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Urinary tract infections (UTIs) are some of the most encoun-

Accepted September 25, 2024 tered infections in clinical practice, exhibiting increasing antimicrobial resistance.
Bacterial species identification and antimicrobial resistance testing at point of care
Associate Editor: Christian Gratzke (POCT) could improve adequate initial antibiotic therapy and antimicrobial stewardship.

In this work, the Vivalytic UTI test, which represents a qualitative PCR-based microarray
test, able to detect specific uropathogenic bacteria and associated antimicrobial resis-

Vivalytic tance genes was evaluated at POCT.
Urinary tract infection In September 2023, we used this point-of-care testing (POCT) to analyse 126
point-of-care testing consecutive urine samples of patients with complicated UTI. Samples processed with

the Vivalytic UTI POCT were preselected for the presence of bacteriuria by screening
with urine flow cytometry (cut-off >70 bacteria per microlitre). We performed the
POCT before and after sample transport, and compared the results to standard urine cul-
ture and antibiotic sensitivity tests according to the European Committee on
Antimicrobial Susceptibility Testing.

Nineteen different bacterial species were detected. Sixteen
species reached a diagnostic accuracy of >90.27% with negative predictive values of
>93.67%. The POCT was able to detect bacterial species under the estimated concentra-
tion of 10%-5 x 10* CFU/ml. The concordant (Vivalytic vs. culture) antimicrobial resis-
tance gene detection rate reached a higher accuracy after transport (>84.15%)
compared to POC-testing before transport (>81.71%), except for Vancomycin.
Aerococcus urinae, Enterococcus hirae, Hafnia alvei, and Staphylococcus lugdunensis are
not part of the POCT test panel; these were detected by urine culture only in 19% of
cases.
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The Vivalytic UTI POCT displayed high sensitivity

and specificity in identifying uropathogenic bacteria and antibiotic resistance markers
to be further evaulated in clinical practice.However, it would be helpful to expand the
resistance to include information about more commonly used antibiotics like
aminopenicillins, cephalosporines and fluoroquinolones.

In this study, we tested 126 consecutive urine samples of urological
patients with complicated urinary tract infections (UTIs) by using the Vivalytic UTI
point-of-care testing before and after sample transport. We found out that the sample
transport to some extent influences the pathogen and resistance detection rate of the
Vivalytic UTI assay. Compared to standard-of-care diagnostics, pathogen identification
was more accurate before sample transport, while the concordant antimicrobial resis-
tance gene detection rate reached higher accuracy after transport.

© 2024 European Association of Urology. Published by Elsevier B.V. All rights are
reserved, including those for text and data mining, Al training, and similar technologies.

1. Introduction

Urinary tract infection (UTI) is a common disease in urolog-
ical everyday health care [1] constituting one of the main
reasons for hospitalization [2], exhibiting increasing antimi-
crobial resistance [3]. The clinical phenotypes of UTI are
heterogeneous and range from rather benign, uncompli-
cated infections to complicated UTIs (cUTIs), pyelonephritis
and severe urosepsis [4].

Accurate diagnosis and evidence-based treatment of
UTIs will lead to better clinical care for many patients and
limit unnecessary antibiotic use [5].

UTIs are caused by both Gram-negative and Gram-
positive bacteria, as well as by certain fungi [6]. For compli-
cated UTIs (cUTIs), the order of prevalence for causative
agents, following Escherichia coli as most common is Entero-
coccus spp., Klebsiella pneumoniae, Candida spp., Staphylococ-
cus aureus, Proteus mirabilis, and Pseudomonas aeruginosa
[7].

The prognosis of cUTIs is good if diagnosis and appropri-
ate treatment are given promptly [8]. Suspected UTIs are
usually diagnosed according to associated clinical symp-
toms, (eg. dysuria, urgency, frequency, flank pain, costover-
tebral angle tenderness, suprapubic pain, and fever) [9], as
well as the standard-of-care diagnostic tests such as posi-
tive urine culture tests [10], where bacterial colony counts
vary from 102 to 10° CFU/mL and results are available after
app. 48 h [11].

Microbiologists need to interpret the microbiological rel-
evance of growth on culture plates to determine whether
further identification and antimicrobial susceptibility test-
ing are necessary [12]. This approach is time consuming
and requires a considerable workload [13].

Recommended standard-of-care-diagnostics for UTIs
include urine analysis (UFC), urine dipstick test and stan-
dard urine culture for cUTIs [14].

Flow cytometry has been shown to be an accurate and
rapid method to determine significant bacteriuria in urolog-
ical patients and is superior to dipstick analysis. It does
however lack pathogen identification and antimicrobial
resistance testing.

Rapid diagnostics, such as the Urine dipstick test, that
diagnose UTIs based on results for nitrite, leucocytes, and

erythrocytes [3] suffer from low test sensitivity and speci-
ficity [15], leading to many false-positive and false-
negative results [16].

Given the increasing prevalence of UTIs and associated
antimicrobial resistance, a high level of diagnostic accuracy
for a new diagnostic test is essential [17]. An ideal test
should be fast, easy to use, and highly accurate.

In this study, we tested the Vivalytic UTI point-of-care
testing (POCT), and evaluated its diagnostic accuracy in
clinical practice by comparing the results to standard urine
culture and antibiotic sensitivity tests according to the
European Committee on Antimicrobial Susceptibility Test-
ing [18].

This POCT allows qualitative test results by detecting
uropathogenic bacteria and associated antibiotic-
resistance genes in native urine samples (Fig. 1). The test
can be performed directly with the native urine at the point
of care, without the need for further urine preparation and
without the need to send the urine to a laboratory.

This study aims to answer the questions:

(1) What is the diagnostic accuracy of the Vivalytic UTI
POCT assay compared to standard-of-care
diagnostics?

(2) Does sample transport influence the pathogen and
resistance detection rate of this POCT assay?

1.1. Is the Vivalytic UTI POCT the test of tomorrow?

1.1.1. Vivalytic UTI POCT

The Vivalytic system, currently under development, is
designed as an all-in-one solution for molecular diagnostics
and integrates as an automated polymerase chain reaction
test, able to detect nucleic acids of selected uropathogenic
species with a concentration of above 10%-5 x 10* CFU/ml.

1.1.2. Test equipment

In this study, we used the Vivalytic One Analyser with the
UTI cartridge, both manufactured by Bosch Healthcare Solu-
tions GmbH. Additional equipment included a pipettor
(100-1000 pul) and sterile filter pipette tips (100-1000 pl).
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Fig. 1 - The Vivalytic UTI POCT is able to detect 21 specific uropathogenic bacteria and seven associated antimicrobial resistance genes. POCT = point-of-care

testing; UTI = urinary tract infection.

1.1.3. Vivalytic system

The Vivalytic system consists of two main components, the
Vivalytic analyser and the UTI cartridge. The Vivalytic anal-
yser, as shown in Fig. 2, is an all-in-one stand-alone device
consisting of a touch-sensitive display as a graphical user
interface, a cartridge slot for inserting the cartridge, and a
scanning module for sample and cartridge identification
via quick response codes or bar codes. The UTI cartridge
consists of a network of microfluidic channels and cham-
bers for sample preparation, chambers for reagent prestor-
age, and a reservoir for sample input. After sample
measurement and evaluation, the cartridge is removed from
the system and discarded.

1.14. Four steps from urine sampling to test results
First, the cartridge code needs to be scanned, followed by
the scanning or manual entering of the sample code. Next,

Display

(GUI) Cartridge slot

Scanner ===
".‘/ UTI cartridge

Fig. 2 - The Vivalytic analyser with the cartridge for urinary tract infections.
Reprinted with permission of Bosch Healthcare Solutions Gmbh. GUI =
graphical user interface; UTI = urinary tract infection.

300 pl of native urine needs to be filled into the cartridge
and finally inserted into the Vivalytic analyser (cartridge
slot) to start the test.

The cartridge contains all the reagents required for pro-
cessing the sample. The processing includes cell lysis,
nucleic acid extraction, DNA amplification, hybridisation
reaction, and detection. After an automatic processing of
the urine sample, the test result is shown on the screen of
the Vivalytic analyser in about 2.5 h (146 min).

2. Patients and method

2.1. Ethical approval

Ethical approval of the study AZ 158/20 was obtained.
2.2. Study design

In September 2023, during a period of 4 weeks, we used the
Vivalytic UTI test system to analyse 126 consecutive urine
samples of urological patients who presented with cUTIs
at the Department of Urology, Pediatric Urology, and
Andrology of the Justus-Liebig University of Giessen in Ger-
many (Fig. 3). The clinical trial did not imply any change in
the normal diagnostic and therapeutic procedures.

In Fig. 3, we illustrate the study design and the average
time from urine sampling to the test results.

The POCT was performed at the urological laboratory
before urine sample transport (test results after a mean
time of 3.8 h after urine collection) and at the microbiology
department, after sample transport (test results after a
mean time of 11.06 h after urine collection).

2.3. Hospital laboratory tests

After urine collection at the urological department, every
urine sample was sent in parallel (= routinely) in two differ-
ent urine fractions to the (1) clinical laboratory for a urine
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Fig. 3 - Illustration of the study design and the average of time from urine sampling to the test results. POCT = point-of-care testing.

dipstick analysis (UC-3500; Sysmex, Kobe, Japan) and flow
cytometry (UF-1000i; Sysmex), and (2) microbiology
department for urine culture and antibiotic sensitivity
testing.

24. Urine collection

Urine samples were provided by patients themselves fol-
lowing self-sampling of midstream clean-catch urine speci-
mens or collected by medical staff in patients with a urinary
catheter. Urine samples included 111 (88.1%) midstream
urine and 15 (11.9%) catheter specimens. After collection,
samples were kept refrigerated and stored at 4°C until the
clinical laboratory results were available.

2.5. Preselection of the urine samples

Samples were preselected for the presence of bacteriuria by
screening with urine flow cytometry (cut-off for inclusion
UFC >70 bacteria/ul). This cut off was determined previ-
ously for our institution as described here [19].

In this work, the panel range for UFC was as followed: In
8 samples (6.3%) <102 bacteria/pl, in 51 samples (40.5%)
between 102 and 103 bacteria/pl, in 35 samples (27.8%)
between 10° and 10* bacteria/pl and in 32 of the tested
samples (25.4%) >10* bacteria/pl.

2.6. Patients’ characteristics

A total of 126 consecutive urological patients were included
in this study (51 female (40.48%) and 75 male (59.52%)
patients, mean age of 62.9 yr). The patients’ medical history
has shown asymptomatic bacteriuria 70 (55.6%) tested
before urological intervention, lower cUTI 48 (38%),
pyelonephritis 7 (65%), and urosepsis 1 (1%).

24 (19%) of the patients had previous antibiotic treat-
ment before urine sampling.

2.7. Standard urine culture and AST

The urine sample transport from the urological clinic to the
microbiology department took a mean time of 7.26 h. The
urine culture test provides quantitative and qualitative test
results in about 2.75 d. According to the urine analysis mea-
sured at the microbiological laboratory, after urine trans-
port, the selected urine samples tested positive in 91.27%
for leucocytes, 29.37% for nitrite, and 15.08% for bacterial

growth inhibitors. The panel range (bacterial load) of urine
culture was between <10 and 107 CFU/ml.

3. Results
3.1. Species detection

In this study, nineteen different species were detected. Six-
teen bacterial species reached a diagnostic accuracy of
>90.27% with negative predictive values of >93.67%.

Compared to standard urine culture tests, the Vivalytic
UTI POCT test is qualitative but not quantitative.

The Vivalytic POCT test can detect bacterial species under
the estimated concentration of 10*-5 x 10* CFU/ml (Fig-
ure 4). However, for 28 pathogens (Table 1.1, at POCT before
and after transport) false negative results for pathogen
detection was the case in species with a concentration <10%.

The most frequently found uropathogenic bacteria for
cUTIs were Escherichia coli, Enterococcus faecalis, Proteus
spp., Pseudomonas aeruginosa, and Klebsiella pneumoniae
(Table 1).

As described in Table 1, the species detection rate differs
slightly between the test done before and after sample
transport. Related to the most found species, E. coli and P.
aeruginosa species detection rates decreased after transport,
while E. faecalis, Proteus spp., and K. pneumoniae species
detection rates increased after transport at the POCT. Com-
pared with the standard urine culture test, we observed a
higher degree of concordant pathogen identification before
transport (p = 0.0336).

Klebsiella aerogenes and Providencia stuartii were not
detected, either by POCT or by urine culture. Staphylococcus
saprophyticus and Citrobacter koseri were detected by POCT
before transport only.

3.2. Positive test results

A test was considered positive when one or more uropatho-
genic bacteria and/or antimicrobial resistance genes were
found. Positive test results were obtained in 80.95%
(n=102) of the urine samples before transport and in
78.56% (n=99) of the samples at the POCT after specimen
transport. The standard urine culture detected 69.84%
(n = 88) of the selected urine samples as positive.

As described in Table 2, the method and the transport of
the urine samples had an influence on the number of bacte-
rial species and antimicrobial resistance genes detected per
urine sample.
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Fig. 4 - Vivalytic true positive species detection with specified bacterial load (standard culture). How is the distribution of the bacterial load at standard
culture, how often did the culture showed bacterial load <10* and how many times >10°?

Table 1 - n-uropathogenic bacteria & antibiotic resistance genes detected by POCT before and after sample; SE-Sensitivity, SP-Specificity, ACC-
Accuracy in %. How is the diagnostic accruary for the most common found species and antibiotic resistance gene detection before vs. after
transport?

test before transport

sensitivity test after transport

POCT-detected uropathogens before  n SE (%) SP(%) ACC POCT-detected uropathogens after n SE (%) SP(%) ACC
transport transport
Acinetobacter baumannii 2 100.00 99.15 99.15  Acinetobacter baumannii 2 100.00 99.11 99.12
Citrobacter freundii 3 100.00 99.14 99.15 Citrobacter freundii 3 100.00 99.10 99.12
Citrobacter koseri 1 0.00 99.15 98.13 Citrobacter koseri 0 0.00 100.00 99.12
Enterobacter cloacae 10 100.00 97.30 97.46 Enterobacter cloacae 7 83.33 98.13 97.35
Escherichia coli 39 94.29 92.77 93.22 Escherichia coli 36 90.62 91.36 91.15
Enterococcus faecalis 39 87.18 93.67 91.35 Enterococcus faecalis 41 88.10 94.37 92.04
Enterococcus faecium 7 80.00 97.35 96.61 Enterococcus faecium 7 100.00 98.15 98.23
Klebsiella aerogenes 0 - 100.00 - Klebsiella aerogenes 0 - 100.00 -
Klebsiella oxytoca 3 66.67 99.13 98.31 Klebsiella oxytoca 1 50.00 100.00 99.12
Klebsiella pneumoniae 11 90.00 98.15 97.46  Klebsiella pneumoniae 18 88.89 90.38 90.27
Morganella morganii 3 33.33 98.26 96.61 Morganella morganii 3 66.67 99.09 98.23
Pseudomonas aeruginosa 12 90.91 98.13 97.46 Pseudomonas aeruginosa 9 72.73 99.02 96.46
Providencia rettgeri 4 100.00 98.28 98.31 Providencia rettgeri 2 100.00 99.11 99.12
Providencia stuartii 0 - 10000 - Providencia stuartii 0 - 100.00 -
Proteus spp. 12 100.00 96.36 96.61 Proteus spp. 13 100.00 94.83 95.12
Streptococcus agalactiae 6 100.00 97.39 97.47 Streptococcus agalactiae 1 50.00 100.00 99.12
Staphylococcus aureus 4 0.00 96.55 94.92 Staphylococcus aureus 3 0.00 97.30 95.58
Staphylococcus epidermidis 26 62.50 80.91 79.66  Staphylococcus epidermidis 23 62.50 83.81 82.30
Serratia marcescens 17 0.00 85.59 - Serratia marcescens 11 100.00 91.89 92.04
Staphylococcus saprophyticus 1 - 99.15 - Staphylococcus saprophyticus 0 - 100.00 -
Candida albicans 5 50.00 98.17 96.46 Candida albicans 4 80.00 99.12 98.31
Antibiotic susceptibility testing Antibiotic susceptibilit testing
Trimethoprim 19 62.50 93.1 84.15 Trimethoprim 18 68.18 95.00 87.80
Methicillin 15 50.00 83.33 81.71 Methicillin 16 100.00 83.54 84.15
Vancomycin 1 - 98.78 - Vancomycin 1 - 98.78 -
ACC = accuracy in %; POCT = point-of-care testing; SE = sensitivity; SP = specificity.

3.3. Antibiotic susceptibility testing racy for Trimethoprim (87.80%) and Methicillin

Compared to standard antibiotic sensitivity tests, the
antimicrobial resistance gene detection was between
81.71% and 87.80% accurate, and reached a higher accu-

(84.15%) after sample transport, compared to POC-
testing before transport for Trimethoprim (84.15%)
and Methicillin (81.71%), except for Vancomycin
resistance.
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Table 1.1 - Vivalytic false negative pathogen detection, compared to standard urine culture bacteiral load. How many times did the Vivalytic
system “miss” bacterial species, and when it did, how few or how many of these species were present in these samples?

Vivalytic test at the urological
laboratory

Amount of these samples with that
species in urine, with the specified
bacterial load

Vivalytic test at
POCT

Vivalytic false <10® | 103 = 10* 10> 106 @ 107 <103
negative for

species:

E. coli 1 1 1

E. faecium 1 1

E. faecalis 1 1 2 2 1
P. aeruginosa 1 1
S. epidermidis 1 1 1

S. aurues 1

M. morganii 1

A. baumanii 1

S. marcescens

E. cloacae

S. agalactiae

C. koseri 1

K. pneumoniae 1 1 1
C. striatum 1

C. albicans 1 1

Total 2 7 3 5 4 3 3

Vivalytic test after transport

into the microbiology laboratory
Amount of these samples with that
species in urine, with the specified

bacterial load

103 10* | 105> 10 107

2 2
1 1
1
1 1 1
1 1
1 1
1
1
1 1
8 5 4 2 2

In three urine samples (2.38%), POCT was positive for
antibiotic resistance detection but negative for Uropatho-
gen detection.

In Table 3, we illustrate the resistance gene detection
with associated species in the standard urine culture.
Trimethoprim and Methicillin were positive in both POCT
and urine culture (true positive) versus negative in POCT
but positive in urine culture (false negative).

For the resistance gene detection, in the case of
Trimethoprim false positives were 4 and true negatives

were 33. For Methicillin false positives were 5, true nega-
tives 6. For Vancomycin false positive was 1, true negative
was 53.

34. Negative test results

A test is considered negative if no species and/or antimicro-
bial resistance genes are detected. Negative test results
were obtained at the POCT in 15.87% of urine samples
before transport and in 12.69% after the sample transport.

Table 2 - Positive urine samples detected by the POCT before and after sample transport and compared with standard urine culture test results

Three species Four species Five or more species

Method One species Two species
POCT before transport 39 (30.95) 33 (26.19)
POCT after transport 43 (34.13) 30 (23.81)
Standard urine culture 35 (27.78) 37 (29.37)

13 (10.32) 11 (8.73) 3 (2.38)
15 (11.90) 6 (4.76) 2 (1.58)
12 (9.52) 3 (2.38) 1(0.79)

POCT = point-of-care testing.

Table 3 - Vivalytic true positive and false negative for antibiotic restiance genes detection. How many times did the Vivalytic system identified
correctly/ wrong the detection of antibiotic rsistance genes compared to standard urine culture results?®

Resistance True positive n False negative n

Trimethoprim E. coli 13 E. coli 2
K. pneumoniae 4 Proteus spp. 1
Proteus spp. 3 M. morganii 1
S. epidermidis 1 E. cloacae 1
E. cloacae 2

Methicillin Total 23 Total 5
S. epidermidis 1 S. haemolyticus 1
S. hominis 1
S. haemolyticus 3
Total 5 Total 1

POCT = point-of-care testing.
2'S. hominis and S. haemolyticus are not part of the POCT test panel.
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In the standard urine culture tests, 28.57% of the urine sam-
ples were tested as negative.

3.5. Invalid or failed test results

An invalid or failed test made retesting necessary. This was
the case in 9.5% before transport and 11.1% after transport.
The test was still invalid, even after retesting in 3.17% before
transport and in 1.59% after transport. Possible reasons for
an invalid test run might be poor sample quality due to par-
tial or complete absence of human cellular material in the
sample.

4. Discussion

The use of POCTs for the diagnosis of UTIs and as treatment-
guiding rapid test, can have an important impact in routine
clinical practice, but for inpatients, as well as outpatients.
Bacterial species identification and antimicrobial resistance
testing at point of care (POCT) could improve adequate ini-
tial antibiotic therapy and antimicrobial stewardship.

In our clinic, the standard-of-care-diagnostics for UTIs
include urine analysis (UFC), urine dipstick test, and urine
culture tests for cUTIs [14].

The urine culture test provided quantitative and qualita-
tive test results in an average of 2.75 d. For a urine culture
test to be done, the urine samples are transported from
the clinic to the microbiological laboratory. Furthermore,
the evaluation of the urine culture and AST needs a labora-
tory and specialised technicians. For optimal urine speci-
men transport, the urine samples should be transported
from the urological department to the microbiological
department in <4 h after urine sampling [9].

A transport time of >4 h can influence the species identifica-
tion within the urine samples due to contamination and inap-
propriate storage. In 47 (37.3%) urine samples, the transport
time was <4 h, whereas in 79 (62.69%) samples, the transport
time was >4 h. In this study, the average time of urine trans-
port was 7.26 h, while urine stored at 4°C. Several studies have
demonstrated the adverse effect of delays in transportation or
processing of urine specimens on their quality [20,21].

Compared to the standard urine culture tests, dipstick
test suffers from low specificity and a urine urinalysis is
helpful primarily as a means of excluding bacteriuria [12].

The Vivalytic UTI POCT, is a new diagnostic device and
has been developed to provide fast and accurate test results,
by detecting specific uropathogenic bacteria and antibiotic
resistance markers in native urine samples. Compared to
standard-of-care diagnostics, this POCT can be performed
directly with native urine guiding the physician to choose
the best adequate antibiotic treatment. As described above,
standard-of-care diagnostics like urine culture and AST pro-
vided results in a mean time of 2.75 d, necessitating the
start of an empirical antibiotic treatment before available
test results. This might result in inadequate treatment and
the development of antibiotic resistance. By reducing the
timeframe from 2.75 d to 3.8 h, the use of such a POCT in
routine clinical practice, would allow clinicians to promptly
treat patients without the need of empiric antibiotic
therapy.

4.1. Limitations

According to our results, limitations regarding the pathogen
detection rate are that negative test results do not exclude
the presence of specific UTI-causing pathogens. This can
be the case in urine samples in which pathogens are present
at levels below the detection limit of 10*-5 x 10* CFU/ml.
Aerococcus urinae, Enterococcus hirae, Hafnia alvei, and Sta-
phylococcus lugdunensis, which are known as uropathogens,
are not part of the POCT test panel and were solely detected
by urine culture in 19% of the cases. Compared to standard
urine culture tests, the Vivalytic UTI POCT is a qualitative
but not quantitative test. In relation to antibiotic resistance
gene detection, in 56.35% of the tested urine samples,
antimicrobial resistances that are not covered by the
Vivalytic UTI test panel were detected in urine culture.

5. Conclusion

In this study, we tested 126 consecutive urine samples of
urological patients with cUTIs by using the Vivalytic UTI
POCT.

Given the combination of the high prevalence of UTIs
and increasing antimicrobial resistance, there has been
growing interest in developing new and efficient technol-
ogy, which can rapidly and accurately diagnose UTIs and
inform the clinician on which antibiotic to prescribe for
maximum therapeutic benefit.

Compared to standard-of-care diagnostics, this POCT dis-
played high sensitivity and specificity in identifying uro-
pathogenic bacteria and antibiotic resistance markers even
under the asstimated concentration of 10%-5 x 10* CFU/
ml. According to our results, the transport of the urine sam-
ples influenced the pathogen detection rate and antibiotic
susceptibility testing of the Vivalytic UTI Analyser. In clini-
cal practice, the addition of UTI POCT to standard-of-care
diagnostics, provided rapid and sufficiently accurate test
results for the treating physician, however, it would be
helpful to expand the resistance panel to include informa-
tion about more commonly used antibiotics like aminopeni-
cillins, cephalosporines and fluoroquinolones.
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