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Abstract

Background: Antibiotic resistance is increasing among urinary pathogens, resulting in worse clinical and economic
outcomes. We analysed factors associated with antibiotic-resistant bacteria (ARB) in patients hospitalized for urinary
tract infection, using the comprehensive French national claims database.

Methods: Hospitalized urinary tract infections were identified from 2015 to 2017. Cases (due to ARB) were matched
to controls (without ARB) according to year, age, sex, infection, and bacterium. Healthcare-associated (HCAI) and
community-acquired (CAl) infections were analysed separately; logistic regressions were stratified by sex.

Results: From 9460 cases identified, 6468 CAls and 2855 HCAIls were matched with controls. Over a 12-months
window, the risk increased when exposure occurred within the last 3 months. The following risk factors were
identified: antibiotic exposure, with an OR reaching 3.6 [2.8-4.5] for men with CAl, mostly associated with broad-
spectrum antibiotics; surgical procedure on urinary tract (OR 2.0 [1.5-2.6] for women with HCAl and 1.3 [1.1-1.6] for

men with CAl); stay in intensive care unit > 7 days (OR 1.7 [1.2-2.6] for men with HCAI). Studied co-morbidities had
no impact on ARB.

Conclusions: This study points out the critical window of 3 months for antibiotic exposure, confirms the impact of
broad-spectrum antibiotic consumption on ARB, and supports the importance of prevention during urological
procedures, and long intensive care unit stays.

Keywords: Antimicrobial resistance, Urinary tract infections, SNDS, Medico-administrative database, Administrative
claims database, Risk factors, antibiotic consumption
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Background

Urinary tract infections (UTIs) are one of the most com-
mon infections. In the United States, UTIs are estimated
to account for 8.6 million healthcare visits annually with
associated costs of 1.6 billion dollars in 2007 [1].

Antibiotic resistance rates are increasing among urin-
ary pathogens, both in community and hospital infec-
tions, leading to increased therapeutic difficulties, worse
clinical and economic outcomes, and longer hospitaliza-
tions [2—4]. For example, the proportion of extended-
spectrum beta-lactamases-producing (ESBL-p) Entero-
bacteriaceae among UTTI isolates has increased dramatic-
ally within the past two decades, with rates up to 10%
among Escherichia coli isolates, reaching 15% or more
among hospital Klebsiella pneumonia isolates [5-7].

A number of risks factors for UTI caused by
antibiotic-resistant bacteria (ARB) have been described
in previous studies, such as age, previous hospitalization,
presence of urinary catheter, nursing home residency,
previous UTI, exposure to antibiotics, or some co-
morbidities such as diabetes or immunosuppression [8—
18]. However, these studies mostly focused on ESBL-p
Enterobacteriaceae in community or hospital-acquired
infections, and based their estimation on a restricted
number of cases, with monocentric designs [9-11].

The importance of “real-world data”, derived from
registries, electronic health records or administrative da-
tabases, that complement data from conventional clinical
trials in regulatory decision making process, has been re-
cently emphasized [19]. In France, the national health
data system (SNDS) provides access to all hospitaliza-
tions, drug dispensing and medical care [20]. Since 2014,
antibiotic resistance is identifiable among infections in
hospitalized patients, thus allowing to study resistant
bacteria in hospital [21, 22]. This study aims to assess
the risk factors for infection due to ARB in patients hos-
pitalized for a urinary tract infection, using data from
the SNDS.

Methods

Data source and collection

The SNDS is a comprehensive anonymized database
composed of the national hospital discharge database
(PMSIL, Programme de médicalisation des systémes d'in-
formation), chained with individual patient information
and all French outpatient healthcare refund using a
pseudomysed identification number, which enables to
follow a patient and to identify some co-morbidities
[20]. Supplement S1 provides a detailed description of
available information (Additional file 1).

Incident hospital admissions for UTI in adults (218-
years-old), occurring between Jan 1st, 2015 and Dec 31,
2017, and due to an Escherichia coli, Klebsiella pneumo-
niae, Staphylococcus aureus, Pseudomonas aeruginosa or
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Enterococci were identified from the PMSI database,
using codes lists established in collaboration with infec-
tious diseases specialists (Additional file 1, Table S1).
Only stays for which a bacterial species could be associ-
ated with the UTI were included [22], and incident hos-
pitalizations then selected, by excluding stays with a
previous hospitalization with a UTI code within the past
12 months.

Infections were classified in two categories: healthcare-
associated (HCAI), with at least one hospitalization >24
h in the preceding 3 months (all causes, without UTI);
and community-acquired (CAI), with no hospitalization
during this period [23]. Infections due to ARB were
identified using specific codes (Additional file 1, Table
S1 and S2). Those due to non-resistant bacterium, called
in this study susceptible bacterium, were identified when
none of the antibiotic resistance codes covered by ICD-
10 was filled.

Risk factors

The following potential risks factors were extracted from
the linked databases: i) outpatient antibiotic exposure; ii)
urinary tract conditions; iii) associated health conditions;
and iv) for HCAI, previous hospitalization in an inten-
sive care unit (ICU).

Identification of several factors required using an algo-
rithm combining different codes (diagnoses from hospital-
izations, chronic disease, drug consumption, laboratory
tests or surgical procedures) (See Additional file 1, Supple-
ment S2). In the database, diagnoses and chronic diseases
are coded using the 10th revision of the International Stat-
istical Classification of Diseases and Related Health Prob-
lems (ICD-10) [21]. Drugs are identified through two
classification systems: anatomical therapeutic chemical
(ATC) and French presentation identification code (CIP,
Code Identifiant de Présentation) systems, which provides
further details about the drug, such as conditioning. La-
boratory tests are registered with the French nomencla-
ture of procedures (NABM, nomenclature des actes de
biologie médicale). Procedures performed both for inpa-
tients or outpatients are coded with the French classifica-
tion of clinical procedures (CCAM, Classification
commune des actes médicaux).

Antibiotic exposure

Antibiotic exposure was defined using antibiotic refund,
according to the ATC code list (Additional file 1, Table
S3). In order to exclude antibiotics prescribed for the
index UTI, dispensing during the week before
hospitalization were not considered. The time interval
between antibiotic dispensing and index stay (at least
one dispensing in the 8days—3 months; >3 months)
and the number of dispensing during the last 12 months
(0; 1; 2; =3) were considered (Additional file 1, Table
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S4). Because number of antibiotic dispensing and time
interval are strongly correlated, a variable combining the
two information was created. In addition, the last dis-
pensing in the last 3 months and its association with an
outpatient UTI was given particular attention. Four clas-
ses of exposures were considered: narrow or broad
spectrum antibiotic and associated or not with an UTI
(antibiotics spectrum detailed in Table 1). If several anti-
biotics were delivered simultaneously, the broadest
spectrum was considered. Lastly, an exploratory analysis
was conducted on a restricted sample regarding the im-
pact of various ATC3 antibiotic classes delivered in the
last 3 months. Penicillins were divided in two categories,
broad and narrow spectrum, and cephalosporins were
isolated from “Other betalactams”. For interpretation
clarity, patients with several classes of antibiotic deliv-
ered during this period (except the three most frequent-
couples) and antibiotics rarely dispensed (<1% of
studied sample) were excluded from this exploratory
analysis. When a patient was excluded, so was his/her
matched case or control.

Urinary tract conditions

Antecedents of outpatient UTI in the previous 12
months were identified using an algorithm (Add-
itional file 1, Supplement S2). UTIs recorded during the
week before hospitalization were not considered. Recur-
rent UTIs were defined as 23 UTIs recorded within the
last 12 months. Prior hospitalization for an urinary tract
or renal disease in the previous 12 months, such as kid-
ney failure, bladder tumor, or urinary stone were defined
from their ICD-10 codes (Additional file 1, Table S3).
Urinary tract surgical procedures were identified using a
CCAM code list (Additional file 1, Table S3). The most
recent procedure was recorded, and classified according
to two characteristics: anatomical location (nearby or in
contact with urinary tract), and time interval to the
index hospitalization (< 3, 3—12 months).

Table 1 Antibiotic spectrum
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Associated health conditions

Diabetes was defined using the French National Health
Insurance (Cnam) identification algorithm. Immunosup-
pression was defined using an algorithm established in
collaboration with clinicians. Neurologic pathologies and
pregnancy were defined using Cnam algorithms (Add-
itional file 1, Supplement S2).

Previous hospitalization in intensive care unit (ICU)

ICU stays >7 days occurring within the 3 months pre-
ceding the index hospitalization were identified for
HCAL

Analyses

A matched 1:1 case—control approach was used to iden-
tify risk factors. Hospitalizations of cases, having infec-
tion due to an ARB, were matched with hospitalizations
of controls (infection due to an antibiotic-susceptible
bacterium), according to patient’s age (+5 years), sex, in-
fection code, year of admission, and bacterial species.
CAI and HCAI were studied separately, and analyses
were stratified by sex.

First, cases and controls were described, for each cat-
egory of infection (CAI, HCAI) and by sex. Then, uni-
variate and multivariate conditional logistic regressions
were conducted. For multivariate analysis, only factors
associated with the risk of acquiring UTI with ARB were
included in the model. Two models were built, one con-
sidering overall antibiotic exposure, and one focusing on
the last antibiotic dispensing.

The same methodology was applied for studying the
impact of the class of antibiotics delivered in the previ-
ous 3 months.

Because of the large size of the sample, crude (ORc)
and adjusted (ORa) odds ratios are reported with their
95% confidence intervals (95% CI) without providing p-
values [24].

Anatomical Therapeutic Chemical codes

Narrow spectrum

Broad spectrum

Tetracycline

Amphenicols

Beta-lactams and penicillin
Other beta-lactams JO1DF
Sulfonamides and trimethoprim
Macrolides, Lincosamides, Streptogramines
Aminoglycoside

Quinolone JOTMB
Association of antibacterial

Other antibacterial

JO1CE; JO1CF

JOTXA; JOTXB;; JOTIXX

JOTAA

JO1BA

JO1CA; JO1CG; JO1CR

JO1DB; JO1DC; JO1DD; JO1DE JO1DH; JO1DI
JOTEA; JO1EB; JOT1EC; JOTEE

JOTFA; JOTFF; JOTFG

JO1GA; JO1GB

JOTMA

JOTRA

JO1XG JOTXD; JOTXE; JOTXXO01
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Since risk factors might differ according to bacteria or
infection site, interactions between these characteristics
and risk factors were tested in the different models.

Statistical analyses were computed with SAS Enter-
prise Guide (v 7.13 software, SAS Institute Inc., Cary,
NC, USA). Data extraction and analysis were approved
by the French Data Protection Agency (CNIL, approval
DE-2016-176). All methods were performed in accord-
ance with CNIL regulations and with REporting of stud-
ies Conducted using Observational Routinely-collected
Data (RECORD) guideline.

Results

Descriptive analyses

Among 157,962 stays with an UTI and a bacterium of
interest identified, 78.0% were incident hospitalizations
(Fig. 1). Over the 3-year period, 9460 infections with
ARB were identified, including 6526 (69.0%) CAI and
2934 (31.0%) HCAIL 98.5% were matched to infection
with a sensitive bacterium, yielding 6468 and 2855 pairs,
respectively.

In CAls, 40.7% of patients were men, in contrast with
HCAIs, where men represented more than half of pa-
tients (Table 2). In CAls, the three most frequent infec-
tion diagnoses in men were prostatitis, unspecified UTI
and tubulo-interstitial nephritis, and tubulo-interstitial
nephritis, unspecified UTI, and cystitis in women, repre-
senting altogether more than 90% of the CAls. For both
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sex, infections were mainly caused by Escherichia coli
and K. pneumoniae (75.8 and 13.3% for men and 87.2
and 9.1% for women, respectively).

Patients with HCAI appeared to be slightly older and
stayed longer in hospital than CAls. The distribution of
infections were similar to CAIs for men and women, but
Escherichia coli caused less HCAIs (56.0 and 79.2%, re-
spectively), pointing to the role of other bacteria, notably
Klebsiella pneumoniae (25.0 and 14.6%), Staphylococcus
aureus (9.5 and 2.5%) and Pseudomonas aeruginosa (6.4
and 2.1%).

For all subgroups, cases stayed longer in hospital than
controls, with, for example in men, > 35% of CAI cases
vs. <26% of controls hospitalized 7 days or more, and >
45% vs. 35% for HCAI cases and controls respectively
(Table 2).

Risk factors analyses
Community-acquired infections

Antibiotic consumption For men and women, the risk
of acquiring an UTI with an ARB increased with the
number of previous antibiotic dispensing in the last 3
months, with ORc reaching 4.26 [3.47-5.24] and 3.07
[2.58-3.66] for >3 dispensing, respectively (Table 3).
No association was found for antibiotic consumption
in the 3-12 month exposure window (Additional file 1,
Table S4).

157 962

Stays? with UTI in PD,
With one bacterium of interest?

Stays

\ 2

with previous

v

Stays

122796

Without previous hospitalization with UTI in the past 12 months

hospitalization with ITU
34 677

v

v

Community-acquired UTI
No hospitalization in the past 3 months
96 462 (78.6%)

With hospitalization in the past 3 months

Health-care associated UTI

26 334 (21.4%)

v v

v \ 4

Resistant bacterium Sensitive bacterium

Resistant bacterium

Sensitive bacterium

6 526 (6.8%) 89 936 (93.2%) 2934 (11.1%) 23400 (88.9%)
v v v v
Cases Controls Cases Controls
6 468 (99.1%) 6468 (0.1%) 2 855 (97.3%) 2 855 (12.2%)

Fig. 1 Flowchart of patient selection. Abbreviations: PD Principal diagnosis, UTI Urinary tract infection
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Table 2 General characteristics of the cases and matched controls by category of infection and gender

Community-acquired infection

Healthcare-associated infection®

Men (N =5268)

Women (N =7668)

Men (N=3170) Women (N = 2540)

Cases Controls Cases Controls Cases Controls Cases Controls

Age (years)

Mean (SD) 71.1 (15.2) 711 (15.2) 67.8 (22.0) 67.8 (22.0) 75.1 (12.6) 75.1 (12.6) 745 (17.3) 745 (17.3)

Median (IQ) 73.0 (21.0) 730 (21.0) 75.0 (33.0) 75.0 (33.0) 77.0 (18.0) 77.0 (18.0) 80.0 (21.0) 80.0 (21.0)
Diagnoses

Tubulo-interstitial nephritis 368 (14.0) 368 (14.0) 2351 (61.3) 2351 (61.3) 266 (16.7) 266 (16.7) 677 (53.3) 677 (53.3)

Pyelonephritis 23 (09) 23 (09) 92 (24) 92 (24) 10 (0.6) 10 (0.6) 33 (26) 33 (26)

Renal and perirenal abscess 55 (2.1) 55 (2.1) 136 (3.5) 136 (3.5 39 (2.5 39 (2.5) 39 (3.1) 39 (3.1)

Cystitis 95 (3.6) 95 (3.6) 359 (94) 359 (94) 91 (5.7) 91 (5.7) 151 (11.9) 151 (11.9)

Unspecified UTI 527 (20.2) 527 (20.2) 796 (20.8) 796 (20.8) 482 (30.4) 482 (304) 350 (27.6) 350 (27.6)

Prostatitis 1547 (58.7) 1547 (58.7) - - 675 (42.6) 675 (42.6) - -

Due to urinary device 19 (0.7) 19 (0.7) 7(0.2) 7 (0.2) 22 (14) 22 (14) 9(0.7) 9(0.7)

During pregnancy - - 93 (24) 93 (24) - - 11 (0.8) 11 (0.8)
Bacteria

Staphylococcus aureus 173 (6.6) 173 (6.6) 73 (1.9 73 (1.9) 151 (9.5) 151 (9.5) 32 (25) 32 (25)

Escherichia coli 1996 (75.8) 1996 (75.8) 3343 (87.2) 3343 (87.2) 887 (56.0) 887 (56.0) 1006 (79.2) 1006 (79.2)

Klebsiella pneumoniae 351 (133) 351 (133) 349 (9.1) 349 (9.1) 397 (25.0) 397 (25.0) 185 (14.6) 185 (14.6)

Pseudomonas aeruginosa 82 (3.1) 82 (3.1) 43 (1.1) 43 (1.1) 102 (6.4) 102 (6.4) 27 (2.1) 27 2.1)

Enterococcus 32(1.2) 32(1.2) 26 (0.7) 26 (0.7) 48 (3.0) 48 (3.0) 20 (1.6) 20 (1.6)
Hospital length of stay

< 7days 1707 (64.8) 1948 (73.6) 2371 (61.8) 2672 (69.7) 865 (54.6) 1036 (65.4) 664 (51.5) 774 (60.9)

7-30days 899 (34.1) 679 (25.8) 1426 (37.2) 1145 (29.9) 682 (43.0) 535(337) 596 (46.9) 486 (38.3)

>30days 28 (1.1) 17 (0.6) 37 (1.0) 17 (04) 38 (2.4) 14 (09) 20 (1.6) 10 (0.8)

Abbreviations: UTI urinary tract infection

2 Infection with at least one prior hospitalization (any cause except UT) in the last 3 months

Urinary tract conditions The risk for infection with
ARB increased with recurrent UTIs in both men and
women. Having undergone a surgical procedure on
the urinary tract during the past 3 months was associ-
ated with UTI caused by ARB only for men, mainly
due to prostate biopsy (ORc 2.55 [1.77-3.68]; data
not shown). Surgical procedure nearby the urinary
tract was not associated with an increased risk (Add-
itional file 1, Table S4).

Associated health conditions There was no difference
between cases and controls regarding pregnancy or co-
morbidities such as diabetes, immunosuppression, and
neurologic diseases.

In multivariate analysis, antibiotic dispensing in the
past 3 months was a risk factor for ARB for both men
and women, (ORa, 1.61 [1.38-1.88] and 1.47 [1.31-1.66]
respectively, for one dispensing) (Table 4). Having
undergone at least one procedure on urinary tract in the
previous 3 months increased slightly the risk of ARB for
men (ORa 1.34 [1.09-1.64]) but not for women.

Recurrent UTI remained marginally associated with an
increased risk of ARB (ORa 1.21 [1.05-1.40] and 1.23
[1.11-1.38]). These results did not differ according to
bacteria or infection site.

Healthcare-associated infection

Antibiotic consumption The risk of having an UTI
with an ARB increased in both men and women with
the number of previous antibiotic dispensing in the last
3 months, with an ORc reaching 2.97 [2.33-3.79] and
2.05 [1.59-2.64] for >3 dispensing, respectively (Table 3).
Similarly to CAls, no association was found for anti-
biotic exposure within the 3-12 month window (Add-
itional file 1, Table S4).

Urinary tract conditions Recurrent UTIs increased the
risk of UTI with ARB for both men and women, whereas
a prior procedure on the urinary tract during the last 3
months increased the risk of ARB UTI only in women.
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Table 3 Conditional univariate logistic regression: Risk factors for community-acquired or healthcare-associated urinary tract

infection caused by a resistant bacterium compared with a susceptible one, by gender

Community-acquired infections

Men (N=5268)

ORc [Cl 95%]

Women (N =7668)
ORc [Cl 95%)]

Healthcare-associated infections®

Men (N=3170)
ORc [CI 95%)]

Women (N = 2540)
ORc [Cl 95%]

Antibiotic consumption

Number of antibiotic dispensing in the last 3 months

0
1
2
>3
Urinary tract condition
Recurrent UTIP
No

Yes

1

1.77 [1.53-2.05]
261 [2.16-3.17]
4.26 [3.47-5.24]

1
2.04 [1.82-2.29]

Urinary tract disease in the last 12 months

No

Yes

Procedure on UT in the last 3 months

No
Yes
Health context
Diabetes
No
On insulin
Other
Immunosuppression
No
Yes
Neurological disease
No
Yes
Pregnancy
No

Yes

1
1.08 [0.84-1.39]

1
1.65 [1.36-1.99]

1
1.14 [0.79-1.65]
0.97 [0.74-1.29]

1
0.98 [0.84-1.14]

1
1.00 [0.85-1.17]

Antecedent of hospitalization in the last 3 months

Length of the longest stay in ICU
No stay, or stay <7 days

> 7 days

1

1.59 [141-1.78]
1.91 [1.63-2.23]
3.07 [2.58-3.66]

1
1.69 [1.54-1.86]

1
1.15 [0.84-1.57]

1
1.33 [0.95-1.86]

1
0.95 [0.72-1.26]
1.18 [0.93-1.50]

1
1.10 [0.95-1.21]

1
1.01 [0.88-1.15]

1
1.06 [0.72-1.58]

1

1.30 [1.09-1.55]
1.83 [1.46-2.28]
297 [2.33-3.79]

1
148 [1.27-1.71]

1
1.23 [1.05-1.44]

1
1.09 [0.93-1.27]

1
1.32 [0.91-1.89]
1.02 [0.74-1.41]

1
1.16 [0.98-1.38]

1
1.10 [0.92-1.32]

1
1.67 [1.16-2.38]

1

144 [1.18-1.77]
147 [1.14-1.90]
2.05 [1.59-2.64]

1

145 [1.24-1.70]
1
1.21 [0.96-1.54]
1
1.96 [1.55-2.49]

1
0.70 [0.44-1.10]
0.86 [0.586-1.33]

1
1.05 [0.86-1.27]

1
0.98 [0.80-1.19]

1

1.37 [0.72-2.62]

1
1.75 [1.01-3.03]

Abbreviations: ORc crude Odds ratio, Cl 95 95% confidence interval, UTI urinary tract infection, UT urinary tract, ICU intensive care unit

2 Infection with at least one prior hospitalization (any cause except UTI) in the last 3 months

P at least 3 prior UTIs in the last 12 months

Urinary tract disease was slightly associated with an in-
creased risk for men.

cases and controls was identified for the comorbidities
examined, or pregnancy.

Previous hospitalization in ICU An association was

found between previous hospitalization in ICU and UTI
due to an ARB, when the ICU length of stay exceeded 7
Associated health conditions No difference between  days.

the last 3 months

In the multivariate analysis, dispensing of antibiotic in
increased the risk of antibiotic



Opatowski et al. BMC Infectious Diseases

(2021) 21:571

Page 7 of 12

Table 4 Conditional multivariate logistic regression: Risk factors for community-acquired or healthcare-associated urinary tract

infection caused by a resistant bacterium compared with a susceptible one, by gender

Community-acquired infections

Men (N =5420)

ORa [Cl 95%)]

Women (N=7792)

ORa [Cl 95%)]

Healthcare-associated infections®

Men (N =3388)
ORa [Cl 95%)]

Women (N=2614)

ORa [Cl 95%)]

Antibiotic consumption

Number of antibiotic dispensing in the last 3 months

1

1.30 [1.07-1.57]
1.82 [1.43-2.31]
2.94 [2.25-3.83]

1

1.04 [0.87-1.25]

1
0.86 [0.71-1.04]

1

1.34 [1.09-1.66]
1.34 [1.01-1.76]
1.79 [1.34-2.38]

1

1.15 [0.95-1.38]

1
1.98 [1.50-2.61]

0 1 1

1 161 [1.38-1.88] 147 [1.31-1.66)

2 2.28 [1.85-2.81] 1.69 [142-2.00]

23 3.59 [2.85-4.53] 264 [2.18-3.19]

Urinary tract condition

Recurrent UTI®

No 1 1

Yes 1.21 [1.05-1.40] 123 [1.11-1.38]
Procedure on UT in the last 3 months

No 1 1

Yes 1.34 [1.09-1.64] 1.08 [0.76-53]
Urinary tract disease in the last 12 months

No

Yes

Prior ICU stay in the last 3 months
Length of the longest stay in ICU
No stay, or stay <7 days
> 7 days

1 1
1.25 [1.04-2.55] 0.78 [0.58-1.03]

1 1
1.76 [1.21-2.55] 141 [0.80-2.48]

Abbreviations: ORa adjusted Odds ratio, C/ 95 95% confidence interval, UT!I urinary tract infection, UT urinary tract, ICU intensive care unit
2 Infection with at least one prior hospitalization (any cause except UTI) in the last 3 months

b at least 3 prior episodes of urinary tract infection in the last 12 months

resistance, with increasing risk associated with increased
number of dispensing, particularly with >3 antibiotics
delivered (ORa 2.94 [2,25 - 3,84] and 1.79 [1.34—2.38]
for men and women respectively) (Table 4). For women,
having undergone a surgical procedure on the urinary
tract in hospital within the past 3 months increased the
risk of ARB (ORa 1.98 [1.50-2.61]). Transition in ICU in
the past 3 months was associated with ARB infection for
men (ORa 1.76 [1.21-2.55]). As for CAls, these results
did not differ with the bacteria or infection site.

Specific antibiotic exposure

When focusing on the last antibiotic dispensing
(Table 5), the risk of having a CAI due to ARB increased
only when a broad-spectrum antibiotic was last dis-
pensed, whether in association with a UTI (ORa 4.23
[3.41-5.26] and 2.15 [1.86—2.49] for men and women re-
spectively), or not (ORa 2.18 [1.91-2.49] and 1.89 [1.69—
2.11], respectively). In HCAIs, similar associations were
recovered with prior broad-spectrum antibiotics dispens-
ing, although less consistently in women.

Antibiotic ATC3 class exposure

Among the patients prescribed antibiotics, 49%were ex-
cluded for interpretation clarity. Excluding these pa-
tients, as well as their matched patients, resulted in
analysing around 75% of the total sample of patients, ex-
posed and non-exposed to antibiotics (Table 6). When
several antibiotic were prescribed, the most frequent
couples of antibiotics were broad-spectrum penicillin
and cephalosporin or quinolone, or quinolone and
cephalosporin.

Overall, three classes of broad-spectrum antibiotics ap-
peared to have an impact on antibiotic resistance: cepha-
losporins (ORa from 1.60 to 2.53), quinolones (ORa
from 2.52 to 3.29) and other antibiotics (ORa from 1.35
to 2.99), which concerned mostly fosfomycin and nitro-
furantoins (Table 6). Sulfonamides increased the risk of
antibiotic resistance, for men with CAIs (ORa 3.11
[1.75-5.52]. Macrolides were not associated with an in-
creased risk of antibiotic resistance. As can be expected,
compared to a single class delivered, the impact of sev-
eral antibiotics in the previous 3 months was greater, ex-
cept for women with HCAIL For example, for men with
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Table 5 Conditional logistic regression multivariate analysis: adjusted Odds ratio and IC 95% for the last antibiotic dispensing and
acquisition of community-acquired or healthcare-associated urinary tract infection caused by a resistant bacteria compared with a
susceptible one, by gender, associated UTl and spectrum category

Community-acquired®

Men (N =5268)
ORa [Cl 95%]

Women (N =7668)

ORa [Cl 95%]

Hospital-acquired®

Men (N=3170)
ORa [Cl 95%]

Women (N = 2540)
ORa [Cl 95%]

No antibiotic dispensing

With UTI — Narrow spectrum®
With UTI - Broad spectrum®
Without UTI - Narrow spectrum®

Without UTI - Broad spectrum®

1

2.18 [1.03-1.56]
4.23 [3.41-5.26]
1.18 [0.87-1.60]
2.18 [1.91-2.49]

1

0.36 [0.04-3.32]
2.15[1.86-2.49]
1,30 [1.02-1.67]
1.89 [1.69-2.11]

1

2.34 [0.54-10.12]
1,91 [1.48-247]
0.86 [0.60-1.24]
1.87 [1.59-2.20]

1

3.28 [0.57-19.04]
1.13 [0.87-1.47]
146 [0.99-2.17]
1.69 [1.41-2.03]

Abbreviations: ORa adjusted Odd Ratio, C/ 95 95% confidence interval, UTI urinary tract infection

@ Model adjusted on surgical procedures in the last 3 months

® Model adjusted on stays in ICU and surgical hospital procedures in the last 3 months
¢ Broad and narrow spectrum classification is presented in additional file 1, Table S3

CAlI the ORa associated with receipt of both cephalo-
sporins and quinolones (5.72 [3.08-10.61]) was stronger
than specific ORs (2.53 [1.74—3.68] and 3.29 [2.46—4.39]
respectively).

Discussion

This is the first time that risk factors of having UTI with
antibiotic-resistant bacteria are examined using the ex-
haustive French medico-administrative database. Out-
patient dispensing of antibiotics within the past 3
months and especially of broad-spectrum antibiotics
were consistent risk factors of acquiring UTI caused by
an ARB across all categories. The risk declined when the
time lag between exposure and infection exceeded 3

months. A urinary tract procedure performed within the
last 3 months also increased the risk for women with
HCAIs and for men with CAls. Lastly, long stays in ICU
within the last 3 months also increased the risk for men
with HCAIs.

Prior exposure to antibiotics has been found to in-
crease the risk of resistance in several studies, both for
community and hospital infections [8, 9, 11-16, 25-28].
Specifically, prior administration of quinolones or cepha-
losporins in the past 3 months was found as a risk factor,
in accordance with our findings [9, 10, 15]. Our explora-
tory analysis also pointed out fosfomycin and nitrofuran-
toin, prescribed for UTI, as well as antibiotic
associations. An estimation of the mean number of

Table 6 Conditional multivariate logistic regression: Risk factors of having a community-acquired or healthcare-associated urinary
tract infection caused by a resistant bacterium compared with a susceptible one, by gender and class of antibiotic delivered in the

previous 3 months

Community-acquired®

Hospital-acquired®

Men (N =4028)

Women (N =5864)

Men (N =2284) Women (N =1884)

ORa [CI 95%)]

ORa [CI 95%)]

ORa [CI 95%)]

ORa [CI 95%]

Antibiotics®
No antibiotic
Broad spectrum penicillin (BSP)
Sulfonamide
Cephalosporin
Macrolide
Quinolone
Other antibiotics®
Cephalosporin and BSP
Quinolone and BSP

Quinolone and cephalosporin

1

1.18 [0.96-1.44]
311 [1.75-5.52]
253 [1.74-3.68]
0.96 [0.62-1.48]
329 [246-4.39]
299 [1.70-5.28]
3.07 [1.64-5.77]
493 [2.94-8.28]
572 [3.08-1061]

1

1.34 [1.13-1.58]
1.28 [0.80-2.07]
1.90 [1.47-2.45]
1.07 [0.76-1.52]
252 [1.90-3.34]
1.35 [1.04-1.75]
2.66 [1.58-4.47]
211 [1.28-3.46]
3.38 [1.87-6.09]

1

1.09 [0.85-1.41]
1.37 [0.83-2.27]
2.38 [1.53-3.69]
0.66 [0.38-1.15]
254 [1.78-3.61]
265 [1.27-5.52]
3.73 [1.42-9.75]
6.06 [3.13-11.74]
2.87 [1.32-6.23]

1

1.19 [0.90-1.58]
0.86 [047-1.57]
1.60 [1.03-247]
1.17 [0.63-2.19]
268 [1.60-4.16]
065 [0.37-1.12]
3.20 [1.23-8.33]
1.39 [0.75-2.59]
0.98 [0.38-2.54]

Abbreviations: ORa adjusted Odd Ratio, C/ 95 95% confidence interval
? adjusted on surgical procedures in the last 3 months and recurrent UTls

P adjusted on stays in ICU, surgical hospital procedures in the last 3 months and recurrent UTI

€ antibiotic classification is presented in Table S3 of the additional file
4 most of “Other antibiotics” were fosfomycin and nitrofurantoins



Opatowski et al. BMC Infectious Diseases (2021) 21:571

dispensing for each class ensured that the impact of a
specific class did not reflect a greater dispensing number
(Supplementary, Table S5). Inferences from this analysis
should however be taken cautiously because almost of a
third of patients with antibiotic dispensing were ex-
cluded. Excluded patients seemed to be younger than
patients included in the analysis (Supplementary, Table
S6). Diagnoses distribution was similar in the two popu-
lations. There were minor differences in the bacteria
species distribution, with no specific trend. The number
of dispensing during the previous 3 months seemed to
be superior for excluded patients, mostly explained by
the fact that most excluded patients had at least two
antibiotic classes dispensed. However, this should not
impact our results regarding the association between
classes and antibiotic resistance. If anything, this would
tend to minimize the association between antibiotic dis-
pensing and resistance.

The effect of recurrent UTIs persisted after adjustment
for CAIL but not for HCAI Several prior studies identi-
fied previous UTIs as a risk factor [12, 16, 17]. The asso-
ciation weakened after adjustment in multivariate
models in some others [10, 13], which could be ex-
plained by the obvious correlation between antibiotic
use and previous UTL. On the other hand, stays with
previous hospitalizations with UTI during the past year
were excluded in order to select incident hospitaliza-
tions, which resulted in excluding patients having a high
rate of ARB infection (rate of 20%, vs 7% in the selected
stays), and may have minimized the strength of the asso-
ciation between recurrent UTIs and antibiotic resistance.

As expected, surgical procedures on the urinary tract
were identified as risk factors for antibiotic resistance,
but only for men with CAI and women with HCAI This
result was consistent with studies where previous uro-
logical procedure or presence of a urinary catheter were
also identified as risk factor, for hospital and community
infections [9, 13, 15, 16]. For women with HCAI, no spe-
cific procedure was identified, whereas in men, prostate
biopsy mostly explained the association. This suggests
the importance of improving infection prevention in
these  patients, and to  follow  prophylaxis
recommendations.

Prior ICU stays > 7 days in the last months was associ-
ated with a higher risk of antibiotic resistance in men.
As far as we know, no study has examined the impact of
previous ICU stay on UTI due to ARB. However, several
studies have shown that staying in an ICU was associ-
ated with antibiotic resistance [29-31], and particular
emphasis on prevention of infection is warranted in
these units.

Neither co-morbidities examined (diabetes,
munosuppression, neurological and urinary tract dis-
eases) nor pregnancy were associated with a higher

im-

Page 9 of 12

risk of antibiotic resistance. There is no general
agreement on the potential association of ARB with
comorbidities [12-14]. A study found renal disease
and cancer as risk factors when comparing patients
affected with ESBL-p Escherichia coli UTI with pa-
tients with no UTI [13]. However, when comparing
to patients with susceptible Escherichia coli, no differ-
ence was found regarding renal disease and cancer,
and a slightly increased risk with immunosuppressive
treatment. Another study reported an association be-
tween ARB and immunosuppression in community-
acquired UTI, but not with diabetes or pregnancy sta-
tus [12].

Using a medico-administrative database involves some
drawbacks [22]. The two main limitations of the data-
base used are the lack of information on residency in
skilled nursing home and on drug administration during
hospitalizations. First, because residency in a nursing
home was not available, the potential role of this previ-
ously identified risk factor [10, 14] could not be exam-
ined. Second, because antibiotic delivered during
hospitalizations were not recorded in the database, prior
antibiotic exposure was identified only through dispens-
ing in the community. However, we tested the hypoth-
esis that each hospitalization with an infection was
associated with antibiotic administration, in addition to
community exposure. A moderate increase of antibiotic
exposures was noted, but no difference was found con-
cerning odds ratios (data not shown). In addition, it is
important to note that, in this work, antibiotic consump-
tion was studied using dispensing. Thus, it was assumed
that patients actually consumed the antibiotics delivered
and that exposure started on the date of dispensing.Th-
ird, identification of some co-morbidities required to use
algorithms, combining several types of information.
However, the risk of misclassification should be similar
for cases and controls and most of the algorithms used
were constructed by the Cnam organism, reviewed by
experts of each field, and then improved by Cnam or-
ganism when necessary. They are freely available to all,
which provides standardized definitions for SNDS users.
A study estimated the sensitivity of the algorithm for
identifying diabetic patients to range from 93 to 99%
[32]. Finally, it should be pointed out that CAls were de-
fined in patients not hospitalized in the past 3 months,
which may incur some misclassification of patients. In-
deed, a patient with CAI may have nevertheless been ex-
posed to medical environment, ambulatory care surgical
procedure, and home care or nursing facilities that were
not easily identifiable in the database. Conversely, a pa-
tient hospitalized within the past 3 months may still have
a community-acquired infection. As expected however,
HCAIs affected older patients, having longer stays than
those with CAI, and were more frequently caused by
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nosocomial pathogens, such as Klebsiella pneumoniae,
Pseudomonas aeruginosa or Staphylococcus aureus.
Despite its limitations, the large nationwide and com-
prehensive SNDS database remains a remarkable tool
for analysing risk factors. It covers all hospitalizations in
France, and all reimbursed drugs dispensed by pharmacy
(including antibiotics), as well as biological exams. Hos-
pital diagnosis were validated by Afshar et al, who
showed that ICD-10 codes allow to analyze pathogens
and resistance markers, and Salhi et al. showed a good
coding of infection, with a positive predictive value be-
tween 0.98 [0.65-1.00] and 0,93 [0.88-0.98] [33, 34].
Thanks to the access to a wide range of routinely col-
lected detailed information, the SNDS database has been
used by other authors to study incidence and prevalence
of disease, as well as identify risk factors [20, 35-39].
Our study is the first concerning risk factors of antibiotic
resistance in SNDS. The large population included
allowed us to stratify the analysis on location of acquisi-
tion and sex, and to include a variety of bacteria and re-
sistance codes, unlike most of the studies that focused
on ESBL-producing or MDR Enterobacteriaceae UTIs.

Conclusions

This study confirms the importance of broad-spectrum
antibiotic consumption on the risk of UTI with ARB in
the last 3 months, and the necessity of controlling anti-
biotic prescription. It also highlights the importance of
prevention during surgical procedure on the urinary
tract, and prolonged ICU stays.
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