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Background: Studies relating the usage of antibiotics with extended-spectrum cephalosporin resistance (ESC-R)
rates from clinical isolates in nursing homes (NHs) are rare. We investigated associations between the intensity
of NH-level antibiotic consumption (ABC) and the frequency of ESC-R expressing urinary Escherichia coli,
Klebsiella spp. and Proteus spp. isolates from NH residents.

Materials and methods: We used retrospective data on ABC and ESC-R counts aggregated by NH and year be-
tween 2017 and 2022 from NHs of canton Vaud in Switzerland. Negative binomial regression was used to relate
ABC intensity, expressed as DDDs per 1000 resident days, with counts of ESC-R expressing bacteria.

Results: Fifty-four NHs were included cumulatively accounting for 6601 urinary isolates, of which 5028 E. coli,
999 Klebsiella spp. and 574 Proteus spp. Among these, the 6-year ESC-R cumulative incidence was 10.3%
(E. coli 12.6%, Klebsiella spp. 3.8% and Proteus spp. 1.2%). Median annual overall ABC varied between 31.3
and 44.2 DDDs per 1000 resident days. There was no association between overall ABC, most antibiotic categories
and ESC-R cumulative incidence. The consumption of cephalosporins [adjusted incidence rate ratio (alIRR):
1.023, 95% CI: 1-1.047] and carbapenems (alIRR: 1.542, 95% CI: 1.018-2.336) was independently associated
with increased incidence.

Conclusion: No association was found between overall ABC and ESC-R rates. Cephalosporin consumption
showed a modest association, while for carbapenems this could reflect therapeutic use. These findings highlight
the need for enhanced surveillance and resident-level data to better understand antibiotic resistance drivers in
this setting.

Introduction

Antimicrobial resistance (AMR) has been recognized as a major
global public health threat by the WHO.! Nursing home (NH) resi-
dents are prone to colonization and infection by MDR bacteria. In
fact, evidence indicates that bacterial isolates from NH residents
might exhibit higher rates of resistance compared to those from

the ambulatory care setting.® Consequently, NH residence has
been incorporated into predictive algorithms for colonization by
MDR pathogens.*> Although AMR in NHs remains an understud-
ied topic, with data being scarce due to limited testing, some
studies have documented rising AMR trends in NHs.®’

Similarly, in Switzerland, recent research from NHs highlighted in-
creasing rates of colonization by bacteria of the Enterobacteriaceae
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family expressing the extended-spectrum cephalosporin resist-
ance (ESC-R) phenotype,8 which can cause urinary tract and other
infections, and are associated with increased morbidity and mor-
tality.? ESBL encoded in plasmids are the more frequent resistance
mechanisms behind the ESC-R phenotype. ESC-R management is
challenging due to resistance to several first-line antibiotics, in-
cluding most penicillins and cephalosporins. For instance, severe
ESC-R infections might necessitate the use of broad-spectrum
antibiotics, such as carbapenems.*® These therapies require intra-
venous administration making them less accessible in NHs, lead-
ing to hospital transfers, prolonged stays and higher costs.
Furthermore, ESC-R resistance can spread between bacteria and
individuals, resulting in outbreaks within healthcare settings, in-
cluding NHs,*! posing infection control challenges for NHs and
their residents.

Inappropriate and excessive antibiotic usage is a well-
established driver of AMR development,'? as evidenced by stud-
ies conducted in both ambulatory®*** and acute-care settings.”
In NHs, antibiotic exposure is common and often inappropriate,
with residents frequently receiving more antibiotics than
needed.*® This makes NHs key targets for antimicrobial steward-
ship (ABS) programmes.*’ Nonetheless, while numerous studies
report on AMR or antibiotic usage in NHs, these elements are of-
ten examined separately,'® so that associations between them
remain uncharacterized in this setting. Generally, the same ap-
plies to research on the effectiveness of ABS programmes in
NHs measuring AMR and/or antibiotic usage trends but lacking
direct links between them.'~?! Investigating these relationships
could provide valuable insights into the impact of ABS pro-
grammes and inform the prioritization of ABS initiatives in NHs.

This study aimed to investigate the relationship between anti-
biotic usage and the risk of carriage of the ESC-R phenotype in re-
sidents’ urine samples. The analysis focused on three clinically
significant pathogen groups—Escherichia coli, Klebsiella spp.
and Proteus spp.—which are the most common causes of NH
urinary tract infections. Furthermore, we used antibiotic usage
at an institutional level—hereafter referred to as antibiotic con-
sumption (ABC)—which is more readily measurable than
resident-level use and constitutes an essential component of
NH antimicrobial stewardship.?? The primary objective was to as-
sess the associations between ESC-R frequency and ABC intensity
in NHs. A secondary objective involved comparing ESC-R trends
over time in relation to longitudinal changes in ABC.

Materials and methods
Setting

The study was performed using data from NHs of the canton Vaud in
Switzerland, one of the biggest Swiss cantons hosting 123 NHs and
~6500 residents (68% female, mean age 87.7 years), as of 2023. NHs in
Vaud are private non-profit and private for-profit institutions.?® Facility
types include geriatric (hosting residents with aged-related physical de-
pendency), psychogeriatric (hosting residents with neurodegenerative-
related psychiatric conditions) and mixed institutions.?® These are further
classified according to their location as urban (inside towns or cities), inter-
mediate (outskirts of towns or cities) or rural. Medical care is provided by
either personal general practitioners (GP) of residents or institution-
employed GPs. These are responsible for antibiotic prescriptions and
have free access to NH-tailored infection prevention and control, and

treatment guidelines from the cantonal infection prevention and control
unit of Vaud (HPCi Vaud) (available at www.hpci.ch). As NHs resemble
common households, strict adherence to standard precautions is recom-
mended for MDR bacteria carriers, without isolation measures.

Study design and temporal extent

We conducted a retrospective ecological study using secondary data that
have been collected from NHs of canton Vaud for surveillance purposes
between 2017 and 2022. All data were collected in aggregated forms
on a NH-level, which was our level of analysis.

Datasets

We used two datasets: (i) a dataset of urinary cultures from HPCi Vaud,
containing laboratory results of positive urinary cultures from NH resi-
dents. Each NH collaborates with a single, designated microbiological la-
boratory for their analyses, which transmits results to HPCi Vaud annually.
Participating laboratories follow the EUCAST guidelines?” for antimicrobial
susceptibility testing. In this study ESC-R was defined as phenotypic re-
sistance to at least one third- or fourth-generation cephalosporin. The da-
taset contains numbers of microorganisms isolated annually in each NH
and, when appropriate, the number among them expressing the ESC-R
phenotype, as reported by the laboratories. In the case of cultures posi-
tive for up to three isolates, each of them was counted separately in their
corresponding microorganism, and when appropriate, ESC-R categories.
Cultures positive for more than three isolates were stored as ‘mixed flora’
without consideration (counting) of the implicated microorganisms in
specific categories. Furthermore, preanalytical practices and clinical mo-
tivation behind urine sampling remained unknown. (i) A dataset of drug
consumption in NHs collected through NH-affiliated supplying pharma-
cies’ invoice data by Unisanté as part of the evaluation of the quality of
care mandated by the cantonal health authorities. Data were obtained
only on anti-infectives through the code JO1 (antibacterials for systemic
use), of the WHO Anatomical Therapeutic Chemical classification.?> We
analysed the following antibacterial categories or molecules: penicillins,
including their combination with beta-lactamase inhibitors (correspond-
ing to the JO1C code), cephalosporins [calculated after subtraction of the
JO1DH from JO1D code, considering no consumption of monobactams
(JO1DF) and other cephalosporins and penems of the code JO1DI in
NHs], carbapenems (JO1DH), quinolones (JO1M), trimethoprim-
sulfamethoxazole (TMP/SMX) (JO1EEO1), nitrofurantoin (JO1XEO1) and
fosfomycin (JO1XX01), which are among the most commonly prescribed
antibacterials in NHs. Total ABC and consumption for each of these anti-
biotic categories were stored as the cumulative number of DDDs per NH
over 1 year. The dataset contained the cumulative number of resident
days per NH annually enabling the calculation of ABC intensity as DDDs
per 1000 resident days. Given that new residents may receive antibiotics
before institutionalization that would be impossible to exclude from our
annual data, only consumption from residents present in the NH at the
start of each year was taken into consideration and resident days were
adjusted accordingly. The resulting ABC intensity represents 60% to
65% of participating NH residents. The dataset also contained informa-
tion about the facility type (geriatric, psychogeriatric or mixed) and its lo-
calization (urban, intermediate or rural).

NH inclusion criteria

We considered only the NHs that provided on-site medical care for resi-
dents aged 65 years and older and that had at least one data entry in
both the urinary culture and the ABC datasets each year between 2017
and 2022. A flowchart of NH inclusions and exclusions with corresponding
urinary culture and isolate numbers is provided in Figure S1 (available as
Supplementary data at JAC-AMR Online).

20f12

G20z Ae 9z uo sesn Aieiqri-3 adn Ad S0Z1 11 8/8804BIP/E/./oI0IE/IWEDE] WO dNO"OIWapese//:sdy Wolj papeojumoq


https://www.hpci.ch
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlaf088#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlaf088#supplementary-data

Antibiotics and ESC-R in nursing homes

JAR

Statistical analysis

For our descriptive analyses we used numbers, percentages, medians and
interquartile ranges (IQR) as needed. For the comparisons of categorical
variables, we used Fisher’s exact test or the Chi-square test as appropri-
ate, while the Wilcoxon test was used to compare continuous variables.

To evaluate the association between ABC intensities (total and
category-specific) and ESC-R frequency in positive urinary cultures, we
used hierarchical generalized linear models. To account for the nesting
of repeated measures of ABC and resistance within NHs we constructed
two-level negative binomial regression models with NHs as random inter-
cepts. We first fitted a null model with the annual numbers of ESC-R ex-
pressing bacteria of interest (Escherichia coli, Klebsiella spp. and Proteus
spp.) as the dependent variable and the natural logarithm of the total an-
nual counts of bacteria of interest as an offset term. Second, we fitted
separate univariable models, taking the null model and adding ABC inten-
sities expressed as DDDs per 1000 resident days, facility type and NH lo-
calization as explanatory variables. Third, a multivariable model
containing the ABC categories from previous models with significant P va-
lues, localization and facility type was fitted. Each model was compared
to the null using the F-test. All models were fitted using maximum likeli-
hood estimation with Laplace approximation using the glmmTMB R pack-
age.?® The coefficients of the models where exponentiated to represent
incidence rate ratios with their 95% CI. The variance partition coefficient
(VPC) represents the proportion of unexplained variance as a result of be-
tween NH differences and was calculated as previously described.?’

To analyse the trend of ABC and resistance we summarized the ABC
trend within each NH as the beta-coefficient of ordinary least square lin-
ear regression models having ABC per 1000 resident days as their de-
pendent variable and time as their independent variable. For the
resistance trends, we extracted beta coefficients from negative binomial
regression models with dependent variable the numbers of ESC-R expres-
sing bacteria and as independent variable time, including the natural
logarithm of the total counts of bacteria of interest as an offset term.
We then compared the number of NHs with concordant trends (same
sign beta coefficients) among NHs with notable (P<0.1) and non-
significant ABC trends (P>0.1).

Results were statistically significant at P<0.05. Analyses were per-
formed using R Statistical Software (version 4.3.3; R Foundation for
Statistical Computing, Vienna, Austria) on RStudio.?®

Ethical statement

As individual-level data were not used, consent was not necessary. All
analyses were based on data collected in aggregate forms on a
NH-level, hence, the study fell out of the Swiss Human Research Act
(CER-VD Reg-2024-00186). The study was approved by the Research
Governance and Integrity team of Imperial College, London (ICREC refer-
ence number 7038341).

Results
NH characteristics

Ninety-seven NHs had available urinary culture and/or ABC data
between 2017 to 2022. Of these, 54 (56%) had complete micro-
biological and ABC data over the 6-year study period. Among in-
stitutions with complete data, 30 (56%) had urban, 20 (37%)
intermediate and 4 (7%) rural localization. Twenty-six (48%)
NHs were geriatric, 7 (13%) psychogeriatric and 21 (39%) mixed
facilities. Table 1 summarizes the numbers of hosted residents
and the corresponding annual resident days considered in the
analysis over the study period. The median number of residents
per institution ranged between 55.5 and 58.5. Comparisons

Table 1. Annual number of residents and resident days per NH included in
the analysis

Number of residents Resident days per NH

per NH median (IQR) median (IQR)
Year (n=54) (n=54)
2017 57.00 16961
(36.50) (13691)
2018 57.50 17916
(36.00) (12530)
2019 57.50 17530
(43.00) (14116)
2020 57.50 16934
(49.50) (15248)
2021 55.50 17775
(44.20) (13339)
2022 58.50 17920
(38.80) (11008)

with incomplete data institutions can be found in Tables S1 and
S2. Institutions with incomplete data were mainly geriatric or
psychogeriatric type and were hosting significantly lower num-
bers of residents throughout the study period compared to com-
plete data NHs.

Microbiological results

In total, there were 9088 positive urinary cultures over the period
2017-2022 (mean of 0.56 positive cultures/resident) correspond-
ing to 11300 isolates (mean of 1.24 isolates/culture). Of all cul-
tures, 66% were positive for one microorganism, 17% for two,
4% for three and 13% were classified as mixed flora (more
than three microorganisms). Monobacterial positivity was 69%
in 2017 and 2022 and varied between 63% and 68% in the inter-
vening years. Details about resident urinary testing over time can
be found in Table S3. Figure 1 illustrates detailed microbiological
results grouped by year. Among the three bacteria of interest
(n=6601), Escherichia coli was the most frequently encountered
(n= 15028, 76%), followed by Klebsiella spp. (=999, 15%) and
Proteus spp. (n=574, 9%).

ESC-R frequency

The ESC-R phenotype was present in 678 of the bacteria of inter-
est (10.3%). ESC-R frequency was higher among Escherichia
coli isolates (n=633/5028, 12.6%), compared to Klebsiella spp.
(n=38/999, 3.8%) and Proteus spp. (n=7/574, 1.2%). Figure 2
shows the counts of ESC-R expressing among the three bacteria
of interest and overall, along with their corresponding percen-
tages. As demonstrated, ESC-R cumulative incidence varied
from year to year but was lower in 2022 (6.5%) compared to
2017 and 2018. Figures S2 and S3 show microbiological results
in NHs with incomplete data. Table 2 summarizes the evolution
of distributions of ESC-R cumulative incidence over the 6-year
period while similar results for incomplete data institutions can
be found in Table S4.
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Figure 1. Bar plot summarizing urinary microbiological results over the 6-year period. Overall, there were 11300 isolates from 9088 urinary cultures.
Mixed flora (n=1166): cultures positive for more than three microorganisms. Other microorganisms (n=2800) included: Streptococcus spp. (n=973),
Staphylococcus spp. (n=394), Pseudomonas spp. (n=353), other Gram-positive cocci (n=344), Enterobacter spp. (n=251), other enterobacteria
(n=239), other Gram-positive bacteria (n=152), other Gram-negative non-fermenters (n=38), Candida spp. (n=33), Serratia spp. (n=17), anaerobic

bacteria (n=3), and non-identifiable (n=3). n, Number; spp., Species.

Antibiotic consumption

Cumulatively, over the 6-year study period, penicillins were the
most frequently consumed antibiotics (12.6 DDDs per 1000 resi-
dent days, 30.7% of the total resident-day adjusted ABC), fol-
lowed by nitrofurantoin (8.67 DDDs per 1000 resident days,
21.1%), quinolones (5.40 DDDs per 1000 resident days, 13.2%),
cephalosporins (4.19 DDDs per 1000 resident days, 10.2%),
TMP/SMX (3.83 DDDs per 1000 resident days, 9.3%), fosfomycin
(1.30 DDDs per 1000 resident days, 3.2%) and carbapenems
(0.06 DDDs per 1000 resident days, 0.15%). Of all cephalosporin
consumption, first-generation agents accounted for 0.1%,
second-generation for 78.9%, third-generation for 20.9% and
fourth-generation agents for 0.1%. There was a gradual decrease
of ABC in the second half of the study period and total ABC fell

from 41.4 DDDs in 2017 to 38.3 DDDs per 1000 resident days in
2022 (7.5% decrease). Figure 3 demonstrates the relative fre-
quencies of consumed antibiotics while crude ABC can be found
in Figure S4. Table 3 shows the distributions of DDDs consumed
per 1000 resident days by antibiotic category and overall.
Detailed characteristics of ABC in NHs with incomplete data can
be found and Table S5 and Figures S5 and Sé.

ESC-R incidence regression models

There was no significant association between the overall con-
sumption of antibiotics and the cumulative incidence of urinary
ESC-R bacteria. The results of the fixed effects of the univariable
models are presented in Table 4. Univariable models revealed a
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Figure 2. Frequency of bacteria of interest and corresponding counts and percentages of ESC-R expressing bacteria over the study period. Shaded
colours inside the bars refer to counts and labels to percentages of corresponding ESC-R isolates. spp., Species.

significant positive association between the consumption inten-
sities of cephalosporins and carbapenems and ESC-R frequency.
Rural localization was associated with a 71.6% decrease of
ESC-R incidence rates, compared to urban institutions. In the
multivariable model presented in Table 5, the consumption inten-
sities of cephalosporins (adjusted incidence rate ratio (aIRR):
1.023, 95% CI: 1-1.047) and carbapenems (aIRR: 1.542, 95%
CI: 1.018-2.336) were independently associated with increased
ESC-R incidence. On the contrary, rural localization was inde-
pendently associated with decreased ESC-R incidence rates
(aIRR: 0.299, 95% CI: 0.104-0.857). The multi-level analysis
showed that most ESC-R variance could be attributed to
within-NH characteristics, with median VPCs ranging between
0.119 and 0.170.

Longitudinal antibiotic consumption and ESC-R analysis

The results of the longitudinal trend analysis are presented in
Table 6. NHs with P values<0.1 in longitudinal ABC intensity
trends did not show more concordant trends in ESC-R evolution
compared to institutions with P>0.1. Generally, the proportions

of those showing concordant ABC/ESC-R-resistance trends
were higher among NHs with notable (P<0.1) cephalosporin, car-
bapenem and quinolone consumption changes over time, yet
only the cephalosporin group approached statistical significance
(P=0.06).

Discussion

We aimed to investigate associations between ABC and AMR in
NHs using aggregated surveillance data from canton Vaud,
Switzerland. We focused on three clinically important urinary
tract bacteria and ESC-R phenotype, both of which carry import-
ant health and quality-of-life implications for NH residents. We
found no association between overall ABC and ESC-R incidence,
but positive associations were observed for cephalosporins and
carbapenems. Longitudinal trend analysis did not reveal a clear
impact of overall ABC on ESC-R frequency over time. However,
for some antibiotic categories, proportions of NHs demonstrating
aligned ABC-ESC-R trends were higher when the ABC longitudinal
trend was more pronounced.
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Table 2. Distribution of ESC-R cumulative incidence among NHs over the study period

Overall ESC-R percentage Escherichia coli ESC-R Klebsiella spp. ESC-R percentage Proteus spp. ESC-R percentage
Year median (IQR) (n=>54) percentage median (IQR) (n=54) median (IQR) (n=>54) median (IQR) (n=54)
2017 8.71% 9.76% 0.00% 0.00%
(14.50) (18.80) (0.00) (0.00)
2018 5.44% 6.90% 0.00% 0.00%
(12.80) (16.70) (0.00) (0.00)
2019 0.00% 0.00% 0.00% 0.00%
(10.30) (12.30) (0.00) (0.00)
2020 2.86% 1.43% 0.00% 0.00%
(10.80) (13.10) (0.00) (0.00)
2021 4.23% 4.00% 0.00% 0.00%
(9.88) (16.70) (0.00) (0.00)
2022 3.34% 4.55% 0.00% 0.00%
(9.58) (13.80) (0.00) (0.00)
100% 7

75% 1

50% o

Relative consumption frequency

25% A

0% -
2017 2018 2019 2020 2021 2022

Other antibiotics Nitrofurantoin Quinolones Cephalosporins
Fosfomycin TMP/SMX Carbapenems Penicillins

Figure 3. Relative consumption frequency of different antibiotic classes over the 6-year period. TMP/SMX, Trimethoprim/sulfamethoxazole.

Antibiotic
category
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Table 3. Distributions of ABC intensity among NHs expressed as defined daily doses per 1000 resident days

All antibiotics Penicillins Cephalosporins Carbapenems Quinolones TMP/SMX Nitrofurantoin Fosfomycin
Year DDDs per 1000 resident days, median (IQR) (n=54)
2017 39.60 (29.30) 11.40 2.82 0.00 431 2.49 4.79 0.74
(9.10) (6.11) (0.00) (4.73) (4.70) (7.71) (0.83)
2018 40.10 (17.80) 13.70 2.42 0.00 4.68 2.06 5.43 0.71
(7.41) (7.33) (0.00) (3.89) (4.10) (8.47) (1.26)
2019 44.20 (21.00) 13.00 4.12 0.00 4.70 291 6.25 0.81
(6.12) (5.06) (0.00) (5.33) (3.94) (8.46) (1.52)
2020 38.70 (19.20) 10.70 1.97 0.00 4.59 2.70 7.76 1.00
(6.95) (2.82) (0.00) (3.61) (5.02) (8.70) (1.45)
2021 38.00 (18.10) 9.43 1.69 0.00 4.57 3.01 7.85 0.60
(6.59) (2.83) (0.00) (4.73) (4.85) (9.74) (0.93)
2022 31.30 (26.70) 10.80 1.93 0.00 3.64 2.18 7.06 0.74
(6.74) (2.46) (0.00) (4.04) (3.93) (10.80) (0.99)

TMP/SMX, Trimethoprim/sulfamethoxazole.

Previous studies have established links between ABC and AMR
across various pathogens in both community'*'* and acute-care
settings.!® However, extrapolating such findings to the NH con-
text may be challenging because, while NH residents are gener-
ally at higher risk of AMR carriage than community patients,”™
they may still be at lower risk compared to those receiving hos-
pital care. We analysed ABC-AMR associations using aggregated,
NH-level data that are routinely collected and encouraged within
NH antibiotic stewardship initiatives.?> A MEDLINE search with
the keywords (‘ESC-R’ OR ‘ESCR’ OR ‘ESBL’ OR ‘beta-lactamase’
OR ‘cephalosporin’) AND (‘Nursing home’ OR ‘long-term care’)
highlighted the paucity of studies employing a similar method-
ology, making the current study one of the few examining
ABC-ESC-R relationships through aggregated data. In parallel,
studies using resident-level data have identified significant links
between antibiotic exposure of any type,>°? especially within
the preceding 6 months, and ESC-R carriage. These discrepancies
imply that resident-level analyses, by capturing more granular
details, might be more sensitive in detecting associations, where-
as with the ecological nature of our approach effects might have
been diluted and potential relationships attenuated.

Our models revealed positive associations between the ceph-
alosporin  consumption, mainly represented by second-
generation (78.9%) and third-generation agents (20.9%), and
ESC-R counts in resident urinary cultures. These results align
with previous reports identifying cephalosporins as an important
risk factor for ESC-R carriage in the long-term care setting.*>*>°
They also support current recommendations to limit cephalo-
sporin use in NHs to reduce cephalosporin resistance burden.?®
Furthermore, our models demonstrated significant positive asso-
ciations between carbapenem consumption and urine ESC-R
incidence. Nonetheless, the wide confidence interval for carbape-
nems reflects the high degree of uncertainty related to the infre-
quent usage of these antibiotics. Since carbapenems are among
the antibiotics used to treat ESC-R infections, ' we cannot affirm
relationships between carbapenem exposure and ESC-R inci-
dence, as higher consumption may merely reflect heightened
therapeutic activity in response to existing ESC-R cases (reverse

causality). Such a confounding scenario is less plausible for ce-
phalosporins given their limited efficacy against ESC-R infections.
Interestingly, and similar to other studies in long-term care®®3?
we did not observed the association between the use of quino-
lones and ESC-R incidence that has been reported in other
settings.?’

The output from the multivariate model suggested that an
average NH would experience a 2.3% decrease in ESC-Rincidence
following a one DDD per 1000 resident days reduction in cephalo-
sporin consumption. For example, consider a NH with above-
median cephalosporin use, consuming four DDDs per 1000 resi-
dent days and having a baseline cumulative ESC-R incidence of
15%. Reducing cephalosporin consumption by three DDDs per
1000 resident days (a 75% reduction) would result in only a mo-
dest decrease in ESC-R incidence, from 15% to ~14%. These find-
ings suggest a rather small effect size and complement the
previously mentioned cautions on the use of NH-level consump-
tion data to predict ESC-R frequencies or to inform ESC-R reduc-
tion policies. Although the effect size may limit direct policy
implications, it underscores the need for more in-depth analyses
of the impact of cephalosporins on ESC-R to better guide future
ABS interventions in NHs.

The present study also revealed that NH characteristics other
than institutional ABC may influence ESC-R rates in clinical sam-
ples. Although the exact underlying mechanisms remain to be
elucidated, one plausible explanation is that different types of in-
stitutions care for residents with varying risk profiles. Indeed, pre-
vious research has reported differences in AMR carriage
attributable to the type of long-term care facility.*®>° Here we
observed significantly lower ESC-R rates in rural NHs compared
with the urban ones. Healthcare associated-infections are less
commonin rural NHs,*“%*! a finding that may be linked to reduced
antibiotic exposure and, consequently, diminished selection pres-
sure. In the same line, a recent report from Switzerland has de-
monstrated that residents in rural long-term care facilities tend
to receive less antibiotics.“? Moreover, residents in rural facilities
may have fewer contacts with hospital environments, thereby
lowering the risk of colonization by resistant bacteria.**
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Table 4. Univariable models relating the intensity of ABC and other NH characteristics with the cumulative incidence of ESC-R in urines

VPC
Intercept IRR Median Median VPC R?

Model 95% (I 95% (I (Q1-Q3) percentage change® R? percentage change® P value®

ABC models

Null model 0.079 — 0.165 — 0.077 — —
(0.064-0.096) (0.095-0.218)

Overall ABC 0.074 1.002 0.156 -5.45% 0.073 -5.19% 0.702
(0.051-0.107) (0.993- 1.010) (0.089-0.205)

Penicillins 0.085 0.993 0.170 +3.03% 0.081 +5.19% 0.546
(0.062-0.116) (0.972-1.015) (0.100-0.230)

Cephalosporins 0.070 1.024 0.164 -0.61% 0.082 +6.49% 0.046
(0.056-0.088) (1.000-1.048) (0.091-0.216)

Carbapenems 0.076 1.597 0.151 -8.48% 0.075 —2.60% 0.026
(0.062-0.092) (1.042-2.447) (0.086-0.205)

Quinolones 0.074 1.012 0.155 —6.06% 0.073 -5.19% 0.519
(0.057-0.096) (0.977-1.048) (0.089-0.204)

TMP/SMX 0.082 0.987 0.170 +3.03% 0.081 +5.19% 0.483
(0.065-0.104) (0.953-1.023) (0.100-0.230)

Nitrofurantoin 0.074 1.008 0.153 -7.27% 0.072 —6.49% 0.409
(0.058-0.094) (0.990-1.026) (0.087-0.202)

Fosfomycin 0.073 1.062 0.147 -10.91% 0.072 —6.49% 0.189
(0.058-0.091) (0.972-1.160) (0.083-0.196)

Type of facility models (ref.=geriatric type)

Mixed 0.088 0.916 0.150 -9.09% 0.080 +3.90% 0.151
(0.068-0.114) (0.621-1.350) (0.080-0.190)

Psychogeriatric 0.545

(0.297-1.003)

Localization models (ref.=urban localization)

Intermediate 0.088 0.864 0.149 -9.70% 0.103 +33.77% 0.040
(0.069-0.110) (0.586-1.274) (0.078-0.198)

Rural 0.284

(0.098-0.824)

Bold P-values indicate statistical significance. R? refers to the proportion of variance explained by the fixed and random effects of the model, calculated
as previously described.?*
ref., reference category; TMP/SMX, trimethoprim/sulfamethoxazole.
“Compared to the null model.

The success of ABS programmes depends on sustained reduc-
tions in ABC that are followed by similar decreases in AMR rates.
Our study proposes a method to compare AMR trends between
NHs based on their ABC evolution over time. Although we did
not find notable differences between institutions with significant
and non-significant overall ABC trends, AMR-ABC trends tended to
align more frequently when the ABC changes were pronounced,
particularly for cephalosporins, carbapenems and quinolones.
These observations are partly consistent with our model results
and warrant further investigation in future research projects.

From an AMR surveillance perspective, previous research has
documented high ESC-R rates in long-term care settings.®’ In
addition, a Swiss study involving NHs in canton Vaud reported in-
creasing prevalence among residents between 2007 and 2017.8
In our analysis, we observed varying levels of annual ESC-R fre-
quency, with an overall cumulative incidence of 10.3% over the
6-year period, remaining lower over time than previously reported

values from Switzerland.® Moreover, ESC-R rates in our study were
lower at the end (2021-2022) compared to the beginning of the
study period (2017-2018). This finding may be attributable to
the SARS-CoV-2 pandemic and the related mitigation measures.
Asimilar trend was reported in a French study, which observed de-
creasing cephalosporin resistance rates in NHs during the pan-
demic period.** It is noteworthy that part of the heterogeneity
of the literature-reported ESC-R frequencies may be explained
by differences between studies reliant on clinically-motivated
samples® and those reporting colonization rates among asymp-
tomatic residents.®*> As urinary cultures are generally performed
inresponse to a clinical suspicion of infection, the data used in this
study may more accurately reflect the morbidity burden of urin-
ary pathogens for NH residents.

Since 2011, ABS initiatives in canton Vaud, including the intro-
duction of guidelines for infection treatment customized to the
NH setting, and the implementation of physician-pharmacist-nurse
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Table 5. Multivariable model associating the selected predictors with the cumulative incidence of ESC-R in urines

VPC
Intercept alRR Median Median VPC R?
Predictor 95% (I 95% (I (Q1-Q3) percentage change® R? percentage change® P value®
Cephalosporins 0.088 1.023 0.119 —27.88% 0.112 +45.45% 0.005
(0.067-0.116) (1.000-1.047) (0.056-0.158)
Carbapenems 1.542
(1.018-2.336)

Mixed 0.831

type (0.567-1.217)
Psychogeriatric 0.571

type (0.317-1.028)
Intermediate 0.828

localization (0.565-1.213)
Rural 0.299

localization (0.104-0.857)

Bold P-values indicate statistical significance. Geriatric type and urban localization facilities have been taken as reference.
R? refers to the proportion of variance explained by the fixed and random effects of the model, calculated as previously described.?’

“Compared to the null model of Table 4.

Table 6. Comparisons between NHs with respect to their ABC longitudinal
trends

Concordant® ABCand  Concordant® ABC and
ESC-R trends, N (%) NHs  ESC-R trends, N (%)
with non-significant® NHs with notable® P

Antibiotic class ABC trends ABC trends value?

All antibiotics 18/37 6/13 1.000
(49) (46)

Penicillins 17/40 5/10 0.732
(42) (50)

Cephalosporins 16/36 11/14 0.056
(44) (79)

Carbapenems 11/16 11 1.000
(69)¢ (100)¢

Quinolones 18/42 5/8 0.444
(43) (62)

TMP/SMX 19/43 217 0.684
(44) (29)

Nitrofurantoin 17/37 5/13 0.751
(46) (38)

Fosfomycin 23/37 8/13 1.000
(62) (62)

Analysis on 54 NHs with complete data (50 units of analysis).

TMP/SMX, trimethoprim-sulfamethoxazole.

°NHs with similar sign beta coefficients in longitudinal trend analysis (in-
creasing ABC and increasing ESC-R or decreasing ABC and decreasing
ESC-R counts).

®p>0.1 in the ABC longitudinal trend analysis.

‘P<0.1 in the ABC longitudinal trend analysis.

dFisher’s exact test.

€33 NHs excluded because of zero beta coefficients in their carbapenem
longitudinal trend analysis.

quality circles*® to ensure their implementation, have contributed
to a gradual decline in antibiotic use.?®> Our findings indicate that
overall ABC remained stable during the first half of the study period,
while both crude and adjusted consumption gradually decreased
thereafter. The reductions primarily concerned penicillins, quino-
lones and cephalosporins, while an increase in nitrofurantoin use
was observed. Similar reductions in NH ABC have been documen-
ted in other regions following the SARS-CoV-2 pandemic.*”
Continued monitoring will be necessary to determine whether
these observed trends persist in the post-pandemic era.

Our study has several limitations: (i) it used aggregated,
NH-level data, precluding the consideration of various clinical
parameters known to influence resistant pathogen carriage.
Notably, the ecological design made it impossible to ascertain
whether resistance occurred in residents who received the anti-
biotics or the rest. (i) Factors that could have influenced ESC-R
carriage, and include resident demographics, comorbidities,
functional status, prior hospitalization, pressure ulcers and urin-
ary catheters,*3249°% g5 well as infection control practices
such as hand hygiene staff adherence, could not be accounted
for in this study. It is noteworthy that the omission of these fac-
tors could explain the high proportion of ESC-R rate variability that
remained unaccounted for by the models (relatively low R?). The
multi-level analysis revealed that most of the unexplained vari-
ance in ESC-R rates is attributable to time-varying factors within
NHs. Such unexplored variables could include the numbers of pre-
viously identified ESC-R carriers that could serve as reservoirs for
ongoing dissemination and were impossible to incorporate in the
present analysis. Future investigations incorporating these previ-
ously mentioned factors as covariates could more accurately elu-
cidate the true extent of the net ABC influence on the risk of ESC-R
carriage and are therefore strongly encouraged. (iii) As our study
focused on NHs within a single geographical region, generalizabil-
ity may be limited, and future research should consider multicen-
tre data from multiple countries to enhance external validity.
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Furthermore, analyses presented in Supplementary material indi-
cate that the results of the present study primarily stem from
relatively large NHs. Further confirmation of these results in smal-
ler institutions, as well as in other geographical and resource set-
tings, is warranted. (iv) Our ABC data capture ~60%-65% of
participating NH residents and may not fully represent facilities
with high resident turnover or those with a greater proportion
of short-term stays. (v) Although still appropriate for the objec-
tives of this study, our phenotypic ESC-R definition did not ac-
count for the underlying resistance mechanisms (i.e. ESBL or
AmpC), which may limit comparability with studies that specific-
ally address ESBL and AmpC producers using genotypic methods.

In conclusion, this study is among the few examining the eco-
logical associations between NH-level ABC intensity and urinary
ESC-R rates. While overall ABC did not significantly influence
ESC-R frequency, cephalosporin consumption showed modest
positive associations, and carbapenem usage was associated
with increased ESC-R resistance, possibly reflecting therapeutic
use rather than causal effects. Overall, the current work under-
scores the need for enhanced surveillance systems and more
granular, resident-level data to predict ESC-R rates in this vulner-
able population.
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