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Abstract

Background: Increasing life expectancy and demographic
change result in a rising number of geriatric patients, but
knowledge about geriatric treatment options and adapted
diagnostic pathways is low. Simultaneously, urinary tract in-
fections (UTls) are common in older people and often diffi-
cultto treat. Methods: Patients with a UTl at a urological out-
patient department between January 01, 2016, and Decem-
ber 31, 2017, were retrospectively identified in the data
system. One thousand one hundred fifteen patients with
“N30” and “N39” diagnosis were included in this study, 965
of which were under the age of 75 (group 1) and 150 of which
75 years or older (group 2). Results: Of 150 patients in group
2, 41.6% had nitrite-positive urine (vs. 20.9% in group 1, p <
0.05 in ¥? testing). Patients in group 2 often had indwelling
devices (30.3 vs. 6.0%, p < 0.05) and presented a sterile urine

culture in only 20.7% (vs. 40.1% in group 1). Regarding cal-
culated antibiotic therapy, there were significant differences
concerning prescription of ciprofloxacin (34.9 vs. 25%, p <
0.05) and fosfomycin (12.7 vs. 40.7%, p < 0.05). Conclusion:
UTl in geriatric patients should be treated differently than in
younger patients because antibiotic resistance is high. The
group with indwelling devices is complex. Individual strate-
gies for geriatric patients should be considered.

© 2021 The Author(s).
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Background

Urinary tract infection (UTI) is a common disease in
urological everyday healthcare. Incidence rises in patients
over the age of 65 in comparison with patients of middle
age, where UTI incidence is the lowest. Prevalence of as-
ymptomatic bacteriuria (ASB) also rises in the elderly [1,
2]. This development correlates with geriatric patients
also needing urinary catheters more often or suffering
from urinary incontinence, which makes them more like-
ly to have UTIs [3, 4]. Increased susceptibility to UTIs
also arises from functional conversions in the urinary
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tract in old age and the growing number of comorbidities
(2, 5, 6]. Furthermore, the fact whether a patient has had
UTTIs before correlates with increased residual urine in
the bladder in female patients [7]. After all, 16% of hospi-
tal admissions in patients over the age of 65 are due to
UTIs [8].

Additionally, incidence of UTIs in the elderly varies
according to their living situation: in patients living self-
sufficiently at home, only half as many UTI cases occur as
compared to nursing home patients [9, 10]. Diagnosing
UTI in geriatric patients is sometimes difficult. Patients
in need of care, cognitively or communicatively impaired,
and with long-persistent UTI symptoms cannot be diag-
nosed and treated the same way as other patients to avoid
overtreatment. Relying wholly on personal anamnesis in
these cases proves to be insufficient, whereas relying com-
pletely on urine analysis results seems inadequate as well,
due to the high prevalence of ASB. There have been at-
tempts to install geriatric diagnosing tools for UTI to re-
solve this dilemma. These combine the assessment of UTI
symptoms, unspecific symptoms in geriatric patients like
changes of behavior and mental status, and urine testing
[11].

These difficulties in diagnosing UTT in the elderly ex-
plain frequent hospital admissions due to UTI exacerba-
tion, as UTIs are easily overlooked and therefore allowed
to progress untreated — with sometimes grave conse-
quences in frail patients [9]. On the other hand, due to
unspecific symptoms, overdiagnosis and overtreatment
of UTT in geriatric patients is common as well [12].

Furthermore, elderly and frail patients often find it
physically difficult to follow the procedure of obtaining a
midstream urine sample. Therefore, contaminated urine
samples are common in geriatric patients, complicating
or falsifying the results of required diagnostic tests. Typi-
cal symptoms of UTT in older patients are frequently re-
placed by a variety of unspecific ones. Dysuria, fever, and
leukocyturia are often missing; instead, patients show, for
example, loss of appetite, coughing, or disorientation.
Moreover, UTT in geriatric patients seems to be caused by
a dissimilar range of bacteria, particularly biofilm-pro-
ducing germs [13].

Concerning therapeutic options for UTI in geriatric
patients can be challenging, but there are few differences
compared to younger patient groups [14]. They mainly
concern adapting dosages in antibiotics to match phar-
macodynamics and -kinetics in the elderly. For example,
drug absorption in the gastrointestinal tract is lower as
well as compliance in drug intake; in addition, comorbid
patients often take a variety of drugs simultaneously,
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which emphasizes the need to check for possible drug in-
teractions. Diminished renal function and the possibility
of a concurrent second bacterial infection with a different
bacterial range must be taken into consideration whilst
choosing an appropriate antibiotic. For nonantibiotic
UTI prophylaxis, the use of cranberries or D-mannose as
well as locally substituting estrogen is discussed [1, 15,
16].

Different types of UTIs can be differentiated: positive
urine culture with urinary tract pathogens in patients
without complaints is called ASB. The health care-associ-
ated urinary tract infection is a UTI in hospitalized pa-
tients, and the catheter-associated urinary tract infection
is a UTI in patients with indwelling urinary tract cathe-
ters. The aim of this study was to investigate if geriatric
patients are at a special treatment situation due to their
age in differences of bacterial species and antimicrobial
resistance.

Methods

Study Setting and Design

A retrospective investigation on bacterial range, antibiotic re-
sistance rates, and calculated therapy concerning geriatric patients
was conducted at the Caritas St. Josef Medical Centre Regensburg
(CSJR) urology emergency reception. CSJR serves as a tertiary re-
ferral hospital for Regensburg and its surrounding regions in
north-eastern Bavaria, Germany; its urology department repre-
sents around 60 inpatient beds and a yearly number of cases of
around 4,300 and is also the Department of Urology of the Univer-
sity of Regensburg. Geriatric patients with symptomatic UTI were
compared to patients under the age of 75 with symptomatic UTI.

Patients and Variables

Patients who were admitted to the urological emergency recep-
tion due to symptomatic UTI between January 01, 2016, and De-
cember 31, 2017, were retrospectively identified in the clinic-wide
documentation system. One thousand one hundred fifteen pa-
tients with “N30” and “N39” diagnosis following ICD10 criteria
were included in this study, 965 of which were under the age of 75
(group 1) and 150 over 75 years old (group 2). Four hundred
eighty-four patients were excluded who were either underage or
had no urine culture performed. Parameters retrieved from the
patient record included the following: (i) demographics; (ii) recent
antibiotic treatments in the last 30 days; (iii) pre-existing risk fac-
tors, for example, whether the patient was living at a nursing home
facility prior to admission or indwelling devices like urinary cath-
eters at time of urine testing; (iv) calculated therapy prescribed at
emergency reception.

Microbiology

Required diagnostic urine testing was performed at the CSJR
branch of SYNLAB Medizinisches Versorgungszentrum Weiden
GmbH according to DIN EN ISO 15189:2014 standards.
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Table 1. Calculated therapy for patients with UTI aged under 75 compared to patients aged =75 from CSJR
hospital from January 2016 to December 2017%

Parameter Results

group 1 (n=860) group 2 (n=126) p value
Ciprofloxacin prescribed, n (%) 215 (25) 44 (34.9) <0.001
Other fluoroquinolones prescribed, # (%) 5(0.6) 0(0) na
Trimethoprim-sulfamethoxazole prescribed, n (%) 23 (2.7) 6(4.8) 0.20
Amoxicillin prescribed, n (%) 46 (5.4) 11 (8.7) 0.13
Amoxicillin-clavulanic acid prescribed, 7 (%) 154 (17.9) 31 (24.6) 0.07
Cefuroxime prescribed, n (%) 60 (7.0) 11 (8.7) 0.48
Fosfomycin prescribed, #n (%) 350 (40.7) 16 (12.7) <0.001
Nitrofurantoin prescribed, n (%) 2(0.2) 1(0.8) na
Nitroxoline prescribed, n (%) 2(0.2) 0(0) na
Other antibiotic substances prescribed, n (%) 3(0.3) 6 (4.8) na

Boldface indicates statistically significant difference between groups (p < 0.05). Group 1: patients aged <75.
Group 2: patients aged >75. UTI, urinary tract infection; na, nonapplicable. * All percentages shown represent
patients for whom data were available (i.e., excluding the missing cases).

Statistical Analysis

The study database was created using Microsoft Excel 2019; all
analyses were performed using IBM SPSS statistics 25.0 software,
utilizing the X test for categorical variables and the Mann-Whit-
ney U test for continuous variables. All test results with a p value
of <0.05 were considered statistically significant. Throughout the
text, each of the percentages displayed represents the “valid per-
centage,” which indicates the percentage excluding the missing
data from the denominator.

Results

A total of 1,115 patients with symptomatic UTI who
matched the inclusion criteria were identified during the
study period. This patient group consisted of 262 male
(23.5%) and 853 female (76.5%) patients with a mean age
of 46.5 years (95% confidence interval 45.27-47.75; range
18-97; median 43.0). A total of 150 patients over the age
of 75 were identified, “group 2,” comprising 13.5% of the
overall patient cohort, and a total of 965 patients of 74
years and below, “group 1.” Patients in group 1 showed
nitrite-positive urine results in 192 cases (20.9%), in con-
trast to 57 patients in group 2 (41.6%, p < 0.05). Seven
hundred seventy-three (82.1%) patients in group 1 had
no antimicrobials prescribed in the last 30 days prior to
the day of examination versus 111 (78.7%) in group 2. No
statistically significant differences were found for previ-
ous antibiotic therapy within 30 days. Fifty-seven (6.0%)
patients had a documented indwelling device in the uri-
nary tract (e.g., urinary catheter) on the day of examina-
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tion in group 1 and 44 (30.3%) patients in group 2 (p <
0.05).

Calculated antibiotic therapy was prescribed in 860
cases (91.9%) of group 1 and in 126 cases (88.7%) of group
2. Of these cases, in 25.0% of group 1, the chosen antibi-
otic substance was ciprofloxacin (34.9% in group 2, p <
0.05), and in 40.7% of group 1, the chosen antibiotic sub-
stance was fosfomycin (12.7% in group 2, p < 0.05). Fur-
ther calculated antibiotic choices are shown in Table 1.

Urine culture testing was found to be sterile in 20.7%
of group 2 and in 40.1% of group 1. Bacterial species iso-
lated in urine cultures for groups 1 and 2 are shown in
Table 2. Some samples showed multiple bacterial growth
in the urine culture: 12.7% of group 2 had 2 germs iso-
lated (5.8% of group 1, p < 0.05), and 3.3% of group 2
showed 3 isolated germs (0.4% in group 1, p < 0.05). In
total, 773 isolates were found in 697 patients, 628 of these
were found in 578 patients (59.9%) of group 1 and 145 of
these germs in 119 patients (79.3%) of group 1 (see also
Table 3).

Analyses on bacterial range and antibiotic resistance
rates refer to these numbers. The most detected pathogen
proved to be E. coli, both in geriatric patients and in the
younger patients of group 1, though to a lesser extent in
group 2 (49.7 vs. 72.6%). Some bacterial pathogens were
more frequently seen in geriatric patients than in group
1, such as Klebsiella spp., Proteus spp., and Pseudomonas
aeruginosa. Interestingly, the amount of multiresistant
bacteria is low: no MRSA were found, and 3 MRGN was
isolated in 22 cultures of nongeriatric patients (3.5%) and
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Table 2. Bacterial species isolated from urine cultures of patients with UTI aged under 75 compared to patients
aged 275 from CSJR hospital from January 2016 to December 2017%

Parameter Results
all isolates group 1 all isolates group 2 p value
(n=628) (n =145)
Citrobacter spp. isolates, n (%) 12 (1.9) 4(2.8) na
E. coli isolates, n (%) 456 (72.6) 72 (49.7) <0.001
Enterobacter spp. isolates, n (%) 7 (1.1) 6(4.1) na
Enterococcus spp. isolates, n (%) 15 (2.4) 8 (5.5) na
Klebsiella spp. isolates, n (%) 30 (4.8) 15 (10.3) 0.01
Proteus spp. isolates, n (%) 23 (3.7) 13 (9.0) 0.01
Pseudomonas aeruginosa isolates, n (%) 6(1.0) 11 (7.6) na
Staphylococcus spp. isolates, n (%) 51 (8.1) 9(6.2) 0.44
Streptococcus spp. isolates, 1 (%) 24 (3.8) 2(1.4) na
Other isolates, 1 (%) 4(0.6) 5(3.4) na

Boldface indicates statistically significant difference between groups (p < 0.05). Group 1: patients aged <75.
Group 2: patients aged >75. UTI, urinary tract infection; na, nonapplicable. * All percentages shown represent
patients for whom data were available (i.e., excluding the missing cases).

8 of geriatric patients (5.5%) (p = 0.35). ESBL was found
in 28 nongeriatric (4.5%) and 10 geriatric (6.9%) patient
cultures (p=0.2), and no statistical significance was found
(see also Table 4).

In vitro antimicrobial susceptibility results for the 628
germs isolated in group 1 and the 145 germs isolated in
group 2 are summarized in Table 5. Bacterial species iso-
lated from geriatric patients frequently showed resistance
rates above 20% to multiple classes of antibiotics, includ-
ing ciprofloxacin, trimethoprim-sulfamethoxazole,
amoxicillin, amoxicillin-clavulanic acid, and cefuroxime.
The resistance to these antibiotics was more common in
geriatric patients than in the younger patients of group 1.
Only some antibiotic substances, for example, piperacil-
lin-tazobactam and imipenem, retained good activity be-
low 20% resistance rates — almost all of them intravenous-
ly applied substances. Notable exception was fosfomycin,
however with a resistance rate not yet up to 20% (17.2%).
Antibiotic susceptibility results when evaluating only E.
coli isolates presented comparable results.

Discussion

This study reports on a large cohort of patients with
symptomatic UTI in the emergency care of a German
hospital, especially comparing geriatric and nongeriatric
patients. The findings of this study confirm that UTI in
geriatric patients should be treated differently than in
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Table 3. Number of isolates in nongeriatric and geriatric patients

Distribution Nongeriatric (n = 965)  Geriatric (n = 150)
n % n %
No isolates 387 40.1 31 20.7
1 species 531 55 97 64.7
2 species 44 4.6 18 12
3 species 3 0.3 4 2.7

Table 4. Multiresistant bacteria in nongeriatric and geriatric
patients

Multiresistant bacteria ~ Nongeriatric Geriatric
n % n %
3 MRGN
No 3 MRGN 606 96.5 137 94.5
3 MRGN 22 3.5 8 5.5
MRSA
No MRSA 628 100.0 145 100.0
MRSA 0 0 0 0
ESBL
No ESBL 600 95.5 135 93.1
ESBL 28 4.5 10 6.9
Urol Int 2022;106:298-303 301
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Table 5. Antibiotic susceptibility for germs isolated from urine cultures of patients with UTI aged under 75 compared to patients aged

>75 from CSJR hospital from January 2016 to December 2017

Parameter Results

all isolates all isolates ~ pvalue  E. coliisolates E. coliisolates

group 1 group 2 group 1 group 2

(n=628) (n = 145) (n = 456) (n=72)
Ciprofloxacin-resistant isolates, 1 (%) 92 (14.6) 38 (26.2) 0.02 55 (12.1) 18 (25.0)
Levofloxacin-resistant isolates, 1 (%) 80 (12.7) 38 (26.2) <0.001 55 (12.1) 18 (25.0)
Trimethoprim-sulfamethoxazole-resistant isolates, n (%) 122 (19.4) 41 (28.3) 0.026 97 (21.3) 18 (25.0)
Penicillin-resistant isolates, #n (%) 597 (95.1) 142 (97.9) na 456 (100.0) 72 (100)
Oxacillin-resistant isolates, n (%) 579 (92.2) 136 (93.8) na 456 (100.0) 72 (100)
Erythromycin-resistant isolates, 7 (%) 570 (90.8) 134 (92.4) na 454 (99.6) 72 (100)
Amoxicillin-resistant isolates, 1 (%) 294 (46.8) 88 (60.7) na 181 (39.7) 33 (45.8)
Amoxicillin-clavulanic acid-resistant isolates, n (%) 125 (19.9) 59 (40.7) na 94 (20.6) 23 (31.9)
Ampicillin-sulbactam-resistant isolates, 1 (%) 129 (20.5) 59 (40.7) na 97 (21.3) 23 (31.9)
Cefazolin-resistant isolates, n (%) 546 (86.9) 133 (91.7) na 449 (98.5) 72 (100)
Cefuroxime-axetil-resistant isolates, 1 (%) 81 (12.9) 51 (35.2) na 34 (7.5) 9 (12.5)
Cefuroxime-cefotiam-resistant isolates, 1 (%) 79 (12.6) 50 (34.5) na 32(7.0) 9 (12.5)
Cefotaxime-resistant isolates, 1 (%) 56 (8.9) 29 (20.0) na 27 (5.9) 6(8.3)
Ceftriaxone-resistant isolates, n (%) 55 (8.8) 29 (20.0) na 26 (5.7) 6(8.3)
Ceftazidime-resistant isolates, 7 (%) 121 (19.3) 28 (19.3) na 26 (5.7) 5(6.9)
Gentamicin-resistant isolates, 7 (%) 69 (11) 21 (14.5) na 25 (5.5) 6 (8.3)
Piperacillin-resistant isolates, 7 (%) 261 (41.6) 60 (41.4) na 176 (38.6) 32 (44.4)
Piperacillin-tazobactam-resistant isolates, 1 (%) 43 (6.8) 11 (7.6) na 32(7.0) 7 (9.7)
Imipenem-resistant isolates, n (%) 6(1) 1(0.7) 0.002 1(0.2) 0(0)
Meropenem-resistant isolates, 1 (%) 20(3.2) 9 (6.2) na 2(0.4) 0(0)
Fosfomycin-resistant isolates, n (%) 58 (9.2) 25 (17.2) 0.009 4(0.9) 0(0)
Teicoplanin-resistant isolates, 1 (%) 536 (85.4) 124 (85.5) na 454 (99.6) 72 (100)
Vancomycin-resistant isolates, 7 (%) 536 (85.4) 125 (86.2) na 454 (99.6) 72 (100)
Linezolid-resistant isolates, 7 (%) 536 (85.4) 125 (86.2) na 454 (99.6) 72 (100)

Boldface indicates statistically significant difference between groups (p < 0.05). Group 1: patients aged <75. Group 2: patients aged
>75. UTI, urinary tract infection; na, nonapplicable. * All percentages shown represent patients for whom data were available (i.e.,

excluding the missing cases).

younger patient groups. Multiple bacterial growths were
found more commonly in geriatric patients (2 pathogens
in 12.7% of group 2 vs. 5.8% of group 1, p < 0.05; and 3
pathogens in 3.3% of group 2 vs. 0.4% in group 1, p <
0.05). Geriatric patients differed also in bacterial range, as
Klebsiella spp., Proteus spp., and Pseudomonas aerugino-
sa were isolated in >25% of all pathogen isolates (39 out
of 145 isolates in group 2 with each of these pathogens
10.3, 9.0, and 7.6%, respectively). These results were sim-
ilar to a study performed by Thiesemann et al. [13], which
also showed a deviating bacterial range in geriatric pa-
tients [11].

Of particular interest and concern, resistance rates
against antibiotic substances found in isolates from geri-
atric patients frequently surpass 20%. International and
national guidelines on UTI treatment have spoken out
against calculated therapy with antibiotic agents known to
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have a resistance rate >20%. Therefore, results of this
study suggest only few options remain for calculated treat-
ment in geriatric patients, including fosfomycin, piper-
acillin-tazobactam, and imipenem. Among these options
remains only 1 choice that can be given orally - fosfomy-
cin - implicating that hospital admissions for intravenous
antibiotic treatment in geriatric patients could rise soon.
On the other hand, fosfomycin is off label in patients with
a complicated UTT as it is only labeled for use in uncom-
plicated UTI and women. Increasing efforts in antibiotic
stewardship practices could help delay the spread of anti-
biotic resistance: the use of antibiotics has to be restricted
only in the situation of a symptomatic UTI, but not in an
ASB. Also, as a part of measures of antibiotic stewardship,
strategies of calculated antibiotic treatment regimens
should not only consider the local niveau of antibiotic re-
sistance, but also the age of the treated patient.
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There are several limitations to this study, apart from
its retrospective nature. Due to limited available informa-
tion, not all cases included into the study provided full
data from the medical charts, and therefore percentages
displayed in the text are represented as “valid percentag-
es.” Also, no comorbidity data were examined. This study
cohort was limited to patients from north-eastern Bavar-
ia and might thus not be generalizable to other geograph-
ic regions.

Considering that >20% of cases in the geriatric group
showed indwelling urinary tract devices (such as urinary
catheters) and received antibiotic substances in the last 30
days prior to examination, this group appears complex.
Further examination of this subgroup is of need. High
antibiotic resistance rates and a disparate bacterial range
limit options in calculated therapy, but also individual
strategies, considering reserve capacities and comorbidi-
ties, should be considered in the treatment of geriatric
patients.
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