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Abstract The disk diffusion (DD) method remains the most
popular manual technique for antibiotic susceptibility testing
(AST) in clinical microbiology laboratories. This is because of
its simplicity, reproducibility, and limited cost compared to
(automated) microdilution systems, which are usually less
sensitive at detecting certain important mechanisms of resistance. Here, we evaluate the PREVI® Isola automated seeder
system using a new protocol for spreading bacterial suspensions (eight deposits of calibrated inocula of bacteria, followed by two rounds of rotation) in comparison with manual DD
reference testing on a large series of clinical and reference
strains. The average time required for seeding one agar plate
for DD with this new protocol was 51 s per plate, i.e., 70 agar
plates/h. Reproducibility and repeatability was assessed on
three reference and three randomly chosen clinical strains, as
usually requested by the European Committee on
Antimicrobial Susceptibility Testing (EUCAST), and was excellent compared to the manual method. The standard deviations of zones of growth inhibition showed no statistical
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discrimination. The correlation between the two methods,
assessed using 294 clinical isolates and a panel of six antibiotics (n=3,528 zones of growth inhibition measured), was
excellent, with a correlation coefficient of 0.977. The new
PREVI® Isola protocol adapted for DD had a sensitivity of
99 % and a specificity of 100 % compared to the manual
technique for interpreting DD as recommended by the
EUCAST.

Introduction
Over the past ten years, the automation of biological
specimen inoculation on agar plates, along with rapid
bacterial identification by matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) mass
spectrometry, has revolutionized clinical microbiology
laboratories and has facilitated the rapid processing of
large-volume specimens [1–4]. Automation in microbiology is an important step which will enable large numbers
of clinical samples to be processed rapidly, reproducibly,
and cost-effectively. The reproducibility and reliability of
automation are its two main benefits. Several automated
systems have now been marketed for this purpose, but
for antibiotic susceptibility testing (AST), there is still a
major need for improvement compared to microbial detection and identification [2, 5]. However, because of the
stringent AST requirements from the European
Committee on Antimicrobial Susceptibility Testing
(EUCAST) and the Clinical and Laboratory Standards
Institute (CLSI) regarding the quality of reproducibility
and repeatability of results and their interpretation, standardization of the inoculation of agar plates for the disk
diffusion (DD) method remains critical. AST can be performed either manually using DD, which is currently the

Eur J Clin Microbiol Infect Dis

most popular method in many laboratories, or via the use
of automated liquid microdilution instruments [5].
Although AST using automated instruments (e.g.,
Phoenix (Becton Dickinson) [6], VITEK 2 (bioMérieux)
[7], or MicroScan WalkAway (Siemens) [6]) that use
turbidimetric and/or colorimetric growth detection has
existed for decades [5], to the best of our knowledge,
there is currently no peer-reviewed, automated instrument
that is dedicated to the standardized inoculation of agar
plates for DD.
Here, we report the use of the PREVI® Isola automated
seeder system with a new protocol for spreading bacterial
suspensions (eight deposits of calibrated inocula of bacteria,
followed by two rounds of rotation) compared to the manual
DD reference method recommended by the EUCAST.

Materials and methods
Bacterial isolates
The reference strains used in this study to validate and assess
the repeatability and reproducibility of the technique included
Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, and Staphylococcus aureus ATCC 25923, as
recommended by the EUCAST [9].
We used 294 strains in the study, including routine clinical
isolates from the Clinical Microbiology Laboratory of Timone
Hospital in Marseille, France, as well as reference strains from
the Timone culture collection, as follows: 42 E. coli, 16
Proteus mirabilis, 38 Klebsiella pneumoniae, six K. oxytoca,
11 Enterobacter aerogenes, eight E. cloacae, 45
P. aeruginosa, five Serratia marcescens, 15 Acinetobacter
baumannii, five Morganella morganii, 20 Enterococcus
faecalis, seven E. faecium, 25S. aureus, eight S, epidermidis,
12 Streptococcus pneumoniae, six S. pyogenes, 19
S. agalactiae, and six Haemophilus influenzae. All the strains
are presented in Table 1, along with the resistance mechanism.
Antibiotic susceptibility testing (AST)
After identification by MALDI-TOF mass spectrometry, AST
was performed on solid medium according to the DD method
[3]. Inocula were obtained from fresh, 18–24-h cultures on
Trypticase soy agar (TSA) or chocolate agar plus PolyVitex
(PVX) for fastidious organisms. The cultures were seeded on
Mueller–Hinton agar (bioMérieux, Marcy l’Etoile, France)
alone or with blood for Streptococcus (bioMérieux, Marcy
l’Etoile, France). For the diffusion technique, this involved
plating a suspension of 0.5 McFarland [∼108 colony-forming
units (CFU)/ml] by flooding for 15 min after the inocula had
already been prepared for the manually seeded plates at the
same time as for the PREVI® Isola system, as recommended

the by EUCAST. Suspensions of organisms should be plated
with the PREVI® Isola system immediately after making the
0.5 McFarland suspensions.
PREVI® Isola automatic seeding
Validation step of the PREVI® Isola protocol
The PREVI® Isola (bioMérieux, Marcy l’Etoile, France) inoculation protocol was first evaluated using a suspension of
crystal violet. A machine-seeded suspension of crystal violet
on blood agar enabled the number of calibrated deposits and
the number of circles due to the circular application to be
visualized. The new protocol for automatic plating was as
follows: 40 μl of each bacterial inoculum was prepared in
sterile tubes for AST and pipetted by the instrument.
Subsequently, 5 μl of the inoculum was deposited every 45°.
In other words, eight deposits were made on the agar plate.
The plates were then streaked by the applicator for 720°, i.e.,
two rounds of streaking. Antibiotic disks were then placed on
the agar plate using the same protocol as for the manual technique. The time required for streaking on agar using this new
protocol was measured with a chronometer to determine the
average number of plates streaked per hour.
Reproducibility was analyzed as defined by the EUCAST
using the three reference strains, as well as three clinical isolates that were randomly chosen from the collection of isolates. AST for each isolate was repeated five times for the
manual technique and ten times for the PREVI® Isola streaking protocol, followed by intra- and inter-precision tests. The
zone of growth inhibition of each antibiotic tested was measured and the mean diameters of the manual and the new
PREVI® Isola protocols were compared. For the reference
strains, the zones of growth inhibition were compared to the
expected diameter documented by the EUCAST.
Correlation between the two methods
The correlation between the PREVI® Isola technique and the
standard reference manual technique was defined for the 294
clinical isolates and a panel of six antibiotics (n=3,528 zones
of growth inhibition measured). A concordance curve was
constructed by comparing the average zone diameters obtained for each antibiotic using the two techniques. A correlation
coefficient was then calculated. The mean and standard deviation of the zone of growth inhibition in the three categories
was then calculated, interpreted as susceptible, intermediate,
or resistant, using the two methods of seeding AST. We then
analyzed the results using Student’s t-test to obtain a p-value
after verifying the equality of covariance (Fisher’s test). We
considered that there was no significant difference between
the two methods when the p-value was>0.05.
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Table 1

Presentation of the bacterial isolates used in this study

Type of analysis Bacterial strains

Agar used Agar used
for inocula for AST

Number Type of resistance
of strains

Antibiotic
Escherichia coli
susceptibility
testing
Klebsiella pneumoniae

TSAa

MH2e

42

TSA

MH2

38

Proteus mirabilis
Klebsiella oxytoca
Enterobacter aerogenes
Enterobacter cloacae

TSA
TSA
TSA
TSA

MH2
MH2
MH2
MH2

16
6
11
8

Serratia marcescens
Morganella morganii
Acinetobacter baumannii

TSA
TSA
TSA

MH2
MH2
MH2

5
5
15

Pseudomonas aeruginosa

TSA

MH2

35

Pseudomonas aeruginosa
mucoid strains
Enterococcus faecalis
Enterococcus faecium
Staphylococcus aureus

TSA

MH2

10

TSA
COSb
TSA

MH2
20
f
MH2 with blood 7
MH2
25

Staphylococcus epidermidis
Streptococcus pneumoniae
Streptococcus agalactiae
Streptococcus pyogenes
Haemophilus influenzae
Total
P. aeruginosa
S. aureus
E. coli

TSA
COS
COS
COS
PVXc
294
TSA
TSA
TSA

MH2
MH2 with blood
MH2 with blood
MH2 with blood
PVX

8
12
19
6
6

MH2
MH2
MH2

10
10
3

Candida albicans
Candida krusei
Total

SGC2d
SGC2
29

RPMI
RPMI

3
3

Etest®

a

One strain with blaNDM-1; two strains with blaNDM-5;
one reference strain ATCC
Two strains with blaVIM; two strains with blaKPC-2;
one strain with blaKPC-3; two strains with blaNDM-1;
one strain with blaOXA-48; four strains resistant
to colistin
One strain with blaNDM-1
One strain multi-resistant

One strain with blaVIM; two strains with blaIMP-2;
one strain with blaOXA-23; one strain with blaOXA-24;
one strain with blaOXA-58; two strains with blaNDM-1;
one strain with blaVEB; two strains resistant to colistin
One strain with blaIMP-1; two strains with blaVIM-2;
one reference strain ATCC

Two strains vancomycin-resistant; one reference
strain ATCC
One strain vancomycin-resistant

TSA: Trypticase soy agar (bioMérieux, Marcy l’Etoile, France)

b

COS: Columbia agar+5 % sheep blood (bioMérieux, Marcy l’Etoile, France)

c

PVX: chocolate agar plus PolyVitex (bioMérieux, Marcy l’Etoile, France)

d

SGC2: Sabouraud chloramphenicol gentamicin 2 (bioMérieux, Marcy l’Etoile, France)

e

MH2: Mueller–Hinton agar (bioMérieux, Marcy l’Etoile, France)

f

MH2 with blood: Mueller–Hinton agar with blood (bioMérieux, Marcy l’Etoile, France)

Analysis of discrepant results
A discrepant result was defined as a difference of interpretation (S, I, R) between PREVI® Isola and the manual technique
according to the EUCAST guidelines. The manual technique
was used as the gold standard. A very major error (VME) was

defined as a result leading to a susceptible phenotype using the
PREVI® Isola method but which was resistant when using the
standard method. A major error (ME) was defined as a result
leading to a resistant phenotype using the PREVI® Isola method but which was susceptible when using the standard method. A minor error (mE) was defined as a result leading to an
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intermediate phenotype using the PREVI® Isola method but
to susceptibility or resistance using the standard method, and
vice versa. All discrepant results were retested 12 times using
each technique to assess the inter-experimental variability of
the two techniques. The remaining discordance after this verification was tested specifically by the Etest® to determine the
true minimum inhibitory concentrations (MICs).

MIC results were compared to those obtained using the reference manual technique.

Validation of the protocol with the Etest® technique

The average time to seed using the PREVI® Isola and the
manual technique was measured ten times. The average time
for seeding one plate with PREVI® Isola was 51 s, compared
to 1 min 40 s per agar for the manual technique, when 0.5
McFarland suspensions had already been prepared.

Twenty-six clinical isolates, including ten strains of
P. aeruginosa, ten strains of S. aureus, three strains of
E. coli, three strains of Candida albicans, and three strains
of C. krusei, were used in this study. The MICs of vancomycin
for S. aureus strains, colistin and ceftazidime for P. aeruginosa
strains, and caspofungin, fluconazole, and voriconazole for
yeast w ere determined using the Etest® method
(bioMérieux, Marcy l’Etoile, France) and by DD on
Mueller–Hinton agar, as recommended by the EUCAST. For
yeast strains, we used RPMI agar (bioMérieux, Marcy
l’Etoile, France) for antifungal susceptibility testing. The

Results
Development and validation of the PREVI® Isola protocol

Reproducibility
All zone diameters were repeatedly within the expected ranges
for the three quality control strains, and no difference was
noted between the PREVI® Isola protocol and the reference
method (Table 2). The reproducibility of zone diameters by
the two methods for the three E. coli, S. aureus, and

Table 2 Repeated zone diameter measurements of three quality control strains and the three clinical isolates by the manual technique and the PREVI®
Isola system
Isolate and method (n)

Diameter (mm, mean±SD) of zone of inhibition

Reference strains used to evaluate the techniques with EUCAST guidelines
E. coli CIP 7624
AMX
AMC
CTX
GM
Reference diameter
(22.0–26.5) (22.0–27.0) (32.5–37.5) (22.0–26.5)
Manual technique (5)
24.7±0.9
23.0±1.5
36.8±0.6
22.4±0.6
PREVI® Isola (10)
26.0±1.5
23.0±0.6
36.0±0.9
23.5±1.3
P. aeruginosa CIP 76110 TIC
PIP
CAZ
IMP
Reference diameter
(25.0–30.5) (27.5–32.5) (25.5–31.5) (24.5–29.5)
Manual technique (5)
28.7±0.6
28.4±3.3
29.9±0.8
27.7±0.5
PREVI® Isola (9)
26.2±0.9
29.7±1.6
29.6±0.9
29.3±1.0
S. aureus CIP 7625
PEN
FOX
GM
SXT
Reference diameter
(31.0–38.5) (28.0–35.0) (24.0–28.5) (28.0–32.5)
Manual technique (5)
33.9±1.2
34.4±0.7
27.6±0.6
29.6±0.2
PREVI® Isola (10)
34.4±0.5
34.7±1.5
27.2±0.5
30.5±0.5
Repeatability and reproducibility for three randomly selected clinical isolates

AMK
(21.5–26.0)
21.8±0.4
23.2±0.9
GM
(15.5–22.5)
18.6±0.5
21.3±0.8
ERY
(26.5–31.5)
31.2±0.2
30.4±0.8

AN
(25.5–30.5)
25.6±0.8
27.6±0.7
TOB
(20.5–26.5)
21.1±0.6
22.9±2.2
L
(24.5–29.5)
28.9±0.3
29.3±0.3

PEF
(29.0–35.5)
33.5±1.1
33.1±1.7
AMK
(20.0–26.0)
20.4±1.0
21.8±0.3
RIF
(34.0–39.0)
37.6±0.0
37.0±0.5

CIP
(31.0–38.0)
36.3±0.7
37.3±1.3
CIP
(29.0–36.5)
34.3±0.6
34.0±0.6
VAN
(17.5–20.5)
20.7±0.6
20.4±0.7

SXT
(25.5–30.5)
26.4±0.3
28.8±0.7
COL
(17.0–22.0)
20.3±0.5
22.1±0.5
FOS
(24.0–35.0)
29.5±1.2
30.7±1.1

E. coli (this study)
Manual technique (5)
PREVI® Isola (10)
P. aeruginosa (this study)
Manual technique (5)
PREVI® Isola (10)
S. aureus (this study)
Manual technique (5)
PREVI® Isola (10)

AMK
16.1±0.2
16.7±0.2
GM
6.0±0.0
7.42±4.0
ERY
27.1±2.2
25.4±1.1

AN
6.0±0.0
6.0±0.0
TOB
6.0±0.0
6.0±0.0
L
25.0±0.4
25.6±1.7

PEF
13.2±1.0
15.3±0.5
AMK
6.0±0.0
6.0±0.0
RIF
31.6±0.8
29.2±1.6

CIP
23.5±0.9
23.7±0.7
CIP
6.0±0.0
6.0±0.0
VAN
16.1±0.3
16.1±0.5

SXT
23.9±0.5
26.0±1.3
COL
19.2±0.8
19.8±0.8
FOS
15.9±1.9
22.1±2.2

AMX
6.0±0.0
6.0±0.0
TIC
14.6±1.9
15.2±1.1
PEN
37.2±1.1
36.3±0.7

AMC
17.1±0.5
17.5±1.0
PIP
27.0±0.4
26.4±0.9
FOX
29.7±0.6
29.0±1.1

CTX
29.5±0.8
30.5±0.8
CAZ
17.0±1.2
18.2±0.5
GM
19.5±1.0
20.4±0.7

GM
27.1±0.7
31.6±2.2
IMP
10.6±0.7
10.1±0.9
SXT
26.3±0.7
27.5±1.2

AMX amoxicillin, AMC amoxicillin–clavulanate, CTX cefotaxime, GM gentamicin, AMK amikacin, AN nalidixic acid, PEF pefloxacin, CIP ciprofloxacin, SXT trimethoprim–sulfamethoxazole, TIC ticarcillin, PIP piperacillin, CAZ ceftazidime, IMP imipenem, TOB tobramycin, COL colistin, PEN
penicillin G, FOX cefoxitin, ERY erythromycin, L lincomycin, RIF rifampicin, VAN vancomycin, FOS fosfomycin
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P. aeruginosa clinical isolates was also excellent and reproducible, and no differences were noted between the PREVI®
Isola protocol and the reference method (Table 1).
Correlation between the two methods on clinical isolates
Figure 1 shows examples of the results obtained for DD using
the PREVI® Isola system compared to using the manual reference technique. The raw concordance curve of measurements of the zone diameter between the two methods was
excellent, with a correlation coefficient of 0.974 (Fig. 2a).
The specificity of the PREVI® Isola method was 97 %, sensitivity 97 %, positive predictive value 98 %, and negative
predictive value 97 %. Among the 294 strains, the percentage
of discrepant results was 1.5 %, with 0.26 % VME (four
Fig. 1 Photos showing the
concordance of the zones of
growth inhibition between the
manual technique and the PREV
I® Isola protocol, labeled as
follows: a isolate of Klebsiella
pneumoniae; b isolate of
Escherichia coli with extendedspectrum β-lactamases (ESBLs);
c isolate of Staphylococcus
aureus

diameters), 0.06 % ME (one diameter), and 1.16 % mE (18
diameters), as presented in Supplementary Table S1. All the
results of the statistical analysis are presented in Table 3 and
all p-values were>0.05. In conclusion, no significant differences between the zones of growth inhibition using these two
methods has been demonstrated (Table 3).
The 23 discrepant results were reanalyzed 12 times using
the two techniques for inter-method variability. The results
showed that only six diameters continued to conflict for one
antibiotic; the remainder were not discrepant and were most
likely due to operating errors or real inter-method variability
(Supplementary Table S2). The six remaining discrepant results were for piperacillin–tazobactam with a β-lactamase inhibitor for four isolates and imipenem for the two other strains,
and were mainly due to variability in the manual technique.

Manual technique

a

b

c

PREVI® Isola protocol with specific labels
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a
PREVI® Isola system (mm)

Fig. 2 Study of the correlation
between the diameters obtained
by the manual technique and the
PREVI® Isola protocol for each
antibiotic tested on the 294 strains
(n=1,764): a raw r2 with all the
results; b corrected r2 after
reanalysis of discrepant results

50
45
40
35
30
25
20

r2 = 0.974

15
10

5
0
0

5

10

15

20

25

30

35

40

45

50

Manual technique (mm)

b

50

PREVI® Isola system (mm)

45
40
35
30
25
20
15

r2= 0.977

10
5
0
0

5

10

After correcting for discrepant results, the concordance curve
showed a correlation coefficient of 0.977 (Fig. 2b), the sensitivity and negative predictive value were 99 %, and the specificity and positive predictive value were 100 %.
Validation of the protocol with the Etest® technique
The results show that the MICs, as defined by the PREVI®
Isola protocol, were concordant with those obtained using the
manual reference technique, with less than one dilution difference in the MICs (Table 3). Figure S1 gives an example of an
MIC determination obtained after streaking with the PREVI®
Isola method compared to the reference manual techniques for
vancomycin for S. aureus (Fig. S1A) and for ceftriaxone for
E. coli (Fig. S1B).

Discussion
We compared the use of the PREVI® Isola automated seeder
system using a new protocol with the manual reference method for DD, as recommended by the EUCAST, to analyze a
large series of reference and clinical strains. Although it is well
known that the PREVI® Isola instrument is a robust and reproducible instrument for inoculating biological samples on a
large variety of solid media [4, 8], to the best of our

15

20
25
30
Manual technique (mm)

35

40

45

50

knowledge, this is the first study to evaluate the performance
of an automated system for streaking DD plates. We show that
the reproducibility of the method was excellent, with rapid
plating: 51 s per agar and without the lack of reproducibility
of the manual technique, which was operator-dependent.
Furthermore, the accuracy of DD for a representative number
of clinical bacterial isolates that were susceptible or resistant
to different antibiotics meant that this method could be approved as an alternative in the clinical microbiology laboratory. This system allows six antibiotics plated on 90-mmdiameter agar plates to be tested, but it would be possible to
test 12 antibiotics for AST if two agar plates were seeded at the
same time. Indeed, according to current international recommendations, a technique should be considered clinically valid
when the percentage of VME is lower than 1.5 %, if the MEs
do not exceed 3 %, and if the new method has an overall
agreement of >90 % with the reference method [5]. This was
the case in our study, which analyzed a large series of bacterial
species and antibacterial drugs, and had an VME of only
0.25 %, an ME of 0.06 %, and a correlation coefficient of
0.977 with the reference method. We found that streaking
the plates with a standardized inoculum was highly consistent,
precise, and rapid, a critical point in the accuracy and reproducibility of DD. The zone of growth inhibition with the
PREVI® Isola system was observed to be 2 to 5 mm larger
than the manual technique for susceptible strains, but this does
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Table 3

Statistical analysis of the 294 strains between the two methods of seeding: manual technique versus the PREVI® Isola system

Antibiotic(s)

Amoxicillin

EUCAST Isolate(s)
(mm)

16–21

Statistical analysis

E. coli; P. mirabilis;
E. faecalis; E. faecium

No. tested Concordant results

84

Ticarcillin

≥22

S

I

R

35

4

38

Mean diameter manual technique

26.9±3.4 18.0±0.7 6.0±0

Mean diameter PREVI® Isola

26.8±2.6 18.8±2.1 6.0±0

Student’s test: p-value
≥16

H. influenzae

>0.99
6

0.48

3

16–21

Mean diameter manual technique

10.8±4.5

24.3±2.8

Mean diameter PREVI® Isola

11.3±4.2

25.2±3.3

Student’s test: p-value

0.90

0.70

1

44

45

P. aeruginosa;
P. aeruginosa mucoid
strains
Mean diameter manual technique

11.1±5.3

Mean diameter PREVI® Isola

10.8±5.1
0.78
131

E. coli; P. mirabilis;
K. pneumoniae;
K. oxytoca;
E. aerogenes; E. cloacae;
S. marcescens;
M. morganii

33

22

23.4±2.1 18.6±1.9 7.6±3.1

Mean diameter PREVI® Isola

23.7±2.2 19.1±1.9 7,4±3.0

A. baumannii

0.46

0.38

15

6.1±0.4

Mean diameter PREVI® Isola

6.1±0.2
>0.99
37

30.4±3.6

Mean diameter PREVI® Isola

30.2±3.3

H. influenzae

≥22

Mean diameter manual technique

28.6±7.8
29.5±8.3

17–21

NS
7

35

26.2±1.4 22.9±0.7 10.8±5.9

Mean diameter PREVI® Isola

24.5±0.5 22.3±0.9 10.5±5.5

E. coli; P .mirabilis

58

0.11

0.13

0.82

26

5

25

Mean diameter manual technique

28.5±2.7 22.4±1.4 15.3±5.9

Mean diameter PREVI® Isola

28.5±2.6 22.3±1.2 15.0±6.0

Student’s test: p-value
Piperacillin–
tazobactam

3

Mean diameter manual technique
Student’s test: p-value
22–24

73

K. pneumoniae; K. oxytoca;
E. aerogenes; E. cloacae;
S. marcescens;
M. morganii
Mean diameter manual technique

NS

NS

0.85
45

NS

6

Mean diameter PREVI® Isola
P. aeruginosa;
P. aeruginosa mucoid
strains

NS

1

0.80
6

Student’s test: p-value
Ticarcillin–
clavulanate

36

Mean diameter manual technique
Student’s test: p-value
≥15

0.69

Mean diameter manual technique

S. pneumoniae;
S. pyogenes;
S. agalactiae

NS

15

Student’s test: p-value
≥21

NS

75

Mean diameter manual technique
Student’s test: p-value
18–22

>0.99
3

Student’s test: p-value
Amoxicillin–
clavulanate

Comments

>0.99

0.90

0.86

40

10

20

25.6±3.3 18.9±1.0 9.4±3.9

NS

NS
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Table 3 (continued)
Antibiotic(s)

EUCAST Isolate(s)
(mm)

Statistical analysis

No. tested Concordant results
S

14–19

I

26.0±3.6 18.8±1.0 10.2±3.7

Student’s test: p-value

0.61

0.83

0.50

1

1

12

A. baumannii

15
Mean diameter manual technique

6.6±1.9

Mean diameter PREVI® Isola

6.8±1.9
0.80
45

P. aeruginosa;
P. aeruginosa mucoid
strains

≥24

25.2±5.4

10.5±3.2

25.6±2.9

11.8±4.1

0.72

0.38

86

45

131

E. coli; P .mirabilis;
K. pneumoniae;
K. oxytoca;
E. aerogenes; E. cloacae;
S. marcescens;
M. morganii
Mean diameter manual technique

30.3±3.4

10.2±6.1

Mean diameter PREVI® Isola

30.0±3.1

11.7±5.9

0.55

0.26

A. baumannii

15
Mean diameter manual technique

6.0±0.0

Mean diameter PREVI® Isola

6.0±0.0
>0.99
45

P. aeruginosa;
P. aeruginosa mucoid
strains

≥19

23–26

23.5±2.7

9.0±4.4
9.4±4.7

0.91

0.75

3

41

45

P. aeruginosa;
P. aeruginosa mucoid
strains
Mean diameter manual technique

19.6±0.6

9.7±4.5

Mean diameter PREVI® Isola

20.8±1.5

9.5±4.7

E. coli; P .mirabilis;
K. pneumoniae;
K. oxytoca;
E. aerogenes; E. cloacae;
S. marcescens;
M. morganii;
A. baumannii

0.26
146

17–24

E. coli; P .mirabilis;
K. pneumoniae;
K. oxytoca;

0.84
12

30.5±3.0 24.9±0.9 8.2±4.6
30.3±3.1 24.7±0.9 8.3±4.6
0.57
6

0.58

4

0.90

37.0±5.9

23.2±1.8

Mean diameter PREVI® Isola

36.7±5.0

25.1±0.3

0.94
90

NS

NS

NS

NS

2

Mean diameter manual technique

146

NS

67

Mean diameter PREVI Isola

Student’s test: p-value
Imipenem

67

Mean diameter manual technique

H. influenzae

NS

26

23.4±2.4

Student’s test: p-value
≥30

1

Mean diameter PREVI® Isola

Student’s test: p-value
Ceftriaxone

17

Mean diameter manual technique
Student’s test: p-value
Ceftazidime

NS

15

Student’s test: p-value
≥19

NS

13

Mean diameter PREVI® Isola

Student’s test: p-value
23–26

30

Mean diameter manual technique
Student’s test: p-value
Cefepime

R

Mean diameter PREVI® Isola

Student’s test: p-value
≥19

Comments

0.14
17

32

NS
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Table 3 (continued)
Antibiotic(s)

EUCAST Isolate(s)
(mm)

Statistical analysis

No. tested Concordant results
S

I

Comments
R

E. aerogenes; E. cloacae;
S. marcescens;
M. morganii;
A. baumannii
Mean diameter manual technique

27.6±2.9 21.4±1.9 7.7±3.3

Mean diameter PREVI® Isola

27.6±2.7 22.2±1.0 8.5±3.9

Student’s test: p-value
17–22

45

P. aeruginosa;
P. aeruginosa mucoid
strains

≥15

25–27

≥15

24.6±2.6 19.3±1.5 10.9±3.3
0.64
88

K. pneumoniae; K. oxytoca;
E. aerogenes; E. cloacae;
A. baumannii;
S. marcescens;
M. morganii

13–16

16.7±1.2

7.5±2.3
7.4±2.1

S. aureus; S. epidermidis

0.17
33

≥20

29.9±2.7

12.9±5.8

29.5±2.5

13.8±6.3

0.70

0.68

27

6

S. aureus; S. epidermidis

33
Mean diameter manual technique

31.4±3.8

6.0±0.0

Mean diameter PREVI® Isola

31.5±3.9

6.0±0.0

0.92
37

S. pneumoniae;
S. pyogenes;
S. agalactiae

27

>0.99
3

30.2±4.1 17.9±1.6 6.0±0.0

Mean diameter PREVI Isola

30.2±3.6 19.8±1.3 6.0±0.0
>0.99
33

30

0.18

>0.99

24.7±3.4

6.0±0.0

Mean diameter PREVI® Isola

25.1±2.8

6.0±0.0

0.54

>0.99

31

2

33
Mean diameter manual technique

28.7±4.5

10.4±6.2

Mean diameter PREVI® Isola

28.8±3.8

10.4±6.2

0.93

>0.99

60

3

63

S. pneumoniae;
S. pyogenes;
S. agalactiae; E. faecalis;
E. faecium
Mean diameter manual technique

26.0±4.2

7.3±2.2

Mean diameter PREVI® Isola

26.2±3.6

8.3±4.0

0.78

0.72

H. influenzae

6
Mean diameter manual technique

6
20.8±2.2

NS

NS

NS

3

Mean diameter manual technique

S. aureus; S. epidermidis

NS

7

Mean diameter manual technique

S. aureus; S. epidermidis

NS

19

Mean diameter PREVI® Isola

Student’s test: p-value
14–16

0.88
1

Mean diameter manual technique

Student’s test: p-value
≥17

13

NS

21

17.0±1.3

Student’s test: p-value
Gentamicin

0.68

Mean diameter PREVI® Isola

Student’s test: p-value
Trimethoprim–
sulfamethoxazole

0.79

66

Mean diameter manual technique

Student’s test: p-value
17–21

15

25.0±3.0 19.5±1.5 11.4±3.3

Student’s test: p-value
Clindamycin

0.43

4

Mean diameter PREVI® Isola

Student’s test: p-value
Cefoxitin

0.15

26

Mean diameter manual technique
Student’s test: p-value
Colistin

>0.99

NS

NS

NS
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Table 3 (continued)
Antibiotic(s)

EUCAST Isolate(s)
(mm)

Statistical analysis

No. tested Concordant results
S

Vancomycin

≥17

Mean diameter PREVI® Isola

21.8±1.9

Student’s test: p-value

0.42
70

S. aureus; S. epidermidis;
S. pneumoniae;
S. pyogenes;
S. agalactiae

23.4±4.7

14.5±3.1
15.0±3.2

>0.99
26

18.8±1.4 16.8±0.7 6.0±0.0
0.25
33

21–23

23.4±4.7

14.5±2.7

23.3±4.3

14.7±2.7

E. faecalis; E. faecium

>0.99
26

17–21

12

17.6±0.8 16.2±0.5

Mean diameter PREVI® Isola

18.1±1.1 16.5±0.3
37

0.19

0.08

20

2

≥15

29.9±3.1 24.4±0.6 18.9±6.0
29.4±2.5 24.3±0.5 18.7±6.1
0.58
37

≥23

≥18

0.93

NS

17

27.4±3.5

14.3±1.3 NS

Mean diameter PREVI® Isola

27.9±3.0

14.5±1.5

E. faecalis; E. faecium

0.63
26

1

0.68
1

24
7.8±2.0

Mean diameter PREVI® Isola

7.5±1.8

Student’s test: p-value

0.59

E. faecalis; E. faecium

26

18
19.0±1.9

12.8±3.0

Mean diameter PREVI® Isola

20.2±2.2

12.1±2.8

0.07

0.59

5

1

H. influenzae

6
Mean diameter manual technique

29.2±4.3

Mean diameter PREVI® Isola

29.2±4.2

H. influenzae

>0.99
6

NS

NS

6

Mean diameter manual technique

23.8±3.1

Mean diameter PREVI® Isola

24.1±3.6

Student’s test: p-value

0.88

S sensitive, I intermediate, R resistant, NS no significant difference between the two methods

NS

7

Mean diameter manual technique

Student’s test: p-value
Rifampicin

0.87

20

Mean diameter manual technique

Student’s test: p-value
Nalidixic acid

NS
14

Mean diameter PREVI® Isola
S. pneumoniae;
S. pyogenes;
S. agalactiae

NS

1

Mean diameter manual technique

Mean diameter manual technique

Nitrofurantoin

0.79
13

Mean diameter manual technique

S. pneumoniae;
S. pyogenes;
S. agalactiae

NS

28

Mean diameter PREVI® Isola

Student’s test: p-value
Lincosamide

>0.99

Mean diameter manual technique

Student’s test: p-value
Doxycycline

0.07

5

NS

2

19.5±1.6 16.5±0.5 6.0±0.0

Student’s test: p-value
24–26

0.73
10

Mean diameter PREVI® Isola

Student’s test: p-value

Erythromycin

14

Mean diameter manual technique

≥17

8–17

9

23.3±4.3

E. faecalis; E. faecium

S. aureus; S. epidermidis

NS

60

Mean diameter PREVI® Isola

Student’s test: p-value
Teicoplanin

R

Mean diameter manual technique
Student’s test: p-value
8–17

I

Comments

NS
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not change the interpretation of resistance to the antibiotic. In
order to clarify whether this phenomenon could affect the
overall interpretation, we calculated the p-value for all 294
clinical isolates presented in Table 3. No statistical difference
was observed. One possible explanation for such a difference
could be that the volume of inoculum seeded by PREVI®
Isola was lower in comparison with the manual technique. In
addition, the streaking protocol was also usable for MIC determination by the Etest® but had to be placed on the sides of
the agar. The center of the agar is the localization of the deposits and represents the most significant concentration in
bacteria. Implementation of this protocol on any PREVI®
Isola instrument is very easy because it requires a single software update, and the new protocol can be used in addition to
the standard inoculation protocol, resulting in increased flexibility when using the instrument in clinical microbiology laboratories. The results obtained in this study are entirely in line
with the manual reference DD method, and the EUCAST
expert rules could, therefore, be applied without changes [9].
Thus, this new protocol could be considered a new element in
the automation of clinical microbiology laboratories, and
should accelerate inoculation, identification, and AST by
DD, which are key factors in the reduction of mortality, hospital stay, and healthcare costs [10, 11].
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