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S U M M A R Y

Background: Detection of healthcare-associated infection (HCAI) clusters is crucial in
limiting disease transmission.
Aim: To investigate whether data on antibiotic use can be an alternative indicator for the
identification of HCAI clusters caused by multidrug-resistant organisms (MDROs).
Methods: We retrospectively analysed MDRO-related HCAIs and the 10 indicators of
antibiotic use from four independent high-risk units at a tertiary hospital in China from
January 2014 to January 2017. Spearman’s correlation test was used to evaluate the
correlations between the variables, and Shewhart chart algorithm was used to evaluate
the performances of cluster identification.
Findings: We identified 856 MDRO-related HCAI cases. All indicators of antibiotic use were
positively correlated with the incidence of MDRO-related HCAIs (r ¼ 0.2e0.5; P < 0.05),
except for the antibiotics utilization rate (AUR) for single-agent use (r ¼ e0.191;
P ¼ 0.017) and the AUR of unrestricted drugs (r ¼ e0.042, P ¼ 0.601). Shewhart chart
algorithm identified 22 clusters of MDRO-related HCAI. The AUR of special-grade
antibiotics, the AUR for three agents used in combination, and the number of antibiotic
varieties per patient displayed the optimal predictive values for detecting these 22 MDRO-
related HCAI clusters. At an acceptable specific level of 75%, these three indicators were
considered as the optimal surveillance indicators for detecting MDRO-related HCAI clus-
ters, with sensitivities from 80.00% to 95.00%, and positive predictive values from 71.05%
to 77.50%.
Conclusion: The use of data on antibiotic use is a sensitive method for identifying clusters
of MDRO-related HCAIs in high-risk units and may be a useful adjunctive method for HCAI
surveillance.
ª 2018 Department of Nosocomial Infection Management, Union Hospital, Tongji Medical

College, Huazhong University of Science. Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article
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Introduction

Multidrug-resistant organisms (MDROs) are major threats to
public health because they are resistant to drugs used to treat
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bacterial diseases worldwide [1]. The incidence of healthcare-
associated infections (HCAIs) caused by MDROs in low- and
middle-income countries is increasing [2]. In China, meticillin-
resistant Staphylococcus aureus (MRSA) accounts for 42.2% of
all isolated S. aureus strains, whereas 51.5% of Escherichia coli
isolates and 27.4% of Klebsiella pneumoniae isolates were
resistant to b-lactams based on the national antimicrobial
resistance surveillance system in 2015 [3].

Clusters of infection caused by MDROs in healthcare settings
can increase morbidity due to infection and healthcare costs,
causing problems to patients, caregivers, and the healthcare
system [4]. HCAI surveillance is important in detecting clusters
of hospital infections. However, traditional HCAI surveillance
systems rely on case reports, which means that the surveillance
system can only receive data after HCAI cases are reported by
clinicians. Therefore the data on HCAI cases in the traditional
case report surveillance system have to be processed, ana-
lysed, and summarized by the reporters, resulting in attenua-
tion and delay of information. Nevertheless, even if HCAI data
are reported to the surveillance system on time, the system
may not be able to collect complete data due to the attenua-
tion of information in the case reports. Consequently, surveil-
lance indicators based on case reports may not be comparable
because of the heterogeneity of information reported by
different surveillance systems, hospitals, units, and clinicians.

Recent studies have shown that a large amount of data
related to infection has been used to identify HCAI clusters
[5e7]. Among these, data on antibiotic use are helpful for
detecting infections in healthcare settings. However, findings
have varied [8e12]. A better strategy that enhances HCAI
surveillance is required to complete the gaps in surveillance
caused by the lack of standard methodologies for data collec-
tion and performance evaluation [13].

Process data surveillance is a novel method for HCAI surveil-
lance. Process data refer to the continuous, traceable, and basic
information of patients who are being admitted to a hospital,
and these data are collected automatically by a search engine
based on the hospital’s local area network (LAN). Process data
surveillance is a form of active surveillance, which does not rely
on delayed and heterogeneous case reports. Collecting process
data, which are original and homogeneous medical information,
may be an efficientway to detect HCAI clusters. For example, by
monitoring daily prescriptions of inpatients, the process sur-
veillance system canmine the original information on antibiotic
use, such as the name, category, and dose of drugs used in every
hospitalization day; whether combined medications were used;
and duration of medication use. Using these original data, the
process surveillance system can identify several indicators that
could be used for detecting HCAI clusters, and consequently, it
makes these process indicators more timely and homogeneous.

This study aimed at assessing the feasibility of the auto-
mated cluster detection of MDRO-related HCAIs using the data
on antibiotic use. Moreover, the detection method and per-
formance of this system are evaluated.
Methods

Study design and setting

This was a retrospective observational study. The time-
series data on MDRO-related HCAI incidence and 10 indicators
of antibiotic use were analysed in high-risk units in Wuhan
Union Hospital (WHUH). All indicators were calculated weekly
for each unit.

WHUH is a tertiary hospital in Wuhan, China, with a 3800-
bed capacity. This study was conducted in four independent
high-risk clinical units, where HCAI ranked as the fourth most
common infection in WHUH for three years. The units were
designated by a number code (1e4): unit 1 had 28 beds with an
average HCAI incidence of 8.68%; unit 2 had 40 beds with
an average HCAI incidence of 5.96%; unit 3 had 128 beds with an
average HCAI incidence of 5.52%; and unit 4 had 70 beds with an
average HCAI incidence of 7.50%. Patients who were admitted
to these four units between January 1st, 2014 and January 3rd,
2017 were included in this study. The data on each inpatient,
including the demographic data, hospitalization data, and
pharmacy dispensing records, are available in the database of
the Real-Time Nosocomial Infection Surveillance System (RT-
NISS).

The RT-NISS is an HCAI surveillance system used for process
data in China. Details of the RT-NISS have been described
previously [14]. Briefly, the RT-NISS is seamlessly connected
with the hospital information system (HIS), laboratory infor-
mation system (LIS), radiology information system (RIS), and
other existing electronic information systems in the hospital’s
LAN. The infection-related process data in these information
systems are then collected and stored in real time in the RT-
NISS database. This system was developed in 2008 and used
in various hospitals in Shandong province in 2010. Furthermore,
the National Institute of Hospital Administration established
the basic datasets and guidelines of quality control for data
collection during process surveillance based on the RT-NISS in
2016. Recently, the RT-NISS has become the official component
of the national healthcare-associated surveillance programme
and is now widely used in China.
Indicators of antibiotic use

All antibacterial agents are classified into three levels ac-
cording to the ‘administrative rules for the clinical use of
antibiotics’ issued by the Chinese government in 2012: non-
restricted, restricted, and special-grade. Clinicians need spe-
cific training in antibiotic prescription before they are granted
different levels of prescribing privileges depending on their
professional title [15]. Non-restricted antibiotics can be used
for the prevention and treatment of mild infections by all
clinicians. Restricted antibiotics can be used for severe in-
fections, infections in patients with immune dysfunction, and
pathogens that are sensitive only to restricted antibiotics, and
these antibiotics can only be prescribed by clinicians with a
middle or senior professional title. Special-grade antibiotics
can only be used in special circumstances by senior clinicians
[16].

In this study, 10 process indicators of antibiotic use were
extracted from the RT-NISS database, which contained anti-
biotic utilization rate (AUR), AUR of non-restricted antibiotics,
AUR of restricted antibiotics, AUR of special-grade antibiotics,
AUR for single-agent use, AUR for two agents used in combi-
nation, AUR for three agents used in combination, AUR for more
than three agents used in combination, the average days of
antibiotic use, and the number of antibiotic varieties per
patient.
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AUR is the proportion of admitted patients who received
antibiotics in the total number of admitted patients. The
average days of antibiotic use is defined as the sum of days
that admitted patients were prescribed with antibiotic
agents divided by the number of admitted patients who used
antibiotics. The number of antibiotic varieties per patient is
defined as the sum of the different agents that were used
divided by the number of admitted patients who used anti-
biotics. Data on oral and intravenous antibiotics were
collected; however, topical antibiotics were excluded from
the data collection.

Identification of cases and clusters

The diagnosis of HCAI was based on the diagnostic criteria
for healthcare-associated infection issued by the Ministry of
Health of the People’s Republic of China in 2001 [17,18]. The
hospital infection management team (HIMT) conducts the HCAI
case report surveillance and implements control measures
within the hospital. The HIMT is composed of clinicians, nurses,
and full-time infection control practitioners. HCAI case finding
was done by reviewing clinical records on a daily basis, such as
reports of illness, microbiology data, antibiotic data, imaging
reports, and results of clinical laboratory tests, and reaching a
consensus among the members within the HIMT. Cases of HCAI
caused by MDROs are identified by monitoring the results of
culture tests. The weekly HCAI incidence is measured as the
number of new HCAI cases in a week divided by the total
number of inpatients in that week.

HCAI cluster is defined as a group of HCAIs occurring closely
together in a healthcare unit. Detection algorithms based on
statistical process control were the most frequently used for
identifying clusters [7]. In WHUH, HCAI cluster was defined as
the HCAI incidence in the current week which exceeded the
mean plus two standard deviations (SDs) of the past four
weeks, according to the Guideline of Control of Healthcare-
Associated Infection Outbreak [19].

Statistical analysis

A one-way analysis of variance was used to compare the
differences in the mean values, and c2-test was used to
compare the differences in the proportions among the four
independent units. The correlation of the long-term trends
(three years) between the antibiotic use indicators and the
incidence of MDRO-related HCAI was evaluated using Spear-
man’s correlation coefficient. P � 0.05 was considered statis-
tically significant in all analyses.

Furthermore, the consistency of warning signals between the
abnormal peaks of antibiotic use indicator and the clusters of
MDRO-related HCAI was evaluated. The Shewhart chart algo-
rithm that is based on the statistical process control was used as
the warning detection model. The alert threshold was based on
the statistical variations in the frequency in the past, and a four-
week moving average was used in this study. Specifically, the
alert signal of the cluster was generated when the four-week
moving average of the MDRO-related HCAI incidence in the cur-
rent week exceeded the mean plus two SDs of the past four
weeks. In addition, to obtain the receiver operating character-
istic (ROC) curves of the indicators of antibiotic use for detecting
the signals of HCAI clusters, we set 50 thresholds for the detec-
tion of antibiotic use datasets (SD: 0.1e5.0 SDs step by 0.1).
In the warning detection, data on antibiotic use were
considered as the test datasets, and infection data were the
references. Signals were defined as positive if the time interval
of those signals between the test and reference datasets was
less than four weeks. Accordingly, sensitivity, specificity, and
positive predictive value (PPV) were calculated to evaluate the
efficacy of using the data on antibiotic use for detecting
infection clusters. Furthermore, we compared the detection
performances of the different antibiotic use indicators based
on sensitivities and PPVs at a specific level of 75%, which is an
acceptable level of specificity for detecting MDRO-related HCAI
clusters in practice.
Results

A total of 27,783 patients were admitted to the four high-
risk units in WHUH during the study period. The HIMT diag-
nosed 953 HCAIs caused by MDROs in 856 patients. Statistically
significant differences were observed in all the demographic
characteristics of the MDRO-related HCAI cases among the four
units (Table I).

Figure 1 illustrates the long-term trends of MDRO-related
HCAI incidence and AUR. Other antibiotic use indicators are
shown in Appendix A. Figure 2 shows the Spearman correlation
strength of MDRO-related HCAI incidence relative to the 10
indicators of antibiotic use. All indicators of antibiotic use were
positively correlated with the incidence of MDRO-related HCAIs
(r ¼ 0.2e0.5; P < 0.05), except for antibiotic utilization rate
(AUR) for single-agent use (r ¼ e0.191; P ¼ 0.017) and AUR of
non-restricted drugs (r ¼ e0.042; P ¼ 0.601). The maximum
correlation was observed between the incidence of MDRO-
related HCAI and the number of antibiotic varieties per pa-
tient in unit 3 (r ¼ 0.691; P ¼ 0.001). In all the units, the
incidence of MDRO-related HCAI has a significant positive cor-
relation with the AUR of special-grade antibiotics
(r ¼ 0.384e0.482; P ¼ 0.001), and the number of antibiotic
varieties per patient (r ¼ 0.257e0.691; P ¼ 0.001).

For cluster detection using the Shewhart chart algorithm
under the threshold of two SDs, 21 signals of MDRO-related
HCAI clusters were generated (red dots in Figure 1). The
ROCs of the indicators of antibiotic use employed in identifying
the signals of MDRO-related HCAI clusters are illustrated in
Figure 3. All the ROCs of antibiotic use indicators are located
above the standard line, indicating valid performances in
detecting the signals of MDRO-related HCAI clusters. Similar
performance was also observed in each unit. The AUR of
special-grade antibiotics, the AUR for three agents used in
combination, and the number of antibiotic varieties per pa-
tient manifest the relative optimal performances of clusters
identification in our study.

Table II shows the sensitivities and PPVs of all the indicators
of antibiotic use employed in detecting the signals of MDRO-
related HCAI clusters at a fixed specific level of 75%. The AUR
of special-grade antibiotics, the AUR for three agents used in
combination, and the number of antibiotic varieties per pa-
tient manifest the relative optimal sensitivities which reached
from 80.00% to 95.00%. Moreover, high sensitivities for these
three indicators are also observed in each unit (Appendix B). As
for PPVs, most of the antibiotic use indicators in this study
manifest a moderate level. The PPVs of the AUR of special-
grade antibiotics, the AUR for three agents used in



Table I

Demographic characteristics of HCAIs caused by MDROs from four high-risk units in Wuhan Union Hospital, China, January 2014 to January
2017 (n ¼ 856 cases, 953 episodes)

Total Unit P-value

1 2 3 4

HCAI cases 856 257 145 258 196
HCAI episodes 953 281 161 278 233
Total hospitalization-days 32,943 10,237 7445 7413 7848
Hospitalization-days per patient (mean � SD) 38.48 � 33.9 39.83 � 42.0 38.48 � 33.9 28.73 � 20.3 40.04 � 22.2 0.001
Male (cases, %) 576 (67.29) 179 (69.65) 107 (73.79) 175 (67.83) 115 (58.67) 0.020
Age (mean � SD) 54.18 � 18.0 57.09 � 17.4 54.18 � 18.0 54.06 � 15.8 57.28 � 14.4 0.001
Surgical procedure (cases, %) 543 (63.43) 106 (41.25) 126 (86.9) 151 (58.53) 160 (81.63) 0.000
Death (cases, %) 55 (6.43) 23 (8.95) 14 (9.66) 9 (3.49) 9 (4.59) 0.018
Pathogen type

CR-AB infection (episodes, %) 524 (54.98) 196 (69.75) 97 (60.25) 160 (57.55) 71 (30.47) 0.001
MRSA infection (episodes, %) 385 (40.40) 76 (27.05) 41 (25.47) 137 (49.28) 131 (56.22)
CRE infection (episodes, %) 157 (16.47) 32 (11.39) 27 (16.77) 32 (11.51) 66 (28.33)
CR-PA infection (episodes, %) 70 (7.35) 25 (8.9) 17 (10.56) 16 (5.76) 12 (5.15)

Antibiotic agents used
The average days of antibiotic use
(mean � SD)

29.62 � 20.1 32.49 � 24.6 29.62 � 20.1 23.19 � 14.0 35.27 � 21.3 0.001

The average days of antibiotic
use for special-grade antibiotics
(mean � SD)

14.81 � 15.3 18.00 � 16.65 14.81 � 15.3 10.19 � 9.7 20.11 � 17.9 0.001

Infection cases administered
special-grade antibiotics (cases, %)

758 (88.55) 249 (96.89) 134 (92.41) 199 (77.13) 176 (89.8) 0.000

Antibiotic use in combination
Single agent used (days of antibiotic use, %) 12,125 (46.47) 3535 (42.34) 2173 (44.82) 3826 (63.96) 2591 (37.48) 0.001
Two agents used in combination
(days of antibiotic use, %)

8396 (32.18) 2963 (35.49) 1291 (26.63) 1658 (27.72) 2484 (35.93)

Three agents used in combination
(days of antibiotic use, %)

3125 (11.98) 1136 (13.6) 565 (11.65) 230 (3.84) 1194 (17.27)

More than three agents used in
combination (days of antibiotic use, %)

2447 (9.38) 716 (8.57) 819 (16.89) 268 (4.48) 644 (9.32)

HCAI, healthcare-associated infection; SD, standard deviation; CR-AB, carbapenem-resistant Acinetobacter baumannii; MRSA, meticillin-resistant
Staphylococcus aureus; CRE, carbapenem-resistant Enterobacteriaceae; CR-PA, carbapenem-resistant Pseudomonas aeruginosa.
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combination, and the number of antibiotic varieties per pa-
tient range from 71.05 to 77.50%.
Discussion

In our study, although significant variations in unit-specific
demographic characteristics, antibiotic use, and MDRO-
related HCAI were observed among the four units in WHUH
during the three-year study period, a significant correlation
between indicators of antibiotic use and incidence of MDRO-
related HCAI in all units was identified after analysing the
data. These findings suggest that most process indicators of
antibiotic use included in our study may be widely used in
detecting the MDRO-related HCAI clusters across different
units in hospitals.

The relationship between antibiotic use and HCAI has been
investigated in prior studies. According to Joseph et al., a
significant positive correlation was observed between unit- or
physician-specific infection rate and antibiotic use [11]. Simi-
larly, a positive association was found between an increase in
AmpC-producing Enterobacteriaceae infections and an in-
crease in the consumption of antibiotics, such as amoxicillin/
clavulanic acid, ceftazidime and cefepime, carbapenems, flu-
oroquinolones, macrolides, and imidazoles, based on a five-
year study [8]. In China, the association between resistance
in Pseudomonas aeruginosa to ciprofloxacin and fluo-
roquinolone consumption as well as resistance of P. aeruginosa
to ceftazidime and third-generation cephalosporin consump-
tion was identified in patients admitted at Changhai Hospital
from 2008 to 2013 [10]. Based on the theory of significant
correlation between antibiotic use and incidence of infection,
some researchers have identified HCAIs by monitoring the pa-
tients’ consumption of antibiotics. Deborah et al. found that
correct duration and timing of postoperative antibiotic expo-
sure was more sensitive than conventional methods in
detecting HCAI after coronary artery bypass graft surgery [12].
Fournier et al. have shown that the consumption of antibiotics
for P. aeruginosa could identify three epidemics of
P. aeruginosa infections in a burn centre [9]. Carron et al.
suggested that prospective electronic surveillance of drug
consumption could decrease the time taken to identify out-
breaks of P. aeruginosa infections in the absence of routine
traditional surveillance [20].

The hypothesis that a correlation exists between indicators
of antibiotic use and the incidence of MDRO-related HCAI was
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verified in the current study, specifically AUR of special-grade
antibiotics, AUR for three agents use in combination, and the
number of antibiotic varieties per patient across all units.

Interestingly, significant negative correlations were
observed in AUR of non-restricted antibiotics in unit 3 and in
Unit 1 Unit 2 Unit 3 Unit 4 Total

Antibiotics utilization rate (AUR)

AUR of non-restricted antibiotics

AUR of restricted antibiotics

AUR of special-grade antibiotics

AUR for single-agent use

AUR for 2 agents used in combination

AUR for 3 agents used in combination

AUR for more than 3 agents used in combination

The average days of antibiotic use

No. of antibiotic varieties per patient

–0.7 –0.6 –0.5

Figure 2. Spearman correlation coefficients between the incidences
tion and the 10 antibiotic use indicators. AUR, antibiotic utilization ra
AUR for single-agent use in unit 1. In our study, the AUR indi-
cator is the proportion between the number of admitted pa-
tients who used antibiotics and the total number of admitted
patients. Thus, a reciprocal relationship exists in the propor-
tion of inpatients who use combined agents and those who use
a single agent. In our study, we have confirmed that the inci-
dence of MDRO-related HCAI positively correlated with the
‘AUR of special-grade antibiotics’ and those AURs of combined
agents used; thus, it is possible that the AUR of non-restricted
antibiotics and the AUR for single-agent use were negatively
correlated with the incidence of MDRO-related HCAIs.

With regard to the identification of signals of HCAI clusters,
false-positive signals can drain hospital resources and
adversely affect patients [21]. In this study, sensitivities of the
AUR of restricted antibiotics and of the number of antibiotic
varieties per patient in unit 1 were 100%. However, these PPVs
were not considered as optimal indicators because they were
only at a moderate level (<70%). In unit 1, although all MDRO-
related HCAI cluster signals could successfully be identified,
the number of alerts was excessive, and about one-third of the
alerts were false, which means that more labour costs were
required to check these alerts. In fact, the selection of optimal
indicators depends on the situation; for example, if the heart
or brain is infected, which may cause serious problems, the
optimal indicator should be chosen as those with high sensi-
tivity. On the contrary, the indicator with a high PPV, consid-
ering the advantage of labour cost saving, can be considered as
the optimal indicator in some common infections. Therefore,
we thought that the specific level of 75% in which the propor-
tion of false-positive signals was controlled at 25% may balance
the cluster detection and labour costs.

Some limitations with regard to the generalizability of the
findings in the current study must be addressed. First, the
95%CI 95%CI

–0.4 –0.3 –0.2 –0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Spearman’s r value

of multidrug-resistant organism-related healthcare-related infec-
te; CI, confidence interval.
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Table II

Total sensitivities (%) and PPVs (%) of antibiotic use indicators for
detecting clusters of HCAI caused by MDROs at a specific level of
75%

Surveillance indicators of antibiotic use Sensitivitya PPVb

Antibiotic utilization rate (AUR) 70.00 56.25
AUR of non-restricted antibiotics 60.00 68.75
AUR of restricted antibiotics 70.00 56.76
AUR of special-grade antibiotics 90.00 77.50
AUR for single-agent use 45.00 43.75
AUR for two agents used in combination 80.00 59.46
AUR for three agents used in combination 95.00 77.78
AUR for more than three agents used in
combination

80.00 72.22

Average days of antibiotic use 60.00 57.14
No. of antibiotic varieties per patient 85.00 71.05

PPV, positive predictive value; HCAI, healthcare-associated infection;
MDRO, multidrug-resistant organism; AUR, antibiotic utilization rate.
a Defined as the number of positive signals in the infection dataset

divided by the total number of signals in the infection dataset. Speci-
ficity was defined as the total number of weeks that the signals were
not generated in neither the infection nor the antibiotic use dataset
divided by the total number of weeks that the signals were not
generated in the infection dataset only.
b Defined as the number of positive signals in the antibiotic use

dataset divided by the total number of signals in the antibiotic use
dataset.
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prophylactic and therapeutic use of antibiotics was mixed in
the RT-NISS datasets. Theoretically, the therapeutic use of
antibiotics is more associated with HCAI, but our surveillance
system failed to exclude the antibiotic prophylaxis from the
surveillance data on antibiotic use. Second, data on antibiotic
use is also affected by the treatment of community-associated
infections, but those antibiotics used in treating community-
associated infections were not removed from the RT-NISS
database. Third, irrational use of antibiotics, such as incor-
rect empirical antibiotic use without results of susceptibility
tests and treatment of colonization rather than case-
definition-confirmed infection, may also interfere with the
relationship between antibiotic use data and incidence of
HCAI. Finally, some important demographic factors, such as
underlying diagnosis, length of stay, and previous inpatient
admissions, were not included in the analysis because these
factors were in the form of raw data in databases, but the RT-
NISS, in this instance, failed to process these raw data auto-
matically. On the other hand, some factors may decrease the
chance of finding true-positive alerts. For example, some
antibiotics were not recorded on the RT-NISS, such as topical
antibiotics used for some mild infections, over-the-counter
antibiotics used in the community and the fact that clinicians
have tended to prescribe antibiotics cautiously since the
Chinese government put into effect rigid regulatory control
over antibiotic prescriptions in 2012 [15,16].

Overall, the shortcomings of RT-NISS in design and irrational
use of antibiotics may add a surveillance noise to the cluster
detection and may result in a higher rate of false alerts e and
therefore a lower PPV e for the performance of cluster
detection. However, because infection control professionals
can more easily investigate an alert in the community than
epidemiologists, a lower PPV might be acceptable for HCAI
cluster identification. In fact, these are reasons why traditional
HCAI surveillance cannot be replaced.

When it comes to surveillance data sources, antibiotic use
data is not the only dataset which could be used to identify
HCAI clusters. Other datasets such as bacteriological lab-
oratory data and symptoms records are also widely used to
identify HCAI clusters [22e25]. Although we did not explore
and compare the detection performances of these datasets in
this study, we think that an integrated surveillance of multi-
source datasets may improve the detection of HCAI clusters.
This will be explored in our future research.

In conclusion, the present study showed that the AUR of
special-grade antibiotics, the AUR for three agents used in
combination, and the number of antibiotic varieties per pa-
tient may be sensitive indicators for identifying clusters of
MDRO-related HCAI in four high-risk units in WHUH. However,
to determine the validity of these results in different hospitals,
regions and countries, a multi-centre study with a prospective
design must be conducted to assess the performance of these
antibiotic use indicators.
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