: Between period 1 and 2, we observed a significant increase in the trend of CRA
infections (P<0.001), while there was no significant increase in the trend of MRSA
(P¼0.742) and ESBL-producing Enterobacterales (P¼0.061) infections. Meanwhile, a sig-
nificant increase in the trend of carbapenems (P<0.001), extended-spectrum beta-lactam-
beta-lactamase inhibitor combinations (BLBI) (P¼0.045), and fluoroquinolones (P¼0.009)
consumption was observed. The observed opportunity (23,540 � 3703 vs 26,145 � 2838,
p¼0.359) and compliance (81.6% � 0.5% vs 80.1% � 0.8%, P¼0.209) of hand hygiene per
year was maintained. In a multivariable model, older age, male sex, referral from
residential care home for the elderly, presence of indwelling device, presence of
endotracheal tube, and use of carbapenems, use of BLBI, use of proton pump inhibitors
and history of hospitalization in the past 3 months were associated with higher risks of
infections by MDROs among COVID-19 patients.
Control Team, Queen Mary Hospital, Hong Kong West Cluster, Hong Kong Special Administrative
2-23523698.
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Conclusion: Infection control measures may control the surge of MDROs despite an
increasing trend of antimicrobial consumption.

ª 2023 The Author(s). Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Antimicrobial resistance has long been a threat in the
healthcare setting [1]. The control of multidrug-resistant
organisms (MDROs) relies on two important tools, anti-
microbial stewardship programs and infection control practi-
ces. The former minimizes the risk of emergence of MDROs by
reducing antimicrobial selection pressure, while the latter
reduces the risk of dissemination of MDROs after they have
emerged. Queen Mary Hospital has been a pioneer in anti-
microbial stewardship [2] and was one of the first to introduce
the “World Health Organization guidelines on hand hygiene in
health care” in Hong Kong [3]. We have also proposed inno-
vative measures such as electronic monitoring of hand hygiene
[4], patient empowerment in hand hygiene [5], and directly
observed hand hygiene for patients in hospitals [6,7] and
residents in the residential care home for the elderly (RCHE)
[8] for controlling the spread of MDROs. All these measures
have successfully prevented and controlled nosocomial
transmission and outbreaks of epidemiologically important
MDROs including methicillin-resistant Staphylococcus aureus
(MRSA) [9], vancomycin-resistant enterococci (VRE) [10],
carbapenem-resistant and multidrug-resistant Acinetobacter
baumannii [11,12], and carbapenem-resistant Enter-
obacterales [13]. As a result of these efforts, Queen Mary
Hospital had the lowest rate of hospital outbreaks per patient
discharge or patient days among regional acute care hospitals
in Hong Kong [14]. In addition, through the promotion of
proactive infection control measures, including directly
observed hand hygiene, to all hospitals under the governance
of the Hospital Authority, we were able to reverse the rising
trend of VRE and prevent territory-wide outbreaks in Hong
Kong [15]. This was the first time in the medical history of
Hong Kong that the establishment of an MDRO’s endemicity
was successfully prevented.

However, our effort in MDRO control faced a great chal-
lenge when the unprecedented outbreak of coronavirus dis-
ease 2019 (COVID-19) caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was reported in Hong
Kong in 2020. Healthcare facilities around the world have
reported outbreaks of MDROs during the COVID-19 pandemic,
which is probably related to the disruption to infection con-
trol practices and antimicrobial stewardship programs [16]. In
Hong Kong, we learned from our experience during the severe
acute respiratory syndrome (SARS) outbreak in 2003 [17], and
the pandemic influenza A H1N1 outbreak in 2009 [18]. Infec-
tion control preparedness for emerging infectious diseases
such as COVID-19 has since been improving [19,20]. Hence,
this study aims to investigate changes in the epidemiology of
MDROs and antimicrobial use during the COVID-19 pandemic in
Hong Kong.
Material and methods

Setting and data source

This is a retrospective study on the epidemiology of MDROs,
including MRSA, carbapenem-resistant Acinetobacter species
(CRA), and extended-spectrum beta-lactamase (ESBL)-pro-
ducing Enterobacterales, in a healthcare region in Hong Kong,
namely Hong Kong West Cluster (HKWC), under the governance
of the Hospital Authority. HKWC comprised a university-
affiliated teaching hospital (Queen Mary Hospital) with 1700-
bed, together with five extended care hospitals with another
1400 beds. The study period is divided into two parts, i.e.,
period 1 (1 January 2016 to 31 December 2019), which serves as
the baseline before the occurrence of COVID-19, and period 2
(1 January 2020 to 30 September 2022), which is the study
period during the COVID-19 pandemic. The study period
includes the first 1000 days of COVID-19 in Hong Kong, where
day 1 (31 December 2019) was the day of the official
announcement of the outbreak of community-acquired pneu-
monia in Wuhan, Hubei Province, made by the Health Com-
mission of Hubei Province of the People’s Republic of China.

The audits of hand hygiene opportunity and compliance as
well as audit data on the appropriate use of broad-spectrum
antimicrobial agents were retrieved from infection control
team. The opportunity and compliance of hand hygiene audit is
performed by infection control nurses as per the World Health
Organization protocol [3]. The appropriate use of broad-
spectrum antimicrobial agents by the frontline clinicians is
determined by clinical microbiologists based on a locally pre-
pared IMPACT (Interhospital Multi-disciplinary Programme on
Antimicrobial ChemoTherapy) guideline [21]. The data on
patients infected with MDROs, COVID-19, and antimicrobial
consumption were retrieved from the Clinical Data Analysis and
Reporting System, which is an electronic database of health
records under the governance of the Hospital Authority, as
previously described [22].

Incidence of multidrug-resistant organisms before and
during COVID-19

In this study, MRSA, CRA, and ESBL-producing Enter-
obacterales were selected as the representative MDROs. Clin-
ical specimens that tested positive for MRSA, CRA, or ESBL-
producing Enterobacterales during hospitalization in HKWC
were included in the analysis. New cases of these MDROs were
defined as patients who had any clinical specimens positive for
these MDROs during hospitalization, without a history of cul-
ture positive by the same MRDO in the preceding 12 months. An
episode of bacteremia was defined as a blood culture positive
for MRSA, CRA, or ESBL-producing Enterobacterales during
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hospitalization. The length of an infective episode was defined
as 14 days for MRSA, CRA, and ESBL-producing Enterobacterales
bacteremia, with the date of specimen collection considered
as day 1. A new episode of bacteremia was considered when it
occurred after an infective episode. The incidence of MDROs
was expressed in terms of the number of new cases and bac-
teremia episodes per 1000 patient days before COVID-19
(period 1) and during COVID-19 (period 2).

Consumption of antimicrobial agents before and
during COVID-19

The monthly consumption of broad-spectrum antimicrobial
agents including carbapenems, cephalosporins, extended-
spectrum beta-lactam-beta-lactamase inhibitor combinations
(BLBI), and fluoroquinolones, expressed in defined daily dose
(DDD) per 1000 patient days before COVID-19 (period 1) and
during COVID-19 (period 2), were analyzed.

COVID-19 patients with or without multidrug-resistant
organisms

The epidemiological characteristics of newly diagnosed
COVID-19 patients with or without MDROs infection were ana-
lyzed, including the demographic data, referral from RCHE,
Charlson comorbidity index, history of antimicrobial agent and
proton pump inhibitor use, history of hospitalization in the past
3 months, as well as the crude mortality within 90 days of
COVID-19 diagnosis.
Figure 1. Trend of new case of MRSA, CRA, and ESBL-producing Ent
January 2016 to September 2022.
Note. A new case of MRSA, CRA, or ESBL-producing Enterobacterales wa
MDROs during hospitalization, without a history of colonization or infe
This study was approved by the Institutional Review Board of
The University of Hong Kong/Hospital Authority Hong Kong
West Hospital Cluster.

Statistical analysis

Differences in the incidence rate of MRSA, CRA, ESBL-
producing Enterobacterales, and antimicrobial consumption
were evaluated between period 1 and period 2 using piecewise
Poisson regression (interrupted time series). At the breakpoint
of 1 January 2020, the change of slope was investigated by
including the corresponding term in the regression. If the change
was not significant, the corresponding term was removed from
the model. To facilitate results interpretation in the case of
significant change in slope, the slopes of the two segments were
presented (instead of the change). Chi-Square test and t-test
were used to compare characteristics of COVID-19 patients with
and without infections by MDROs. Multiple logistic regression
was used to identify characteristics of COVID-19 patients asso-
ciated with infections by MDROs. All statistical analyses were
performed using IBM SPSS Statistics (version 28). A two-sided P-
value of < 0.05 was considered statistically significant.

Results

Compliance of hand hygiene and use of broad-
spectrum antimicrobial agents

Before and during the COVID-19 pandemic, the observed
opportunity (23,540 � 3703 vs 26,145 � 2838, P¼0.359) and
erobacterales infections in Hong Kong West Cluster (HKWC) from

s defined as a patient with any clinical specimen positive for these
ction by the same MRDO in the preceding 12 months.



Figure 2. Trend of bacteremia due to MRSA, CRA, and ESBL-producing Enterobacterales in Hong Kong West Cluster (HKWC) from January
2016 to September 2022.
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compliance (81.6% � 0.5% vs 80.1% � 0.8%, P¼0.209) of hand
hygiene per year was maintained (Supplementary Figure 1).
Although the appropriate use of broad-spectrum antimicrobial
agents per quarter was maintained before and during the
COVID-19 pandemic (82.7% � 4.7% vs 83.4% � 2.2%, P¼0.695),
the number of antimicrobial audits per quarter was sig-
nificantly lower during the COVID-19 pandemic (988 � 315 vs
632 � 225, P¼0.016) (Supplementary Figure 2).
Incidence of multidrug-resistant organisms before and
during COVID-19

During the study period, the total number of new cases of
MRSA, CRA, and ESBL-producing Enterobacterales were 4793,
1649, and 9247, with the corresponding incidence being 1.023,
0.352, and 1.973 per 1000 patient days, respectively. The
number of bacteremic episodes due to MRSA, CRA, and ESBL-
producing Enterobacterales were 459, 95, and 1422, with the
corresponding incidence being 0.098, 0.020, and 0.303,
respectively.

For new case of MDROs infection, there was no significant
change in the trend of new cases of MRSA (P¼0.742) and ESBL-
producing Enterobacterales (P¼0.061) infections between
period 1 and 2, whereas there was a significant change in the
trend of new cases of CRA infections between period 1 and 2
(P<0.001) (Figure 1). The number of new cases of CRA infec-
tions per 1000 patient days significantly decreased per month
(RR: 0.992, 95% CI: 0.988e0.996, P<0.001) in period 1, but
significantly increased (RR: 1.024, 95% CI: 1.017e1.031,
P<0.001) in period 2. For bacteremia due to MDROs, there was
no significant change in the trend of MRSA (P¼0.616), CRA
(P¼0.338), and ESBL-producing Enterobacterales (P¼0.052)
bacteremia between period 1 and 2 (Figure 2).
Consumption of antimicrobial agents before and
during COVID-19

During the study period, the overall usage of antimicrobial
agents, expressed in DDD per 1000 patient days, was 46.27 for
carbapenems, 27.80 for cephalosporins, 62.21 for BLBI, and
43.50 for fluoroquinolones. The trend of antimicrobial con-
sumption before and during COVID-19 is shown in Figure 3.
Comparing the trend of antimicrobial consumption between
period 1 and 2, there was a significant increase in carbapenems
(P<0.001), BLBI (P¼0.045), and fluoroquinolones (P¼0.009)
consumption, but there was no significant change in the trend
of cephalosporins consumption between period 1 and 2
(P¼0.920).
COVID-19 patients with or without multidrug-resistant
organisms

Among the 4443 newly diagnosed cases of COVID-19, 2372
(53.4%) were male. The median age was 68 years (range: 7 days
to 108 years). Co-infections with MRSA, CRA, and ESBL-
producing Enterobacterales were observed in 149 (3.4%), 110
(2.5%) and 57 (1.3%) COVID-19 patients, respectively. Co-
infections with any MDROs were found in 272 (6.1%) of COVID-



Figure 3. Trend of carbapenems, cephalosporins, extended-spectrum beta-lactam-beta-lactamase inhibitor combinations, and fluo-
roquinolones before and during COVID-19 in Hong Kong West Cluster from January 2016 to September 2022.
Note. BLBI, extended-spectrum beta-lactam-beta-lactamase inhibitor combinations. Carbapenems includes meropenem, imipenem-cil-
astatin, and ertapenem. Cephalosporins (3rd and 4th generation cephalosporins) includes cefpodoxime, ceftibuten, cefotaxime, cef-
triaxone, ceftazidime, cefoperazone-sulbactam, and cefepime. Extended-spectrum beta-lactam-beta-lactamase inhibitor combinations
includes piperacillin-tazobactam and ticarcillin-clavulanate. Fluoroquinolones includes oral and intravenous formulation of ciprofloxacin,
levofloxacin, and moxifloxacin.
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19 patients. The epidemiological characteristics of COVID-19
patients with or without co-infections by MDROs are shown in
Table 1. In a multivariable model, older age, male sex, referral
from RCHE, presence of indwelling device, presence of endo-
tracheal tube, use of carbapenems, use of BLBI, use of proton
pump inhibitors and history of hospitalization were associated
with higher risks of infections by MDROs among COVID-19
patients in HKWC (Table 2).

Discussion

We summarized the incidence rates of MRSA, CRA, and ESBL-
producing Enterobacterales before (period 1) and during
COVID-19 (period 2) in Hong Kong. In period 2, we observed a
significant change in the trend of new cases of CRA when
compared with period 1 using piecewise Poisson regression
(interrupted time series). The significant change in trend
observed in period 2 may be related to the reversion of the
decreasing incidence of CRA infections in period 1, which was
achieved through enhanced infection control interventions
against carbapenem-resistant Acinetobacter baummanii,
including the implementation of directly observed hand
hygiene practice and priority use of single room isolation [11].
During the COVID-19 pandemic, the single rooms were allo-
cated to COVID-19 patients. This may have led to an increase in
incidence of CRA in period 2. However, we did not observe a
corresponding significant trend of increase in the new cases of
MRSA and ESBL-producing Enterobacterales infections in period
2. This is in contrast to the observation made in many parts of
the world [23e26]. The lack of a significant increase in the
trend of MRSA and ESBL-producing Enterobacterales infections
was likely due to the fact that these patients were managed in
open cubicles with no changes in infection control practices
before and during COVID-19. In fact, the number of hand
hygiene observations and overall compliance in our hospitals
per year were maintained during the COVID-19 pandemic in our
healthcare region, although 100% compliance with hand
hygiene was achieved in our clinical unit [27]. Further inves-
tigation is warranted to better understand the varying impact
of hand hygiene and single room isolation on different types of
MDRO.

However, the trend of antimicrobial consumption sig-
nificantly increased in period 2 when compared with period 1 in
our healthcare region. Our finding was consistent with the
hospital-based studies in Lebanon, Spain, Italy, India, and the
UK, where an increase in antimicrobial consumption was
observed in 2020 [28]. The increase in antimicrobial con-
sumption in our healthcare region may be related to a sig-
nificantly decrease in the number of antimicrobial audits
during the COVID-19 pandemic. The increase in CRA infections
may also be related to the disruption of the antimicrobial
stewardship program.

The COVID-19 pandemic had a significant impact on
healthcare systems and patient outcomes worldwide [29,30],



Table 1

Epidemiological characteristics of COVID-19 patients with or without infections by multidrug-resistant organisms in Hong KongWest Cluster

COVID-19 patients with infections by

MDROs (n¼272)

COVID-19 patients without infection by

MDROs (n¼4171)

P Valuea

Age (mean � SD) 77.19 � 17.54 59.76 � 28.28 < 0.001
Male sex 178 (65.4%) 2194 (52.6%) < 0.001
Referral from RCHE 119 (43.8%) 591 (14.2%) < 0.001
Charlson comorbidity index (mean � SD) 3.83 � 2.41 2.66 � 2.47 < 0.001
Presence of indwelling device 137 (50.4%) 575 (13.8%) < 0.001
Presence of endotracheal tube 25 (9.2%) 57 (1.4%) < 0.001
Use of corticosteroids as COVID-19
therapy

72 (26.5%) 713 (17.1%) < 0.001

Use of antimicrobial agents in the past 3 months
Carbapenems 71 (26.1%) 265 (6.4%) < 0.001
Cephalosporins 27 (9.9%) 150 (3.6%) < 0.001
BLBI 104 (38.2%) 539 (12.9%) < 0.001
Fluoroquinolones 23 (8.5%) 135 (3.2%) < 0.001
Use of proton pump inhibitors in the past
3 months

172 (63.2%) 1184 (28.4%) < 0.001

History of hospitalization in the past 3
months

170 (62.5%) 1589 (38.1%) < 0.001

Mortality within 90 days of COVID-19
diagnosis

90 (33.1%) 568 (13.6%) < 0.001

Note. BLBI, extended-spectrum beta-lactam-beta-lactamase inhibitor combinations; MDROs, multidrug-resistant organisms; RCHE, residential care
home for the elderly; SD, standard deviation.
a Based on Chi-square test, except for age and Charlson comorbidity index which were based on t test.
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including in the areas of cardiovascular diseases [31,32],
cerebrovascular diseases [33,34], cancer prevention and
treatment [35e37], surgical operations [38,39], and blood
transfusion [40]. Antimicrobial stewardship program, as one
of the interventions to control the emergence of MDROs,
might also have been affected [41,42], which may have con-
tributed to the rapid increase in MDROs during the COVID-19
pandemic [43]. In the meantime, enhancement of infection
control measures may also result in unintended consequences
Table 2

Multivariable analysis of COVID-19 patients with infections by multidru

Age
Male sex
Referral from RCHE
Charlson comorbidity index
Presence of indwelling device
Presence of endotracheal tube
Use of corticosteroids as COVID-19 therapy
Use of antimicrobial agents in the past 3 months
Carbapenems
Cephalosporins
BLBI
Fluoroquinolones
Use of proton pump inhibitors in the past 3 months
History of hospitalization in the past 3 months

Note. BLBI, extended-spectrum beta-lactam-beta-lactamase inhibitor comb
home for the elderly; SD, standard deviation.
a Based on multivariable logistic regression.
including the reduction of MRSA acquisition rate and
healthcare-associated respiratory virus infection in Singapore
[44]. In Hong Kong, we also demonstrated the reduction
in bacteremia caused by bacterial species with
respiratory transmission potential and respiratory viruses in
the community and healthcare setting, respectively [45,46],
as a result of enforcement of hand hygiene and
universal masking during the early phase of COVID-19 [27,47].
However, there are numerous factors that may influence
g-resistant organisms in Hong Kong West Cluster

Adjusted odds ratio for COVID-19 patients

with infections by MDROsa
P Value

1.015 (1.006e1.025) 0.001
1.597 (1.205e2.118) 0.001
2.891 (2.137e3.910) < 0.001
1.005 (0.935e1.081) 0.892
3.339 (2.517e4.429) < 0.001
3.880 (2.206e6.824) < 0.001
0.798 (0.580e1.098) 0.166

1.926 (1.345e2.8760) < 0.001
1.128 (0.684e1.861) 0.637
1.419 (1.037e1.942) 0.029
1.331 (0.787e2.253) 0.286
1.653 (1.207e2.265) 0.002
1.429 (1.058e1.929) 0.020

inations; MDROs, multidrug-resistant organisms; RCHE, residential care
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the levels of antimicrobial resistance. Antimicrobial use in
hospitals as well as infection prevention and control measures
may favor an increase or a decrease in antimicrobial
resistance during the COVID-19 pandemic [48]. Every
healthcare center may have unique characteristics that could
contribute to changes in the epidemiology of MDROs during
the COVID-19 pandemic. Our findings illustrate the main-
tenance of infection control measures prevented the surge of
MDROs despite the increasing consumption of antimicrobial
agents.

The incidence of MDRO infection among our COVID-19
patients was 6%, which was lower than that reported pre-
viously in the United States (52%) and in the Republic of Korea
(28%) [49,50]. The risk factors for MDRO infection among
COVID-19 patients, as shown in themultivariable analysis, were
similar to our local population with MDRO colonization,
including the prior use of antimicrobial agents and proton pump
inhibitors, and recent history of hospitalization [22,51,52]. In
addition, patients referred from RCHE were particularly asso-
ciated with MDRO infection in this study, given that the prev-
alence of MDROs among our elderly, especially MRSA and CRA,
were on a rising trend during our active surveillance studies
conducted in the RCHE in the past decade [53e55]. It is
interesting to note that the use of corticosteroids was not a
significant risk factor for MDRO infection among COVID-19
patients in the multivariable analysis, which is in contrast to
the finding of a previous study that corticosteroids use in
COVID-19 patients may increase the risk of bacterial co-
infection [50]. This difference in findings could be due to the
use of a corticosteroid-sparing triple combination of interferon
beta-1b, lopinavir-ritonavir, and ribavirin in the treatment of
COVID-19 patients admitted to our hospitals [56].

There are several limitations in this study. First, this study
ended early in September 2022 rather than in December 2022
because we needed to cover the first 1000 days of COVID-19
combat in Hong Kong, as hospital services gradually resume
normalcy after day 1000 [57]. Second, we only included MRSA,
CRA, and ESBL-producing Enterobacterales as the representa-
tive MDROs, excluding VRE and carbapenemase-producing
Enterobacterales (CPE). With the territory-wide implementa-
tion of directly observed hand hygiene-based infection control
measures in our public hospitals since 2013, we had success-
fully controlled the spread of VRE in Hong Kong. VRE was no
longer endemic in our healthcare setting before the COVID-19
pandemic [15]. While the incidence of gastrointestinal colo-
nization with CPE has been increasing in recent years [58], the
number of patients with CPE infection remained low both
before and during the COVID-19 pandemic in our locality. Third,
we only included MDROs identified from clinical specimens but
not screening specimens in the analysis, as the protocol of
MDROs screening was evolving during the study period. Finally,
the case mix of patient admission may be altered, especially
when there was overwhelming number of COVID-19 patients
during the peak of Omicron subvariant BA.2 in February and
March 2022. Therefore the incidence of MDRO may be inter-
preted with caution. However, our finding can provide an
overview of the epidemiology of MDRO infection before and
during the COVID-19 pandemic in Hong Kong. Given the
observational nature of the study, it could not establish a
causal relationship.
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