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Abstract
The accuracy of Vitek 2, WalkAway 40, and DL-96 systems
for susceptibility testing of penicillin against 547 S. aureus
was evaluated using broth micro dilution. BlaZ gene was
taken as gold standard to predict penicillinase-producing or
not. Overall, there are no very major error in Vitek 2, one in
WalkAway 40 and seven in DL-96. No major errors and 59
minor errors were noted in this study. The results showed
that Vitek 2 had more reliable rate to predict penicillinase-
producing S. aureus.

Introduction
S. aureus is still common etiological agents involved in almost

all tissue infections. Since the penicillinase-producing S. aureus
was first isolated in 1940s, infections caused by penicillin-
resistant strains with sharply increase in the world [1]. In China,
almost 10% S. aureus clinical isolates were considered penicillin
resistant in recent years [2,3]. Because of its narrow spectrum
and low cytotoxicity, it is usually valuable for penicillin to cure
penicillin susceptible S. aureus isolates [4]. However, a false
positive penicillinase report might result in potentially
misleading therapy for the pathogen infection. CLSI
recommends supplemental tests should be performed even
penicillin MIC (≤ 0.12 mg/L) in drug sensitive range [5]. In China,
many commercial automated systems for microbial susceptibility
testing are widely used in clinical microbiology laboratories in
recent years, including imported automated systems (such as
Vitek 2 system, bioMerieux, Lyon, France; Microscan
WalkAway-40 Plus, Siemens company, Berlin, German) in some
tertiary hospitals [6,7] and Chinese domestic medical systems
(such as DL-96, Zhuhai Dier company, Zhuhai, China) in small and

medium-sized hospitals. Although the Ministry of Health of
China each year perform external quality control for improving
these instruments detecting results, technicians pay more
attention to correct pathogens, identification, and antimicrobial
susceptibility results more depend on manual methods. As a
result, it is necessary to assess whether these instruments can
offer accurate antimicrobial susceptibility testing (AST) reports
or not.

Aim of the Study
The aim of this study is to evaluate the susceptibility testing of

penicillin of the vitek 2 AST-67 card, WalkAway P33 panel and
DL-90 positive panel for S. aureus isolates. We collected 550
clinically significant S. aureus isolates during January 2010 to
December 2015 from different hospitals in China. All strains
were re-identification as previously described [8], penicillin
susceptibility testing using broth micro dilution method
referenced by CLSI and β-lactamase detection using blaZ gene
PCR [9]. The amplified primers blaZ-F: 5 '-
TTCAACACCTGCTGCTTTCGG-3' and blaZ-R:5 '-
CCTTCATTACACTCTTGGCGGTTTC-3' were designed based on the
penicillin enzyme gene [10]. Amplification conditions: 5 min at
94; 30 s at 94, 45 s at 58, 30 s at 72 for a total of 30 cycles, and
finally extends for 7 min. The amplified product was determined
by 2% agarose gel electrophoresis. At the same time, we
assessed percentages of agreement in clinical categories,
including essential agreement (EA) [the same MIC values (within
± 1 dilution) were obtained by the automated systems and the
reference method], categorical agreement (CA) (test MICs
interpreted within the same susceptibility category as the
reference method), very major error (VME) (resistant by the
reference method but susceptible by the test method), major
error (ME) (susceptible by the reference method but resistant by
the test method), and minor error (mE) (susceptible or resistant
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by either the reference or the test method but intermediate by
the other method). These results were not thought to disagree
when MICs determined by reference micro dilution were under
or over the limit concentrations in the automated panels, these
results were never considered to disagree.

Result
During our study period, 547 S. aureus isolates were

considered as correct identification, 3 were misidentified,
including one in each instrument. According to the AST results of
these systems, there were 247 (45.2%) penicillin-susceptible,

300 (54.8%) penicillin-resistant strains. However, the results
would be revised with 261 (47.7%) penicillin-susceptible and 286
(52.3%) penicillin-resistant strains by reference method.
Compared with reference method, the Vitek 2 EAs was 91.5%
and CAs was 94.5%, the WalkAway 40 EAs was 85.0% and CAs
was 90.2%, the DL-96 EAs was 80.2% and CAs was 85.0% (Table
1). There were no MEs with these automated systems. There
were only 12 mEs with Vitek 2, WalkAway 40 resulted in 19
discrepancies (18 mEs and 1 VMEs) and DL-96 had 7 VMEs and
29 mEs (Table 1), which meant Vitek 2 had more accurately
detecting results, consistent with literature [11].

Table 1: Summary of the results obtained with automated methods compared to the results of reference micro dilution assay.

Automated
systems

System

(concns in mg/
liter)

No.of Isolatesa EAb

(no.[%])

CAc

(no.[%])

VMEd

(no.[%])

MEe

(no.[%])

mEf

(no.[%])

Total R I S

Vitek 2 0.125, 0.25, 1,
2, 8, 64

184 89 0 95 91.5 94.5 0 0 12(6.5)

40 Plus 0.03, 0.12, 0.25,
2,8

196 123 0 73 85.0 90.2 1(0.5) 0 18(9.2)

DL-96 0.12, 0.25, 1.0,
2.0

167 88 0 79 80.2 85.0 7(4.2) 0 29(17.4)

aR: resistant; I: intermediate; S: susceptible; bEA: essential agreement (MIC within ± 1 doubling dilution); cCA: categorical agreement; dVME: very major error; eME: major
error; fmE: minor error.

Table 2: Comparison three automated systems penicillin value with broth micro dilution and blaZ gene.

Penicillin

MICa

(n=547)

No of isolates

blaZ positive blaZ negative

Vitek 2

(n=75)

40 Plus

(n=130)

DL-96

(n=87)

Vitek 2

(n=89)

40 Plus

(n=64)

DL-96

(n=80)

0.015 0b 0c 0b 0b 4b 4c 2b 7b

0.03 2 2 4 6c 1 31 31 17 23c 15

0.06 5 6 3 3 24 26 18 28

0.12 4 5 12 11 9 10c 39 25 17 34 16 66c

0.25 6 7 16 27 15 23 2 2 5 6 2 5

0.5 7 6 10 10 0 0 2 5

1.0 6 5 7 9 11 0 0 1 6 8

2.0 5 6 11 26 7 43 1 1 2 1 0 1

4.0 6 7 11 7 0 0 0 0

8.0 8 5 16 61 8 0 0 0 0 0

16.0 10 9 17 9 0 0 0 1

32 5 6 14 3 0 0 0 0

64 11 11 12 6 0 0 0 0

a: broth micro dilution assay; b: measuring value by broth micro dilution assay; c: automated systems measuring value.

In order to gain a better understanding correctness of these
systems about to predict penicillinase production or not, blaZ

gene was taken as the gold standard to evaluate. The results
showed that false positive rate was 1.8% (3/164) and false
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negative rate was 6.0% (11/184) in Vitek 2, 5.1% (10/196) and
10.0% (19/196) in WalkAway 40, 8.4% (14/167) and 7.8%
(13/167) in DL-96, respectively (Table 2). There was no
significant difference between these instruments in false
negative rate, but significantly higher in DL-96 than vitek 2 in
false positive rate (χ2=6.59, P=0.01). Additionally, vitek 2 had
91.5% (150/164), WalkAway 40 had 85.2% (167/196) and DL-96
had 83.8% (140/167) coincidence rate, there are no obviously
difference among them.

Because of a limited concentration number (sometimes
discontinuous scales) for penicillin detection in these panels or
cards, automated systems with advanced expert systems can
potentially enhance the reproducibility and the reliability of test
results [11]. For example, penicillin detecting hole in vitek 2 has
5 concentration gradient, including 0.125, 0.25, 1, 2, 8, 64 mg/L,
respectively. Because of high photoelectric colorimetry
sensitivity and intelligent calibration system, Vitek 2 could detect
wide range penicillin concentration, from 0.015 to over 64 mg/L.
Consequently, these reports can offer more excellent reports to
improve the quality of patient care. Although WalkAway 40 has
5 different penicillin detecting hole, including 0.03, 0.12, 0.25, 2
and 8 mg/L, respectively, because of lack intelligent calibration
system, there is only 5 report model, including 0.03, 0.12, 0.25, 2
and 8 mg/L. Compared with broth micro dilution, the
coincidence rate was 85.0% (165/194), however, owing to
instrument operation convenience, many customers choose the
system. DL-96 system is China’s domestic microbial instruments,
only 4 measuring hole, including 0.12, 0.25, 1.0 and 2.0 mg/L,
respectively, there is only 4 report model, as a result, the
coincidence rate was only 80.2 % (134/167) compared with
broth micro dilution.

Conclusion
In conclusion, the results of this study considered that vitek 2

has most reliable rate for susceptibility testing of penicillin in S.
aureus because of its excellent expert system. DL-96 had only
80.2% coincidence, but it could meet most clinical requirements
in detecting penicillin susceptibility in S. aureus. In a word, each
automated system has its advantages and disadvantages in
clinical application in China.
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