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ABSTRACT
Background: As many clinical laboratories convert between Stokes, Clinical and Laboratory 
Standards Institute (CLSI) and European Committee for Antimicrobial Susceptibility Testing 
(EUCAST) methods, the problem of comparing differently derived sets of antimicrobial 
susceptibility testing (AST) data with each other arises, owing to a scarcity of knowledge of inter-
method comparability. The purpose of the current study was to determine the comparability 
of CLSI, EUCAST and Stokes AST methods for determining susceptibility of uropathogenic 
Escherichia coli to ampicillin, amoxicillin-clavulanate, trimethoprim, cephradine/cephalexin, 
ciprofloxacin and nitrofurantoin.
Methods: A total of 100 E. coli isolates were obtained from boric acid urine samples from patients 
attending GP surgeries. For EUCAST and CLSI, the Kirby-Bauer disc diffusion method was used 
and results interpreted using the respective breakpoint guidelines. For the Stokes method, 
direct susceptibility testing was performed on the urine samples.
Results: The lowest levels of agreement were for amoxicillin-clavulanate (60%) and ciprofloxacin 
(89%) between the three AST methods, when using 2017 interpretive guidelines for CLSI 
and EUCAST. A comparison of EUCAST and CLSI without Stokes showed 82% agreement for 
amoxicillin-clavulanate and 94% agreement for ciprofloxacin. Discrepancies were compounded 
by varying breakpoint susceptibility guidelines issued during the period 2011–2017, and 
through the inclusion of a definition of intermediate susceptibility in some cases.
Conclusions: Our data indicate that the discrepancies generated through using different AST 
methods and different interpretive guidelines may result in confusion and inaccuracy when 
prescribing treatment for urinary tract infection.

Introduction

Urinary Tract Infections (UTI) are an important health 
concern, with approximately 50% of women developing 
a symptomatic UTI at some stage in their lives [1]. They 
are also among the most commonly diagnosed infec-
tions in outpatient settings [2] and their bacteriology 
is predictable, with 70–95% of infections being caused 
by uropathogenic Escherichia coli (UPEC) [3]. In Europe, 
UTI alone account for 7% of total antibiotic usage [4]. 
The Kirby-Bauer method has traditionally been used for 
the purpose of generating an antimicrobial susceptibil-
ity profile for uropathogens using standardised inocula 
[5,6]. An alternative method, Direct Antimicrobial Testing, 
uses the specimen itself as the source of the inoculum 
for Antimicrobial Susceptibility Testing (AST). This Stokes 
susceptibility testing method was commonly used his-
torically to determine the antimicrobial susceptibility 
profile of uropathogens. The advantage of this method 
lies in the fact that antibiotic treatment can be chosen 
earlier for the patient as the micro-organisms do not 

need time-consuming culturing and isolation before AST 
[7]. However, the Stokes Method lacks standardisation 
and associated reproducibility [8], and has been discon-
tinued in many clinical laboratories.

More recently, the methods and interpretive guide-
lines of the Clinical and Laboratory Standards Institute 
(CLSI, Wayne, PA, USA) and the European Committee 
for Antimicrobial Susceptibility Testing (EUCAST) have 
been implemented widely for AST investigation of UTI 
and other infections. In response to changes in Minimum 
Inhibitory Concentration (MIC) distributions, pharma-
co-dynamics, pharmaco-kinetics and the results of clin-
ical trials, the CLSI releases updated breakpoints annually 
[9]. The use of CLSI guidelines in clinical labs in Europe 
has decreased in recent years, being steadily replaced 
by EUCAST [10]. This may have resulted in some con-
fusion for clinicians as switching between methods has 
been accompanied by differing interpretive guidelines, 
including the insertion or removal of an intermediate 
susceptibility definition for certain antimicrobial agents. 
Dosages, pharmacokinetics, resistance mechanisms, MIC 
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swabbed directly onto the plate for susceptibility inves-
tigation, thereby rendering inoculum standardisation 
impossible, so for this part of the study, a standardised 
inoculum (equivalent to a 0.5 McFarland turbidity stand-
ard) was prepared in sterile 0.85% NaCl for each isolate 
from the original urine sample. Kirby Bauer disc-diffu-
sion was conducted, for which purpose the E. coli isolates 
were stored on nutrient agar slopes and were sub-cul-
tured to MacConkey agar (LAB030) and incubated at 
37 °C for 18–24 h before AST was completed.

Methods were conducted following CLSI [15] and 
EUCAST [7] guidelines. Disc-diffusion tests were per-
formed using Mueller-Hinton agar (LAB039, LabM Ltd., 
Bury, UK). The medium was prepared following the man-
ufacturer’s instructions and the plates were poured using 
a mass balance to a volume of 25 mL. Six oral antimicro-
bial agents were assessed; the concentrations of the discs 
vary between CLSI and EUCAST, as detailed below. The 
surface of the Mueller-Hinton agar plate was inoculated 
with a suspension of the strain to be tested to the density 
of a McFarland 0.5 turbidity standard, using a 0.85% solu-
tion of NaCl in water (8.5 g/L). The antibiotic discs were 
applied manually using a needle and the plates were 
incubated at 37  °C for 16–20  h. Zone diameters were 
measured using Mitutoyo callipers (Mituyo, Kanagawa, 
Japan), in accordance with the respective guidelines 
[16,17]. Duplicate measurements were performed for 
result verification. This was conducted as a blind trial 
and no measurements were made until all testing was 
completed.

For the CLSI Disc Diffusion Method (2012), the anti-
biotic discs (Oxoid) used were ampicillin (AMP 10 μg), 
amoxicillin-clavulanate (AMC 30  μg), nitrofurantoin (F 
300 μg), cephalexin (CL 30 μg), ciprofloxacin (CIP 5 μg) 
and trimethoprim (W 5  μg). E. coli ATCC 25922 was 
included as a control in this study. For the EUCAST Disc 
Diffusion Method (2013), the antibiotic discs used were 
ampicillin (AMP 10 μg), amoxicillin/clavulanic acid (AMC 
30 μg), nitrofurantoin (F 100 μg), cephalexin (CL 30 μg), 
ciprofloxacin (CIP 5  μg) and trimethoprim (W 5  μg).  
E. coli ATCC 35218 was incorporated into this study as a 
control strain.

Results

To determine the level of agreement between EUCAST 
(2017), CLSI (2017) and Stokes AST methods for 100 E. coli 
isolates, the AST results for each of the three methods 
included in the current study for the 100 isolates of E. 
coli were compared in the context of their 3 different 
interpretive guidelines for 6 oral antimicrobial agents 
tested (Table 1).

The effect of inoculum standardisation was investi-
gated for the Stokes method, using a subset of 30 of the 
E. coli isolates. These isolates were selected for this part of 
the study as they had generated a discrepancy between 

distributions, zone diameter distributions, pharmaco-dy-
namics, and epidemiological cut-off values are used in 
the breakpoint-setting process [11]. EUCAST has pub-
lished updated guidelines annually since 2009, and in 
general, tends to recommend lower MIC breakpoints 
defining resistance than CLSI [12].

The purpose of the current study was to determine 
the comparability of CLSI, EUCAST and Stokes methods 
used when completing AST for urinary tract isolates or 
uropathogens. AST results determine optimal specific 
treatment for individual patients, guide empirical anti-
biotic therapy through incorporation into local antibiotic 
guidelines, and, occasionally form the basis for formulary 
decisions [13]. The comparability of CLSI, EUCAST and 
Stokes AST methods when assessing susceptibility lev-
els of uropathogens to oral antimicrobial agents used in 
treating UTI has not yet been fully determined.

Materials and methods

During January and February 2017, a collection of boric 
acid-treated specimens of urine submitted to the Cork 
University Hospital laboratory for urinalysis were inves-
tigated, from patients attending GP surgeries. The urine 
was used for cultivation and for direct susceptibility 
testing. In all, 100 E. coli isolates were obtained. Each of 
these strains was isolated from a sample which had a 
white blood cell count of ≥100/cm2 and a bacterial count 
exceeding 10,000 colony forming units per mL. All iso-
lates were identified as E. coli using Matrix Assisted Laser 
Desorption/Ionisation-Time of Flight (MALDI-TOF) Mass 
Spectrometry (Bruker Daltonics, Bremen, Germany), 
according to laboratory protocol.

The Modified Direct Stokes Disc-Diffusion AST method 
used was as described by Gosden [14]. The Stokes method 
is based on direct inoculation of the urine for AST onto 
Iso-sensitest agar (CM0471, Oxoid, Basingstoke, UK). This 
medium was prepared according to the manufacturer’s 
instructions, and poured to a volume of exactly 25 mL 
per agar plate. Antimicrobial discs were applied using 
a dispenser and the plates were incubated at 37 °C for 
18–24 h. The following concentrations of antimicrobial 
agents (supplied by Oxoid) were used: ampicillin (AMP 
25 μg), amoxicillin-clavulanate (AMC 30 μg), nitrofuran-
toin (F 200 μg), cephradine (CE 30 μg), ciprofloxacin (CIP 
5 μg) and trimethoprim (W 5 μg). American Type Culture 
Collection (ATCC) E. coli 25922 was used as the control 
strain for this test method. Zones were interpreted as 
sensitive if the zone radius was equal to, greater than, or 
not ≤3 mm smaller than the control; intermediate with a 
zone radius ≥2 mm from the edge of the disc but smaller 
than the control by >3 mm; and resistant with a zone 
radius of <2 mm from the edge of the disc.

An evaluation of the effect of inoculum standard-
isation on Stokes AST results was determined. When 
originally performing the Stokes method, the urine was 
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the results obtained from the Stokes technique and the 
results derived from the CLSI and EUCAST methods, and 
they were tested for each of the six antimicrobial agents 
used in the study (180 discs). For 40.6% of these inoculum 
standardised repeats (n = 73), the same zone diameter 
was recorded. For 51.7% of the inoculum standardised 
repeats performed (n  =  93), a different zone diameter 
was recorded. However, the interpretive result in these 
cases (Susceptible, Intermediate or Resistant) remained 
the same as that obtained in the initial test result. The 
standardisation of the inoculum affected the interpreta-
tive result of the remaining 14 duplicates; interpretation 
for 5% (n  =  9) of these changed from Intermediate to 
Sensitive when the standardised inoculum rather the 
direct inoculation with urine sample was used, 1.7% 
(n  =  3) demonstrated a change in interpretation from 
Resistant to Sensitive, 0.6% (n  =  1) demonstrated a 
change in interpretation from Intermediate to Resistant, 
while the remaining 0.6% (n = 1) demonstrated a change 
from Sensitive to Intermediate susceptibility. The 14 
antimicrobial results which changed using standardised 
repeats were as follows: amoxicillin-clavulanate n = 5, cip-
rofloxacin n = 4, nitrofurantoin n = 2, trimethoprim n = 2 
and ampicillin n  =  1. Susceptibility interpretations for 
cephalexin were unaffected by inoculum standardisation.

The results of a precision blind trial using duplicate 
susceptibility testing and representing the six antimicro-
bial agents used in the study showed a 94.8% (n = 328) 
agreement of breakpoint zone diameters between the 
346 duplicated disc tests being observed with indistin-
guishable zone sizes. A 1  mm deviation between the 
duplicate zone size measurements was observed in 4% 
(n = 14) of the isolates, and a 2 mm deviation between 
the measurements of the duplicates was observed in the 
remaining 1.2% (n = 4) of the isolates.

There were varying levels of agreement between 
the three AST methods (Table 2). The highest level of 
agreement across the three interpretive parameters 
can be seen with trimethoprim (98%). Trimethoprim 
and cephalexin were recorded as having 100% agree-
ment between EUCAST and CLSI, with the only discrep-
ancies arising from the Stokes method interpretation. 

Conversely, ampicillin had a slightly greater level of 
agreement between CLSI and Stokes AST methods (96%) 
than between CLSI and EUCAST (95%). The poorest 
agreement across the three interpretive guidelines was 
observed in relation to amoxicillin-clavulanate (60% 
agreement only). Complete disagreement between the 
three AST methods was observed for two isolates for cip-
rofloxacin and for two isolates for nitrofurantoin.

The effect of changes in interpretive breakpoint 
guidelines in EUCAST and CLSI on the level of agree-
ment between methodologies was determined. Any 
investigation of the agreement between the three AST 
methods studied here requires consideration of revised 
breakpoint guidelines over time (CLSI and EUCAST). The 
impact of changes in breakpoints from 2011–2017 can be 
observed among three of the antimicrobial agents tested 
(Table 3). As an example, taking cephalexin/cephradine 
the proportion that show complete agreement across 
the three methods is much higher (95%) using 2015 and 
2017 interpretative guidelines, than that when using the 
older, 2011 and 2013 guidelines (80%).

Discussion

Although the aetiology of UTI remains largely consist-
ent, epidemiological knowledge of local susceptibility 
trends is an integral component of appropriate empiri-
cal treatment of UTI [18]. This is important, as failing to 
administer antibiotics or utilising antibiotics to which the 
organism is resistant results in 50–60% longer duration 
of symptoms [3]. UTI-associated E. coli was selected for 
this study on the basis that UPEC causes around 90% of 
community-acquired UTIs and up to 50% of nosocomial 
UTIs [19].

A total of 45% of the isolates generated an identical 
AST result for the six antimicrobials tested, irrespective of 
the AST method used. However, in the case of a further 
38% of the isolates, five of the six antimicrobials gave an 
identical result (Table 1). It should be noted that within 
the EUCAST guidelines, the intermediate category is 
not employed for ampicillin, amoxicillin-clavulanate, 
nitrofurantoin and cephalexin. The greatest differences 
in resistance rates occurred for amoxicillin-clavulanate, 
showing resistances of 21% (EUCAST), 11% (CLSI) and 
2% (Stokes). The AST interpretation of CLSI and Stokes 
rates for amoxicillin-clavulanate were complicated by 
the large proportion of results that were intermediate, 
rather than sensitive or resistant. In the case where resist-
ance was extended to include intermediate or reduced 
susceptibility, these figures became 21% (EUCAST), 29% 
(CLSI) and 38% (Stokes). This means, the three methods 
could potentially lead to the recommendation of differ-
ent treatment regimens for the same E. coli isolate.

Table 2 provides a representation of the levels of 
agreement for the six antimicrobials tested in the study 

Table 1. antimicrobial susceptibility profiles of 100 uropatho-
genic E. coli isolates for six oral antimicrobial agents.

*eucast guidelines for ampicillin, amoxicillin-clavulanate, nitrofurantoin 
and cephalexin do not include intermediate zones.

EUCAST (2017) CLSI (2017)
Modified stokes 

method

S I R S I R S I R
ampicillin 39 n/a* 61 34 5 61 40 3 57
amoxicillin- 

clavulanate
79 n/a* 21 71 18 11 62 36 2

cephalexin 91 n/a* 9 91 0 9 92 4 4
ciprofloxacin 79 4 17 85 0 15 77 9 14
nitrofurantoin 100 n/a* 0 97 1 2 91 9 0
trimethoprim 70 0 30 70 0 30 68 0 32
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EUCAST and CLSI make annual changes to the 
breakpoint zone diameters in their respective interpre-
tive guidelines through the use of pharmacokinetics 
studies, examination of resistance mechanisms, MIC 
distributions, zone diameter distributions, pharmaco-
dynamics and epidemiological cut-off values [11,17]. 
The resulting adjustments to breakpoint guidelines 
might be expected to make it more challenging to accu-
rately compare the AST data from previous years with 
some more recent results. In the current study, as shown 
in Table 3, which compares interpretations of S/I/R over 
four periods between 2011 and 2017 inclusive, there are 
three agents which have had changes in their EUCAST 
or CLSI interpretive guidelines since 2011; amoxicil-
lin-clavulanate, ciprofloxacin and cephalexin. The sus-
ceptibility results of these agents have been interpreted 
using four sets of annual guidelines to evaluate the 
effect of the adjustment in breakpoint zone diameters 
on AST results (Table 3). For amoxicillin-clavulanate, the 
changes in EUCAST interpretive breakpoint guidelines 
mean that if the 100 isolates were interpreted using the 
2011 or 2013 guidelines, that three of the isolates would 
have no agreement between the three methods, in con-
trast to complete agreement when interpreted with the 
2015 or 2017 guidelines. Conversely, the narrowing of 
the CLSI breakpoint zone diameters in 2014 and the 
raising of the EUCAST breakpoints for cephalexin in 
2013 (Table 3) has caused an immediately noticeable 
effect, whereby using the 2015 and 2017 interpretive 
guidelines the proportion of the 100 isolates that show 
complete agreement across the three methods is much 
higher (95%), than the number observed when using 
the older, 2011 and 2013 methods (80%). The changes 
also reduce the number of isolates demonstrating 
agreement between EUCAST and Stokes only, from 
16 to 0. As the interpretive guidelines for trimeth-
oprim, nitrofurantoin and ampicillin have remained 
unchanged since 2011 for EUCAST and CLSI methods 
there are no breakpoint-induced changes in reported 
resistance levels.

In conclusion, our findings indicate that a comparison of 
susceptibility rates can only be considered after ascertain-
ing the degree of discrepancy generated through using 
different AST methods, and different interpretive guide-
lines. This is very concerning considering that amoxicil-
lin-clavulanate is most affected in this regard and is the 
most commonly prescribed antimicrobial administered for 

when using the interpretive guidelines for the three 
methods. The Stokes result differed from the other two 
methods for 48 antimicrobial agent tests (8%). However, 
for a further 28 antimicrobial agent tests (4.7%), the 
Stokes method accorded with either EUCAST or CLSI. It 
may be useful to compare the results of this study for cur-
rent EUCAST (2017) guidelines with those of CLSI (2017) 
for UPEC as these are the two most widely employed disc 
diffusion methods and guidelines used in clinical labo-
ratories currently. Extrapolating from Table 2, the level 
of accordance when following the 2017 guidelines for 
EUCAST and CLSI was as follows: ampicillin: 95%; amox-
icillin-clavulanate: 82%; ciprofloxacin: 94%; cephradine/
cephalexin: 100%; nitrofurantoin: 97% trimethoprim: 
100%. The fact that standardising the inoculum did not 
alter the interpretive result in 92.3% of the duplicates 
indicated that inoculum density may not have as signif-
icant role as might have been anticipated in the discrep-
ancies observed when compared to EUCAST and CLSI 
results. It may be worth mentioning here, however, that 
in accordance with the CLSI (2008) [20] these suscepti-
bility classifications would be deemed as a minor error 
in 6% of cases, and as a major error in 1.7% of cases, the 
latter being where a change from resistant to sensitive 
or sensitive to resistant had occurred.

Table 2. representation of the levels of susceptibility agreement among 100 uropathogenic e. coli isolates for six oral antimicrobial 
agents.

Antimicrobial agent
EUCAST/CLSI/Stokes 

agreement
EUCAST/CLSI agree-

ment only CLSI agreement only
EUCAST/Stokes agree-

ment only No agreement
ampicillin 91 4 5 0 0
amoxicillin-clavulanate 60 22 14 4 0
cephalexin 89 5 1 3 2
ciprofloxacin 95 5 0 0 0
nitrofurantoin 91 6 1 0 2
trimethoprim 98 2 0 0 0

Table 3. effect of the changes in interpretive guidelines on the 
level of agreement observed for clsi, eucast and stokes anti-
microbial susceptibility test methods.

notes: data are percentages. a = agreement across the three guidelines, 
B = clsi and eucast agree, c = clsi and stokes agree, d = eucast and 
stokes agree, e = no agreement across the three guidelines. interpretive 
guidelines were changed for these antimicrobial options between 2011 
and 2017. the interpretive guidelines for ampicillin, nitrofurantoin and 
trimethoprim remain unchanged.

A B C D E

Amoxicillin-clavulanate
2017 60 22 14 4 0
2015 60 22 14 4 0
2013 60 22 14 1 3
2011 60 22 14 1 3

Ciprofloxacin
2017 89 5 1 3 2
2015 90 10 0 0 0
2013 90 10 0 0 0
2011 90 10 0 0 0

Cephalexin-cephradine
2017 95 5 0 0 0
2015 95 5 0 0 0
2013 80 5 0 15 0
2011 80 4 0 16 0
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this condition in Ireland (used in 33.1% of cases) [21]. These 
data indicate unwelcome complications for best antimicro-
bial stewardship and prescribing practices. This work repre-
sents an advance in biomedical science because it provides 
novel information on the comparability of susceptibility 
test methods and interpretive guidelines for UPEC.

Summary table

What is known about the subject
•  there is a choice of susceptibility test methods available for clinical 

laboratories
•  susceptibility and resistance are reported according to pre-deter-

mined interpretive guidelines in each case
•  interpretive guidelines may change for a single method over time

What this study adds
•  inter-method variability can cause different reported rates of suscep-

tibility when applied to the same population of uropathogenic E. coli 
test strains

•  Variations in interpretive guidelines have given rise to different 
reported susceptibility rates when applied to the same test strain 
population

•  the variance in reported susceptibility rates among uropathogenic E. 
coli strains is most marked for amoxycillin-clavulanate and ciprofloxa-
cin among oral antimicrobial agents commonly used to treat urinary 
tract infection
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