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Background: The impact of the coronavirus disease (COVID-19) pandemic on antimicrobial
resistance (AMR) is a major concern.
Aim: To compare the number of patients and isolation rate of antimicrobial-resistant
bacteria before and after the beginning of the COVID-19 pandemic using the compre-
hensive national surveillance data.
Methods:We utilized comprehensive surveillance data, collected in the Japan Nosocomial
Infections Surveillance programme, which included a total of 16.7 million samples of 5.9
million tested patients from >1300 hospitals. We compared the number of patients and
isolation rate of five bacteria between 2019 and 2020, including antimicrobial-susceptible
and -resistant bacteria of Staphylococcus aureus, Streptococcus pneumoniae, Escherichia
coli, Klebsiella pneumoniae and Pseudomonas aeruginosa.
Findings: The number of patients and isolation rate of S. aureus and meticillin-resistant
S. aureus decreased slightly; those of S. pneumoniae and penicillin-resistant
S. pneumoniae decreased by 60%; and those of third-generation cephalosporin-resistant
K. pneumoniae increased. The isolation rate of the remaining bacteria apparently
increased, although the number of patients decreased. This was due to a substantial
decrease in the total number of tested patients (the denominator of the isolation rate),
which was larger than that of the number of patients (the numerator of the isolation rate).
Consistent results were obtained when the same data were re-aggregated using the
procedure of the World Health Organization Global Antimicrobial Resistance Surveillance
System, demonstrating the general importance of this problem.
Conclusion: Surveillance data during the COVID-19 pandemic must be carefully inter-
preted based on examination of the numerator, denominator and background factors that
affect the denominator.
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Introduction

The coronavirus disease (COVID-19) pandemic has forced
major changes to occur in the medical system, including
securing hospital beds, providing ventilators, and strengthening
infection control measures. To date, the impact of the COVID-19
pandemic on antimicrobial resistance (AMR) has been discussed
in several reports [1e5]; topics include a lack of personal
protective equipment, increased need for medical care, lack of
medical staff, decrease in screening cultures of resistant micro-
organisms, decrease in laboratory capacity on AMR to focus on
COVID-19 diagnosis, and longer duration of antimicrobial ther-
apy due to long-term respiratory management. These factors
might have a devastating impact on antimicrobial stewardship
and infection control, which could lead to outbreaks of
antimicrobial-resistant bacteria (AMRB) in hospitals.

Regarding the isolation rate of AMRB during the COVID-19
pandemic, a report from Singapore [6] indicates that the
rates of meticillin-resistant Staphylococcus aureus (MRSA)
acquisition in hospital and central-line-associated-bloodstream
infections declined significantly owing to aggressive infection
prevention control measures to prevent healthcare-associated
transmission of COVID-19. In contrast, there are several reports
of increased detection rates of multi-drug-resistant Enter-
obacterales, especially Klebsiella pneumoniae, which suggest
increased use of antimicrobials for pneumonia cases during the
COVID-19 pandemic [7,8].

However, the majority of previous reports are small and
from a single institution. To determine whether the increase or
decrease in the isolation rate of AMRB reported in a single
medical institution is a general phenomenon in that region and
country, it is necessary to analyse large-scale surveillance
data. Thus, we utilized comprehensive surveillance data col-
lected in a national AMR surveillance programme, the Japan
Nosocomial Infections Surveillance (JANIS), which has been
collecting data on all bacteria isolated from all sample types of
both symptomatic and asymptomatic patients from clinical
laboratories of the participating hospitals since 2000 [9]. As of
January 2020, there are 2223 participating hospitals, covering
more than 25% of all hospitals in Japan. The data included more
than 8.4 million specimens and over 5.8 million isolates in 2019.
In this study, we compared the isolation rates of five types of
bacteria, including the antimicrobial-susceptible and -resistant
bacteria of S. aureus, Streptococcus pneumoniae, Escherichia
coli, K. pneumoniae, and Pseudomonas aeruginosa between
2019 and 2020 (i.e. before and after the beginning of the
pandemic), as well as the actual number of patients fromwhich
the bacterium was isolated (numerator) and the total number
of tested patients (denominator), which can be determined
from the comprehensively collected data of all bacteria
isolated from the participating hospitals. Furthermore, we
conducted a comparison between overall hospitals and those
that are mainly responsible for COVID-19 patients as the impact
of the COVID-19 pandemic may be stronger in the hospitals
responsible for COVID-19 patients.

To reveal the impact of the COVID-19 pandemic, this study
aimed to perform a comparative analysis of the actual number
of patients and isolation rate of AMRB using the comprehensive
national AMR surveillance data before and after the beginning
of the COVID-19 pandemic.

Methods

Data preparation and tabulation

The number of patients and the isolation rate including
infection and colonization for each bacterial species and spe-
cific AMRB [9] isolated in approximately 1300 hospitals with
�200 beds who participated in JANIS, as well as the total
number of tested patients in the first, second and third quar-
ters were extracted from the publicly available quarterly
reports [10] from 2018 to 2020. The latest report presented was
for the third quarter in 2020; therefore, data from the fourth
quarter were not extracted in the study. The breakpoints of
each antimicrobial were adopted from the Clinical and Labo-
ratory Standards Institute (CLSI) 2012 guidelines.

The number of patients and the isolation rate including
infection and colonization of five types of bacteria, including the
antimicrobial-susceptible and -resistant bacteria of S. aureus,
S. pneumoniae, E. coli, K. pneumoniae, and P. aeruginosa, and
the total number of tested patients were tabulated by focusing
on hospitals responsible for COVID-19 patients with �200 beds
using inpatient data extracted between January and September
in 2019 and 2020 from the JANIS database, which stores both
culture-positive and negative test diagnostic results with all
antimicrobial susceptibility testing results.

The inpatient data from approximately 16.7 million sam-
ples during the period were exported from the database as a
text file. This file was sorted according to the facility iden-
tification, patient identification, specimen collection date,
inpatient or outpatient, and specimen identification, and
tabulated using a Java toolkit [9,11]. We did not include
hospitals with <200 beds in this study because they have
different characteristics (for example, frequency and timing
of specimen collection) compared with those with �200
beds, and they are not directly comparable with each other.
In addition, tabulation stratified by specimen type was con-
ducted for the number of patients from whom third-
generation cephalosporin-resistant E. coli (3GCR-EC) and
third-generation cephalosporin-resistant K. pneumoniae
(3GCR-KP) were detected, in the hospitals responsible for
COVID-19 patients, using the Java toolkit.

Furthermore, the inpatient data of hospitals responsible for
COVID-19 patients were tabulated according to the procedure
defined by the World Health Organization-Global Antimicrobial
Resistance Surveillance System (WHO-GLASS) using the Java
toolkit [12].

Ethical considerations

Patient identifiers were de-identified in each hospital
before data were submitted to JANIS. The anonymous data
stored in the JANIS database were exported and analysed
following approval by the Ministry of Health, Labour and Wel-
fare (approval number 0219e7) according to Article 32 of the
Statistics Act.
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Results

Change in the number of patients with any of the five
bacterial species during the COVID-19 pandemic

The number of patients with infection or colonization from
any of the five antimicrobial-susceptible bacteria is shown in
Figure 1, on the left. The number of patients from whom
S. aureus or S. pneumoniae were isolated (red and pink in
Figure 1, left) showed a clear decrease from 2019 to 2020; this
was more pronounced in the second and third quarters than in
the first quarter. Specifically, the number of patients with
S. aureus decreased from 85,929 to 73,631 (14.3% decrease) in
the second quarter and from 85,364 to 75,544 (11.5% decrease)
in the third quarter, whereas the number went from 89,704 to
84,465 (5.8% decrease) in the first quarter. The extent of the
decrease in S. pneumoniae in the second and third quarters was
much larger than that in S. aureus: the number of patients with
S. pneumoniae decreased from 9205 to 3178 (65.5% decrease)
in the second quarter and from 7835 to 3010 (61.6% decrease)
in the third quarter. The number of patients with the remaining
three Gram-negative bacterial species (E. coli, K. pneumoniae
and P. aeruginosa) decreased by 7.3%, 7.6% and 7.2%, in the
second quarter, respectively, and decreased by 1.6%, 3.2% and
3.6%, between the third quarter of 2019 and 2020,
respectively.

The number of patients with infection or colonization from
any of the five AMRB, including MRSA, penicillin-resistant
S. pneumoniae (PRSP), 3GCR-EC, 3GCR-KP and carbapenem-
resistant P. aeruginosa (CRP) is shown in Figure 1, on the
right. Among the five AMRB, most notably, the number of
patients with MRSA and PRSP showed a marked decrease from
2019 to 2020; the extent of the decrease was much larger in the
second and third quarters than in the first quarter, similar to
S. aureus and S. pneumoniae; the number of patients with
MRSA decreased from 40,758 to 35,264 (13.5% decrease) in the
second quarter and from 40,185 to 35,111 (12.6% decrease) in
the third quarter in 2020 compared with the previous year. The
number of patients with PRSP decreased from 3266 to 1318
(59.6% decrease) in the second quarter and from 2987 to 1311
(56.1% decrease) in the third quarter of 2020. Among the
remaining three Gram-negative AMRB, 3GCR-EC and CRP
decreased slightly or showed almost no change in the second
and third quarters. The number of patients with 3GCR-EC
decreased from 20,506 to 19,892 (3.0% decrease) in the second
quarter and from 20,630 to 20,748 (0.57% increase) in the third
quarter; and that with CRP decreased from 4570 to 4109 (10.1%
decrease) in the second quarter and from 4859 to 4650 (4.3%
decrease) in the third quarter. Notably, the number of patients
with 3GCR-KP increased by >10% in 2020, when compared with
2019: it increased from 3142 to 3595 (14.4% increase) in the
second quarter and from 3805 to 4357 (14.5% increase) in the
third quarter.
Comparison of the number of patients and the
isolation rate between 2019 and 2020

The extent and direction of the differences in the isolation
rate and number of patients in 2020 compared with 2019 are
shown for each of the five bacterial species and specific AMRB
(Figure 2 shows the third quarter and Supplementary Figure S2
shows the second quarter), respectively, for all hospitals with
�200 beds who participated in the surveillance (N ¼ 1326 in
2019 and N ¼ 1335 in 2020, blue in Figure 2; N ¼ 1356 in 2019
and N ¼ 1346 in 2020, blue in Supplementary Figure S2) and
those responsible for COVID-19 patients (N ¼ 404 in 2019 and
N ¼ 393 in 2020, red in Figure 2 and Supplementary Figure S2).
Unexpectedly, except for S. aureus and S. pneumoniae, the
isolation rate almost always increased (shifted to the right in
Figure 2 and Supplementary Figure S2), although the number of
patients decreased. These results were consistent in the sec-
ond and third quarters. The extent of reduction in the number
of patients was always larger in the hospitals responsible for
COVID-19 patients than in all hospitals (P<0.005, Wilcoxon’s
rank sum test). However, this was not consistent with the iso-
lation rate.

Exceptionally, 3GC-KP showed an increase in both the
number of patients and the isolation rate in 2020 compared
with 2019 in both all hospitals and those responsible for COVID-
19 patients. The number of patients and the isolation rate of
3GC-KP in hospitals responsible for COVID-19 increased by
14.8% and 34.0%, respectively, and the extent of change was
larger than that in all the hospitals.
Difference in the number of patients and percentage
of resistance between 3GCR-EC and 3GCR-KP,
irrespective of specimen types

3GCR-KP, which showed an exceptional increase in both the
number of patients and isolation rate, was compared with
3GCR-EC (Figure 3) using the data of hospitals responsible for
COVID-19 patients in the third quarter in 2019 and 2020
stratified by specimen type. The number of patients with
3GCR-EC (blue bars in Figure 3) decreased in all specimens
compared with the previous year, and its percentage in the
species (red lines overlaid on the blue bars in Figure 3)
remained almost unchanged. In contrast, the number of
patients with 3GCR-KP (green bars in Figure 3) increased in all
specimens, and its percentage in the species also increased
from 6.7% to 7.9% in respiratory samples, from 7.4% to 8.3% in
blood samples, from 10.4% to 12.6% in urine samples, and from
5.0% to 7.7% in stool samples.
Influence of the decrease in the denominator on the
isolation rate defined in Japan and the frequency of
infections defined in the WHO-GLASS

The unexpected increase in the isolation rate in 2020 for
several bacterial species in spite of the decrease in the number
of patients (Figure 2) is explained through examination of the
denominator (the total number of tested patients) as follows:
when the denominator is compared quarterly between 2019
and 2020 separately for all hospitals and those responsible for
COVID-19 patients (Figure 4), the value in the first quarter
decreased by 3.8% and 5.5%, respectively; in the second
quarter, it decreased by 14.7% and 17.6%, and in the third
quarter, it decreased by 8.5% and 14.3%, respectively. In all
quarters, the rate of change was greater for hospitals respon-
sible for COVID-19 patients than for all hospitals. For several
bacterial species that showed an unexpected increase in
the isolation rate in 2020, the extent of the decrease in the
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Figure 1. Annual trend of the number of patients from 2018 to 2020. The three graphs on the left show the numbers of patients from
whom each of the five bacterial species were isolated in the first, second and third quarters from 2018 to 2020. Horizontal axis: years;
vertical axis: number of patients. Red bar: Staphylococcus aureus; pink bar: Streptococcus pneumoniae; blue bar: Escherichia coli; green
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denominator was larger than that in the numerator (i.e. the
number of patients) (Figure 2).

The national AMR surveillance data of S. aureus,
S. pneumoniae, E. coli, and K. pneumoniae in hospitals
responsible for COVID-19 in the third quarter were tabulated
using the WHO-GLASS method [13], and the extent and direc-
tion of the difference in the frequency of infections (corre-
sponding to the isolation rate in JANIS) together with the
number of patients in 2020 compared with 2019 is shown for
each bacterial species (Figure 5). The frequency of infections
defined in the GLASS was calculated per 100,000 tested patients
per specimen type. Both the number of patients and frequency
of infections markedly decreased for S. pneumoniae, whereas
an apparent increase in the frequency of infections despite a
decrease in the number of patients was observed for S. aureus,
E. coli, and K. pneumoniae isolated from blood, and
K. pneumoniae isolated from urine. These results were almost
consistent with those from JANIS [9], as shown in Figure 2.
bar: Klebsiella pneumoniae; and yellow bar: Pseudomonas aeruginosa
whom each of the five specific antimicrobial-resistant bacteria were iso
bar: meticillin-resistant S. aureus (MRSA); pink bar: penicillin-resistan
resistant E. coli (3GCR-EC); green bar: third-generation cephalospor
resistant P. aeruginosa (CRP).
Discussion

We divided the patterns of the results of the extent and
direction of the difference in the number of patients and iso-
lation rate into the following three categories: Category 1
includes bacteria whose number of patients and isolation rate
are both decreasing; Category 2 includes the bacteria whose
number of patients and isolation rate are both increasing; and
Category 3 includes the bacteria whose number of patients is
decreasing, but the isolation rate is apparently increasing.
These trends were more pronounced in the second and third
quarters than in the first quarter for all categories, and seemed
to occur as the number of COVID-19 patients increased [14].

Category 1 included S. aureus, MRSA, S. pneumoniae and
PRSP. In general, the detection rate of MRSA is often monitored
as an indicator of hand hygiene [15], but the colonization and
style of transmission of meticillin-susceptible S. aureus (MSSA)
is similar to that of MRSA [16]. The decrease in S. aureus and
. The three graphs on the right show the numbers of patients from
lated in the first, second and third quarters from 2018 to 2020. Red
t S. pneumoniae (PRSP); blue bar: third-generation cephalosporin-
in-resistant K. pneumoniae (3GCR-KP); yellow bar: carbapenem-
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MRSAmay reflect the results of more thorough infection control
measures for hand hygiene and other contact prevention
measures in hospitals, as the number of patients with COVID-19
increases. To verify this, it will be necessary to examine the
correlation between the amount of disinfectant used and
the reduction of S. aureus or MRSA in further studies.
S. pneumoniae and PRSP have decreased markedly in terms of
both the number of patients and the isolation rate. In Japan, a
state of emergency was declared due to the COVID-19 pan-
demic for a month from April to May in 2020, which is during the
second quarter of 2020, and there were restrictions on
unnecessary outings during that time. After that, the Ministry
of Health, Labour and Welfare published a ‘new way of life’,
which included maintaining a social distance, wearing of
masks, and washing of hands, and this has been practiced
widely by citizens to date. As a result, the incidence of infec-
tions caused by S. pneumoniae and PRSP has decreased. There
is an article on the decline in the incidence of invasive
S. pneumoniae infections in children’s hospital in the USA
during the COVID-19 pandemic; the study also discussed the
association of the declining trend with social distancing,
wearing of masks and school lockdown [17].

Category 2 includes bacteria whose number of patients and
isolation rate both increased: only 3GCR-KP was found in the
present study. According to previous reports, the increase in
multi-drug-resistant K. pneumoniae may be due to the
increased use of antimicrobials or nosocomial transmission
[7,8]. Compared with the actual frequency of bacterial
co-infection in COVID-19 patients, frequency of antimicrobial
use is higher [18,19]. Several studies have reported that
extended-spectrum beta-lactamase (ESBL)-producing
K. pneumoniae is more likely to cause nosocomial transmission
than ESBL-producing E. coli [20e23]. Moreover, in these ESBL-
shows the number of patients from whom 3GCR-EC and 3GCR-KP were
The y-axis on the right side shows the percentage of patients from
isolated: 3GCR/(3GCS þ 3GCR) where 3GCS represents ‘third-generatio
EC is shown in blue and that of patients with 3GCR-KP is shown in gre
producing strains, biofilm production, which is one of the most
important factors of nosocomial dissemination, is linked to
certain virulence factors in E. coli, but is common in
K. pneumoniae [24]. Continuous monitoring of surveillance
data and analyses of bacterial side factors of 3GCR-KP will be
necessary.

The unexpectedly found Category 3 included the following
bacterial species and specific AMRB: E. coli, K. pneumoniae,
P. aeruginosa, 3GCR-EC, and CRP (Figure 1). Although the
number of patients with each bacterial species (i.e. the
numerator) decreased, the extent of the decrease in the total
number of tested patients (i.e. the denominator) was larger,
resulting in an apparent increase in the isolation rate defined in
Japan and the frequency of infections defined in the WHO-
GLASS. One of the reasons for the decrease in the total num-
ber of tested patients would be that the increase in the number
of newly polymerase chain reaction-positive COVID-19 patients
and hospitalized COVID-19 patients in the second and third
quarters caused a decrease in the number of hospital admis-
sions for other diseases and increased the testing threshold due
to the risk of transmission of COVID-19. The decrease in the
total number of tested patients was much larger in hospitals for
COVID-19 patients than in all hospitals (Figure 4); this is con-
sistent with the preceding consideration.

The results of Category 3 suggest that in AMR surveillance,
a simple comparison of the isolation rate or frequency of
infections over time is possible if the total number of tested
patients (denominator) does not fluctuate significantly
among hospitals between the compared time points. Other-
wise, as in the case of the COVID-19 pandemic in 2020, it is
necessary to interpret the isolation rate or frequency of
infections based on consideration of the background that led
to a substantial increase or decrease in the denominator.
obtained in the third quarter in hospitals responsible for COVID-19.
whom strains resistant to third-generation cephalosporins were
n cephalosporin-susceptible’. The number of patients with 3GCR-
en. The percentage is shown in a red plot.
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Regarding the background situations and issues that may
affect the denominator in AMR surveillance, a previous study
showed the several factors that affect the denominator:
number of beds, number of admissions, number of hospital-
ization days, and number of tested samples [25]. These
background factors can change considerably with situations
such as the participation of new hospitals with different
characteristics and frequencies of testing, a major outbreak
of AMRB, and an infectious disease pandemic, such as the
COVID-19 pandemic, as we demonstrated in this study. Other
previous studies have reported an apparent increase or
decrease in the incidence or mortality rate, as a result of
changes in background factors such as introduction of new
screening protocols, which have led to an increase in the
number of diagnosed cases [26,27]. A previous surveillance
study reported an apparent rise in a pathogen incidence due
to an increase in the number of tested stool samples from the
elderly [28]. In the present study, we quantitatively dem-
onstrated that the same problem could occur in both iso-
lation rate defined in Japan and the frequency of infections
defined in WHO-GLASS (Supplementary material) using the
total number of tested patients. Indeed, tabulation of the
national surveillance data in Japan using the GLASS method
also revealed that the frequency of infections apparently
increased in spite of the decrease in the number of patients
with the bacteria (Figure 5), similar to the isolation rate
defined in JANIS (Figure 2). Therefore, the importance of
denominator in AMR surveillance is a worldwide problem,
rather than one confined to Japan. The main limitation of
this study is because JANIS has been collecting data on all
bacteria isolated from all sample types without making a
distinction between infection and colonization, the impact of
the COVID-19 pandemic on infections caused by AMRB has not
been assessed. On the contrary, the strength of this study is
its comprehensive nature of the surveillance, which helped
to accurately determine the total number of tested patients
(denominator) and quantify the changes before and after the
beginning of the COVID-19 pandemic.

In conclusion, there was an apparent increase in the iso-
lation rate defined in Japan and the frequency of infections
defined in the WHO-GLASS for several bacterial species and
specific AMRB, due to a substantial decrease in the denomi-
nator (i.e. the total number of tested patients). The results
suggest that surveillance data during the COVID-19 pandemic
should be interpreted carefully, not only by tracking changes in
isolation rates, but also by considering both the numerator and
denominator of the surveillance, especially the background
factors that affect the denominator.
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