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Abstract
Background: Urinary tract infection (UTI) is a common reason for antimicrobial prescription in dogs and cats. The
objective of this study was to optimize and evaluate a culture-based point-of-care test for detection, identification
and antimicrobial susceptibility testing of bacterial uro-pathogens in veterinary practice.
Methods: Seventy-two urine samples from dogs and cats with suspected UTI presenting to seven veterinary facilities
were used by clinical staff and an investigator to estimate sensitivity and specificity of Flexicult Vet A compared to
laboratory reference standards for culture and susceptibility testing. Subsequently, the test was modified by inclusion of an oxacillin-containing compartment for detection of methicillin-resistant staphylococci. The performance of
the modified product (Flexicult Vet B) for susceptibility testing was evaluated in vitro using a collection of 110 clinical
isolates.
Results: Bacteriuria was reported by the laboratory in 25 (35 %) samples from the field study. The sensitivity and
specificity of Flexicult Vet A for detection of bacteriuria were 83 and 100 %, respectively. Bacterial species were correctly identified in 53 and 100 % of the positive samples by clinical staff and the investigator, respectively. The susceptibility results were interpreted correctly by clinical staff for 70 % of the 94 drug-strain combinations. Higher percentages of correct interpretation were observed when the results were interpreted by the investigator in both the field
(76 %) and the in vitro study (94 %). The most frequent errors were false resistance to β-lactams (ampicillin, amoxicillin-clavulanate and cephalotin) in Escherichia coli for Flexicult Vet A, and false amoxicillin-clavulanate resistance in
E. coli and false ampicillin susceptibility in Staphylococcus pseudintermedius for Flexicult Vet B. The latter error can be
prevented by categorizing staphylococcal strains growing in the oxacillin compartment as resistant to all β-lactams.
Conclusions: Despite the shortcomings regarding species identification by clinical staff and β-lactam susceptibility testing of E. coli, Flexicult Vet B (commercial name Flexicult® Vet) is a time- and cost-effective point-of-care test
to guide antimicrobial choice and facilitate implementation of antimicrobial use guidelines for treatment of UTIs in
small animals, provided that clinical staff is adequately trained to interpret the results and that clinics meet minimum
standards to operate in-house culture.
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Background
Urinary tract infection (UTI) is a common reason for antimicrobial prescription in small animal veterinary practice.
It has been estimated that 14 % of all dogs are diagnosed
with bacterial UTI during their lifetime [1]. UTI is less
frequent and usually associated with comorbidities in
cats [2]. Escherichia coli is by far the most frequent species involved in at least 50 % of canine and feline UTIs
[2, 3]. Other relatively common species include Staphylococcus spp., Enterococcus spp., Proteus spp., Klebsiella
spp., Pseudomonas spp., and Streptococcus spp. [3–5]. The
diagnosis is based on clinical signs, urinalysis and quantitative microbiology. Empirical antimicrobial therapy is
frequent, especially in first-time uncomplicated UTIs.
According to international and Danish guidelines for antimicrobial use in companion animals [6, 7], urine samples
from small animals with suspected UTI should be subjected to culture and susceptibility testing when treating
with antibiotics. However, several factors influence negatively implementation of this recommendation in veterinary practice, i.e. long laboratory turnaround time, special
requirements for shipping (i.e. urine samples should be
refrigerated if they cannot be processed within 24 h after
collection), and economic costs for pet owners. In-house
culture is a possible alternative to laboratory analysis but
not all clinics are equipped to perform bacterial isolation and antimicrobial susceptibility testing according to
international quality and biosafety standards. Even if performed optimally, in-house diagnostic culture requires at
least 2 days before treatment can be initiated or adjusted
based on antimicrobial susceptibility results.
Point-of-care testing is a possible approach to reduce
both turnaround time and costs. Flexicult™ (SSI Diagnostica, Hillerød, Denmark) is a diagnostic product widely
used in Denmark for point-of-care diagnosis and susceptibility testing of uncomplicated urinary tract infections
(UTIs) in human primary health care [8]. The test allows
(1) semi-quantitative enumeration of bacteria in urine, (2)
presumptive identification of uropathogens and (3) prediction of antimicrobial susceptibility of uropathogens. A
veterinary derivative product (Flexicult® Vet), hereinafter referred to as Flexicult Vet A, was first launched in the
US in December 2010. The agar content of the product for
human use was modified to enhance growth of veterinary
pathogens including Staphylococcus pseudintermedius and
Streptococcus canis, which grow poorly on Flexicult™ plates
for human use. The objective of this study was to optimize
and evaluate this point-of-care test for use in small animal
practice. On-site performance of Flexicult Vet A was evaluated by a field trial conducted in seven small animal veterinary clinics in Denmark. Subsequently the composition of
the antimicrobial panel was optimized to enable detection
of methicillin-resistant S. pseudintermedius (MRSP), which
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are multidrug-resistant bacteria of high concern in small
animal veterinary practice [9]. The modified test, hereinafter referred to as Flexicult Vet B, was evaluated in vitro
using a strain collection representative of all major bacterial
species implicated in canine and feline UTIs.

Methods
Description of Flexicult Vet A

Flexicult Vet A consists of a plastic Petri dish divided
into one large compartment containing a non-selective
growth medium (Mueller–Hinton BBL-II agar, Becton–Dickinson, Basel, Switzerland) supplemented with
a chromogenic mixture, and five smaller compartments
with the same medium supplemented with ampicillin
(16 µg/ml), amoxicillin-clavulanate (12/6 µg/ml), cephalotin (12 µg/ml), enrofloxacin (0.5 µg/ml), and sulfamethoxazole-trimethoprim (38/2 µg/ml), respectively (Fig. 1).
After flooding the plate with urine for 1–2 s, the excess
of urine is discarded and the plate is incubated bottomup at 35–37 °C for 24 h before reading. Bacterial loads
are estimated by visual examination of colony density in
the large compartment (Fig. 2), and strain susceptibility
is deduced by growth in the smaller compartments containing antimicrobial concentrations based on Clinical
Laboratory Standards Institute (CLSI) breakpoints [10].
As a secondary feature, the agar contains a chromogenic

Fig. 1 Description of Flexicult® Vet. Flexicult® Vet (Flexicult Vet B in
the text) is a point-of-care test allowing (a) semi-quantitative enumeration of bacteria in urine, (b) presumptive identification of uropathogens, and (c) prediction of antibiotic susceptibility of uropathogens.
The test consists of a plastic Petri dish divided into five smaller
compartments for susceptibility testing of ampicillin (1), amoxicillinclavulanate (2), oxacillin (3), enrofloxacin (4), and sulfamethoxazole-trimethoprim (5), and one large compartment containing non-selective
growth medium for semi-quantitative bacterial enumeration (6)
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Fig. 2 Semi-quantitative bacterial enumeration by Flexicult® Vet. Growth of Escherichia coli at different concentrations: 103 CFU/ml (a), 104 CFU/ml
(b) and 105 CFU/ml (c). The strain is susceptible to all antimicrobial agents tested except oxacillin

substrate to facilitate bacterial identification, as colonies
display different colours depending on the bacterial species (Fig. 3).

Field trial

Seven small animal veterinary clinics in Denmark,
including one tertiary facility (The University Hospital

Fig. 3 Bacterial identification by Flexicult® Vet. The Flexicult® Vet agar contains a chromogenic substrate to enhance bacterial identification, as
colonies display different colors depending on the bacterial species. Examples of common pathogens involved in canine and feline UTI: Escherichia
coli (a), Staphylococcus pseudintermedius (b), Proteus mirabilis (c), and Enterococcus faecalis (d)
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for Companion Animals), one secondary facility (private
referral hospital), and five smaller primary facilities participated in the study. Dogs and cats visiting these clinics between March and July 2013 were considered eligible
for inclusion in the study when urine culture was part of
their diagnostic work up. The clinics were supplied with
Flexicult Vet A plates and incubators for in house testing,
and the clinical staff members were instructed orally and
in writing on how to use and interpret the test according to the manufacturer’s instructions. A portion of the
urine samples was used by the clinical staff for in-house
testing by Flexicult Vet A, and the remaining urine was
submitted in sterile containers to the veterinary diagnostic microbiology laboratory at University of Copenhagen
(Sund Vet Diagnostik, http://sundvetdiagnostik.ku.dk) or
cultured overnight on Uricult® dipslides (Orion Diagnostica, Nivå, Denmark) prior to submission to the laboratory. For each sample, the clinical staff member recorded
the results obtained by Flexicult Vet A, including growth,
bacterial concentration (CFU/ml), growth in the five
antimicrobial compartments and bacterial identification.
Data were also recorded about when and how the urine
sample was collected (cystocentesis, urinary catheter or
midstream catch), when the Flexicult Vet A plates were
incubated and read, and who read them. Moreover, the
clinical staff was asked to take pictures of the plates after
incubation and to send them electronically to one of the
investigators (SH) for interpretation.
At the diagnostic laboratory, ten µl of urine were cultured overnight at 37 °C on 5 % bovine blood agar for
quantitative microbiology. Free catch samples were
scored as positive (i.e. clinically relevant bacteriuria) on
blood agar and on Flexicult Vet A if they contained ≥105
CFU/ml, whereas the thresholds for urine collected by
cystocentesis and catheter were ≥103 and ≥104, respectively. Isolates displaying distinct colony morphology
were identified to the species level by MALDI-TOF mass
spectrometry (MS) (VITEK® MS, bioMérieux, Marcy
l’Etoile, France), and their antimicrobial susceptibility profile was determined by broth microdilution using
Sensititre® COMPAN1F plates (Trek Diagnostic Systems, part of Thermo Fisher Scientific, East Grinstead,
UK) according to CLSI [10]. The results of culture and
susceptibility testing at the diagnostic laboratory were
compared to those recorded by clinical staff and by the
investigator using Flexicult Vet A.
Optimization of antimicrobial panel

The composition of the antimicrobial panel of Flexicult
Vet A was changed by replacing cephalotin with oxacillin
for detection of MRSP. To optimize oxacillin concentration, plates containing the agar base supplemented with
twofold dilutions of oxacillin (0.062–0.5 µg/ml) with or
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without 2 % NaCl were tested using 15 clinical MRSP isolates belonging to 10 multi-locus sequence types, and 15
randomly selected clinical S. pseudintermedius isolates
susceptible to methicillin. Forty µl of bacterial suspensions containing 103 and 104 CFU/ml were spread on a
quarter of each plate followed by incubation at 37 °C.
Plates were read after 24 and 48 h. This work resulted
in a new version of the product (Flexicult Vet B) with a
compartment containing 0.125 ug/ml of oxacillin and 2 %
NaCl.
In vitro validation of Flexicult Vet B

The performance of Flexicult Vet B for susceptibility testing was validated in vitro using a collection of 110 clinical isolates identified to the species level by MALDI-TOF
MS. The collection included 40 E. coli, 20 S. pseudintermedius (including 10 MRSP belonging to multi-locus
sequence types ST71, ST267, ST269, ST270, ST271,
ST272 and ST273), 12 Proteus mirabilis, 10 Streptococcus canis, 7 Enterococcus faecalis, 5 S. aureus (including
2 MRSA belonging to ST22 and ST239), 5 Enterococcus faecium, 4 Enterobacter cloacae, 3 Pantoea agglomerans, 2 Klebsiella pneumoniae, 1 Klebsiella oxytoca,
and 1 Enterobacter aerogenes. Nine E. coli isolates were
extended-spectrum β-lactamase (ESBL) producers with
known genetic background: five producing CTX-M,
two producing CMY and two producing both types of
enzyme. These strains were included due to the clinical
relevance of ESBL-producers in UTIs [6].
For each isolate, colonies from an overnight culture on
5 % bovine blood agar were suspended in saline to a turbidity of 0.5 McFarland (~108 CFU/ml). The suspension
was diluted to concentrations of approximately 103 and
104 CFU per ml. From each dilution, 300 µl was transferred to the large compartment of the Flexicult Vet B
plate, and 100 µl to each of the small antimicrobial compartments, followed by gently tilting the plate and discarding excess fluid. Plates were read following overnight
incubation at 35 °C. Strains growing in the antimicrobial
compartments were regarded as resistant and their susceptibility profiles obtained by Flexicult Vet B were compared to those previously determined at the diagnostic
laboratory by broth microdilution using the methodology
described above [10].
Statistical analysis

In the field trial, sensitivity and specificity of Flexicult
Vet A for detection of clinically-relevant bacteriuria and
for detection of resistance to the five drugs included in
the test were estimated using laboratory culture on blood
agar and MIC testing by broth micro-dilution as the reference standards, respectively. The performance of the test
was evaluated according to the interpretations made by
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clinical staff and by the investigator. Sensitivity and specificity of the test for susceptibility testing were calculated
by a 2 × 2 table using resistance (R) as a positive result
(+) and susceptibility S as a negative (−) result. The Fisher
exact test was used to evaluate whether clinically relevant
bacteriuria detected by the reference standard was influenced by the method used for urine collection or by the
time elapsed between sample collection and laboratory
analysis. In the in vitro study, sensitivity and specificity
of Flexicult Vet B for antimicrobial susceptibility testing
were determined as described for the field trial.

Results
Field trial

A total of 72 urine samples were collected from 56
patients, including 42 (75 %) dogs and 14 (25 %) cats. For
13 patients (2 cats and 11 dogs) samples were collected
in two or three occasions upon repeated admission of
patients. For nine samples, Uricult® dip slides were submitted to the laboratory after overnight culture. The
remaining 63 samples were received and processed at the
laboratory either on the day of collection (n = 47), the
day after (n = 13), or two days after (n = 3). The majority of samples (61/72) were collected by cystocentesis, six
by free catch and two by catheter. For three samples the
sampling method was not reported.
Of the 72 samples, 25 (35 %) were culture-positive
according to conventional culture in the diagnostic laboratory. Results from two of the culture-positive samples
were excluded from further analyses because of failure of
the diagnostic laboratory to report bacterial counts. The
sensitivity (83 %, CI 0.63–0.93) and specificity (100 %,
CI 0.92–1.00) of Flexicult Vet A for detection of clinically-relevant bacteriuria were the same regardless if the
results were interpreted by clinical staff or by the investigator. Four false negative results were recorded by both
the clinical staff and the investigator (Table 1). According

Table 1 Detection of clinically relevant bacteriuria by Flexicult Vet A in 70 urine samples from dogs or cats

Development and in vitro validation of Flexicult Vet B

Reference standard
Positive

Negative

Total

Flexicult Vet Aa
Positive

19

0

19

Negative

4

47

51

23

47

70

Total

The interpretations by clinical staff and by the investigator are compared to
the laboratory results obtained by aerobic culture on blood agar (reference
standard)
a

to conventional culture, these samples were culturepositive with high bacterial concentrations (≥105 CFU/
ml), whereas on Flexicult Vet A two (positive for E. coli
and S. canis by conventional culture) were sterile and the
other two (positive for P. mirabilis and E. faecium by conventional culture) displayed bacterial growth below the
defined threshold.
Urine specimens collected by cystocentesis were more
frequently culture-negative (68 %) compared to those
collected by other methods (57 %) (Fisher exact test, onetailed, P = 0.41). Among the 19 samples culture-positive
by both conventional culture and Flexicult Vet A, two
were excluded for evaluation of species identification
due to failure of clinical staff to provide interpretation of
species on Flexicult Vet A plates. Conventional culture
of the remaining 17 samples resulted in growth of E. coli
(n = 11), K. pneumoniae (n = 2), P. mirabilis (n = 1), E.
faecalis (n = 1), Pseudomonas aeruginosa (n = 1) and S.
pseudintermedius (n = 1). Clinical staff identified correctly the bacterial species in 9 (53 %, CI 0.31–0.74)
samples. Identification mistakes occurred for all genera
except Enterococcus. The investigator identified correctly
the species in all the samples (100 %, CI 0.78–1.00).
The performance of Flexicult Vet A for susceptibility testing was evaluated using the laboratory results
obtained by broth microdilution as the reference standard. False susceptibility was not observed for any of the
19 culture-positive samples for which the interpretations
by clinical staff were available. The susceptibility results
were correct for 70 and 76 % of the 94 drug-strain combinations tested when the results were interpreted by clinical staff and the investigator, respectively. The test was
able to correctly detect all the strains that were resistant according to the reference standard method (100 %
sensitivity, CI 0.72–1.00) but not all the strains that
were susceptible [67 % specificity according to the clinicians’ interpretations (CI 0.56–0.76) and 73 % specificity
according to the investigator’s interpretation (CI 0.62–
0.82)]. False resistance to β-lactams (ampicillin, amoxicillin-clavulanate and cephalotin) was frequent, especially
among E. coli isolates (Table 2).

There were no differences in interpretation between clinical staff and
investigator

Table 3 shows how MRSP detection was influenced by
oxacillin concentration and presence of 2 % NaCl. Results
were not affected by the inoculum size (103 or 104 CFU/
ml). Inclusion of 0.125 µg/ml of oxacillin and 2 % NaCl
in the Flexicult Vet B agar base resulted in the most reliable MRSP detection (100 % sensitivity and specificity)
(Table 3).
The susceptibility results were correct for 94 % of the
465 drug-strain combinations tested by Flexicult Vet
B (Table 4). The overall sensitivity (i.e. test’s ability to
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Table 2 Antimicrobial susceptibility of Escherichia coli and other bacterial species in 19 culture-positive urine samples
Flexicult Vet A

Reference standard
AMP (R > 8 µg/ml)

AMC (R > 8/4d µg/ml)

CEFb (R > 4 µg/ml)

ENRc (R > 2 µg/ml)

SXT (R > 2/38e
µg/ml)

R

S

R

S

R

S

R

S

R

S

R

2

8/7

0

9

0

8/7

0

0

0

0

S

0

2/3

0

3

0

4/5

0

12

0

12

R

3

0

1

1/0

2

1/0

0

1/0

2

0

S

0

4

0

5/6

0

4/5

0

5/6

0

5

E. coli (n = 12)

Other (n = 7)a

The interpretations of Flexicult Vet A by clinical staff and by the investigator are compared to the laboratory results obtained by broth microdilution (reference
standard). A slash line is used to separate the results obtained by clinical staff (on the left) when they differed from those by the investigator (on the right)
AMP ampicillin, AMC amoxicillin-clavulanate, CEF cephalotin, ENR enrofloxacin, SXT trimethoprim-sulfamethoxazole
a

Other species: Proteus mirabilis (n = 2), Staphylococcus pseudintermedius (n = 1), Enterococcus faecalis (n = 1), Klebsiella pneumoniae (n = 2), and Pseudomonas
aeruginosa spp. (n = 1)

b

Cefazolin was used instead of cephalotin for testing susceptibility to 1st generation cephalosporins by the reference standard method

c

One Enterococcus isolate intermediate to enrofloxacin according to the reference standard was not included in the analysis of enrofloxacin susceptibility

d

The values 8 and 4 represent amoxicillin and clavulanate, respectively

e

The values 2 and 38 represent trimethoprim and sulfamethoxazole, respectively

Table 3 Growth of 15 methicillin-resistant (MRSP) and 15 methicillin-susceptible Staphylococcus pseudintermedius
(MSSP) strains on Flexicult Vet agar base supplemented with different oxacillin concentrations (µg/ml) in the presence
(+) or absence (–) of 2 % NaCl
Oxacillin conc. (µg/ml)

2 % NaCl

Incubation time (h)

0.5

–

24/48a

7/15

0/15

+

24

9/15

0/15
0/15

0.25

0.125b
0.062

MRSP growth/
no. of isolates

MSSP growth/
no. of isolates

48

10/15

–

24/48a

10/15

0/15

+

24

10/15

0/15

+

48

11/15

0/15

–

24/48a

13/15

0/15

+

24/48a

15/15

0/15

–

24/48a

15/15

15/15

+

24/48a

15/15

15/15

+

The results are presented as the proportions of correctly classified MRSP (growth) and MSSP (no growth) isolates following 24 and 48 h of incubation
a

The same result was recorded after 24 and 48 h of incubation

b

0.125 µg/ml oxacillin + 2 % NaCl was selected for Flexicult Vet B replacing the cephalotin compartment in Flexicult Vet A

correctly detect resistant strains) and specificity (i.e.
test’s ability to correctly detect susceptible strains) for
antimicrobial susceptibility were 89 % (CI 0.83–0.94)
and 96 % (CI 0.93–0.98), respectively. Eighty-seven
(79 %) of the 110 strains’ susceptibility profiles were
in full accordance with results from MIC determination by broth microdilution (gold standard). The overall
error rate for the 465 antimicrobial-strain combinations
tested was 6 % (Table 4). The most frequent error was
false amoxicillin-clavulanate resistance in 12 of the 63

(19 %) Enterobacteriaceae isolates, including 10 E. coli
(MIC = 8/4 µg/ml), four of which producing ESBL of the
CTX-M type, one P. mirabilis (MIC = 8/4 µg/ml) and one
E. cloacae (MIC ≤ 4/2 µg/ml). The second most common
error was false ampicillin susceptibility in 3 of the 20
(15 %) S. pseudintermedius isolates. These three isolates
were MRSP and had ampicillin MICs of 16 µg/ml (n = 1)
and > 16 µg/ml (n = 2). Overall, only a single error was
observed for enrofloxacin (false resistant Proteus) and for
sulfamethoxazole with trimethoprim (false susceptible
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Table 4 Comparison of the antimicrobial susceptibility results obtained for 105 clinical isolates by Flexicult Vet B and by
the broth microdilution method (reference standard)
Bacterial species

Reference standard

Flexicult Vet B
AMP
AMC
(R > 8 µg/ml) (R > 8/4b
µg/ml)

OXAa
(R > 0.25
µg/ml)

R

S

R

S

R

ENR
(R > 2
µg/ml)
S

SXT
(R > 2/38c
µg/ml)

R

S

R

S

Escherichia coli (n = 40)

R

22

–

5

–

13

–

18

–

S

–

18

10

25

–

27

–

22

Staphylococcus pseudintermedius (n = 20)

R

3

3

1

2

10

–

5

–

8

–

S

–

14

–

17

–

10

–

15

–

12

Proteus mirabilis (n = 12)

R

4

–

1

2

1

–

2

–

S

–

8

1

8

1

10

–

10

Enterococcus spp. (n = 12)

R

2

2

2

2

8

–

2

1

S

–

8

–

8

–

4

–

9

Streptococcus canis (n = 10)

R

–

–

–

–

1

–

–

–

S

–

10

–

10

–

9

–

10

Enterobacter spp. (n = 8)

R

3

–

4

–

–

–

–

–

S

1

4

1

3

–

8

–

8

Staphylococcus

R

1

–

1

–

2

–

2

–

1

–

aureus (n = 5)

S

–

4

–

4

1

2

–

3

–

4

Klebsiella spp. (n = 3)

R

2

1

–

–

–

–

–

–

S

–

–

–

3

–

3

–

3

Total (n = 105)

R

37

6

14

6

12

–

30

–

31

1

S

1

66

12

78

1

12

1

79

–

78

AMP ampicillin, AMC amoxicillin-clavulanate, OXA oxacillin, ENR enrofloxacin, SXT trimethoprim-sulfamethoxazole
a

Oxacillin results were only interpreted for S. pseudintermedius and S. aureus, since this drug is a surrogate drug for detection of methicillin resistance in staphylococci

b

The values 8 and 4 represent amoxicillin and clavulanate, respectively

c

The values 2 and 38 represent trimethoprim and sulfamethoxazole, respectively

Enterococcus). Oxacillin susceptibility was correctly classified for all the 20 S. pseudintermedius tested, whereas
one of the five S. aureus isolates was false resistant
(Table 4). S. aureus and S. pseudintermedius were indistinguishable on Flexicult Vet B after 24 h incubation but
after 48 h S. pseudintermedius colonies became pinkish
with variable colour intensity among the strains, whereas
S. aureus colonies remained uncoloured (Fig. 4).

Discussion
Rational antimicrobial use is a key element for control
of antimicrobial resistance. Currently, various measures
are being taken at the national, European and global
level to reduce antimicrobial consumption in animals,
including companion animals. Veterinary clinicians have
the responsibility to implement these measures without impacting animal welfare. To enhance effective and
sustainable implementation of rational antimicrobial
use for treatment of UTIs, rapid and reliable point-ofcare tests are needed to ensure that i) antimicrobials are
prescribed/used only when necessary, and ii) the most

appropriate drug is chosen taking into consideration the
antimicrobial resistance profile of the causative strain.
Our results show that the final product developed by
this study (commercial name Flexicult® Vet) is a useful
point-of-care test to guide antimicrobial therapy of UTIs
in small animals. The test provides overnight information
on the presence of bacteria in urine and indicates which
drug is appropriate for therapy. As such, it can be used
to reduce empirical antimicrobial use and avoid unnecessary therapy. Compared to urine dipstick slides, it has the
additional advantage of providing information on antimicrobial susceptibility. This is particularly important when
resistance to the first tier drugs recommended by local
or national antimicrobial guidelines is not infrequent.
For example, amoxicillin is generally regarded as a first
tier antimicrobial for treatment of uncomplicated lower
UTIs in dogs and cats but resistance is relatively common
in E. coli and other bacterial species isolated from these
infections. In Denmark and Sweden, the prevalence of
resistance to aminopenicillins (i.e. ampicillin and amoxicillin) in clinical E. coli isolates ranged from 16–26 % in
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Fig. 4 Colony appearance of Staphylococcus pseudintermedius and Staphylococcus aureus on Flexicult® Vet plates. The two species are distinguishable after 48 h incubation since Staphylococcus pseudintermedius colonies are pinkish with a colour of variable intensity depending on the strain (a,
b), whereas Staphylococcus aureus remained white/yellow (c, d)

2011–2012 [7]. Thus, use of Flexicult® Vet could potentially avoid prescription of amoxicillin for a large number of patients infected with strains resistant to this
antibiotic.
The results of this study show good sensitivity and
specificity of Flexicult® Vet for both detection of clinically relevant bacteriuria and antimicrobial susceptibility
testing. The results were generally concordant between
clinical staff and the investigator, and between the investigator and the clinical microbiology laboratory (Tables 1,
2). Two notable exceptions were detected in the in vitro
study: false amoxicillin-clavulanate resistance in Enterobacteriaceae and false ampicillin susceptibility in MRSP.
These two errors should be regarded as major and very
major errors, respectively [11]. A “major error” occurs
when the new test indicates resistance in a strain that is

categorized as susceptible by the reference method. This
error reduces the range of antimicrobial options available
to the clinician and may lead to unnecessary use of broadspectrum drugs, with potential negative consequences on
selection of resistance. A “very major error” occurs when
a strain categorized as resistant by the reference method
is reported as susceptible by the test. This type of error
has a greater impact on patient care, since the clinician
may choose a drug that is unlikely to be effective against
the strain causing infection, with all the negative consequences of treatment failure. Based on this classification,
false ampicillin susceptibility in MRSP appears to be the
most important problem of the test. However, this error
was solved by the inclusion of oxacillin in the test, since
all the isolates displaying false ampicillin susceptibility
were resistant to oxacillin and should be categorized as
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resistant to all veterinary β-lactams according to international standards [10]. Thus, this error is irrelevant if
clinical staff is trained to identify staphylococcal strains
and interpret the oxacillin susceptibility result correctly.
It should be noted that the oxacillin concentration was
chosen based on the clinical breakpoint for S. pseudintermedius (R ≥ 0.5 µg/ml), which is eightfold lower
than for S. aureus (R ≥ 4 µg/ml) [10]. This explains why
false oxacillin resistance was detected in one methicillinsusceptible S. aureus (Table 4). As the colony appearance
becomes distinguishable between the two species after
48 h incubation (Fig. 4), we recommend that incubation
of Flexicult® plates is extended to 48 h when suspected
staphylococcal colonies are detected in the oxacillin
compartment. Moreover, as a matter of principle, presumptive MRSP and MRSA should be confirmed and
subjected to antimicrobial susceptibility testing by a diagnostic laboratory to guide antimicrobial choice.
In relation to the false amoxicillin-clavulanate resistance observed in Enterobacteriaceae, it should be noted
that the MIC of amoxicillin-clavulanate (8/4 µg/ml) was
just below the clinical breakpoint (R > 8/4 µg/ml) in nine
out of the 10 false resistant isolates, and five of them were
CTX-M-producing E. coli. Some studies in human medicine suggest that amoxicillin-clavulanate might be considered as a second-line agent for management of lower
UTI caused by ESBL producers with even higher MIC
than that observed in these isolates [12]. Clinical cure is
likely due to the high drug concentrations achieved in
urine and the theoretical inactivation of ESBLs by clavulanate. However this is a controversial issue and neither retrospective nor prospective studies have been
performed to provide evidence of clinical cure in small
animals. We recommend that Flexicult® Vet plates are
submitted to a diagnostic laboratory and specialist advice
is sought when growth is observed in all the five antimicrobial compartments. Furthermore, instructions to
users should be made available online to reduce the risk
of errors in the interpretation of the antimicrobial susceptibility results, for example by providing detailed
guidelines on how to interpret growth of one or few colonies in one of the antimicrobial-containing fields.
In the field study, pathogen identification by clinical
staff was unreliable, since the species was correctly identified in only 53 % of the culture-positive samples. Similar findings have been reported for dipstick slides in both
human and veterinary settings [13–15]. Although pathogen identification may be regarded as a secondary feature
of the test as it provides information of limited clinical
relevance, particular attention should be given to avoid
certain errors that may lead to inappropriate antimicrobial choice. For example, misidentification of staphylococci may cause erroneous prescription of β-lactams for
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treatment of MRSP and MRSA UTIs despite growth in
the oxacillin compartment, which is indicative of resistance to all β-lactams for this bacterial group. Our study
shows that the charts provided by the manufacturer may
not be sufficient to avoid frequent errors in pathogen
identification. Importantly, our results also show that
interpretation can be improved significantly with experience, as indicated by the excellent score obtained by
the investigator. Accordingly, the authors recommend
that training sessions are offered by the manufacturer to
enhance correct interpretation of the results, including
examples of mixed cultures, which make identification
more difficult compared to pure bacterial cultures. Users
are also recommended to validate their interpretive skills
by sending plates regularly to a diagnostic laboratory for
species identification.
Notably, the use of true urine samples instead of pure
cultures suspended in saline seems also to reduce the
performance of the test for antimicrobial susceptibility testing under real-life conditions, as indicated by the
lower specificity estimated in the field study (73 %) compared to the in vitro study (95 %) based on the investigator’s interpretations. This discrepancy was largely due
to high rate of false resistance to β-lactams observed for
E. coli in the field study. The reason for this discrepancy
remains unknown but it appears that urine may interfere
with the results of β-lactam susceptibility testing as this
problem was not observed when the plates were inoculated with bacterial suspensions in sterile saline in the
in vitro study.
Due to the circumstances described in the results section, only 17 and 19 culture-positive samples were evaluated for bacterial species identification and antimicrobial
susceptibility testing in the field trial, respectively. This is
a major limitation of the study, since the performance of
a point-of-care test like this should primarily be evaluated based on the results obtained by clinical staff using
urine samples. Thus, further studies are warranted to
evaluate the performance of the test in the field. The
high (65 %) proportion of culture-negative samples in
the field trial may in part be explained by the participation of tertiary and secondary facilities in the study and
by the inclusion criteria being any indication for culture,
thus not restricted to patients displaying symptoms of
UTI. An even lower percentage of 17.5 % positivity was
recently reported among 5923 urine samples cultured in
a UK tertiary referral hospital between 1999 and 2009
[16]. Culture-negative results are particularly common
when screening animals with low urinary specific gravity for UTI [17], and for samples collected by cystocentesis [15], as most samples (61/72) used in this study. The
uncertainty of bacterial infection and the consequent risk
of antimicrobial overuse in patients with suspected UTI
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highlight the usefulness of point-of-care tests allowing
clinicians to take evidence-based decisions on whether
antimicrobial therapy is needed. However, responsible
use of culture-based point-of-care tests requires trained
staff and adequate laboratory facilities and waste management procedures.

Conclusions
Flexicult® Vet is a time- and cost-effective point-of-care
test for detection of bacteriuria and antimicrobial susceptibility testing of uropathogens in small animal veterinary clinics that meet the minimal requirements for
in-house culture. Even though we identified important
shortcomings regarding species identification by clinical
staff and β-lactam susceptibility testing of E. coli, rational
use of this product may guide antimicrobial choice and
facilitate implementation of the current antimicrobial use
guidelines for treatment of UTIs. Following this study the
manufacturer has revised instruction manuals illustrating interpretation of bacterial counts and species. Apart
from this initiative we recommend adequate training of
clinicians to reduce the risk of interpretative errors of
potential impact on patient care, such as those regarding
staphylococcal identification and growth in the oxacillincontaining compartment.
Abbreviations
ESBL: extended-spectrum β-lactamase; MIC: minimum inhibitory concentration; MRSA: methicillin-resistant Staphylococcus aureus; MRSP: methicillinresistant Staphylococcus pseudintermedius; UTI: urinary tract infection.
Authors’ contributions
LG conceived the study, supervised the MSc thesis work by SH, and drafted
the manuscript. SH performed most of the laboratory work, collected and
analysed the data from the veterinary clinics involved in the study. PD
participated in the design of the study, co-supervised the MSc thesis work by
SH, and helped to draft the manuscript. LRJ was the clinical supervisor of the
MSc thesis project by SH, and helped develop the information material and
questionnaires to the participating clinics. All authors read and approved the
final manuscript.
Author details
1
Department of Veterinary Disease Biology, Faculty of Health and Medical Sciences, University of Copenhagen, Stigbøjlen 4, 1870 Frederiksberg C,
Denmark. 2 Department of Veterinary Clinical and Animal Sciences, Faculty
of Health and Medical Sciences, University of Copenhagen, Dyrlægevej 16,
1870 Frederiksberg C, Denmark.
Acknowledgements
The study was supported by Statens Serum Institut Diagnostica and by the
University of Copenhagen Research Centre for Control of Antibiotic Resistance
(http://www.uc-care.ku.dk). The company’s representatives (Mette Barendorff
Kerrn, Mette Bendixen Jensen, and Iben Angelica Nørrevang) discussed the
study design through periodic meetings with the investigators without influencing analysis and interpretation of data.
Competing interests
LG received a consulting fee from the Flexicult® Vet manufacturer (Statens
Serum Institut Diagnostica, Herredsvejen 2, 3400 Hillerød Denmark) for providing expert advice in veterinary medicine and microbiology during the various
phases of product development.

Page 10 of 10

Received: 31 January 2015 Accepted: 17 October 2015

References
1. Ling GV. Therapeutic strategies involving antimicrobial treatment of the
canine urinary tract. J Am Vet Med Assoc. 1984;15:1162–4.
2. Mayer-Roenne B, Goldstein RE, Erb HN. Urinary tract infections in cats
with hyperthyroidism, diabetes mellitus and chronic kidney disease. J
Feline Med Surg. 2007;9:124–32.
3. Ling GV, Norris CR, Franti CE, Eisele PH, Johnson DL, Ruby AL, Jang SS.
Interrelations of organism prevalence, specimen collection method,
and host age, sex and breed among 8354 canine urinary tract infections
(1969–1995). J Vet Int Med. 2001;15:341–7.
4. Norris CR, Williams BJ, Ling GV, Franti CE, Johnson DL, Ruby AL. Recurrent
and persistent urinary tract infections in dogs: 383 cases (1969–1995). J
Am Anim Hosp Ass. 2000;36:484–92.
5. Seguin MA, Vaden SL, Altier C, Stone E, Levine JF. Persistent urinary tract
infections and reinfections in 100 dogs (1989–1999). J Vet Int Med.
2003;17:622–31.
6. Weese JS, Blondeau JM, Boothe D, Breitschwerdt EB, Guardabassi L,
Hillier A, et al. Antimicrobial use guidelines for treatment of urinary tract
disease in dogs and cats: antimicrobial guidelines working group of the
international society for companion animal infectious diseases. Vet Med
Int. 2011;263768. doi: 10.4061/2011/263768.
7. Danish Small Animal Veterinary Association. Antibiotic use guidelines for
companion animal practice. 2012. ISBN 978-87-870703-0-0. http://www.
ddd.dk/sektioner/hundkatsmaedyr/antibiotikavejledning/Documents/
AntibioticGuidelines.pdf. Accessed 8 Jan 2015.
8. Blom M, Sørensen TL, Espersen F, Frimodt-Møller N. Validation of FLEXICULT SSI-Urinary Kit for use in the primary health care setting. Scand J
Infect Dis. 2002;34:430–5.
9. van Duijkeren E, Catry B, Greko C, Moreno MA, Pomba MC, Pyörälä S,
et al. Scientific Advisory Group on Antimicrobials (SAGAM): review on
methicillin-resistant Staphylococcus pseudintermedius. J Antimicrob
Chemother. 2011;66:2705–14.
10. Clinical Laboratory Standards Institute (CLSI). Performance standards for
antimicrobial disk and dilution susceptibility tests for bacteria isolated
from animals; approved standard—fourth edition (VET01-A4) and second
informational supplement (vET01-S2). Wayne: CLSI; 2013.
11. U.S. Food and Drug Administration. Class II special controls guidance
document: antimicrobial susceptibility test (AST) systems; guidance
for industry and FDA. Rockville: U.S. Food and Drug Administration;
2007.
12. Lagacé-Wiens PR, Nichol KA, Nicolle LE, DeCorby M, McCracken M,
Mulvey MR, Zhanel GG. Treatment of lower urinary tract infection caused
by multidrug-resistant extended-spectrum-beta-lactamase-producing
Escherichia coli with amoxicillin/clavulanate: case report and characterization of the isolate. J Antimicrob Chemother. 2006;57:1262–3.
13. Aspevall O, Kjerstadius T, Lindberg L, Hallander H. Performance of Uricult
Trio assessed by a comparison method and external control panels in
primary healthcare. Scand J Clin Lab Invest. 2000;60:381–6.
14. Palmqvist E, Aspevall O, Burman E, Nordin G, Svahn A, Forsum U. Difficulties for primary health care staff in interpreting bacterial findings
on a device for simplified urinary culture. Scand J Clin Lab Invest.
2008;68:312–6.
15. Ybarra WL, Sykes JE, Wang Y, Byrne BA, Westropp JL. Performance of a
veterinary urine dipstick paddle system for diagnosis and identification of urinary tract infections in dogs and cats. J Am Vet Med Assoc.
2014;244:814–9.
16. Hall JL, Holmes MA, Baines SJ. Prevalence and antimicrobial resistance of
canine urinary tract pathogens. Vet Rec. 2013;173:549.
17. Tivapasi MT, Hodges J, Byrne BA, Christopher MM. Diagnostic utility and
cost-effectiveness of reflex bacterial culture for the detection of urinary
tract infection in dogs with low urine specific gravity. Vet Clin Pathol.
2009;38:337–42.

