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Abstract

Objective: Automated systems are needed for the rapid and accurate diagnosis of Pseudomonas-
associated nosocomial infections among critically ill patients admitted to the intensive care unit.
We assessed the performance of TDR-300B and VITEK®2 for the identification of P. aeruginosa
using VITEK®-MS as the gold standard.

Methods: This analytical study employed a cross-sectional approach. First, 44 clinical isolates of
P. aeruginosa were collected and refreshed. Next, a single colony of oxidase-positive, gram-neg-
ative rods (30 samples) was inoculated into a TDR-300B NF-64 card and VITEK®2 GN cassette
for each isolate. Finally, bacterial identification was performed using VITEK®-MS for comparative
analysis.

Results: Compared with the results for VITEK®-MS, the congruence rates for TDR-300B and
VITEK®2 were 80.76% (21/26) and 92.30% (24/26), respectively. Further, high sensitivity was
observed for TDR-300B and VITEK®2 (95.45% and 100%, respectively). In addition, TDR-300B
had a lower positive predictive value and accuracy than VITEK®?2, albeit without significance.
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Conclusions: Conclusively, there were no significant differences regarding the diagnostic effi-
ciency of TDR-300B and VITEK®2 for P. aeruginosa.
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Introduction

Pseudomonas aeruginosa is a ubiquitous,
Gram-negative opportunistic  pathogen
capable of thriving under myriad environ-
mental conditions.! It causes serious
nosocomial/hospital-acquired infections in
humans, especially in those with compro-
mised immune systems or pre-existing dis-
eases.” The pathogen is the most commonly
isolated microorganism in the clinical speci-
mens of patients with respiratory tract
infections, primarily including patients
admitted to the intensive care unit (ICU)
and those receiving mechanical ventilation.
These patients are likely to experience
ventilator-associated pneumonia, leading
to high mortality rates.>® Further, the
emergence of multidrug-resistant (MDR)
strains has increased the incidence of life-
threatening Pseudomonas infection globally.
Therefore, it is critical to compare and
assess the capability of the available diag-
nostics for identifying MDR strains in
clinical samples.” !

An efficient disease management pro-
gram relies on the rapid and accurate diag-
nosis of causative agents. Unfortunately,
this is hampered by the complexity and
variability of sample types and volumes
and analytical processes involved in rou-
tine testing procedures. With the advent of
advanced diagnostics, most microbiology
work-up algorithms are automated and

computerized.'? These systems generate
faster and more precise results. VITEK®2
(BioMerieux, Marcy-1'Etoile, France) and
TDR-300B (Mindray, Shenzhen, China)
are highly efficient and robust bacterial
diagnostic systems. Although there is sub-
stantial evidence for the reliability of
VITEK®2 for bacterial identification,
scarce data on the performance of the
TDR-300B biochemical test array have
been reported.'> !¢ In the present study,
we evaluated and compared the diagnostic
capability of TDR-300B and VITEK®2 to
VITEK®-MS for the accurate identifica-
tion of P. aeruginosa using clinical
specimens.

Materials and methods

Study outline and specimen

This analytical study, which employed a
cross-sectional approach, was performed
to correlate the identification capabilities
of TDR-300B and VITEK®2 in comparison
with  VITEK®-MS (BioMerieux). Forty-
four clinical samples were procured from
patients, especially those admitted to the
ICU of Atma Jaya Catholic University of
Indonesia (North Jakarta, Indonesia),
between 2015 and 2018. These samples
mainly comprised sputum samples along
with non-sputum samples, including those
from the appendix, blood, feces, eye scab,
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pus, throat, and urine. The samples were
stored at —20°C until further use.
Bacterial isolation was performed in a
fully equipped microbiology laboratory
(Microbiology Department, School of
Medicine and Health Science, Atma Jaya
Catholic University of Indonesia) according
to standard procedures and guidelines.'”

Research ethics and patient consent

Clinical specimens were obtained with the
prior informed consent of each patient.'®
The present study was performed according
to the standard guidelines and approval of
the Departmental Ethical Committee of the
School of Medicine and Health Science,
Atma Jaya Catholic University of
Indonesia (Ethical approval number: 11/
05/KEP-FKUAJ/2017).

Microbiology work-up and bacterial
isolation

Phenotype identification exploits the
observable morphological (e.g, cell shape,
size, and arrangement, colony features,
cell motility), cultural (e.g., size, shape, sur-
face, elevation, edged, opacity, color, hemo-
lysis, consistency), and  biochemical
characteristics (metabolic properties) of a
microorganism using a manual, semi-
automated, or automated technique.
Conventionally, these include Gram stain-
ing, assessments of growth characteristics
on solid-nutrient agar medium (e.g., blood
agar, MacConkey agar), and biochemical
metabolic tests (e.g., indole production
test, citrate utilization test, oxidase test).19

In all cases, microbial growth was
allowed at 35+ 2°C for 18-24 hours. After
phenotype characterization, a single colony
was isolated for each isolate and processed
for further analysis.

Bacterial identification

The Gram-negative, oxidase-positive rods
selected on blood agar and MacConkey
agar were subjected to the semi-automated
TDR-300B and fully automated VITEK®2
methods of identification. In this study,
P. aeruginosa ATCC 27853 was used as a
reference strain for identification using
TDR-300B, VITEK®2, and VITEK®-MS.

In the semi-automated TDR-300B
instrument, there are separate devices for
specimen insertion, inoculation, incubation,
and analysis with a manual loading of the
specimen in each device. Specifically, the
inoculated  cultures (on the non-
fermentative [NF]-64 card) are incubated
outside the instrument. On the contrary,
VITEK®2 is a fully automated instrument
that allows microbial analysis and antimi-
crobial sensitivity tests on the same device.
Both instruments perform automated iden-
tification and antimicrobial sensitivity test
analysis.?**!

Inoculum preparation. Single colonies on the
nutrient agar slant were selected and sus-
pended in 2.5 mL of 0.45% sterile saline
to adjust the bacterial suspension to a 0.5
McFarland turbidity standard using a den-
sitometer (BioM¢rieux) according to the
manufacturer’s instructions. Each bacterial
suspension was prepared within 30 minutes
of inoculation into the NF-64 card/gram-
negative (GN) cassette for identification
by TDR-300B or VITEK®2 (Figure 1).%>

TDR-300B semi-automated identification
method. Colonies on a nutrient agar slant
were made suspended in a 0.5 McFarland
solution and inoculated in the NF-64 card.
The biochemical test array of the NF-64
card, which allows for 18 biochemical tests
simultaneously, is presented in Table 1. The
inoculated card was then incubated at 35+
2°C for 18 to 24 hours. TDR-300B
Microorganism Analysis System version
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Figure I. (a) TDR-300B and its (b) NF-64 card. (c) VITEK®2 and its (d) GN cassette

NF, non-fermentative; GN, gram-negative.

1.0.0.7 software (Mindray) was used for
reading.

VITEK®2 automated identification ~method.
Bacterial suspensions (0.5-0.63 McFarland)
were prepared and inoculated in the GN cas-
sette. The biochemical test array of the GN
cassette is presented in Table 2. The analysis
was performed using VITEK®2 software ver-
sion 07.01 (BioMérieux).

VITEK®-MS standard automated identification
method. VITEK®-MS was used as a gold
standard for the identification of P. aerugi-
nosa. Pure isolates were prepared on nutri-
ent agar followed by a direct cell profiling
for gram-negative bacteria. Accordingly, a
single colony was selected for each isolate
and spotted directly onto the target slide,
which was immediately overlaid with the

Table I. Biochemical test array of the TDR-300B
NF-64 card.

TDR-300B NF-64 card (18 tests)

Arginine Lactose
Galactose Mannitol
Gelatin Glucose
Xylose Urea
Maltose Esculin
Acetamide Glucose
Lysine Sucrose
Sodium citrate Fructose

2-Nitrophenyl-f-p Sodium chloride

galactopyranoside

NF, non-fermentative.

matrix solution. Finally, spectral analysis
was performed using the Knowledge Base
version 3.0 database and Spectraldentifier
R2.1.0 software (BioMérieux).
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Statistical analysis

In this study, the sample size (n) was calcu-
lated as follows:

n_ZocszxQ
N d?

where Zo is the conversion of the area under
the normal curve at a certain confidence
level against the standard deviation, P
equals 20% (the incidence of ventilator-
associated pneumonia attributable to
P. aeruginosa in the ICU of Atma Jaya
Catholic University of Indonesia between
2015 and 2018), Q equals 1 —P, i.e., 80%,
and d is the degree of precision desired (0.1).

The accuracy interval applied was equal
to 95%, and then Za was 1.96. Using these
values, the target sample size was calculated
as follows:

1.96% x 0.2 x 0.8
n=———————

0.1
n=~062

The congruence between TDR-300B and
VITEK®2 was analyzed using the interrater
reliability test. Results were reported as the
percent of agreement (Pa) or kappa value.
Fisher’s exact test and Bayes’ formula were
applied to compare the results obtained
using TDR-300B and VITEK®2 with
those obtained using VITEK®-MS.

The final identification results for TDR-
300B and VITEK®2 were classified as (a)
correct identification of an organism at
the genus and species levels, (b) misidenti-
fied because of an incorrect identification,
and (c) not identified when an acceptable
level of identification was not achieved.

Results

Forty-four clinical isolates labeled as P. aeru-
ginosa were retrieved in this study. After phe-
notype characterization, only 30 isolates could

be processed for further analysis. The selected
colonies were off-white, undulate, convex,
medium, mucous, f-hemolytic, gram-
negative bacilli with a negative MacConkey
test and positive oxidase activity.

Performance of TDR-300B in the identi-
fication of P. aeruginosa

The accuracy of TDR-300B in the identifica-
tion of P. aeruginosa was 87.09% (27/31
samples) at the genus and species levels,
including the control strain (Table 3). The
average probability of the phenotype, based
on 18 biochemical tests, was 96.14% (confi-
dence interval [CI]=95%; standard devia-
tion [SD]=8.1%;  variance =0.66%).
Among the 27 isolates identified as P. aeru-
ginosa, four isolates had a probability value
below the deviation range. In addition, these
isolates exhibited different biochemical activ-
ities in the galactose, 2-nitrophenyl-f-p-gal-
actopyranoside, mannitol, glucose, and
fructose tests. Furthermore, TDR-300B mis-
identified four isolates, namely Shewanella
putrefaciens, Chryseobacterium meningosepti-
cum, Stenotrophomonas maltophilia, and
Acinetobacter baumannii (Table 3).

Performance of VITEK®2 in the
identification of P. aeruginosa

VITEK®2 correctly identified P. aeruginosa
in 28 samples, including the control strain,
giving an accuracy of 96.77% (30/31
isolates) at the genus level and 90.32%
(28/31 isolates) at the species level (Table
3). The average probability of the phenotype
based on 47 biochemical tests was 96.97%
(CI=95%; SD = 3.98%; variance = 0.16%)).
Among the 28 isolates identified as P. aeru-
ginosa, one isolate had a probability value
below the deviation range. Additionally, dif-
ferences were observed in the biochemical
reactions for p-N-acetyl-glucosaminidase,
p-mannitol, lipase, urease, D-trehalose,
coumerate, O/129 resistance (comp. vibrio),
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Table 2. Biochemical test array of the VITEK®2 GN cassette.

VITEK®2 GN cassette

L-Proline arylamidase
Ala-Phe-Pro-arylamidase
Adonitol
p-N-acetyl-glucosaminidase
Glutamyl arylamidase transferase
D-Glucose
y-glutamyl-transferase
Fermentation glucose
p-glucosidase

Lipase

Palatinose

Tyrosine arylamidase Urease
p-Sorbitol
Saccharose/sucrose
D-Tagatose

D-Trehalose

Sodium citrate

Malonate
5-Keto-D-gluconate
L-Lactate alkalinization
o-glucosidase

Succinate alkalinization
p-xylosidase

Glycine arylamidase
L-Pyrrolidonyl-arylamidase
L-Arbitol

D-Cellobiose
[f-galactosidase

H,S production

D-Maltose

D-Mannitol

D-Mannose

Ornithine decarboxylase
Lysine decarboxylase
L-Histidine assimilation
Coumerate
f-glucuronidase

0/129 resistance (comp. vibrio)
Glu-Gly-Arg-arylamidase
L-Malate assimilation
L-Lactate assimilation
f-N-acetyl galactosaminidase
o-galactosidase

Ellman

Phosphate

p-alanine arylamidase pNA

GN, gram-negative.

Glu-Gly-Arg-arylamidase, and L-lactate
assimilation tests. Further, VITEK®2 misi-
dentified two isolates, namely Burkholderia
pseudomallei and P. putida (Table 3).

TDR-300B versus VITEK®2

The congruency values for TDR-300B and
VITEK®2 at the genus and species levels
were 83.87% (26/31 isolates) and 80.64%
(25/31 1isolates), respectively (Table 3).
This incongruence at the species level
occurred because of a mismatch for two
isolates, namely P. aeruginosa and
P. putida. In the biochemical test arrays
in TDR-300B (NF-64 card) and
VITEK®2 (GN cassette), similar results
were obtained for only nine tests: xylose,
glucose fermentation, mannitol, urea, glu-
cose oxidation, maltose, sodium citrate,

sucrose, and lysine (Table 4). Because
most of these tests produced either posi-
tive or negative results using TDR-300B
(NF-64 card) and VITEK®2 (GN cas-
sette), only Pa could be evaluated. Both
the NF-64 card and GN cassette generated
negative results for the urea (70.96%), glu-

cose oxidation  (90.32%), maltose
(93.54%), sodium citrate (93.54%),
sucrose  (93.54%), and lysine tests

(96.77%) with a good to almost perfect
Pa (Pa>60%) for these tests (Table 4).
Furthermore, none to fair Pa (Pa<0%
to 45%) was observed for the xylose
(6.5%), glucose fermentation (29.03%),
and mannitol tests (42.85%) (Table 4). In
addition, the TDR-300B NF-64 card pro-
duced more positive results for these bio-
chemical tests than the VITEK®2 GN
cassette (Table 4).
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Table 3. Identification of P. aeruginosa by TDR-300B, VITEK®2, and VITEK®MS.

TDR-300B VITEK®2

Identification *Probability Identification *Probability VITEK®MS

P. aeruginosa 99.72% P. aeruginosa 96% P. aeruginosa
P. aeruginosa 99.25% P. aeruginosa 95% P. aeruginosa
’s. putrefaciens 75.85% P. aeruginosa 87% P. aeruginosa
P. aeruginosa 99.72% “B. pseudomallei 91% P. aeruginosa
P. aeruginosa 92.94% P. aeruginosa 89% P. aeruginosa
P. aeruginosa 83.50% P. aeruginosa 99% P. aeruginosa
P. aeruginosa 99.57% P. aeruginosa 99% P. aeruginosa
P. aeruginosa 83.50% P. aeruginosa 97% P. aeruginosa
P. aeruginosa 99.25% P. aeruginosa 91% P. aeruginosa
P aeruginosa 66.36% P. putida 95% P. putida

P. aeruginosa 99.54% P. aeruginosa 99% P. aeruginosa
P. aeruginosa 99.54% P. aeruginosa 90% P. aeruginosa
C. meningosepticum 58.27% P. aeruginosa 93% P. aeruginosa
P. aeruginosa 99.72% P. aeruginosa 99% P. aeruginosa
P. aeruginosa 99.36% P. aeruginosa 99% P. aeruginosa
P. aeruginosa 99.84% P. aeruginosa 99% P. aeruginosa
P. aeruginosa 99.74% P. aeruginosa 99% P. aeruginosa
’s. maltophilia 99.95% P. aeruginosa 99% P. aeruginosa
P. aeruginosa 99.25% P. aeruginosa 99% P. aeruginosa
“A. baumannii 70.54% “P. putida 95% P. aeruginosa
P. aeruginosa 99.54% P. aeruginosa 99% P. aeruginosa
P. aeruginosa 99.72% P. aeruginosa 95% P. aeruginosa
P. aeruginosa 82.55% P. aeruginosa 97% P. aeruginosa
P. aeruginosa 99.72% P. aeruginosa 98% Not identified
P. aeruginosa 99.54% P. aeruginosa 95% Not identified
P. aeruginosa 99.84% P. aeruginosa 99% Not identified
P. aeruginosa 99.84% P. aeruginosa 97% Not identified
P. aeruginosa 99.74% P. aeruginosa 86% P. aeruginosa
P. aeruginosa 99.25% P. aeruginosa 99% P. aeruginosa
P. aeruginosa 99.25% P. aeruginosa 99% Not identified
P. aeruginosa 99.25% P. aeruginosa 97% P. aeruginosa

2Probability (%): the capability of either TDR-300B or VITEK®2 to identify P. aeruginosa based on the biochemical reactions
in each card stored in the database; (*): misidentified strains using VITEK®-MS as the gold standard; Not identified: an

acceptable level of identification was not achieved.

VITEK®-MS was also employed for the
identification of the retrieved clinical iso-
lates. Of the 31 clinical isolates, 25 samples
were identified as P. aeruginosa, one was
identified as P. putida, and the others were
labeled as ‘not identified’ (Table 3). In this
context, ‘not identified’” implies that an
acceptable level of identification was not
achieved. Although the positivity rate was

100% (26/26) at the genus level, it was
96.15% (25/26) at the species level.
Relative to VITEK®-MS, TDR-300B
exhibited congruence for 84.61% (22/26)
and 80.76% (21/26) of the samples at the
genus and species levels, respectively. The
incongruence at the species level resulted
from the misidentification of five isolates:
S. putrefaciens, C. meningosepticum, S.
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Table 4. Agreement for nine biochemical tests between TDR-300B and VITEK®2.

Same results Pa
Biochemical in TDR-300B TDR-300 B (+) TDR-300 B (—)
test and VITEK®2 VITEK®2 (-) VITEK®2 (+) N %
Xylose 2 29 0 31 6.45
Glucose fermentation 9 22 0 31 29.03
Mannitol 12 14 2 28 42.85
Urea 22 0 9 31 70.96
Glucose oxidation 28 0 3 31 90.32
Maltose 29 0 2 31 93.54
Sodium citrate 29 0 2 31 93.54
Sucrose 29 | | 31 93.54
Lysine 30 | 0 31 96.77

Pa, percent of agreement; N, number of samples; (+), positive result; (—), negative result.

maltophilia, A. baumannii, and P. aerugi-
nosa. These were identified as P. aeruginosa
(four isolates) or P. putida (one) by
VITEK®-MS. Further, VITEK®2 had con-
gruence rates of 96.15% (25/26) and 92.3%
(24/26) at the genus and species levels,
respectively. The incongruence at the spe-
cies level resulted from two misidentified
isolates, namely B. pseudomallei and
P. putida. On the contrary, these were iden-
tified as P. aeruginosa by VITEK®-MS.

The diagnostic capabilities of TDR-300B
and VITEK®2 were compared with those of
VITEK®-MS. Although TDR-300B had
high sensitivity (95.45%), the value was
100% for VITEK®2 (Table 5). In addition,
TDR-300B had a numerically lower positive
predictive value (PPV) and accuracy (84%
and 80.77%, respectively) than VITEK®2
(92% and 92.31%, respectively). However,
the differences were not significant according
to Fisher’s exact test. Thus, there were no
significant differences observed in the diag-
nostic capabilities of TDR-300B and
VITEK®2 regarding the identification of P.
aeruginosa in the clinical isolates.

Discussion

P. aeruginosa is a clinically important bac-
terium that is frequently isolated from the

clinical specimens of patients admitted to
the ICU.? In the present study, the congru-
ence of TDR-300B and VITEK®2 was high
at the genus and species levels, i.e., 83.87%
(26/31 isolates) and 80.64% (25/31 isolates),
respectively (Table 3). The incongruence at
the species level was 19.35% (6/31 isolates),
which occurred because of a mismatch
for six isolates, namely S. putrefaciens,
B. pseudomallei, P. aeruginosa, C. meningo-
septicum, S. maltophilia, and A. baumannii.
In terms of the identification of P. aerugi-
nosa, TDR-300B and VITEK®2 had similar
average probabilities (96.14% and 96.97%,
respectively). The species tested exhibited a
biochemical test pattern with a high CI. The
databases and biochemical contents in each
card contributed to the identification results
for the bacterial species. The TDR-300B
NF-64 card, with only 18 biochemical
tests, displayed a greater tendency to misi-
dentify P. aeruginosa as than VITEK®2 fea-
turing the GN-cassette (47 biochemical
tests). Moreover, agreement was observed
for only nine biochemical tests between
TDR-300B and VITEK®2. Although good
to perfect Pa was noted for six tests (malt-
ose, lysine, sodium citrate, glucose oxida-
tion, sucrose, and urea), a low Pa was
observed for the mannitol, glucose fermen-
tation, and xylose tests.
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Table 5. Diagnostic capability of TDR-300B and VITEK®2 compared with VITEK®MS.
PARAMETERS TDR-300B VITEK®2
*Probability 96.14% 96.97%
(CI 95%; SD 8.1%; Variance 0.66%) (CI 95%; SD 3.98%; Variance 0.16%)
Sensitivity 95.45% 100%
(Cl 95%; 77.16%—-99.88%) (Cl 95%; 85.18%—100.00%)
PPV 84.00% 92.00%
(Cl 95%; 82.74%—85.19%) (Cl 95%; 83.78%—96.24%)
Accuracy 80.77% 92.31%
(Cl 95%; 60.65%—-93.45%) (Cl 95%; 74.879%—-99.05%)
Fisher’s exact value | («=0.05) 0.1154 (x=0.05)

PPV, positive predictive value; Cl, confidence interval; SD, standard deviation.

Paim et al®® investigated the perfor-
mance of VITEK®2 for the identification
of gram-positive cocci and compared
the results with the conventional methods
of identification. Their results illustrated
that  VITEK®2  correctly identified
Staphylococcus, Enterococcus, and
Streptococcus isolates at the genus (97.1%)
and species levels (77.9%). These results
corroborated the findings of Ligozzi
et al.,** who found that VITEK®2 identi-
fied S. aureus, S. agalactiae, S. pneumoniae,
E. faecalis, and S. haemolyticus with >90%
accuracy at the species level. Wani er al.*
reported an overall concordance of 91.1%
for the manual conventional method
versus VITEK®2 in the identification of
gram-negative bacteria. Concordant identi-
fication was observed for Klebsiella pneu-
moniae, Acinetobacter Iwoffii, Citrobacter
freundii, Enterobacter cloacae, P. aerugi-
nosa, and Salmonella enterica subsp. enter-
ica serotype Typhimurium isolates. O’Hara
et al. and Hernandez er al.*>*® compared
the accuracy of VITEK®2 against
MicroScan WalkAway® SI for bacterial
identification. In their analyses, 54 bacterial
strains including 20 gram-positive cocci
and 34 gram-negative rods were isolated
from hospitalized patients. In total, 89.5%
of isolates were correctly identified at the
species level by both systems. Although
there is substantial evidence of the

reliability of VITEK®2 for bacterial identi-
fication, scarce information about the per-
formance of the TDR-300B biochemical
test array has been reported.'* !¢ In the pre-
sent study, VITEK®2 had higher sensitivity

(100%), accuracy (92.31%), and PPV
(92.00%) than TDR-300B (95.45%,
80.77%, and 84.00%, respectively).

Furthermore, Fisher’s exact test revealed
no significant differences between TDR-
300B and VITEK®2. Because only isolates
previously identified as P. aeruginosa were
included in the present study, specificity
and negative predictive value were not
calculated.

Certain limitations of this study must be
noted. This pilot study was conducted using
limited available samples (sputum samples
along with non-sputum samples such as
the appendix, blood, feces, eye scab, pus,
throat, and urine) procured from patients,
particularly those admitted to the ICU of
Atma Jaya Catholic University of
Indonesia, between 2015 and 2018. To our
dismay, only 44 clinical isolates (labeled as
P. aeruginosa) were retrieved in this study
after applying the inclusion criteria. The
limited number of samples may have affect-
ed the statistical accuracy of the results,
which could be overcome with a larger
number of samples.

The correct identification of microbial
species relies on a combination of



10

Journal of International Medical Research

approaches including phenotypic and
molecular techniques. In this pilot study,
the isolates were identified using TDR-
300B and VITEK®2 biochemical test-
based diagnostic systems, and the results
were compared with those of VITEK®-
MS, an automated MALDI-TOF mass
spectrometry method. Although VITEK®-
MS is a robust, rapid, accurate, and cost-
effective diagnostic platform, molecular
tests are entrusted for the final confirma-
tion of the identified species.’” %
Unfortunately, in a developing country
such as Indonesia, it is not feasible to
adopt a combination of various approaches
because of economic constraints and thus,
biochemical diagnostics are preferred in
routine  microbial diagnosis.  Finally,
employing molecular tests for the confirma-
tion of all isolates used for the comparison
of the diagnostic systems is emphasized,
which is a limitation of this study.

Conclusion
There were no significant differences
observed between TDR-300B and

VITEK®2 in the identification of P. aerugi-
nosa using clinical samples. However, fur-
ther studies focused on the identification of
a relatively large number of clinical isolates
using a combination of phenotypic and
molecular approaches are required for a
statistically significant comparative analysis
of these biochemical test-based diagnostic
systems.
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