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Abstract This study compared Neo-Sensitabs with
Oxoid paper disks using the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) disk dif-
fusion antimicrobial susceptibility test on Mueller—Hin-
ton agar. The BEUCAST-recommended quality control
strains (Fscherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, Staphylococcus aureus ATCC
29213 and Enterococcus faecalis ATCC 29212) (Part I)
and clinical isolates (Part II) were investigated. In Part 1
of the study, 27 combinations of antimicrobial agents
were tested on four quality control strains repeatedly up
to 60 times and zone diameters of tablets and disks
were compared. In Part II of the study, 351 clinical
isolates were included to cover a broad range of spe-
cies, as well as resistance mechanisms. In Part I, four
major deviations (> mm outside quality control ranges)
were observed with Neo-Sensitabs. In one case with P
aeruginosa ATCC 27853 (meropenem), there was a
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corresponding major deviation (2 mm) with the Oxoid
disk. The three remaining major deviations with Neo-
Sensitabs were observed with meropenem (2 mm) in £.
coli ATCC 25922 and with ciprofloxacin (2 mm) and
gentamicin (3 mm) in P. aeruginosa ATCC 27853. For
Oxoid disks, there were only minor deviations (=1 mm
outside quality control ranges) in these three cases. In
Part II, there were six discrepancies, susceptible versus
resistant, in 3,533 comparisons between the two meth-
ods with the clinical isolates. The Rosco Neo-Sensitabs
appear to be a possible alternative to Oxoid paper disks
for EUCAST disk diffusion antimicrobial susceptibility
testing on MuellerHinton agar,

Infroduction

The European Commiftee on Antimicrobial Susceptibility
Testing (EUCAST) has recently developed a disk diffusion
test for routine antimicrobial susceptibility testing [1, 2].
The method is based on two media, Mueller—Hinton agar
without supplements (MH) for non-fastidious organisms,
including enterococei, and MH supplemented with 5 %
defibrinated horse blood and 20 mg/L 3-NAD (MH-F) for
Streptococcus spp., Haemophilus spp. and other fastidious
organisms. Zone diameter breakpoints have been published
and updated every year since December 2009, with the latest
update being in January 2012 (version 2.0 {3].

The Rosco Neo-Sensitabs (Rosco Diagnostica, Taastrup,
Denmark) are tablets that contain a crystalline form of the
antimicrobial agent. The tablets have several advantages
over paper disks, as most of the tablets can be stored for
several months and used at room temperature (up to 25 °C)
without degradation of the antimicrobial agent, the price is
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comparable to disks and they are Just as simple to work with
[4]. This makes the Neo-Sensitabs a possible attractive
alternative to disks. The tablets have been used for many
years for antimicrobia!'susceptibility testing, primarily in the
Scandinavian countries, in Belgium and the Netherlands [4].

The company states that the Neo-Sensitabs have been
standardised according to the EUCAST minimum inhibitory
concentration (MIC) breakpoints; however, very little pub-
lished data exist. Recenily, a smdy including 175 Gram-
negative isolates, Enterobacteriaceqe {n=150) and non-
fermenters (n=25), demonstrated an excellent comrelation
between Neo-Sensitabs and Oxoid paper disks (Oxoid,
Basingstoke, UK) [5]. However, no Gram-positive isolates
were included. The purpose of this study was to compare
Neo-Sensitabs with Oxoid paper disks using the EYJCAST
disk diffusion antimicrobial susceptibility test on Mueller—
Hintor agar with the EUCAST-recommended strains for
internal quality control (Part I) and clinical isolates (Part
1), including staphylococei and enterococci.

Materials and methods
Part 1

The strains recommended for interna quafity control by the
EUCAST for MH agar were tested, ie. Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC 27853,
Staphylococcus aureus ATCC 29213 and Enterococcus fae-
calis ATCC 29212 (Tuble 1). The strains were tested accord-
ing to BUCAST recommendations with the antimicrobial
agents listed in Table 1 [2], A maximum of sjx tablets or
disks were placed on-each 9-cm MH agar plate. Each

Table 1 Neo-Sensitabs and disk zone diameter medizn and range (=60
the tested antimicrobial agents compared to the BUCAST quality contro

antimicrobial agent was tested in duplicate from one single
0.5 McFarland suspension. This was repeated on ten differ-
ent days with three different batches of MH agar plates
(BBL ! MH agar, S3I Diagnostica, Statens Serum Institut,
Hillerad, Denmark). The total number of zone diameters
with each antimicrobial agent (tablet and disk} was 60.
The results were compared to the EUCAST quality control
targets and ranges (version 2.1 June 2012). Deviations out-
side the quality control range =1 mm and >! mm were
considered to be minor and major, respectively.

Part 11

Routine and stored clinical isolates {rn=351) were included
in Part IT of the study to cover a broad range of species, as
well as resistance mechanisms, The 351 isolates (Table 2)
were tested according to BUCAST recommendations with
the same antimicrobial agents as the quality confrol strains,
with one additional antimicrobial agent for each strain
{Table 1), i.e. Enterobacteriaceae as E. coli ATCC 25922
(plus ceftriaxone 30 ug), Pseudomonas aeruginosa as P
aeruginosa ATCC 27853 (plus celtazidime 10 1g), staphy-
lococci as S. aureus ATCC 29213 (plus fusidic acid 10 pg)
and enterococei as £. faecalis ATCC 29212 {plus vancomy-
cin 5 pg). Extended-spectrum B-lactamase (ESBL) produc-
tion, AmpC production, methicillin resistance in S. aureus
and vancomycin resistance in enterococci were all con-
firmed with polymerase chain reaction (PCR), as previously
described [6-8]. A tablet and disk of the same antimicrobial
agent were placed on the same MH agar plate {BBI, II MH
agar, SSI Diagnostica). Two antimicrobial agents were
placed on each plate (a total of two disks and two tablets).
The EUCAST breakpoint tables version 2.0 {(Janruary 2012)

) with the EUCAST-recommended strains for internal quality control and
| targets and ranges (version 2.1 Tune 2012)

Antimicrobial agent E. coli ATCC 25922

P. aeruginosa ATCC 27853

5. aureus ATCC 29213 E. faccalis ATCC 29212

EUCAST  Rosco Oxoid

EUCAST  Rosco Oxoid EUCAST Rosco Cxoid EUCAST  Rosco Oxoid
Ampicillin 2 pg 18(15-21) AR 1B (65
Ampicillin 16 pg 19¢1622;  20(18:22) 2001822 -
Benzylpenicillin 11 15(12-18) L6(12-17y  16(12-17)
Cefoxitin 30 pg 2602329 272329 262329 27(24-30)  28(2529)  2725-2
Cefpodoxime 10 ug 26(2328) 26 26 (24-28
Cefuroxime 30 pg 23 (20-26) 23(21-24)
Chloramphenicol 30 pg 242127 23 !
Ciprofloxacin § pg 35 (3040 29(25-33)
Erythremycin 15 pg 26(23-29) 26 (25-28F 26 {25-29)
Gentamicin 10 pg 23 (19-26) 23(19-24) 0013y B 22(19-25}  24(2023F 23 ¢21-24y T4y 110-idy 11 (10-14
Meciliinam 10 pg 27 (24-30) 28 (25-30) B
Meropenem 10 pg 312834 [T B2pEan ]
Mosifloxacin 5 g 320835 31 (2033 T WESIN WV ESIF 20 (27-30F
Malidixic acid 30 g 282228 62427 w2527
Piperacillin-tazohaciam 3046 pg 242127 25 (23-26) 25 (22-26) 26(23.29) gs"(zfés'o_);_ [ 27(26:29)
Tigecyeline 15 g o ZOOW) WOV 09MF B0 20003 masy
Trimethoprim 3 pg 25(2128) 25039 2623279 BE2W PSP 2523060

*Version 1.1 September 2009, a: 7=59. b- 1#=36. c: n=58. In grey and marked with bold are the deviations from the EUCAST quality control range
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Table 2 Species and number of clinical isofates (n=351)

Enterobacteriaceae (170}
Citrobacter freundii (10)
Citrobacter koseri (10)

E. coli (70)

- Non-ESBL and non-AmpC (30)
- ESBL and/or AmpC (20)
Enterobacter cloacae (10)
Klebsiella oxytoca (10)
Klebsiella preumoniae (30}
- Non-ESBL (20)

- ESBL (10)

Proteus mirabilis (10)

Pseudomonas aeruginosa (30)
Staphylococei (100)

MSSA {(40)

MRSA (10)

Staphylococcus capitis (1)
Staphylococcus epidermidis (33)
Staphylococcus haemolyticus (1)
Staphylococcus hominis (5)
Staphylococcus lugdunensis (3)
Staphyiococeus saprophyticus (7)
Enterococei® (51)

Enterococcus casseliffavus (1)
Proteus vulgaris (10) Enterococcus faecalis (21)
Serratia liguefaciens (2) Enterococcus faecium (27)

Serratia marcescens (B) Enterococcus gallinarim (2)

ESBL: extended-spectrum B-lactamase; MSSA: methicillin-
susceptible S. curens; MRSA: methicillin-resistant S. aureus

* Vancomycin-resistant enterococei: Enterococeus casseliflavus (1),
Enterococcus faecalis (1), Enferococcus faecium (7), Enterococcus
gallinarum (2)

were used, except for the following combinations: entero-
cocei and ampicillin 2 pg: $5>10 mm and R=9 mm, and
enterococel and gentamicin 10 pg: §>10 mm and R=9% mm
(the Neo-Sensitabs gentamicin 30 pg were not available at
the time of this study). We defined these breakpoints as the
Neo-Sensitabs have a diameter of 9 mm. Therefore zones
around the Oxoid disks with diameters below 9 mm were
read as 9 mm in order to be able to compare zone diameters.
Zone diameters were measured using an electronic calliper.
If isolates were categorised differently, susceptible or resis-
tant (SR discrepancy), with the two methods according to
the EUCAST breakpoint tables for the interpretation of zone
diameters, the discrepancy was resolved with MIC testing
(Etest, bioMérieux, Craponne, France) and/or PCR, as pre-
viously described. Scatterpiots of the measured zone diam-
eters and linear regression lines were constructed using Stata
9.2 (Stata Corp LP, College Station, TX, USA).

Resulfs
Part I

The results are presented as medians and ranges in Table 1, In
ten cases, the Neo-Sensitabs range deviated outside the
EUCAST range [9], but in six of those cases, it was =1 mm
{minor deviation). The Oxoid disk range deviated from the
EUCAST range in five cases, of which four were =] mm. In
all the cases with Oxoid disk deviations, there were also
similar deviations with the Neo-Sensitabs. Four major

deviations (>1 mm) were observed with the Neo-Sensitabs.
In one case with P. geruginosa ATCC 27853, there was a
corresponding major deviation with the Oxoid disk. The Neo-
Sensitab and Oxoid disk deviation were 4 mm and 2 mm,
respectively, for meropenem (Table [). The three remaining
major deviations with the Neo-Sensitabs were observed with
meropenem (2 mm) in E, coli ATCC 25922 and with cipro-
floxacin (2 mm) and gentamicin (3 mm) in P. aeruginosa
ATCC 27853. For Oxoid disks, there were only minor devia-
tions in these three cases (Table 1).

Part IT

The total number of comparisons was 3,533. One com-
parison with trimethoprim on an 5. awreus isolate was
not performed (the Oxoid disk did not attach to the agar
surface and dropped off umnoticed when the agar was
turned upside down). Scatterplots of the measured zone
diameters with a linear regression line and an identity
line (X=Y) for each bacterial group and antimicrobial
agent are available in the Supplementary material. There
were six SR discrepancies between the two methods
(Table 3). One Klebsiella preumonige isolate was cai-
egorised S towards cefoxitin with the Neo-Sensitab and
as R with the Oxoid disk (possible AmpC producer).
However, the isolate was AmpC negative (and was
categorised as S to cefuroxime). Two SR discrepancies
were observed with cefpodoxime and cefuroxime in two
Citrobacter freundii isolates. MIC testing was not per-
formed as the cefpodoxime EUCAST MIC breakpoint is
for uncomplicated urinary fract infections only and
cefuroxime does not have a EUCAST MIC breakpoint
for C. freundii. Furthermore, according to the EUCAST
Expert rules, testing with and the use of third-generation
cephalosporing such as cefotaxime, cefiriaxone and cef:
tazidime is controversial in Citrobacter freundii [10].
There were 23 IS or IR (intermediate versus susceptible
or resistant) discrepancies. Sixteen of these discrepan-
cies were with piperacillin—tazobactam and Enterobac-
teriaceae and, in all 16 cases, the Neo-Sensitab zone
was larger than the Oxoid disk zone (1-4 mm). The
isolates were E. coli (9), K. pneumoniae (5), of which
12 were ESBL positive, and one isolate of Enterobacter
cloacge and K. oxytoca. MIC testing was performed in
13 cases of the piperacillin—tazobactam discrepancies
and categorisation was correct in five cases with Neo-
Sensitabs and in eight cases with Oxoid disks. In the
remaining seven IS or IR discrepancies, not invelving
piperacillin—tazobactam, MIC testing was performed in
five cases, and categorisation was cormrect in four cases
with Neo-Sensitabs and in one case with Oxoid disks. A
single isolate of Enterococcus gallinarum was categor-
ised as vancomycin susceptible by both the Neo-
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Table 3 SR discrepancies between the Neo-Sensitabs and Oxoid disks

Species Tablet/disic Rosco Oxoid Comment

Klebsiella prewmonige Cefoxitin 30 pg 8 R AmpC negative — § .
Profeus mirabifis Ampicillin 10 pg 8 R MIC: 12mg/. — R
Siaphylococcus epidermidis Cefoxitin 30 pg S R MecA positive — R
Staphylacoccus aureus Fusidic acid 10 pg R 8 23 mm versus 24 mm®
Citrobacter frenndii Cefpodoxime 10 pg 8 R 21 mm versus 20 mm"
Citrobacter freundii Cefuroxime 30 pg R S 17 mm versus 18 mm®

*The breakpoint was changed from 22/22 to 24/24 mm after the stud
discrepancy was initially present and MIC testing was not performed

_ SMIC testing was not performed as there is ng BUCAST MIC breakpoint

Sensitab and the Oxoid paper disk. However, the isolate
had previously been categorised as vancomycin resistant
by MIC testing with an MIC of 8 mg/l.

Discussion

The results from Part I of our study with 27 compar-
isons demonstrated six minor deviations only, i.e.
=1 mm from the EUCAST ranges, of which five were
with the Neo-Sensitabs. Although this could indicate
that these specific tablets need some adjustment, the
only apparent systematic error was the ampicillin 2-pg
tablet. The median zone diameter with & Jaecalis
ATCC 29212 and the ampicillin 2-pg tablet was
[5 mm, which is the same as the lower end of the
EUCAST quality contro! range (15-21 mm), indicating
that half of the zone diameters were below the range.
After the study had finished, we were informed by
Rosco Diagnostica that the batch used for the study
had been recalled, because of too low concentrations
of ampicillin in the tablets, which could explain the
observed errors. None of the minor deviations resulted
in SR discrepancies in Part 11 of the study. The four
major deviations (>1 mm) with the Neo-Sensitabs were
matched by similar Oxoid disk deviations, Inhibition
zones for aminoglycosides above or below the EUCAST
range with P. ageruginosa ATCC 27853 have been de-
scribed before and are probably explained by too high
or too tow concentrations of divalent cations in the MH
agar [2]. The meropenem and ciprofloxacin inhibition
zones above and below the BEUCAST range are more
difficult to explain. However, double zones are often
seen when testing meropenern and ciprofloxacin, with
fine growth that may appear as an inner zone [2]. The
EUCAST recommendation is that “Zone edges should
be read at the point of complete inhibition as judged by
the naked eye.” [2]. Tt is possible that an inner zone
was present and not included in the meropenem zone

| Springer

y had finished. As the study was performed with the old breakpoint, no

diameter but incorrectly included in the ciprofloxacin
zone diameter. This would result in zone diameters
above and below the range. All in all, 6.7 % of the
Neo-Sensitabs zone diameters and 3.2 % of the Oxoid
disk zone diameters were outside the range, Part 11 of
the study demonstrated that the Neo-Sensitabs also
worked very well with clinical isolates and resulted in
SIR categorisation in accordance with the Oxoid paper
disk, with very few exceptions.

There are some caveats in our study. We did not include
internal quality control strains for the detection of specific
resistance mechanisms. The EUCAS T-recommended straing
for this purpose with quality control targets and ranges are
being tested at the moment, e.g. E. coli ATCC 35218 (TEM-
1 P-lactamase producer) and S. aureus NCTC 12493 (oxa-
cillin hetero-resistant, mecd positive) but were not available
for this study. However, we included clinical isolates with
specific resistance mechanisms such as ESBLs, AmpC,
methicillin-resistant S. aurens (MRSA) and vancomyein-
resistant enterococci, and they were all detected, apart from
a single Enterococcus gallinarum isolate. Vancomycin re-
sistance can be difficult to detect using disk diffusion be-
cause the laboratory technicians have to differentjate
between sharp and fuzzy vancomycin zone edges. Finally,
we did not perform comparisons on the MH-F agar or on
other types of MH agar, and the resuits and conclusions
from this study are only applicable to the BBL. II MT] agar,

In summary, this study demonstrated six minor devia-
tions (=1 mm) with the Neo-Sensitabs in zone diameter
ranges for the internal quality control strains. There were
four major deviations (> mm) and, in these four cases,
there were also similar deviations with the Oxoid disks.
An apparent systematic error with the ampicillin 2-pg tablet
was observed, resulting in zone diameters below the range.
There were six SR discrepancies between the Neo-Sensitabs
and Oxoid disks with the clinical isolates. The Rosco Neo-
Sensitabs appear o be a possible alternative to Oxoid paper
disks for EUCAST disk diffusion antimicrobial susceptibil-
ity testing on Mueller—Hinton agar,
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