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Abstract. Aim: the aim of this study is to evaluate the accuracy of the HB&L Uroquat-
tro instrument (Alifax, Italy) and the Residual Antimicrobial Activity test (RAA) for rapid
and correct diagnosis of Urinary Tract Infections (UTIs) and to compare the results with
those obtained with the classical cultural method. Materials and methods: A fotal of
1600 urine samples, collected prospectively from 842 ambulatory patients in Varna city,
Bulgaria, were included in the study. All urine samples were tested for bacterial growth
and for RAA by HB&L instrument (Alifax, Italy). Simultaneously, each sample was in-
oculated on Colorex TM Orientation agar and blood, CLED and MacConkey agars.
Sensitivity, specificity, positive predictive value (PPV) and negative predictive value
(NPV) were determined. Results: Among the tested 1600 urine samples, the HB&L in-
strument detected 343 (21.4%) positive and 1257 (78.6%) negative urine samples. The
culture-based method identified 1248 as negative (78%) and 352 urine samples (22%)
as positive. The HB&L system correctly identified 343 samples as positive (97.4%) and
1248 samples as negative (100%). The PPV of the rapid automated screening was
100%, and the NPV — 99.3%. The overall accuracy was 99.4%. The positive RAA rate in
the whole collection of 1600 urine samples was 5.7% and was detected in 91 patients,
all with symptoms of UTls and recent antimicrobial therapy. In the whole studied group
(n = 842), a total of 113 patients reported recent antimicrobial treatment (13.4%). The
cultural method demonstrated bacterial growth in 63 patients with positive RAA test,
but no pathogens were isolated in 28 patients with RAA detected in their urine samples.
Conclusions: The screening system demonstrates excellent sensitivity and specificity
and, compared to the classical cultural method, has a much faster turnaround time. The
RAA test proved a valuable diagnostic tool, particularly in patients with bacteriuria who
are under antimicrobial treatment.
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INTRODUCTION

Urinary tract infections (UTls) are among the most
common community and hospital-acquired infections.
Alarge study in the WHO European region estimated
1.2 million deaths in 2019 involving one of 11 infec-
tious syndromes as an underlying or an intermediate
cause of death [1]. After the bloodstream, respiratory
and intra-abdominal infections, UTIs take the fourth
place, accounting for a total of 60 200 deaths in the
EU in 2019. Among these, 48 700 (35 600-68 000)
were associated with and 11 500 (8310-16 800) were
attributable to antimicrobial resistance [1].

Due to the limited therapeutic options because of
the constantly growing problem with antimicrobial
resistance, nowadays the UTIs caused by multiple-
drug resistant (MDR) organisms, especially Gram-
negative bacteria, are of great concern [2]. Pathogen
identification and susceptibility testing to appropriate
antimicrobial agents in limited time is essential for
the patient’'s adequate treatment and outcome [2-4].
Nowadays, new screening tools try to provide rapid
pathogen identification utilizing existing molecular
platforms such as multiplex PCR and mass spectrom-
etry [3]. New emerging platforms for rapid antibiotic
susceptibility testing using biosensors, microfluidics,
real-time microscopy systems, and sequence-based
diagnostics have been developed [3, 4]. In addition,
automated instruments such as flow cytometers, light
scattering instruments, and urine sediment analyzers
have been proven to be useful screening tools with a
high negative predictive value [3].

The culture-based microbiological method for the
etiological diagnosis of UTIs is still acknowledged as
the golden standard for laboratory diagnosis. Unfor-
tunately, this approach usually takes 24 to 48 hours
for initial identification, a time delay that compels cli-
nicians to prescribe empirically antimicrobial agents
[5]. The automated systems for rapid screening of
urine specimens, based on light scattering technol-
ogy (HB&L Uroquattro-Alifax, Italy; BacterioScan 216
Dx- BacterioScan Inc., USA) could be of great value
in the diagnostic process of UTls [6-8]. The rapid and
easy to perform same day microbial growth screen-
ing, direct determination of antimicrobial susceptibility
in only 6 hours, rapid phenotypic screening for MDR
organisms, as well as the detection of residual antimi-
crobial activity (RAA) in the urine samples are among
the major advantages of these instruments [9-11].

The aim of this study was to evaluate the accuracy
of the HB&L Uroquattro instrument (Alifax, Italy) and
the residual antimicrobial activity test for rapid and cor-
rect diagnosis of UTls and to compare the results with
those obtained with the classical cultural method.

MATERIALS AND METHODS

Atotal of 1600 urine samples, collected prospective-
ly from 842 ambulatory patients in Varna city, Bul-
garia, during a seven-month period (October 2020
— April 2021), were included in the study. Among
these, three patients were after renal transplanta-
tion, seven with recurrent bladder infections and
urinary catheters and four patients — after surgical
interventions and with nephrostoma. All patients
filled in a questionnaire about the presence or ab-
sence of symptoms of UTIs, recent antimicrobial
therapy and/or intake of urinary additives with an-
tibacterial activity. All urine samples were tested for
bacterial growth and for RAA by HB&L instrument
(Alifax, Italy) following the manufacturer’s instruc-
tions. Briefly, two vials (culture broth and RAA vial),
each containing enriched medium to support the op-
timal microbial growth, were used. Upon arrival in
the laboratory, 500 pl aliquots of each urine sample
were inoculated both in the culture broth vial and in
the RAA vial, the last containing 200 pl of Staphy-
lococcus epidermidis ATCC 12228 suspension. The
automated system monitors the growth phases of
bacteria into the specific culture broth, providing re-
al-time McFarland and quantitative bacterial count
results in CFU/ml and, when testing for RAA, com-
pares the S. epidermidis with the bacterial culture
growth curves. For the purpose of bacterial growth
screening, we used a protocol with a 4-hour incu-
bation time and threshold of 800 CFU/mI. The RAA
results were reported after 5 hours of incubation.
No preserved boric acid urine samples were includ-
ed. Simultaneously with the HB&L screening, each
sample was inoculated on blood agar (bioMerieux),
CLED (bioMerieux), Mac Conkey (bioMerieux) and
Colorex TM Orientation agar (E&O labs, UK), using
calibrated loop technique (1.76 ul). A culture of = 176
colonies of one morphological type was interpreted
as = 105 CFU/ml; a colony number of 18-176 of one
cultural morphological type was interpreted as 104-
105 CFU/mI, and < 18 colonies — as < 104 CFU/ml.

Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and accuracy
were calculated: Sensitivity = [number of true posi-
tive cases / (number of true positive cases + number
of false negative cases)] x 100; Specificity = [num-
ber of true negative cases / (number of true negative
cases + number of false positive cases)] x 100; PPV
= [number of true positive cases / (number of true
positive cases + number of false positive cases)] x
100; NPV = [number of true negative cases / (num-
ber of false negative cases + number of true negative
cases)] x 100; Accuracy = [(number of true positive
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cases + number of true negative cases) / ( number of
true positive cases + number of true negative cases
+ number of false positive cases + number of false
negative cases)] x 100 (https://www.medcalc.org/
calc/diagnostic_test.php, version 20.218).

In this study, the urine samples detected as positive
by the HB&L instrument, which were also confirmed
as positive by the cultural method, were defined as
“true positive cases”. Similarly, “true negative cases”
were the HB&L negative urine samples, confirmed as
negative by the cultural method.

RESULTS

Among the tested 1600 urine samples collected pro-
spectively from 842 ambulatory patients during the
seven-month study period, the HB&L instrument de-
tected 343 (21.4%) positive and 1257 (78.6%) nega-
tive urine samples. The culture-based method identi-
fied 1248 as negative (78%) and 352 urine samples
(22%) as positive. Contradictory results were found
for nine urine samples obtained from nine patients:
these samples were negative from the automated
screening but demonstrated bacterial growth of
< 103 CFU/ml on agar media: Candida spp., n = 3;
Enterococcus spp., n = 2; Streptococcus agalactiae,
n = 2: Aerococcus urinae, n = 1 and Pseudomonas
aeruginosa, n = 1. The HB&L system correctly identi-
fied 343 samples as positive (97.4%) and 1248 sam-
ples as negative (100%). The PPV of the rapid auto-
mated screening was 100%, and the NPV — 99.3%.
The overall accuracy was 99.4%.

The overall positive RAA rate among the tested 1600
urine samples was 5.7%. The positive RAA tests
were detected in 91 patients, all with symptoms of
UTIs and recent antibiotic therapy and/or intake of
urinary additives with antimicrobial activity. In the
whole group of studied patients (n = 842), a total of
113 patients reported recent antimicrobial treatment
(13.4%) (Table 1). The cultural method demonstrated
bacterial growth in 63 patients with positive RAA test,
but no pathogens were isolated in 28 patients with
RAA detected in their urine samples (Table 1).

According to the provided information, among the
patients with positive RAA test and positive culture,
twenty-six patients (41.3%) were treated with anti-
bacterial agents during the last 10 days before testing
because of infections other than UTIs (mainly respi-
ratory), twenty-seven patients (42.9%) were treated
empirically for UTIs with antimicrobials administered
by their general practitioner and ten patients (15.8%)
were taking antimicrobial agents without prescription.
Simultaneously with the antibiotic treatment, ten days
of immunotherapy with preparations containing bac-
terial lysates was also reported by two patients.

DISCUSSION

According to reports in the scientific literature, more
than 60% of the urine samples sent for microbiologi-
cal examination in cases of suspected urinary tract
infection remain sterile [12]. Therefore, performing an
initial screening of samples for the presence of micro-
organisms using appropriate methods would reduce
the time to result by identifying negative samples in a
timely manner without missing the positive samples
[13]. Last but not least, the approach using screen-
ing methods would also reduce the cost of laboratory
consumables [13]. Screening systems for bacterial
growth detection based on changes in the sample op-
tical density have been in use since 1980 [14]. These
systems use a small amount of urine and a laser de-
tector to track the change in the optical density of the
sample over a period of time. Improving integration
and automation of this technology has led to systems
that can detect bacteriuria in less than an hour [13].
Such an instrument is the HB&L Uroquattro (Alifax,
Italy). It performs rapid testing of urine samples within
3 to 5 hours, enabling direct culture of the analyzed
sample [7]. The urine samples with a high microbial
count are determined as positive within the first hour
of the testing, and the sterile samples are reported by
the system as negative by the fourth hour.

The key element of each acceptable screening
system is high sensitivity, which prevents the infec-
tions from being missed and sufficiently specificity,

Table 1. Results from the RAA test and classical cultivation method performed with urine samples of 113 patients with
recent antimicrobial treatment or intake of urinary supplements with antimicrobial activity

Patients (n) Result from the RAA test Result from the culture-based method %
n=63 positive positive 55.8%
n=28 positive negative 24.8%
n=9 negative positive 8%
n=13 negative negative 11.5%
Total, n =113 100.0
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decreasing the excessive follow-up testing [6]. Our
study found a sensitivity of 97.4% and specificity of
100%, PPV and NPV of 100% and 99.3% for the
HB&L automated screening method of 1600 urine
samples collected from 842 ambulatory patients
with symptoms of UTIs. These findings demonstrate
the excellent performance of the HB&L instrument
in the rapid detection of bacterial growth and a very
good correlation with the results obtained with the
classical cultural method. Our results are in concor-
dance with other studies that report similar sensitiv-
ity, ranging from 93% to 99.8% and specificity — be-
tween 90% and 99.7% [3, 15, 16, 17]. We detected
no false positive results. The instrument demon-
strated excellent performance in predicting the neg-
ative urine samples (NPV 99.3%), which eliminates
the need for further microbiological testing by the
cultural method. Similarly, Hassan and Montgomery
also reported very high NPV — 98.6% and 98.8%,
respectively [8, 17].

In the present study, 9 samples were determined by
the automated system to be false negative. This re-
sult should be taken into consideration because the
microbial number detected in UTls caused by particu-
lar bacterial species or slow-growing organisms (Ac-
tinotignum schaalii, Corynebacterium urealyticum,
Aerococcus spp., Ureaplasma, Candida spp, etc.),
as demonstrated in this study, is often lower (100-
100 000) in comparison to classical UTI pathogens
[18, 19]. The short operating protocol used by the
system (3-4 hours) could be insufficient for their de-
tection. Other potential sources for mistakes are the
catheter urine samples, often containing more than
one bacterial species, which the instrument reading
may misinterpret as contamination. In addition, in
some specific patient groups (children under 3 years,
pregnant women, patients after kidney transplanta-
tion, urological surgery, catheterization), a lower mi-
crobial count (< 105) in the urine sample may be clini-
cally significant and this should be taken into account
to avoid misinterpretation of the samples as negative
during the automated screening [20].

The determination of residual antimicrobial activ-
ity in the urine samples is especially important
for the correct interpretation of culture results in
cases with no reported antimicrobial therapy to
avoid false negative results and inappropriate an-
timicrobial treatment [21]. The present study iden-
tified 5.7% of the urine samples positive for re-
sidual antimicrobial activity. The RAA rate varies
between different studies and strongly depends on
the method applied. For example, using a modified
urine antibacterial substance assay, Wilson et al.
detected much lower rates of RAA (2.6%) among

14 680 urine samples collected from ambulatory
and hospitalized patients in Qatar [22]. Research
performed in hospital settings in Sri Lanka reported
a 19.2% RAA rate, and about 20% of the speci-
mens contained antibiotics that interfered with the
culture result [23]. Both researchers used manual
techniques for RAA measurement. A study con-
ducted by Kussen compared a manual method and
the automated instrument Alfred-60 (Alifax, Italy)
to detect RAA in the urine samples of hospitalized
patients [24]. The author reported a sensitivity of
71.4% for the manual technique and 92.8% for the
automated approach [24] and explained the lower
sensitivity of the manual technique with the small
sample volume in the used agar diffusion method
[24, 25].

The diagnosis of UTI can be complicated by the
presence of antibiotics in urine specimens submit-
ted for culture, particularly in countries where they
are purchased over the counter, without prescrip-
tions [22]. Regarding the RAA testing performed in
our study, among the patients who reported symp-
toms of UTls and recent antimicrobial treatment,
a very high proportion of both RAA and culture-
positive patients were detected. This result always
necessitates further evaluation of the patient clini-
cal status (incl. administration of additional labo-
ratory tests) simultaneously with the re-evaluation
of the current antimicrobial therapy to assess its
adequacy. This is because bacterial counts can be
temporarily reduced by antibiotics, causing a tran-
sient remission of clinical symptoms but leading to
complications like chronic or recurrent asymptom-
atic infections [22].

This study also identified an unexpectedly high rate
of culture-negative but RAA-positive urine samples in
a cohort of ambulatory patients with UTIs. This result
is significantly above the rates reported by G. Wilson
et al. (0.04%) [22], Botao et al. (1%) [24], Cardozo et
al. (7.45%) [25], Suresh et al. (15%) [26]. The signifi-
cant differences in the rates of the RAA (+)/culture (-)
samples in the studies mentioned above can be ex-
plained by the sample origin (hospitalized or ambula-
tory patients), with the used laboratory method, as
well as with differences in some healthcare practices
[22, 27]. Analyzing the medical information provided
by the included patients, our result confirmed the
findings of Wilson et al., who identified that the prior
intake of antibiotics for infections other than UTls are
among the major reasons for positive RAA tests [27].
This fact demonstrates the importance of the history-
taking process, especially in outpatients, which can
have a profound impact on the quality of the labora-
tory report, follow-up care of the patient and on inap-
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propriate antibiotic use [22]. Also, this result reflects
the situation in Bulgaria regarding antimicrobial con-
sumption in the community and the hospital sector
during the last few years. It should be mentioned that
our study was conducted during the COVID-19 pan-
demic. According to the ECDC (European Centre for
Disease Prevention and Control) report for 2020 and
2021, Bulgaria is among the European countries with
the highest total antimicrobial consumption in the re-
gion for that period (22.7-24.4 DDD/1000 population
per day) [28].

CONCLUSION

To the best of our knowledge, this is the first study
in Bulgaria that compares the HB&L Uroquattro au-
tomated urine screening with the classical cultural
method for diagnosing UTls and detecting RAA. The
screening system demonstrates excellent sensitivity
and specificity and, compared to the classical cul-
tural method, has a much faster turnaround time.
Some slow-growing organisms could be a potential
source for diagnostic mistakes at the time of the
screening procedure. The RAA test performed by
the HB&L Uroquattro instrument detected 5.7% of
the urine samples positive for RAA and proved to
be a valuable diagnostic tool for UTls, particularly in
patients with bacteriuria who are under antimicrobial
treatment.

Funding: This research was funded by Medical University-
Varna, Bulgaria, Science Fund, project NO 19006.

Ethics: This study was approved by The Ethics Committee
of Medical University — Varna (protocol N 92/02.04.2020).

Disclosure Summary: Authors declare that part of the
results are presented at the 2nd International Electronic
Conference of Antibiotics — Drugs for Superbugs: Antibiotic
Discovery, Modes of Action and Mechanisms of resistance
(2022) as a poster presentation (https://doi.org/10.3390/
eca2022-12704).

REFERENCES

1. Antimicrobial Resistance Collaborators. Global burden
of bacterial antimicrobial resistance in 2019: a system-
atic analysis. Lancet 2022; 399: 629-55 Published Online
January 20, 2022. https://doi.org/10.1016/ S0140-
6736(21)02724-0.

2. Loépez Romo A, Quirés R. Appropriate use of an-
tibiotics: an unmet need. Ther Adv Urol. 2019;
11:1756287219832174.

3. Harris M, Fasolino T. New and emerging technologies for
the diagnosis of urinary tract infections. J of Lab Med. 2022;
46(1):3-15.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Wagenlehner FME, Bjerklund Johansen TE, Cai T, et al.
Epidemiology, definition and treatment of complicated urinary
tract infections. Nat Rev Urol. 2020 Oct;17(10):586-600.
Watson JR, Sanchez PJ, Spencer JD, et al. Urinary tract in-
fection and antimicrobial stewardship in the emergency de-
partment. Pediatr Emerg Care 2018; 34:93-95.

Elizabeth D, Andrew P, Robin R, et al. Evaluation of a Novel
Light Scattering Methodology for the Detection of Pathogenic
Bacteria in Urine, The Journal of Applied Laboratory Medi-
cine, Volume 5, Issue 2, March 2020, Pages 370-376.

Breda E. Principles and technology of the Uro-Quick system
for bacteriuria rapid screening. Galeno 1996; 4: 11-21.3
Hassan F, Bushnell H, Taggart C, et al. Evaluation of Bacte-
rioScan 216Dx in Comparison to Urinalysis as a Screening
Tool for Diagnosis of Urinary Tract Infections in Children. J
Clin Microbiol. 2019 Aug 26;57(9):e00571-19.

Cupaiolo R, Cherkaoui S, Serrano G, et al. Antimicrobial sus-
ceptibility testing determined by Alfred 60/AST (Alifax®) in a
multi-sites lab: performance’s evaluation and optimization of
workflow. J Microbiol Methods. 2022 Mar;194:106433. doi:
10.1016/j.mimet.2022.106433.

Pérez-Palacios P, Lépez-Cerero L, Lupion C, et al. Assess-
ment of a semi-automated enrichment system (Uroquattro
HB&L) for detection of faecal carriers of ESBL-/AmpC-pro-
ducing Enterobacterales. Enferm Infecc Microbiol Clin (Engl
Ed). 2020 Oct; 38(8):367-370.

Fontana C, Favaro M, Bossa MC, et al. Improved diagnosis
of central venous catheter-related bloodstream infections us-
ing the HB&L UROQUATTRO™ system. Eur J Clin Microbiol
Infect Dis. 2012 Nov; 31(11):3139-44.

Conkar S, Mir S. Urineflow cytometry in the diagnosis of uri-
nary tract infection. Indian J Pediatr. 2018; 85:995-9.
Davenport M, Mach KE, Shortliffe LMD, et al. New and devel-
oping diagnostic technologies for urinary tract infections. Nat
Rev Urol. 2017; 14(5):296-310.

Hale DC, et al. Rapid screening for bacteriuria by light scatter
photometry (Autobac): a collaborative study. J Clin Microbiol.
1981; 13:147-50.

llki, Arzu, et al. Rapid reporting of urine culture results: im-
pact of the uro-quick screening system. The new microbio-
logica 33.2 (2010): 147.

Lee KS, Lim HJ, Kim K, et al. Rapid Bacterial Detection in
Urine Using Laser Scattering and Deep Learning Analysis.
Microbiol Spectr. 2022 Apr 27; 10(2):e0176921.

Montgomery S, Roman K, Ngyuen L, et al. Prospective evalu-
ation of light scatter technology paired with matrix-assisted
laser desorption ionization-time of flight mass spectrometry
for rapid diagnosis of urinary tract infections. J Clin Microbiol
2017; 55:1802—-1811.

Brubaker L, Wolfe AJ. The female urinary microbiota, urinary
health and common urinary disorders. Ann Transl Med. 2017;
5:34.

Whiteside SA, Razvi H, Dave S, et al. The microbiome of the
urinary tract — a role beyond infection. Nat Rev Urol. 2015;
12:81-90.

Roberts AL, Joneja U, Villatoro T, et al. Evaluation of the
BacterioScan 216Dx for Standalone Preculture Screen of
Preserved Urine Specimens in a Clinical Setting. Laboratory
Medicine. 2018; 49(1):35-40.

Mantzana P, Archonti M, Netsika F, et al. Evaluation of two
automated systems in rapid screening for urinary tract infec-
tions, ECCMID 2021

Wilson G, Badarudeen S, Godwin A, et al. Antibiotic screen-
ing of urine culture as a useful quality audit. J Infect Dev
Ctries. 2011 Apr 26; 5(4):299-302.

Automated urine screening and Residual Antimicrobial Activity test... 33



23.

24,

25.

34

Basnayake, Assella P, et al. Presence of Residual Antibiotics
in Urine and its Effect on Urine Culture, 16th December 2020,
Sabaragamuwa University of Sri Lanka, Belihuloya.

Kussen, et al. Pesquisa de substancias antimicrobianas em uri-
nas destinas a cultura. In: Albini, C. A. A.; Souza, H.A. P. H. M.;
Silveira, A. C.O. (Org.). Infec¢des urinarias: uma abordagem mul-
tidisciplinar. 1. ed. Curitiba: Editora CRV, 2012. p. 579-83.
Cardozo, Daiane & Kussen, et al. Research on antimicrobial
residues activity in urine samples of hospitalized patients.
Jornal Brasileiro de Patologia e Medicina Laboratorial. 2014;
50. 10.5935/1676-2444.20140050.

26.

27.

28.

Suresh A, Gopinathan A, Dinesh KR, et al. Antibiotic
Screening of Urine Culture for Internal Quality Audit
at Amrita Hospital, Kochi. J Clin Diagn Res. 2017 Jul;
11(7):DC24-DC26.

Flores-Mireles A, Hreha TN, Hunstad DA. Pathophysiology,
Treatment, and Prevention of Catheter-Associated Urinary
Tract Infection. Top Spinal Cord Inj Rehabil. 2019 Sum-
mer;25(3):228-240.

European Centre for Disease Prevention and Control. Antimi-
crobial resistance in the EU/EEA (EARS-Net) - Annual Epide-
miological Report 2021. Stockholm: ECDC; 2022.

V. Snegarova-Toneva, D. Niyazi, T. Stoeva



