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Performance Evaluation of Neuron-Specific Enolase
Detection by Chemiluminescent Microparticle Immunoassay
Using Alinity i Systems and Electrochemiluminescence
Immunoassay Using Cobas e801 Analyzer

Chavachol Setthaudom, Soonthorn Buahom, Supornchai Onpun, Siraporn Pitak

and Arisara Samutpong*

Department of Pathology, Faculty of Medicine Ramathibodi Hospital, Mahidol University,
Bangkok, Thailand

Abstract

Neuron-specific enolase (NSE) is a tumor marker that has been used to support the diagnosis,
monitoring and prognosis of small cell lung cancer. In the past, NSE determination was
narrowly assessed due to the complicated assay platform and lesser availability. Currently,
chemiluminescent microparticle immunoassay (CMIA) for detection of NSE has been adopted by
Abbott, Alinity i platform. This study focused on comparing NSE quantitative assay between
Abbott Alinity i systems and Roche Elecsys NSE assay using Cobas e801. The results showed
that within-run precision (%CV) of Cobas €801 ranged from 0.9 to 1.0, whereas Alinity i ranged
from 1.71 to 2.76. The within-laboratory precision (%CV) of Cobas €801 was from 2.03 to 2.11%,
whereas Alinity i was from 1.89 to 2.86%. Although the imprecision demonstrated that Cobas
€801 had a little better performance than Alinity i, Passing and Bablok regression revealed the
slope at 0.96 and intercept at -2.02, indicating a good correlation between Alinity i and Cobas
e801. The percentage of agreement between these analyzers was 98.65% positive agreement and
90.91% negative agreement. These results, therefore, verified acceptable performance of these

two assays and could be interchangeable for NSE measurement.

Keywords: Chemiluminescent microparticle immunoassay, Electrochemiluminescence

immunoassay, Immunoassay, Neuron-specific enolase
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Introduction

Neuron-specific enolase (NSE) is a
dimeric glycolytic enzyme consisting of Yy and
ay isoenzymes. The Yy isoenzyme is expressed
in the cytoplasm of neuronal cells while ay
isoenzyme is expressed in the cytoplasm of
neuroendocrine cells such as microglia,
astrocytes, and oligodendrocytes.(l) NSEisalso
found in non-neuronal and non-neuroendocrine
cells or tissues (e.g., erythrocytes, platelets,
uterus, and prostate).(M) NSE plays a role in
neuronal survival, neuronal differentiation,
neuroprotection, and neuroinflammation.'” The
early studies reported that NSE was associated
with cancer progression by promoting cell
survival, proliferation, and migration.m
Generally, healthy people have low levels of
serum NSE. The increase of serum NSE level
could reflect the pathological condition. NSE
has been considered as a tumor marker
associated with various cancer types such as
lung cancer, neuroendocrine tumors,
neuroblastoma, melanoma, and seminoma.(z’ 5

Lung cancer is the most common cause
of cancer mortality in men and women. In 2020,
lung cancer accounted for 1.80 million deaths
worldwide.© Lung cancer can be classified as
either small cell lung cancer (SCLC) and
non-small cell lung cancer (NSCLC), with
approximately 10-15% of all lung cancers
being SCLC and 80-85% being NSCLC."”’ The
increase of NSE was commonly observed in
SCLC patients but it also increased in some of

NSCLC patients.® Combination with

histologic study, diagnostic imaging, and other
tumor markers, NSE helps support diagnosis,
treatment monitoring, and prognosis of SCLC.

Since the NSE detection assay has
initially developed using solid-phase
radioimmunoassay (RIA) in the 1970s.* ?
Several detection assays have also been
developed subsequently to improve test
performance such as enzyme immunoassay
(EIA)(Z’ 10-12) " immuno-bioluminescent
assay (13-16)

(1A' and immunosensor.'*2” Although

, chemiluminescence immunoassay

many assays have been available, there is still
no gold standard method for NSE measurement.
Thus, the present study aimed to compare the
performance of the Abbott NSE assay-based
chemiluminescent microparticle immunoassay
(CMIA) using Alinity i systems and Roche
Elecsys NSE-based electrochemiluminescent

immunoassay (ECLIA) using Cobas e801.

Materials and Methods
Serum samples

A total of 163 samples were randomly
collected from patients who had been tested for
NSE assay under the workflow of routine
laboratory testing at Ramathibodi Hospital,
Thailand. Non exclusion criteria of clinical
status, medical history, age and sex were
applied. The venous blood samples were
collected in clot blood tubes and serum samples
were separated by centrifugation at 3,500 rpm
for 10 minutes at room temperature. The

hemolysis, icteric and lipemic samples were
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excluded. This study obtained ethical approval
from the Human Research Ethics Committee,
Faculty of Medicine Ramathibodi Hospital,
Mahidol University (MURA2020/1872).

Assay systems
The NSE level was initially measured

in duplicate by using Roche Elecsys NSE assay;
Cobas e801 analyzer. Then, the NSE

measurement was followed by using Abbott
NSE assay; Alinity i analyzer. The general test
principles and characteristics of each
automated system are shown in Table 1. @1.22)
The quantitative NSE levels were reported in

ng/mL.

Chavachol Setthaudom et al.

Alinity i

Abbott NSE assay is an automated
one-step CMIA analyzer used to quantita-
tively measure NSE in human serum via the
Alinity i System. Briefly, serum sample,
anti-NSE (E21) coated paramagnetic micropar-
ticles, and anti-NSE (E17) acridinium-labeled
conjugate were combined to create a reaction
mixture following the incubation. The NSE
present in the sample bound to the anti-NSE
(E21) coated microparticles and to the anti-NSE
(E17) acridinium-labeled conjugate. Following
washing cycle, pre-trigger and trigger solutions

were added. The resulting chemiluminescent

Table 1 Characteristic NSE assay by Alinity i and Cobas e801.

System Alinity i Cobas e801

Assay principle CMIA ECLIA

Sample type Serum Serum

Sample volume (uL) 25 12

Measuring range (ng/mL) 1.6-400 0.075-300

Reportable range (ng/mL) 0.4-800 0.075-600

Expected values (ng/mL) 111 16.3

Limit of quantification (ng/mL) | 1.6 0.225

Reagent stability onboard 30 days 16 weeks

Interferences (endogenous -Hemolysis -Hemolysis

substances) -Conjugated bilirubin > 72 mg/dL | -Bilirubin > 66 mg/dL
-Unconjugated bilirubin > 40 mg/dL | -Intralipid > 2000 mg/dL
-Total protein > 15 g/dL -Biotin > 70 ng/mL
-Triglycerides > 3000 mg/dL -Rheumatoid factors > 1200 IU/mL

Assay duration 29 min 18 min
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reaction was measured as a relative light unit

and converted to the NSE level.

Cobas €801

Elecsys NSE assay based on ECLIA
by Cobas €801 was used to determine NSE
level in human serum. Principally, the sandwich
complex was created by NSE in the sample, a
biotinylated monoclonal NSE antibody (18ES),
and a monoclonal NSE antibody (84B10)
labeled with a ruthenium complex during the
first incubation. In the second incubation, the
streptavidin-coated microparticles bound to the
solid phase via the interaction of biotin and
streptavidin. The mixture of microparticles was
magnetically captured onto the surface of the
electrode. The unbound substances were then
removed with ProCell II M before inducing
chemiluminescent emission. The measured

signal was calculated to give the serum NSE level.

Analytical precision evaluation

The precision performance of the
Alinity i and Cobas e801 NSE assays was
assessed based on Clinical and Laboratory
Standards Institute (CLSI) guideline. @3 Assay
repeatability and within-laboratory precision
were evaluated using low and high-level
quality control (QC) materials provided by
respective manufacturers. Two levels of QC
were analyzed in 5 replicates, 2 runs each day
for 5 days. The QC results were used to
calculate the mean and coefficient of variation

(CV).

Statistical analysis

The NSE results generated by both
systems were tested for data distribution by
using the Komogorov-Smirnov test and built
the Box-and-Whisker plot. Wilcoxon Signed-
Rank test and Spearman’s correlation were used
for statistical difference analysis. The
comparison of the NSE assays was performed
according to CLSI EP9-A3 protocol(24) using
Bland-Altman plot and Passing and Bablok
regression analysis. The reliability between the
two assays was evaluated by Cohen’s kappa
coefficients and estimated the agreement
following the CLSI®” All statistical analyses
were conducted using MedCalc® Statistical

Software version 20.111.

Results
Precision performance

The results of within-run and within-
laboratory precision are shown in Table 2. The
imprecision of Cobas e801 was demonstrated
as %CV in within-run precision ranged from
0.9 to 1.0 and 2.03 to 2.11 in within-laboratory
precision, whereas %CV of Alinity i ranged
from 1.71 to 2.76 in within-run precision and
1.89 to 2.86 in within-laboratory precision.
Royal College of Pathologists of Australasia
(RCPA) specified the allowable total error (TEa)
for NSE as * 2.0 pg/L < 20 pg/L; * 10%
> 20 pg/L.%?
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Method comparison

The NSE results from patient samples
(n = 163) were tested for the data distribution
by using Kolmogorov-Smirnov test prior to
non-parametric statistics analysis. The distribution
of NSE results from both Alinity i and
Cobas e801 are shown in the Box-and-Whisker
plot (Fig. 1). The median of NSE results from
Alinity i was 11.19 ng/mL (range: 2.36-327.27
ng/mL) while the median from Cobas e801
was 14.95 ng/mL (range: 3.94-283.00 ng/mL).
Wilcoxon Signed-Rank test demonstrated no
significant difference between NSE levels
measured by Cobas €801 and Alinity i with
p < 0.0001. The concordance of both assays
was investigated by using Spearman’s correlation
test. The correlation coefficient revealed
a solid relationship with r; = 0.985 (Table 3).

Chavachol Setthaudom et al.

The Bland-Altman plot was also
performed to display the difference between
the two measurements. As shown in Fig. 2, the
mean difference was -2.43 ng/mL and limits
of agreement (LOA) ranged from -22.04 to
17.19 ng/mL, which covered the majority of
values around 95.7%.“" In addition, Passing
and Bablok regression revealed the slope (95%
CI) = 0.96 (0.92-0.99) and intercept (95% CI)
= -2.02 (-2.42-(-1.55)) which indicated the
good correlation between Alinity i and Cobas
e801 (Fig. 3).

Finally, the percentage of agreement
was calculated from the results based on the
manufacturer’s cutoff (Alinity i = 11.1 ng/mL
and Cobas €801 = 16.3 ng/mL) in Table 4. The
94.44% overall percentage of agreement
between 2 analyzers was further investigated
to be 98.65% of positive agreement and 90.91%

of negative agreement.

Table 2 The within-run and within-laboratory precision of Alinity i and Cobas e801 using manufacturer’s

QC materials.
Mean Within-run precision Within-laboratory precision

Control
(ng/mL) (%CV) (%CV)
Low 10.07 1.71% 1.89%

Alinity i
High 205.14 2.76% 2.86%
PC TM1 14.18 0.9% 2.03%
Cobas e801

PC TM2 95.50 1.0% 211%
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Table 3 The statistical analysis result of method comparison between Alinity i and Cobas e801.

Sample size, n

163

Wilcoxon Signed-Rank test

p value < 0.0001

Spearman’s correlation coefficient

p value < 0.0001, ro= 0.985

Bland-Altman plot

Mean difference

-2.43 ng/mL

Limits of agreement (LOA)

-22.04 to 17.19 ng/mL

Passing and Bablok regression

Intercept (95% Cl)

2.02 (-2.42-(-1.55))

Slope (95% Cl)

0.96 (0.92-0.99)

Table 4 The 2x2 contingency table for NSE results of Alinity i

and Cobas e801.

Cobas e801
Positive Negative Total
Positive 74 8 82
Alinity i Negative 1 80 81
Total 75 88 163
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Fig. 1 Box-and-Whisker plot of NSE levels measured by Alinity i and Cobas e801. Each serum sample

was measured NSE level using both analyzers and the data of each analyzer was plotted and

presented as median, 18t quartile, 3 quartile, upper adjacent value and lower adjacent value

(n = 163).
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Fig. 2 Bland-Altman chart of NSE levels analyzed by Cobas €801 and Alinity i. The difference between

Cobas €801 and Alinity i is presented on the y-axis and the mean of Cobas e801 and Alinity i

is shown on the x-axis. The green solid line indicates the mean difference and the red dashed

lines indicate the upper and lower limits of agreement (LOA).
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Fig. 3 Passing and Bablok regression for NSE measurement using Cobas €801 and Alinity i. The

scatter plot shows the NSE levels detected by Alinity i on the y-axis and Cobas €801 on the

x-axis. The green solid line is the regression line, the red dashed lines present the confidence

interval for the regression, and the dotted line indicates the identity line.

Discussion

NSE was first described by Moore and
McGregor in 1965.% > * It becomes an
important tumor marker that supports the
clinical management of patients with lung
cancer, especially SCLC. The automatic
analyzers for NSE quantification have been
developed and implemented for clinical use
comprehensively. In this study, Abbott NSE
assay-based CMIA using Alinity i systems and
Roche Elecsys NSE-based ECLIA using Cobas
e801 analyzer were selectively compared for
NSE test performance. The precision
performance of each assay was evaluated by

its own manufacturer’s QC materials. Both

assays demonstrated excellent precision with
less than 3%CV at each QC level in within-run
and within-laboratory (Table 2). Those %CVs
were in the acceptable range of its
manufacturer’s criteria; Alinity i = < 10%CV,
Cobas €801 = < 6.5%CV.*” Although Cobas
€801 demonstrated a lower %CV than Alinity i
at 2 levels of QC material in the within-run,
the imprecision in the within-laboratory were
similar to each other.

The comparison of the NSE assay
between Alinity i and Cobas €801 analyzer was
further assessed. The NSE levels of 163 samples
were measured by both assays and their

correlation was analyzed. The statistical
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analysis in this study indicated the same direction
that indicated the good correlation of
Alinity i and Cobas e801 (p < 0.0001, r =
0.985). As shown in the Bland-Altman plot and
Passing and Bablok regression, NSE at a low
level (approximately <40 ng/mL) gave stronger
correlation between both assays with
slightly different values.

NSE can be related to a variety of
pathological conditions. Until now, the universal
cutoff of the NSE level is still in progress.
Previous studies have reported the cutoff of
NSE. However, the cutoff level varied depending
on the detection assays, diseases, sample
group selection, and other different conditions
in each 1aboratory.(5’ 30-39) Therefore, the
present study separately applied the NSE cutoff
according to each manufacturer’s recommendation
(Alinity i = 11.1 ng/mL and Cobas e801
= 16.3 ng/mL).m’ *2 The percentage of
agreement between Alinity i and Cobas e801
was rather high (94.44%), especially the
percentage of positive agreement (98.65%),
while the percentage of negative agreement
was 90.91%. Based on each manufacturer’s
cutoff, there were 9 discordant results between
the 2 assays; however, patient clinical status
access was not allowed to clear-cut the
discordant results in this study which was our
limitation. Although the 5 discordant results
showed a little higher NSE level than the
cutoff measured by Alinity i but lower than the

cutoff when measured by Cobas e801, their

Chavachol Setthaudom er al.

NSE levels were in the range of 95% CI of
cutoff from manufacturer’s recommendation
(Alinity i = 9.0-12.4 ng/mL and Cobas e801 =
15.7-17.0 ng/mL).(zl’ 22 These borderline
results might affect the calculation of the
negative percentage of agreement. The discordant
result might be caused by the different
anti-NSE monoclonal antibodies in each assay.
Alinity iused anti-NSE E17 and E21 but Cobas
e801 used anti-NSE 18E5 and 84B10.¢"*?
Even though NSE antibodies of both assays are
recognized at the same target as the Yy subunit
of enolase, the binding affinity and epitope

35
G5 Moreover,

recognition are different.
the presence of interference in samples,
such as a human anti-mouse antibody (HAMA)
and some cancer drugs, can also affect

NSE levels (21, 22,36, 37)

Conclusion

This study demonstrated that NSE
measurements by using Abbott Alinity i and
Roche Elecsys Cobas €801 were highly
precised and correlated well with each other.
These analyzers could then be used interchangeably
for detection of serum NSE. These findings
also indicated an alternative option for NSE
assay setup in other laboratories. The different
characteristics of each assay, such as measuring
range, limit of quantification, sample volume,
and reagent stability, should also be considered

for assay selection.
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Effect of Magnesium Sulfate and Sodium Citrate Anticoagulants
on EDTA-Dependent Pseudothrombocytopenia
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Abstract

EDTA-dependent pseudothrombocytopenia (EDTA-PTCP) is a phenomenon that character-
ized by a spurious decrease of platelets in vitro due to EDTA anticoagulant induced platelet aggrega-
tion in blood samples. It may cause diagnostic failure and unnecessary treatment. Therefore, this
study aimed to study effect of Magnesium sulfate, 3.2% sodium citrate and K,EDTA anticoagulants
on platelet counts (PLT) and other hematological parameters at different times by Sysmex XN-3000.
Thirty patients with EDTA-PTCP were enrolled in study. Comparative analysis showed that mean
platelet counts in blood samples collected in magnesium sulfate (183.89 * 57.20 x 1()3/pL) were
significantly higher than those collected in 3.2% sodium citrate (114.23 * 43.94 x 103/pL) and
K3EDTA (77.41 +32.90 x 103/pL). All blood samples (100%) collected in magnesium sulfate had
higher platelet counts than those collected in K;EDTA whereas only 19 blood samples (63.33%)
collected in 3.2% sodium citrate showed higher platelet counts than those collected in K,EDTA.
Thus, magnesium sulfate was more effective for correcting EDTA-induced pseudothrombocytopenia

than sodium citrate.

Keywords: Magnesium sulfate, Pseudothrombocytopenia, Anticoagulant, Platelet count
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Fig. 1
sample. (Wright-Giemsa stain, 100X)

Examples of platelet aggregation in peripheral blood smear at 30 minutes after receive blood

(A) An ethylenediaminetetraacetic acid tri-potassium salt (KSEDTA)-anticoaguIated sample

showing platelet aggregates.

(B) Sodium citrate-anticoagulated sample showing some platelet aggregation.

(C) MgSO 4—anticoagu|ated sample showing dissociated platelets.
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Fig. 2 (A-B) The effect of anticoagulants and analysis time on platelet counts measured by impedance

method (PLT-I) and optical method (PLT-O), Sysmex XN-3000 (Sysmex Corporation, Kobe,
Japan). (A) Platelet-| (x10%/pL) and (B) Platelet-O (x10%/uL).
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Fig. 3 (A-C) Comparison of mean platelet counts measured by Sysmex XN-3000 (Sysmex Corporation,
Kobe, Japan) in K,EDTA-anticoagulated blood samples (A), sodium citrate-anticoagulated blood
samples (B) and I\/IgSO4—anticoaguIated blood samples (C) when analyzed at 0 min, 30 min,
60 min, 120 min and 240 min, respectively. PLT-l = Impedance method and PLT-O = Optical method.
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(A-C) The effect of anticoagulants and analysis time on platelet parameters analyzed by Sysmex
XN-3000 (Sysmex Corporation, Kobe, Japan). (A) MPV (fL), (B) PDW (%) and (C) P-LCR (%)
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Fig. 5 (A-B) The effect of anticoagulants and analysis time on red blood cell (A) and white blood cell

(B) measured by Sysmex XN-3000 (Sysmex Corporation, Kobe, Japan).
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Abstract

Diabetes is one of the non-communicable diseases (NCDs) group which are the leading
cause of death worldwide. High levels of blood glucose may induce the glycation of sugars and
proteins both inside and outside the cell, leading to the formation of advanced glycosylation end
products (AGEs), thereby reducing the elasticity of blood vessels and promoting more oxidation
in the cells. Nowadays, there is growing interest in natural health care and more research has
begun on rice, an important economic crop in Thailand, in the treatment of diabetes and its
complications. However the study of the rice husks is still not very extensive. This work aimed
to study the antioxidant activity by 2,2-diphenyl-1- picrylhydrazyl (DPPH) assay and the
antiglycation property by in vitro BSA-glucose assay in crude extracts from 4 types of Thai rice
husks containing pigments: Khao Dawk Mali Rice, Sangyod Rice, Riceberry Rice, and Black
Sticky Rice. The rice husks were extracted by 2 methods: extraction with 70% ethanol
(maceration) and extraction by decoction. The results showed that the anti-oxidant and
antiglycation activities were significantly higher in ethanolic extracts than in the decoction extracts
(p <0.05). Black Sticky Rice husk extract had the highest anti-oxidant activity with IC50 =139.76
1 52.07 yg/mL, when compared to the standard substance butylated hydroxytoluene (BHT) (Icso
= 161.38 £ 33.75 pg/mL). Moreover, it also had the highest antiglycation effect, with ICso =
234.69 +29.02 pg/mL, when compared to aminoguanidine (AG) (IC50 =430.23 *6.03 pg/mL),
which is used as AGE formation inhibitor. These may correspond to the highest amount of the

total phenolic compounds content (60.60 * 3.57 mg GAE/g) and the total anthocyanin content
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(2.064 + 0.2 mg/L) in Black Sticky Rice husk extract. This study may provide information for

the development of drugs and dietary supplements for diabetic patients.

Keywords: Anthocyanin, Antioxidant, Antiglycation, Diabetes, Pigmented Thai rice husk
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1aes35 DPPH assay

nadevasafind1e35 DPPH assay'"
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[(AB - AA) / AB] x 100

e AA = simsaanauudanialdvesasinadeunauiy DPPH

AB = fimsaanauuasnialdvesarsazars DPPH
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35 Folin-Ciocalteu colorimetric
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Sovazmsdudamsinalnawadu = (Ac - As) / Ac x 100

A' J I~ J aan = 1 o
o Ac = ﬂ?ﬂ”li@@]ﬂﬁul,l,ﬁ\‘l‘l/\lq@ﬂL‘jﬁL“h’uﬂ‘llﬂﬂﬂ;]ﬂiﬂ”m]lllllﬁ”ﬁﬁﬂﬂ
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70 wazadadieMsaun NeUAUMINATHIUYI
a . 1 dl o Y
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3. wamsmifSunaweulnlseniiulasds pH
differential
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= 4! | £ dldd 1 dld
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1.0 ¥inaudiefmIgAnauLaIn ey 4.5 1iean
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MIsunIUINAITouUq Y Fanansmyiuw
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o

favien muaau (Table 3)
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4. wamsnagauanyansamsmulnansy
1935 In-vitro BSA-glucose assay
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Calibration curve of Gallic acid

3.0
y =0.0052x + 0.0822
R?=0.9998
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Fig. 1 Calibration curve of standard gallic acid for determination of total phenolic contents.
Gallic acid at the concentrations of 1, 5, 25, 50, 100, 250, 500 and 1,000 mg/L was used
as a standard for determination of total phenolic contents by using the Folin—Ciocalteu

colorimetric method.

Table 1 Antioxidant activity of rice husk extract by DPPH assay (IC50 values).

IC50 (g/mL) IC50 (g/mL)
Rice husk extract Extract with Extract with | p value® | p value® p value®
70% ethanol decoction
Khao Dawk Mali rice husk 510.44 + 68.68 | 731.20 + 68.85 0.027 0.001 < 0.001
Sangyod rice husk 333.64 + 9.21 488.69 + 71.40 | 0.020 0.001 0.002
Riceberry rice husk 481.85 £ 26.90 | 571.27 = 17.44 | 0.008 < 0.001 | < 0.001
Black sticky rice husk 139.76 + 52.07 | 182.02 + 45.30 | 0.349 0.579 0.561
BHT 161.38 = 33.7

All analyses are from 3 independent experiments with triplicate measurements. Data were presented
as mean + SD. Statistical analysis of differences was performed using independent sample ¢-tests, and
the statistically significant difference was at p < 0.05. BHT, butylated hydroxytoluene; “indicates the
p value among data of different extraction methods in the same type of extracts; Pindicates the
p value among the different types of 70% ethanolic extract data compared with the BHT; ‘indicates
the p value among the different types of decoction extract data compared with the BHT.
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Table 2 Total phenolic contents of rice husk extract by Folin-Ciocalteu colorimetric assay.

Ay Indu way Ayanaly Weuaw

Total phenolic contents Total phenolic contents
Rice husk extract (mg GAE/ g) (mg GAE/ g) P value
70% ethanol extract extract with decoction
Khao Dawk Mali rice husk 37.72 + 1.66 20.03 + 3.39 0.001
Sangyod rice husk 53.55 + 4.43 30.47 £ 7.77 0.011
Riceberry rice husk 28.42 + 3.51 19.58 + 0.19 0.048
Black sticky rice husk 60.60 + 3.57 45.54 + 2.31 0.004

All analyses are from 3 independent experiments with triplicate measurements. Data were presented

as mean = SD. Statistical analysis of differences was performed using independent sample f-tests,

and the statistically significant difference was at p < 0.05. P value shows statistical differences analysis

of data in different extraction methods in the same type of extracts.

Table 3 Total anthocyanin of rice husk extract by pH differential assay.

Total anthocyanin (mg/L) | Total anthocyanin (mg/L)
Rice husk extract P value
70% ethanol extract extract with decoction
Khao Dawk Mali rice husk 1.129 + 0.14 0.518 + 0.16 0.008
Sangyod rice husk 0.603 + 0.23 0.174 + 0.07 0.037
Riceberry rice husk 1.711 £ 0.43 0.633 + 0.10 0.042
Black sticky rice husk 2.064 + 0.20 0.8791 + 0.10 0.003

All analyses are from 3 independent experiments with triplicate measurements. Data were presented
as mean + SD. Statistical analysis of differences was performed using independent sample f-tests,
and the statistically significant difference was at p < 0.05. P value shows statistical differences analysis
of data in different extraction methods in the same type of extracts.
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Table 4 Inhibition of advanced glycation end products of rice husk extract by In-vitro BSA-glucose

assay.
IC50 (ug/mL) IC50 (ug/mL)
Rice husk extract Extract with 70% Extract with Pvalue® | Pvalue® | P value®
ethanol decoction

Khao Dawk Mali rice 689.31 + 58.08" | 725.47 + 31.83""| 0.327 0.002 < 0.001
Sangyod rice husk 394.23 + 49.62 641.258 + 7.95" | 0.001 0.280 < 0.001
Riceberry rice husk 258.55 + 16.89™ | 515.82 + 21.67**| 0.001 0.006 0.001
Black sticky rice husk 234.69 + 29.02** | 440.88 + 12.93 0.000 < 0.001 0.167

Aminoguanidine (AG)

430.23 + 6.03

All analyses are from 3 independent experiments with triplicate measurements. Data were presented

as mean + SD. Statistical analysis of differences was performed using independent sample t-tests, and

the statistically significant difference was at p < 0.05. “indicates the P value among data of different

extraction methods in the same type of extracts; bindicates the P value among the different types of

70% ethanolic extract data compared with AG; “indicates the P value among the different types of

decoction extract data compared with AG.
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Study of Genetic Diversity and Genetic Relationship of
Mitochondrial Cytochrome ¢ Oxidase Subunit 1 (cox 1) Gene
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Abstract

Malaria affects 40% of people worldwide. Plasmodium knowlesi is found in Macaca
fascicularis in Southeast Asian countries and can be transmitted to humans. Cytochrome ¢
oxidase subunit 1 gene (cox1) is an important mitochondrial DNA encoding important protein
subunits in the cellular respiratory process. Cox1 is commonly used to identify species and study
the evolution of living beings. The objective of this research is to study of genetic diversity and
genetic relationship of Mitochondrial cox1 gene of Plasmodium knowlesi in Thailand. In this
research, forty DNA samples were collected from 11 provinces in Thailand and confirmed as
P. knowlesi. Cox1 gene was used as the DNA target for amplification by PCR. The phylogenetic
tree was constructed from nucleotides sequence data of cox1 gene to classify P. knowlesi cluster
in Thailand by using the Maximum Parsimony method. The correlations between clusters and
patient data, residential area, and parasite density were analyzed. The results showed that the
phylogenetic tree can divide P. knowlesi into 13 clusters (Cluster I-XIII). Cluster I (8 isolates),
Cluster II (7 isolates), Cluster III (3 isolates), Cluster IV (1 isolate), Cluster V (4 isolates),
Cluster VI (1 isolate), Cluster VII (3 isolates), Cluster VIII (1 isolate), Cluster IX (1 isolate),
Cluster X (3 isolates), Cluster XI (2 isolates), Cluster XII (1 isolate), and Cluster XIII (5 isolates).
There were more males infected with P. knowlesi (35 males) than females (5 females). The age

group infected with P. knowlesi < 40 years old was 15 persons and age group = 40 years old
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was 25 persons. Thirty-nine persons are Thai and 1 person is Myanmar. Twenty-six patients
from 33 patients have parasite density < 10,000 /uL of blood and 7 patients have parasite
density = 10,000 /uL of blood. In conclusion, P. knowlesi were divided into 13 clusters. The
parasites in the same clusters are similar in genetics and most isolates in different areas have
different nucleotide sequences. This research is preliminary data of molecular epidemiology of
P. knowlesi in Thailand. This data can be applied in public health and planning for malaria

control and malaria eradication in Thailand.

Keywords: Cluster, Cox I, Maximum Parsimony (MP), Phylogenetic tree, P. knowlesi
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Fig. 1 The collection sites of P. knowlesi.
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Fig. 2 PCR results of cox? gene of P. knowlesi in agarose gel electrophoresis. Lane M: 100 bp
DNA ladder; Lane 1: Negative control; Lane 2: Positive control; Lane K1-K10: Patient isolates
PK1-PK10.
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Fig. 3 The results of multiple nucleotides alignment of cox7 sequences of P. knowlesi using the
ClustalW program from BioEdit program isolate 1-41 with outgroup base position 1-100 using
the ClustalW program from BioEdit program ClustalW version 7.2 (https://bioedit.software.
informer.com). Conserved nucleotides sequences are shown as a dot. GenBank accession
numbers were shown in parenthesis.
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Fig. 4 The phylogenetic tree of cox? gene of P. knowlesi. The P. knowlesi isolates can be divided
into 13 clusters by Maximum Parsimony (MP) method using MEGA 11 program (1,000
bootstraps) (http://www.megasoftware.net/bugs.php.) GenBank accession numbers were shown
in parenthesis as following PK1 (0Q779218), PK2 (OQ779191), PK3 (OQ779192), PK4
0Q779193), PK5 (0Q779194), PK6 (0Q779195) PK7 (OQ779196), PK8 (0Q779197), PK9
(©Q779198), PK10 (0Q779199), PK11 (OQ779219), PK12 (OQ779200), PK13 (OQ779220),
PK14 (0Q779201), PK15 (0Q779202), PK16 (OQ779203), PK17 (OQ779204), PK18 (OQ779205),
PK19 (OQ779206), PK20 (OQ779207), PK21 (OQ779225), PK22 (OQ779208), PK23
(0Q779209), PK24 (0Q779221), PK25 (0Q779210), PK26 (0Q779211), PK28 (0Q779212),
PK29 (0Q779213), PK30 (0OQ779226), PK31 (0OQ779222), PK32 (0OQ779223), PK33
(0©Q779214), PK34 (OQ779228), PK35 (0Q779229), PK36 (0Q779223), PK37 (OQ779215),
PK38 (0Q779216), PK39 (0Q779230), PK40 (0Q779217) and PK41 (OQ779224). Qutgroup
consist of P. coatneyi (AB354575), P. fragile (AY722799), P. fieldi (AB444133), P. vivax
(AY598035), P. cynomolgi (AB444131) and P. inui (AB444112).
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Fig. 5 The phylogenetic tree of cox? genes of P. knowlesi in this study and cox? genes of
P. knowlesi in GenBank database from Peninsular, Malaysia (PkUMMC1, PKUMMCS5, PkKUMMCS9,
P. knowlesi mosquito isolate (AY722797), P. knowlesi monkey isolate (AB444106), P. knowlesi
human isolate (AB444108) Sarawak, Borneo, P. knowlesi KH45 (EU880446), P. knowlesi KH176
(EU8BB0454), P. knowlesi KH229 (EU880458), P. knowlesi KH381 (EU880465), P. knowlesi
KH433 (EU880468), P. knowlesi L T4 (EU880474), P. knowlesi LT48 (EU880485), P. knowlesi
LT15 (EU8B80476), P. knowlesi LT53 (EU880489), P. knowlesi LT57 (EU880498) and Thailand
P. knowlesi A1 (AY598141). The P. knowlesi isolates can be divided into 12 clusters when
compared with GenBank accession number from Peninsular Malaysia, Sarawak, Borneo, and
Thailand with outgroup. Outgroup consist of P. coatneyi (AB354575), P. fragile (AY722799),
P. fieldi (AB444133), P. vivax (AY598035), P. cynomolgi (AB444131) and P. inui (AB444112)
by Maximum Parsimony (MP) method using MEGA 11 program (1,000 bootstraps) (http://www.
megasoftware.net/bugs.php).
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Table 1 Cluster of P. knowlesi and patients’ data (gender, age group, nationality, and parasite density).

Variable n (%) Cluster

Gender

Male 35 (87.5) LTV, VI VI VL X, X, X XL X
Female 5 (12.5) L1 1 vIE X X

Age group (years)

<40 15 (37.5) AL LV, VL VL VI

> 40 25 (62.5) LAV, VL VI VI, X, X, X X
Nationality

Thai 39 (97.5) L1V, VI VI VL X, X, X XL X
Burmese 1(2.5) \%

Parasite density/1 pl of blood

<10,000 26 (78.8) AL IV, VL VI VI VI X, X, X X

>10,000 7 (21.2) LV, Xl

Table 2 Cluster of P. knowlesi and patients’ residential area.

Cluster Residential area (Province) n (%)
L1 L VI X, X Songkhla 10 (25.0)
[, V, VII, VI, Xl Chumphon 9 (22.5)
Lo LIV X X Trat 7 (17.5)
[, VI, X, Xil, Xill Ranong 5(12.5)

Ll Phangnga 3 (7.9)
I Yala 1(2.5
X Satun 1(2.5)
Vi Surat Thani 1(2.5
I Chanthaburi 1259
Vv Uthai Thani 1 (2.5)

| Ratchaburi 1(2.5
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Table 3 Cluster of P. knowlesi and patients’ occupations.

Cluster Occupations n (%)
AL IV, VI X, X, X X Rubber plantations 21 (52.5)
[, 11V, VI VI X Orchards 8 (20.0)
L1, X Employed 4 (10.0)

\Y Soldiers/Police 1 (2.5)

\Y Monks/Novices 1 (2.5)

X Other farming 1 (2.5)

[, VI Other 4 (10.0)
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Identification of SARS-CoV-2 variants using Next Generation
Sequencing at Bamrasnaradura Infectious Diseases Institute
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Abstract

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) genome analysis using
next-generation sequencing (NGS) is an important tool to study epidemiology and vaccine
efficacy evaluations. According to WHO recommendations in 2021, this technique can be used
for SARS-CoV-2 variants monitoring. This study aims to identify SARS-CoV-2 variants by
using NGS techniques from nasopharyngeal/throat swab specimen of COVID-19 patients in
routine service at Bamrasnaradura Infectious Diseases Institute, Thailand during June 2021 to
March 2022. A total of 135 specimens were extracted for total nucleic acid extraction with an
automated machine. Library preparation and genome sequencing were done by using Ion
AmpliSeqTM and the Ion torrent GeneStudio " S5 system. SARS-CoV-2 Insight Research
Plug-in Package and SARS-CoV-2 lineage Plug-in for Torrent Suite Software were used for
data analysis. The samples consisted of 50 males and 85 females with a median age of 33 years
(range from 6 months to 86 years). The results of the SARS-CoV-2 variants showed the Omicron,
Delta, and Alpha strain in 89 (65.93%), 40 (29.63%), and 6 (4.44%) samples. The most
prevalence of SARS-CoV-2 strains detected from January to March 2022 was Omicron BA.1
and BA.2, which began to spread in Thailand. The results of this study can provide information
on the epidemiology of COVID-19 and monitor the virus evolution, for further implement in

evaluation of vaccines effectiveness and therapeutic medicine.
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(Gowar 5.93) BA.1.1 91w 36 519 (Gevas
26.67) BA.1.16.1 13U 1 11 (Gowaz 0.74)
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BA.1.17 $1u 7 9o Aatludesaz 5.19 uaz
BA.1.17.2 911 1 719 Aaitludesaz 0.74 uaz
lineage BA.2 $1uau 36 71y uvailuaeug
geaduIu 5 defug Ao BA2 $10u 6 118
(5owaz 4.44) BA.2.3 911U 12 118 (Fowas 8.89)
BA.2.9 $1uu 9 719 (Fevay 6.67) BA.2.10
91U 5 719 Gowar 3.7) war BA.2.10.1 117U
4 11y Gowaz 2.96) muddy daudadly Table 2

HAMIILATIZAYeRaNIINITBFAIVEY
ey SARS-CoV-2 uuuiesazwuilugia
WAUNQINEY AUNIOU UazAMIAN W.A. 2564
ATIVNLANIU Delta Haviua (3e9az 100) AaU
AINNIANUATIMNAN W.A. 2564 ATIINUEERUS
Alpha 3e#az 36.36 uazievas 40 muaduuaz
lu@oufunan w.a. 2564 aINUAEWUS
Omicron Anifhifesaz 50 veamesiuiinsrany
ludoutfy desludounnaian w. 2565
HNAN WA, 2565 WUMINTTNYFIVOIMERUF
Omicron idulasutadlumeriufos BA.1
waz BA.2 dauaaslu Fig. 1
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Table 1 Demographic data of SARS-CoV-2-infected samples.

gunad aneNna uazAms

Age (year) Sex Cycle threshold (Ct)* Estimated viral copy number**
Male Female
<10 12 8 13.20 - 23.34 Medium - High
10 - 19 5 2 13.70 - 28.57 Medium - High
20 - 29 7 20 14.65 - 24.30 Medium - High
30 - 39 8 19 14.40 - 23.30 Medium - High
40 - 49 6 17 15.40 - 23.10 Medium - High
50 - 59 7 10 13.10 - 25.26 Medium - High
60 - 69 3 3 15.46 - 22.30 Medium - High
70 - 79 1 5 13.20 - 24.60 Medium - High
>80 1 1 14.40 - 18.10 High
50 85 13.10 - 25.26 Medium - High
Total 135

*Cycle Threshold (Ct): The cycle threshold from SARS-CoV-2 detection by real-time RT-PCR. The less

Ct represents the higher viral copy number.

**The estimated virus levels that are suitable for whole genome sequencing by lon AmpIiSeqTM NGS

platform, recommended by the instruction manual of the reagent kit.%?
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Table 2 The proportion of SARS-CoV-2 variant distribution during June 2021 to March 2022.

The SARS-CoV-2 variants were studied by using lon Am|oIiSeqT"’I NGS platform.

SARS-CoV-2 variants and lineages Number of Cases (%) 95% CI
Alpha B.1.1.7 6 (4.44) 1.65-9.42
AY.30 14 (10.37) 5.79-16.79
AY.79 1(0.74) 0.19-4.06
Delta
AY.85 25 (18.52) 12.36-26.11
Total 40 (29.63) 22.08-38.09
BAA 8 (56.93) 2.59-11.34
BA.1.1 36 (26.67) 19.43-34.96
BA.1.16.1 1(0.74) 0.19-4.06
BA.1.17 7 (5.19) 2.11-10.39
BA.1.17.2 1(0.74) 0.19-4.06
Omicron BA.2 6 (4.44) 1.65-9.42
BA.2.3 12 (8.89) 4.68-15.01
BA.2.9 9 (6.67) 3.09-12.28
BA.2.10 5 (8.7) 1.21-8.43
BA.2.10.1 4 (2.96) 0.81-7.41
Total 89 (65.93) 57.28-73.86

Total

135 (100)
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Fig. 1 Percentage of SARS-CoV-2 variant distribution at Bamrasnaradura Infectious Diseases Institute

(June 2021 to March 2022). The SARS-CoV-2 variants were studied by using lon GeneStudio™

S5 Next-Generation Sequencing.
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Abstract

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-
TOF MS) technique was used to examine the protein patterns of bacteria and compare them with
existing databases to determine their genus and species rapidly and accurately. Due to its high
sensitivity, it is also capable of effectively detecting changes in protein expression. Zinc is
widely used as a supplement and is included in many beverages due to its immune-enhancing,
beauty-enhancing properties and used to reduce the severity of diarrhea. However, the impact
of zinc on pathogen identification such as Vibrio cholerae using MALDI-TOF MS remains
unclear. Therefore, this study aimed to examine the impact of zinc on the peptide mass pattern
and identification score of pathogenic and non-pathogenic strains. V. cholerae was challenged
with zinc concentrations below the metal tolerance value, ranging from 0.2 to 0.8 mM zinc and
analyzed by MALDI-TOF MS. The analysis demonstrated a significant reduction in the
identification score in relation to the concentration of zinc (p < 0.05). However, this reduction
did not affect the accuracy of identifying the genus and species. These findings were consistent
with the results of peptide pattern analysis by principal component analysis (PCA) in
pathogenic strains but not in non-pathogenic strains (p < 0.01). Furthermore, the analysis

revealed distinct peptide patterns and identification score in pathogenic strains compared to
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Received: 14 June 2023 Revised: 9 July 2023 Accepted: 14 July 2023
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control, leading to the misidentification of strains as non- pathogenic at a zinc concentration of
0.8 mM. These strains exhibited peptides specific to zinc, indicating a dose-response
characteristic at peptide positions m/z 4745, 5122, 6275, and 7160 Dalton. In conclusion, this
study significantly contributes to our understanding of how zinc influences the identification of
pathogenic bacterial types using MALDI-TOF MS. Additionally, it provides valuable insights
into potential strategies for improving the accuracy in situations where interference from zinc

present in food and supplements for future investigations.

Keywords: MALDI-TOF MS, Zinc, Vibrio cholerae, Identification score, Biotyper
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Av o w o ¢daa ) X Y ad v v
ingddey wmnzlynesiuinigunalsauniiu (p < 0.01) wenNAUNUNTINSANANNUNTY

a v d

0.8 Fadlum3 demamlvtiamsssymoiiug (strain) Ndawaa TasnunivlIndndianudrims
gd‘ o L 4

AunavesdInzdnatelNaIude m/z 4745, 5122, 6275 waz 7160 Mmany Wan5IveH

*é’%’uﬁm%anuwmm E-mail address: Patcharee.i@allied.tu.ac.th
Suunanu: 14 1gngu 2566 udluunanu: 9 nsngal 2566 SuAnaiunANL: 14 ASAIAN 2566
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MALDI-TOF MS #ithlgmsitiadesreiignaeusiug nsainimssununndainsaludedinsio

maAy: MALDI-TOF MS, dnzd, Vibrio cholerae, Mazuuuil¥szyi¥eya3wn, Biotyper
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#281A589 MALDI-TOF MS

YN

Vibrio cholerae L“flummqﬁwﬁ’tg
Y9381 NAN1IANTE1IARINTTIITUUIY dIulvn)
anamsivdsemusmsnziauuudy q Ims
Puideusznitedunsumsiasonaims'’ (e
g $% 1 o v & L2 z 1 s Q' o
weorhgaldianvesdiihe weszutdiiudu
Tuswbeydilduazadna cholera toxin %3
IS va & a ° k% Y o %
uaaandauteumelinensusilviniadld
dnuay lismnsagadithuazindous1d anvds

% Y = 9; - 1 1 =
nszquliimsgadeiuazinaeus 13u lunox
I'd o Y YUY 1

uazaaelsaeeninludld danalvifthedeganse
| g; 1 <! | a dl o
Wuihedaguuss sudunwerdaniwidifia
voalsa ale V. cholerae v:iifinogiams
Tudld Taghisndndngnszuaiden datiuiihe
Fuinliilduazgeansyiinlifidemu® ¥ Tag
24’ 1 Y a k% 1 <
Wadsane ltAnMIszLNa laed195Ia57 was
WlvideFiala

o a & ' Aa o o 1

danzdduuimnaermsniianudidnee
sruumahauvessame Wuusnaiinutiesud
= ) I 1 1 s ! o Y q/
nanudududesname danzdgninly1asindy
U lmilulifsends q Addademshauves
My U masaauls msaiaiiolbe q

wazterdsuasszuugimumumelusiane®

Fatiusativuslnadensdnniuluemsiaiy
slupuda g Tasiiduwandsnsdilszana 15
8430 fiaan3u udmsl@zudanAulsinadinn
wulAdanaidedeame ssdmsensielan’la
Avuaunmamsuiinalszndlaviivensuld
(provisional tolerable weekly intakes; PTWIs)
voadmenyud vy 7,000 lulasniude
Alanfuhmiingnsdedlai? uonmndanzdey
Hiszlemideameuddenz@daliunumaifey
Tumsthudenneliifinoimstiosas Tneidansd

zgreinyiszauaNudnysaiveIniiasad
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wazfiunuimlasassdenisvudilosouluizad
¢ = g ¢ A oW ¥
toumelslad (enterocytes) Faduiradiweydld
d‘ =< 1 3 Y o 3 o = [l
NensnsagaFuusmIama 9 18 daiudanzasane
Trimsgaguleseunazilesiumsdanaangn
dirnnnenduvease V. cholerae lavil
nalawasanenNudutuues cAMP luizad
#(8) Ko a N e =
umelslyd® uennnidaiamiTenuhdngd
A A ) IS
Falon wazuuamid Januaunsaanny
suusslumsnelsnves V. cholerae 18 I
manilinafedu ctxAB, fliA, tepA uay toxR
4 a4 d. udy - 44
suTunduouimhniniahanendu mtadeunuaz
Q' o g o Y ¥V
mstiunuveadelua ld dewalvianuanse
Tumstadeun matmeniiassadi@oyid (epithelial
cell) V84130 V. cholerae anadegniivivechiay"”
o 3 ¢ o .
farfuesdnmsemdelan uaznednu United
Nations International Children’s Emergency
Fund (UNICEF) lTauusinliesudanzaludihe
< A ' = o A o '
wananendulsngansziafsunduiedvey
Tudszimamaaianndsina 20 fadniunniu
Wunm 10-14 Judwmdudnnieonnsnessis
Weunduuaz 10 Nadniudeiudmivmsaneny
L, a4 (10)
MANHMARDUNBAAAIINIUUT
Matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry
(MALDI-TOEMS) (Hhunaiiafiansnsnszysiinuea
é’ IS o A o YA o % = IS
wayaswluszavlauazalad 1hsaG danu

812 Tagordogiluuy

Tuaziianuusiugiga
¢ ¥ A= o o Ao progp
willndenedu 9 AuanuTunzAvITauazadlsd
(peptide mass fingerprint) ¥uadszana 2,000-
15,000 eadiu 15y TsAulungu housekeeping
proteins, ribosomal proteins wazldsAumedu
au 9 Wesnalsaumnedu q viedenindlng
Y = % 4 X ~ '
Timsasuudasldase tiewearwedly

s = a o Y 1
Aznady dnsnuldsudaddviriuigduuy
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wndasnsanfasuudadladioweaglunizi

IS a 1 1 g
Nlarizwaea ¢ 15U 139 Staphylococcus aureus
(13)

4‘ Vo a IS} @ IS o;

n1asulanz@u uaadion danzd azm waz
Escherichia coli O157: H7 fl@3uuaaiiisun
TasmayduuuuldIndnuasuuasiuiuwa

nnmsviviiveavedelanstiu 9'Y

UBNIN
o s o Y
danzdgninmnlylunmisaivauanusuusaly
' X A A o ] v ) Yo
manslinvedrauuanIunalianedsn dalasy
anuionlumsihnuilnadueimsiasaly
Aa o _ s g ] < o (S
FiadsziTumnniu egnlsamudalidineau
nansznuvedinsddesduuumsudniesnves
Wi lndnieszvidieaios MALDI-TOF MS
luweuvaniGerelsandideyedis V. cholerae
aaiulunddel Rdsdddadnmmnansznuves
s a a &’ S d‘ a L4
danzdremMIsysiinreu¥0aTN 1iBIATIEN
M1A399 MALDI-TOF MS TasmsifSeuiiiou
sduudIng swdsazuuunldlumsszy
a g IS . . o . z
FUALFDYA¥W (identification score) VDILHD

V. cholerae eetiugniigunelsauaslifigy
X das

fiolsn Tuomsiasareniidinzaanudnduma q
Tagnaranudnduiuiaifiosndianl metal
tolerance test FIMTNMILUEAIATINAINITOVDILATO

MALDI-TOF MS lumsswungduuuuli/ing

ke

=t

L X o g
WUFUNUANTNINUVDAFD V. cholerae angWugnu
= 1 1A U v =
gunalsauazlingunolsneanainiy MIANEN

Y4 L ewa e v X -
afalazihlviiinesdnnuinugrudimiums
3AnH¥e V. cholerae $1u1A309 MALDI-
TOF MS uwaztJudiedanuisen 1¥ia3eq
MALDI-TOF MS Tumsenmgatn luanzi
5! s 1 G IS dy s
Nifadoda g nsunmursedmduileuandy

fadana lumsasadliadoyea¥nnavied
ftamamatiamsunndae’ly

IS I’ I’
naluoe Tawun uasaa

JaauazdIzms
MsnagaumMaNNaITalumsnunadinsa
voaaLse (Metal tolerance test)

J

0o X A o
UNBBUUANLIY V. cholerae tewug
V. cholerae serogroup O1, El tor, Inaba waz
V. cholerae Non O1/Non 0139 (31nAs5«
a s P2 A A
Inenendaimsunnd) Ialadlidedmnaslueims
1a84¥0 Luria-Bertani (LB) broth 5 Naaans
1 Taladide 1 vaea (N 3 9) warihldvalu
dunzren 37 esrwaded (una 18-24
o o H a X Y 1w
Flue vasnnduasentyalitnidy 0.5
McFarland (OD_ = 0.1) e nliuudin
- Ko o . z X
WPenualudandi 1:10 nadsnnduriense
nasen3fFines 2 lulasans vu LB Agar nhidl
danzd (NduAIUAN) uaz LB Agar MHANNANIY
vesdanzd whdy 0.1, 0.2, 0.4, 0.8, 1.6, 3.2
uaz 6.4 fioalums wdnhllvuwmnzideugaumgil
37 aarnared sTeza 18 $1lud ANUTNIY
o o ad X a a ¥
gamovesdanzdniredmansnasayavlala

Wienutiluan metal tolerance test'™’

msmwzgm V. cholerae luomsivialnay
danzddmivianzigduvuinawlding
Mgmnan Matrix-assisted laser desorption
ionization-time of flight
Wi¥euuaiGelalaiiiae 1 Talail ides
lupwnsiasaide LB broth 1hliialugimnzize
71 37 ssrumaiFoa Wi 18-24 $2Tua than
Ysusnnudeld ldanududulszana 1x10°
mwihemsnemlalaineladans (CFU/mL) f1e
3oaalnTnsTnlafiiaed (Shimadzu UV
2501PC, Japan) Tamsganauuasiinnusnnaiu
600 WIuLNAT (OD, ) wianntauAndansd
Famaanuidudugameiiy 0.8, 0.4 uaz 0.2
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fiaaluad hlihinmnzi 37 ssenwaidoa e
wioawen Tael¥anuii 180 soudoindt
Yuneszeznm 16 $al thied ldvianua'ly
uanazneulagldanuiii 8,000 souseini
Hunm 5 it gadladuuuia fubiake
ihndu 3 afs thowadaamasaving 1.5 findans
hugalagl¥anaucai 12,000 seudewndt udha
3 300 AsagaTaaladuuuiiAueanlime
WWimaeazneutaduazinldinIondiadig
wlIngdmsuiaies MALDI-TOF MS s/

= o |l d o v A a4
mswassumagailIndansudmncviaile
Matrix-assisted laser desorption ionization-time
of flight mass spectrometry
maessudreglndazieadlv
uanuazdsudsinaldsauluudazdiegslvivhiu
AouthliAanzyiciensas MALDI-TOF MS
(MALDI Biotyper; Bruker, Germany) Huwad
a A d‘ VY o L4 Ya s s v
wuansenlaurilviuan laeglsisananie
fa =) a 9; d'
Msazmenantemusa/nsanasin Ao LANIN
MusTvUnIedmdIalessundlr 300 lulasans
lunaeavng 1.5 fiadans aanzneuwad 10
Tulasans wanldindy @utemMuatIuIu
$ovaz 99.9 U515 900 lulasans wanlwiinmu
i liulagldanuGin 13,000 seudeniilu
k4 v
v 2 i gadladmuuuia Washiall 5 wn
Wwuansaranensavasinutudesay 70 U5unas
25 lulasans Mlulaaavuassufaneaiel
I'd a a % a a I'd v Y
EraduuANGouan waltdnezdlalulasd [Wutu
$ovaz 100 153105 25 lulasans wanlviindu
i liulag1l¥anusin 13,000 seudeni Wu
I o 1 % s 9 £%
nan 2 i haulamuuulIaanududuves
Tsaulaeds Lowry wazlSuilSinaldsauluusaz
deg1a Wlammny 1 lulasnSudelulasans
Werhmdanzyiaely?
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myaneigduvunl/indlagmnaiia Matrix-
assisted laser desorption ionization-time of
flight mass spectrometry

(A38N matrix solution ¥Yasusau-
Tye1lu-4-laasensFumin (HCCA matrix
solution) Tnesansaueavh-lsenlu-4-lansend-
Funiin 10 ulasniu dunsalasvigeslse=san
Wududewaz 5 P5mnas 500 lulasans wazesdla-
Wlasd Wadudesaz 100 Y31a3 500 lulasans
nendiddy thdladuuulll¥ srntuni
Tsauandiudiu 1 lulasnsuselalasans afa
Taluudazéiegaunidn HCCA matrix solution
ludasdiu 1:1 9adiedaavu MALDI target
plate 2 'lulasdns Tagqa 46 9a ¢de 1 freEa
dhethaaz 3 s W Escherichia coli DH5alpha
Fushaungannn (positive control) N3l
Whf3ienzidioiaieq Ultraflex %39 mass-to-
charge ratio (m/z) 2,000-20,000 ma@u uazi
signal-to-noise ratio 11NN 5 mstfvanaiy
1$T1/sunsu FlexControl software version 3.3
(Bruker Daltonics, Germany) Tagnaun1see
Fregrafesdfuifisuanugniesvoinioa
Microflex LT (Bruker) @18e3ua3sq1u E. coli
strain DHSalpha ‘ﬁﬁummiaumm ribosomal
proteins ﬁ@?”ll,miiﬁ m/z 5098, 5381, 6255,7274,
10300, 13683 uaz 16952 madu naInALAY
spectra peaks U9IfI9E1958UIPOUE 11 spectra
peaks 7l&Hanuamdanzidedrellsunsy
FlexAnalysis software version 3.3 (Bruker
Daltonics, Germany) a1l spectra peaks
MAUIE 46 yavesudaziegrandiugiuues
spectra peaks ¥ (smoothness and baseline
subtraction) Ltéjaﬂﬁgﬂ spectra peaks
A& lagl#lisunsu Bruker Daltonics
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FlexAnalysis 3.0 software ttar MALDI
Biotyper 2.0 software §UANUUANGIUDA spectra
peaks vasenoing 1hinienzddlenanms
principal component analysis (PCA) uaz

M cluster analysis''?

msanzimeann
= o : g v
msufssunsumazuuunldlumsszy
A X 4 X aa 4 X o
UADYTNITNNIFOUUANTINAIUAIZN
Lindanzd (pduaivan) wazaziidinsd
Imudnn r-tes/ ANOVA Tagls GraphPad Prism
(GraphPad Software, Inc., la jolla, CA, USA)
MruadiaNuLanaNegltodidgniedaa
p-value < 0.05 Iianzdmuntauazanududu
U spectra peaks areldsunsu Bruker
FlexAnalysis 3.0 szusiiavadyagasnlag ey
A 1 4 @ 1 @
anumiousznIgduuuilIndvesdrediady
sduvuulIndveawenisfiaudrlugiudeya
version 3.3.1.0 (4,613 entries) maldsunsu
Bruker Biotyper 3.0 ud3anzigduuuni]Ing
VoaLTON principal component analysis (PCA)
way cluster analysis a1eTdsunsu Bruker
ClinProTools version 2.2 83muana Wilcoxon/
Kruskal-Wallis, Anderson-Darling (AD), #-test/
ANOVA (TTA) Tagmruamanuuaneaaee1s
Uleddeymadda p-value < 0.01

HaM3IVe
;.11u:mJLﬂﬂ'lﬂﬁﬁmyuﬁtmnmqﬁmm V. cholerae
mﬂﬁuﬁ:ﬁﬁﬁuﬁaisﬂ (V. cholerae 01) waz
ladigunealsnnessrawiaguuss (V. cholerae
Non O1/Non 0139)

cda

V. cholerae uiiugniiuazlaisgy

v 4 v a | @ [ A o a J
ﬂﬂIﬁﬂﬂﬂQi]Q‘Hu@?uLLiﬂ dughegamhumiaaezi

IS I’ I’
naluoe Tawun uasaa

mgdusuihlIng &r91a309 MALDI-TOF MS
IﬂﬂﬁL‘%EJLtﬁia:ﬂiﬁ@lﬁ]mﬁﬂﬁﬂLﬂﬂllﬂﬁ‘;ig”lﬁﬂﬁuﬂ
46 ¥ WuN V. cholerae Ol waz V. cholerae
Non O1/Non 0139 wmi’mmtﬂﬂ‘lwﬁﬁugm‘m
30 V. cholerae swfunanua 96 whndiid
arurualusie m/z 2,000-20,000 aany
Mgl indifianus e fuge
V. cholerae O1 ¥lasdaidaonidlIndaru
aaauiadeil 1. fanududuveaniling
(peak intensity) wuan@199In V. cholerae
Non O1/Non 0139 vy 1.5 i 2. dif
p-value < 0.01 Iagdrurain Wilcoxon/
Krustal-Wallis (W/KW) test 3. 37 coefficient
of variation <30 wamsnaasswuhil 13 whlnd
ﬁﬁﬂmauﬁamuﬁﬁmuﬂﬁaﬁ i 8 wlndiis
anududuveslindues V. cholerae O1
AN V. cholerae Non O1/Non 0139 ldun
m/z 3095, 6275, 8353,4277,6164,5122,7160
waz 4177 emadu wazil 5 whlIndifiaadud
voal/lnéwea V. cholerae O1 tioenh V. cholerae
Non O1/Non 0139 14w m/z3163,4745, 5494,
4818 waz 5272 aadu (Table 1 way Fig. 1)

o S 1 Ll ‘il
HanszNuvaIdinsanamazuuunlslumsssy
%ﬁm“ﬁa@a“ﬁw 1NLAI89 Matrix-assisted laser
desorption ionization-time of flight mass
spectrometry

s a 1 d' EY

wansznuveadansanomazuuunlyly
MIszyrlaweadn TINdIHansznudegLuuy
(1 Ing @nvilagsiinisnadauriidl metal
tolerance test ¥94N9 V. cholerae O1 uwag
V. cholerae Non O1/Non O139 WuNaNuiuyy

4 ‘1' t&’ a a YA =$lcv =

gamenesmnIaiyulalane ndinzdanu

v a a ¢ v P o= XX
Wy 3.2 dadlumd daiudadearelueims
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ada v

X X da v v a '
ed¥eniaNNINTUVeIdInzd@nNmtiauni
M metal tolerance test A 0.2, 0.4 waz 0.8
a a I'4 s 1 | g d‘ g
fadluas uazdednmunudureniassly
g &’ d‘ 1 o = 1 o a d
stasa¥en iidin=d vazAewih ey
maduvuil/ng azilsaduanuaziililzy
Y Y = v k2 % d‘ 1 o d'
ANudNtuveldsaulENaNNNTUN I AY e
Tyauhl Indudazgainnududulnafesiuiie
AAiIBAIeI MALDI-TOFMS th)Indazgn
nnzigluuunll/Ingn m/z 2,000-20,000 madiu
uasi signal-to-noise ratio 1NANT 5 NAMINANDI
1w apn ' A o N S
wuhdanzdliinademsszydtavaralrdues
Madeaeeiug (Table 2) Tnadnsimazuuud
Wlumsszysiiaegarwinnnii 2 uly egals
AmunnnamsneasanuNdnainarnldimaziam
~ ~ X A a ¥ oA
nFlumsszysiiaregarniunlinanade il
% o as aa . d' 24’ a d’d
Hedfeumadon (Fig. 2) dewaiaseluensinl
ANUYNTUVDIdIN=FNNIY Tag@amiznany
i1 0.8 Hadlum3 MazuuumlFlumsszysiiage
Ya¥nanadedelilsdAgMeuiunguaIuaNINn
= ' o v ga o q ¥
nga wazdawalimsszymeiiugiall Tagyhld
4
¥ V. cholerae O1 gnﬁ:qwmﬂu V. cholerae
Non O1/Non O139 (Table 2 waz Fig. 2)

madanzigluuuhlindveside V. cholerae
figanszdudedansd
msfnransznuvesdansddegiuuy
W ndsznhagenisunelsa V. cholerae O1
wazideiihifidurelsa V. cholerae Non O1/Non
0139 IWinsinfeuiumazuuuililumaszy
wiiagevadw #eTlsunsu ClinProTool version
2.2 Aianeigduuunh/nddie PCA uwazudna
nall Box and whiskers plot wuhgduvuuh)ng
vosluse V. cholerae Non O1/Non 0139

4 1
LinanuuandasziiangualuaNuazFe N9y
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Wwulaludanzdnanududu 0.2-0.8 Haalums
luvauz V. cholerae O1 a1315UyAAINN
1 I'd 1 1
uandaveguuuinhlndszninanguaivauuay
Wwonsaavlaludenzdnanududu 0.2-0.8
a A I'4 as YV s é’
Taaluans sonnnfulaFaau uananil lu Box
and whiskers plot WuhjtuvundInan1a
k4 s Y] & o % £ s =
winTtyanaaduiusfuaNuuIuveadanzd
pg1eltlvdAny (Fig. 3) Milnduiivgiulandenzd
I'd

nanuduiusdemstasuulaszduvuyng

Aanann

(d‘ o U = &'
sl lndnasvauesdtmenudinsdvadtya
V. cholerae O1

NANAMIANEINI9AY (Table 2) Wy

v Y s 44‘ a A d A 1
ANMANYUVDIFINZEN 0.8 Tadluas Hwaso
sWuwuh)ng sildehazuuumllumsszysiiage
Ja¥nanadedaditudifn uaziimaszymeiug

d' va o 2 Y=L 1 dl a <
amataden {Iideddlddnmdeineltanzim
whlndveame V. cholerae O1 nimstasuuilas

. X

vaavelasudanzd TagladaaontddInani
wa o é’ IS % % '3 &y
anaNTAfell 1. HanuwniuveadIndveaye

q
[

faodlunmsiiidensd 0.8 faaluand uaslaidl
fanzauanuuand1aiu 1.5 1 2. i p-value
< 0.01 MuIuan Wilcoxon/Krustal-Wallis
(W/KW) test 3. #fn coefficient of variation
< 30 mamsanzidaingmy 19 wlindid
AnuuaAnmafueghaliichAymadan lnoillng
ffamuddutiesauiloweldudenzatsuo
6 1w/Ind ldun m/z 4368, 4746, 3165, 5494,
9491 uaz 4800 madu W nditanududu
nni deeldsuden=atisnnu 13 ulnd 1Eud
m/z3582,2563,4997,3139,7162,3083,5082,
3096, 5123, 4178, 6165, 6276 waz 8355 madu
(Table 3) otdlsfieudioinsanuhIndvesde
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V. cholerae O1 MHANUTUMZADNHYDIFINT
a v - o’d’d $% % d'
znnsandadenyIndnianudndugs e
Wianuudusuazuenssnnnl/Indninaan
£ Y = - (dld 1 £ £
dMsuniulaa JaaendInaniaanundu
vaaundmnanhaiaas (mmadswniy 7.23 a.u.)
szanadunfe 30 a.u. waznnsanldnan

IS I’ I’
naluoe Tawun uasaa

IS Y s 4 1 v Y d o
Hanuduiusserneaanuntuvesldndny
k2% 2 s =

ANNANVUVDITINET (dose response effect)
davzdedlinuanuduiusilude V. cholerae
Non O1/Non 0139 wamsantnaZaimy 4 uhlnd
nipaeniAdand 1dun 4745,5122,6275 waz
7160 madu (Fig. 4 uaz Fig. 5) muady

Table 1 Comparison of mass peak of V. cholerae O1 and V. cholerae Non O1/Non O139 analysis

by MALDI-TOF MS. These peaks were identified through ClinProTools analysis using Wilcoxon/

Krustal-Wallis (W/KW) statistics and Anderson-Darling statistical test, with significance at

p < 0.000001. The peak list demonstrates the selection criteria, which contain: Peak

intensity ratio of test and control greater than 1.5-fold change, average peak intensity greater

than 5 a.u. and coefficient of variation greater than 30. The increasing and decreasing of

average peak intensity were represented by (+) and (-) symbols, respectively.

V. cholerae Non O1/
V. cholerae O1 Average peak
Peak Non 0139 . 5
intensity of V.
No. WKW and
(m/z) Average Average cholerae O1/V. AD
Dafton | Peak |StdDev| CV | peak |StdDev| cv | cfiolerae Non
intensity intensity O1/Non 0139
3095 17.84 2.96 16.57 4.85 0.64 13.24 (+) 3.68 < 0.000001
8353 12.96 1.6 12.36 413 1.77 42.87 (+) 3.13 < 0.000001
6275 32.33 4.59 14.21 12.62 2.99 23.69 (+) 2.56 < 0.000001
4277 47 11 14.58 | 30.95 19.79 5.1 25.76 (+) 2.38 < 0.000001
6164 24.82 2.69 10.82 11.15 2.57 23.08 (+) 2.22 < 0.000001
5122 102.44 14.32 | 13.98 53.6 11.5 21.46 (+) 1.91 < 0.000001
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Table 1 Comparison of mass peak of V. cholerae O1 and V. cholerae Non O1/Non O139 analysis

by MALDI-TOF MS. These peaks were identified through ClinProTools analysis using Wilcoxon/

Krustal-Wallis (W/KW) statistics and Anderson-Darling statistical test, with significance at

p < 0.000001. The peak list demonstrates the selection criteria, which contain: Peak

intensity ratio of test and control greater than 1.5-fold change, average peak intensity greater

than 5 a.u. and coefficient of variation greater than 30. The increasing and decreasing of

average peak intensity were represented by (+) and (-) symbols, respectively. (Cont.)

V. cholerae Non O1/ Average peak
Peak V. cholerae O1
Non 0139 intensity of V.
No. WKW and
cholerae O1/V.
(m/z) | Average Average AD
hol N
Dalton peak |StdDev| CV peak StdDev | CV choferae Ton
. . . . O1/Non 0139
intensity intensity
7160 88.3 9.73 | 11.02 48.3 5.07 10.51 (+) 1.82 < 0.000001
4177 20.84 2.68 | 12.85 13.88 3.86 27.78 (+) 1.50 < 0.000001
3163 6.68 1.54 | 23.06 15.15 3.16 20.88 (-) 2.27 < 0.000001
4745 52.81 13.29 | 25.18 | 100.75 15 14.89 (-) 1.91 < 0.000001
5494 7.95 149 | 18.78 13.98 1 7.18 (-) 1.76 < 0.000001
4818 4.38 1.82 | 41.47 7.44 1.4 18.81 (-)1.70 < 0.000001
5272 4.86 1.41 28.91 7.71 0.86 11.12 (-) 1.59 < 0.000001
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Table 2 The identification score and genus-species identification of V. cholerae O1 and Non O1/Non
0139 strains using MALDI-TOF MS. The strains were cultured in the presence of zinc, with
concentrations ranging from 0.2 mM to 0.8 mM Zn. To analyze the data, statistical analysis

using the student t-test was performed, setting the significance level at p < 0.05.

V. cholerae O1

Zn-Treatment

Score (Mean = SD)

p-value from t-test

Bacterial Identification

Control 2.683 + 0.027 - V. cholerae O1

0.2 mM 2.678 + 0.008 0.862 V. cholerae O1

0.4 mM 2.553 + 0.008 0.002 V. cholerae O1

0.8 mM 2.521 + 0.016 0.001 V. cholerae Non O1/Non O139
V. cholerae Non O1/ Non O139

Zn-Treatment

Score (Mean + SD)

p-value from t-test

Control 2.767 = 0.010 - V. cholerae Non O1/ Non O139
0.2 mM 2.725 + 0.009 0.016 V. cholerae Non O1/ Non O139
0.4 mM 2.714 £ 0.018 0.035 V. cholerae Non O1/ Non O139
0.8 mM 2.656 + 0.024 0.003 V. cholerae Non O1/ Non 0139
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Table 3 Comparison of mass peaks in protein analysis of V. cholerae O1 under zinc stress at 0.8 mM

and without zinc stress using MALDI-TOF MS/MS indicating the impact of zinc stress on the

mass spectra profiles of V. cholerae O1. The peak list demonstrates the selection criteria,

which include: Peak intensity ratio of test and control greater than 1.5-fold change, p-value
< 0.001 of Wilcoxon/Kruskal-Wallis (W/KW) test, Anderson-Darling (AD) test and coefficient of
variation greater than 30. The increasing and decreasing of average peak intensity were

represented by (+) and (-) symbols, respectively.

V. cholerae O1

V. cholerae O1

(control) (0.8 mM Zn) Average

Peak peak
Average Average . .
No. intensity of WKW AD
peak peak
(m/z) StdDev | CV StdDev| CV | 0.8 mM/
intensity intensity
Dalton Control
(a.u.) (a.u.)

4368 6.09 128 [20.96| 19.78 4.04 120.44| (+)3.25 |<0.000001| 0.000150
4746 53.06 13.13 [24.76 | 148.22 | 20.06 |13.54| (+)2.80 |<0.000001 | 0.048400
3165 6.68 151 [22.66| 18.30 3.10 [16.94| (+)2.74 |<0.000001 | 0.106000
5494 8.04 155 [19.26| 17.66 1.93 | 1096 | (+)2.20 |<0.000001| 0.000040
9491 59.04 7.74 | 13.11| 128.38 16.08 | 12.53| (+)2.17 | < 0.000001 | 0.000239
4800 3.15 0.99 |[31.32 6.06 0.87 [ 1437 | (+)1.92 |<0.000001 | 0.094000
3582 42.87 6.83 | 15.94| 26.02 3.56 |13.67 (-) 1.65 < 0.000001 | < 0.000001
2563 25.71 3.72 |14.48| 12.46 2.57 |20.61 (-) 2.06 < 0.000001 | < 0.000001
4997 6.98 1.24 [17.72 3.10 0.41 |13.16 (-) 2.25 < 0.000001 | 0.000002
3139 14.25 2.10 | 14.73 6.01 0.99 |16.39 () 2.37 < 0.000001 | 0.000039
7162 88.08 9.63 |10.94| 36.73 6.03 | 16.41 (-) 2.40 < 0.000001 | < 0.000001
3083 11.86 1.31 [11.08 4.83 0.88 | 18.31 (-) 2.46 < 0.000001 | < 0.000001
5082 5.80 0.97 |16.69 2.07 0.41 |[19.95 (-) 2.80 < 0.000001 | < 0.000001
3096 17.67 3.04 |[17.19 5.38 1.20 |22.29 (-) 3.28 < 0.000001 | < 0.000001
5123 101.89 | 14.39 |14.13| 28.28 6.16 | 21.77 (-) 3.60 < 0.000001 | < 0.000001
4178 20.83 2.63 | 12.63 5.01 0.86 |17.27 () 4.16 < 0.000001 | < 0.000001
6165 24.71 2.71 | 10.95 4.08 0.64 |15.77 (-) 8.06 < 0.000001 | < 0.000001
6276 32.12 4.66 | 14.50 4.90 1.24 | 25.40 (-) 6.56 < 0.000001 | < 0.000001
8355 12.93 159 [12.28 0.96 0.37 [38.85| () 13.47 |<0.000001 | < 0.000001
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Fig. 1 The MALDI-TOF mass spectra of protein fingerprints for both pathogenic (V. cholerae O1) and
non-pathogenic (V. cholerae Non O1/Non O139) strains of V. cholerae. The spectra highlight
the presence of 13 discriminating peaks, indicated by (*) symbols, with their corresponding
m/z values: 3095, 6275, 8353, 4277, 6164, 5122, 7160, 4177, 3163, 4745, 5494, 4818 and
5272 Dalton.
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Fig. 2 The figure illustrates the identification scores of (A) V. cholerae O1 and (B) Non O1/Non 139
strains using MALDI-TOF MS. The x-axis represents the concentration of zinc (ranging from

0.2 mM to 0.8 mM). The y-axis represents the identification score of the strains. The statistical

analysis was performed using the student ¢-test, and the significance level was set at p < 0.05,

indicated by (*) symbols.
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Fig. 3 The figure illustrates the results of PCA and the box and whiskers plot performed on
V. cholerae O1 samples after exposure to different concentrations of Zn. (A) PCA Analysis:
The total mass spectra of the samples were subjected to PCA analysis. The PCA analysis
revealed distinct groups among the control and treatment groups (0.2 mM, 0.4 mM, and 0.8 mM)
of V. cholerae O1. The contributions of PC1, PC2, and PC3 to the separation were
approximately 100%, 87.27%, and 83.33%, respectively. (B) box and whiskers plot derived
from PCA scores demonstrates that a significant (p < 0.01) separation of the control group
from the other treatment groups.
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5122 m/z Dalton

7160 m/z Dalton

Fig. 4 Bar graph illustrating the four unique mass spectra peaks m/z 4745 (A), 5122 (B), 6275 (C)

and 7160 (D) Dalton in response of V. cholerae O1 to 0.8 mM Zinc. These peaks were

identified through ClinProTools analysis using W/KW statistics, with significance at p < 0.05.

The selected peaks exhibit average peak intensity differences greater than 1.5-folds change,

with intensities exceeding 30 a.u. The graph demonstrates a clear dose-response relationship

between the intensity of peptides and zinc concentration ranging from 0.2 mM-0.8 mM.

Importantly, these properties were exclusively observed in V. cholerae O1, suggesting that

these peptides may be specific to the impact of zinc on this strain.
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Fig. 5 The four unique mass spectra peaks (m/z 4745, 5122, 6275 and 7160 Dalton) in response of
V. cholerae O1 to 0.8 mM Zinc. Asterisks represent difference of spectra peaks among
control and zinc treatments.
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Comparison of Modified Fite-Faraco Staining, Auramine O
Staining and Real-Time Polymerase Chain Reaction with
Standard Staining Methods for Detection of Mycobacterium
leprae in Slit-Skin Samples
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Abstract

Detection of Mycobacterium leprae by modified Fite-Faraco (FF), fluorescent Auramine
O (AO) method, real-time polymerase chain reaction (PCR) of Pra gene and the standard Ziehl
Neelsen (ZN) staining were compared in slit-skin samples from 32 leprosy patients attending the
Raj Pracha Samasai Institute. Scraped incision method was performed to collect tissue fluid and
dermal tissue from the same 4 sites including two from both ear lobes and two from the active
lesions. Slit-skin smears (SSS) were prepared and stained by ZN, FF and AO methods. The
collected specimens were evaluated for the present of Pra gene using real-time PCR method. Fite-
Faraco was modified by omitting the deparaffinization instead submerge the slide in soybean oil
for 10 minutes. There was a very good correlation among all methods. Out of 32 samples, 7
showed organisms by ZN method, 9 showed organisms by FF method, 11 showed organisms by
AO method and 9 showed organisms by real-time PCR method. FF and AO stains were found
to be superior to ZN in detecting leprae bacilli in SSS. Moreover, sensitivity was identical for
real-time PCR, FF, and AO methods for multibacillary (MB) cases suggesting that real-time
PCR, FF and AO techniques on the SSS could replace ZN without any loss of sensitivity. FF

procedure uses simple equipment, easy to carry out, and convenient procedure. Therefore, the
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modified Fite-Faraco method described here can be used for the confirmation of the clinical

diagnosed case of leprosy in resource-limited hospitals.

Keywords: Slit-skin smear, Acid fast bacilli staining, Fluorescence, Leprosy, Modified

Fite-Faraco, Real-time PCR
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China) mufuuznveusEminaa Aoiased
As193tAT1zvionluia BIO-RAD CFX96
Real-Time System (BIO-RAD, Singapore)

% dl 2 a o o
meladaznduaaiivuadiuiu 40 sou
wazdnzvinamesandul3 CEX Maestro™
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soulsn 1-5 seelsn waziihoweinn (MB) vined
kihelsnseuinsanuseslsnnnn 5 soel5n>
Taiudthewetiesdiuou 17 1o (Gevaz 53.1)
wazdihoesnndiu 15 518 (Gevaz 46.9)
(Table 1) Rnmsdnnzvinuiiheldsumsgudu
NiulsaGaunnmsdendlvinauineeds ZN
U 7 519 wadd FF 110U 9 918 1ag
Y Z £ 4 o Aad g ad
Jihona 7 518 WinawInAvIsnMsnsm 4 3o
k%4 L} %4

yonALI5 FF Winauiatinanndunis ZN
o 4! | Y = s -d' L4

Tunu 2 Mg Fududthene@erdunlinauin
real-time PCR

o T o= g A w1 Y < X N
aatiudadumssududdihoidulsaseuia

AuN15A51991835 AO uwaz

UDANNUTINUNHN 2 718 NA51any AFB e
35 AO udaslinwuameds ZN 35 FF was
real-time PCR

2. anudasanaedveIflszinauizms
aa L7 4 v =S
IHaNsaIgmsdand
nansUsziiuNanNNUme R TTHING
Auszdumadiiies (Inter-rater reliability) $117u
3 aunldeunannmsdondseds ZN lagly
doa Krippendorff’s alpha wuimasiaiu
aoAndBITEN IRz IMMAY 0.914 udaani
1 % [ 1 $% a [l o A
fanudeandedfuszniaflsziivedluszdud
drumsfondaeId FF lamdsianudonndod
senaduszidiuehdy 0.931 uadaahiidianu
vV s U % a [l o A
deandeaiuszriafszdiueglussdvauazms
v 4 ac . Y o Vv
JoudMI835 Auramine O laadxilanudonndasa
seviddszduohdy 0.863 wanINNMANN
denndeafiuszniaflszidiueduszdud (Table
2) datiy Jdszdiuns 3 au Nanuhealuy
wamsilsziiiu

3. dszansmwvedsmsasiainongludsds
M339NNTNTARINI
WNAN1IILATIZHANNFNRUS T I
X v ad aa o Y aa
5znnvealsasounuIsNInINNINeAIeana
Phi coefficient WUdATINSFIHNAVINNLITAS
y S o e
ane 4 silaludiheyemnniaanginiigan
L4 U lz{ L4 ] A o o
mslinaunludihoeties agiadiiedifgma
a9 (p < 0.05) (Table 3) wazwuiis
ZN 18a51MIns19ny AFB “lupf’jﬂ'sm%mﬂ
mnIIsou 9 duis A0 wunidanmsln

nownludihosetiesiosas 11.8

4. ANNAIANABIVRIHAMIATIVMN AFB Ty

ALiig302835 Ziehl-Neelsen 35 modified Fite-

Faraco a5 Auramine O lagiinanis
31A912102935 real-time PCR 143581994
o 1 d' 4 v ad .

A0 19NIHNaLINAVIT real-time

PCR #14¥iu@ 9 §19619 WamsitAsIziany

AoAAABIMIININEAILIT ZN, FF uaz AO fiy

35 real-time PCR Tngldenatia Kappa coefficient

nuNa 3 35 danudenndedluszaufanniile
(NgUAVIS real-time PCR aghalitiochdgymadia
(p < 0.001) lae35 FF Aanudennasaiy

75 real-time PCR 3n¥iga (latnguduis ZN

uaz AO (Kappa = 1.000, p < 0.001) (Table 4)

35 ZN dsgnihnewavin (PPV) 5e8a2100

Wnenaau (NPV) Sesaz 92 35 FF dsvhing
navIn3eeaz100 MInenaay Seeaz 100 waz

35 AO #svhinemavIndesay 81.8 AN

waavdewaz 100
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5. mamsnagevdscanimnlumsnsiaitiane
X

lsaseu

namIanzinumanuh (sensitivity)
AMANNINWE (specificity) AININYNAVIN LAY
AIneNaay YeIMInTIMNINeLAazID Tne
1935 real-time PCR f13581999 wuniishuou
2 feeha (Sowaz 22.2) NAsIAINY AFB @28735
FF uans29ldnud1e35 ZN wazisiuiu 2
fhoee Gawaz 22.2) 195731U AFB d1835 AO
uAn5I9 N uAI833 ZN (Table 4) FauTudroea

a o A ' A X o o

NoRLIfY uaziisulanguiihoeties 11w
17 519 Gegaz 53.1) Wy ANUIU 2 @089
1AMy AFB 835 A0 wazitheweinn
Hu 15 519 Gowar 46.9) wun AU 2
feg1a Nesiany AFB é1835 FF war AO
(Table 1) uaANNUTINUIIMIATIIN ¥R
g % ad Y 1 d' % a4 a s
Faumeds ZN ludhegranldnnmsnianivii
Amanuhmsas Gevas 77.8) flegnanmanu

wieen vieulasdnvel uazaae

hanmsnsvdedi FE vieds AO filmany
Mifhudosaz 100 Heaedis drumsaamide
Tiadoudisia A0 fldanusumziiosiign
(%ovar 91.3) elfieufii3s ZN uaz FF (Table 5)
Tumsnaassitldinlszanznmmsasialagly
V%l}uﬁelélj A5 (area under the ROC curve : AUC)
101433 real-time PCR ({13359 wuhia
FF (AUC = 1.000) wawds AO (AUC = 1.000)
Lﬂuﬁﬁﬁﬁﬂixﬁwﬁquaniﬁﬁ ZN (AUC =0.884)
asinﬁﬁaf‘iﬁnumnaaﬁﬁi:ﬁn 0.05 (Table 5)

NAMIIATIZHANNTOAAADIN IR
3% FF waz AO Tagl¥35 ZN 1Ti5e1984 fe
da@ Kappa coefficient Wudis FF danu
doandadluszauAInALIs ZN ed1edidodifny
medda (p < 0.001) Tuwnizids AO AN
denndeafiin ZN luszdudidioioumids ZN
pgaltivdAymadda (p < 0.001) (Table 6)

Table 1 Number and repartition of positive samples according to clinical classification. (n = 32)

Type of leprosy

Result

MB PB
ZN-FF-AO-PCR positive 7 0
ZN negative-FF-AO-PCR positive 2 0
AQO positive-ZN-FF-PCR negative 0 2
ZN-FF-AO-PCR negative 6 15
Total 15 17

MB = multibacillary leprosy, PB = paucibacillary leprosy, ZN = Ziehl-Neelsen staining, FF = modified

Fite-Faraco staining, AO = Auramine O staining and PCR = real-time PCR



mufseuigyisnisdond Modified Fite-Faraco m3dond Auramine O uagis Real-Time PCR 8925
AumsdondnIoI5unTgIu Tunrsnsrande Mycobacterium leprae Tudrediiyainmsnsaiamis

Table 2 Inter-rater reliability scores for the reported validation studies of the Bacteriogical Index grading
system in the different staining methods, as measured by Krippendorff’s alpha. (n = 32)

Staining technique No. of raters  No. of patients Krippendorff’s alpha 95% Cl

Ziehl-Neelsen 3 32 0.914 0.827-0.977
Modified Fite-Faraco 3 32 0.931 0.868-0.979
Auramine O 3 32 0.863 0.796-0.926

Krippendorff's alpha value range from O to 1, where O indicates the absence of reliability and 1 indicates
perfect reliability. An alpha value greater than 0.667 is the accepted lowest conceivable limit. An alpha

of 0.800 or higher is considered a good reliability.(%)

Table 3 Efficiencies of different detection systems with slit skin specimens from MB and PB patients.
P-values were determined using Phi coefficient test. Significant comparisons are indicated

by asterisks. (n = 32)

Clinical Number of positive results/total number (%)
. Patients (%)
classification ZN FF AO Real-time PCR
MB 15 (46.9) 7/15 (46.7)*  9/15 (60)**** 9/15 (60O)** 9/15 (BO)***
PB 17 (63.1) 0/17 (0) 0/17 (0) 2/17 (11.8) 0/17 (0)
Total 32 (100) 7/32 (21.9) 9/32 (28.1) 11/32 (34.4) 9/32 (28.1)

PB = paucibacillary, MB = multibacillary, **: p = 0.004, ***: p = 0.001, ***: p < 0.001



8926 wieen vieulasdnvel uazaae

Table 4 Correlations of various staining techniques with real-time PCR. (n = 32)

Real-time PCR
Staining technique Kappa P-value PPV (%) NPV (%)
Positive Negative

Ziehl-Neelsen
Positive 7 (77.8) 0 (0.0 0.834 < 0.001 100 92
Negative 2 (22.2) 23 (100)

Modified Fite-Faraco
Positive 9 (100) 0 (0.0 1.000 < 0.001 100 100
Negative 0 (0.0) 23 (100)

Auramine O
Positive 9 (100) 2 (8.7) 0.855 < 0.001 81.8 100
Negative 0 (0.0) 21 (91.3)

PPV = Positive Predictive Value, NPV = Negative Predictive Value

Table 5 Area under the receiver operating characteristic curve (AUC) and predictive value of three
staining techniques as compared with real-time PCR in leprosy diagnosis. (n = 32)

Staining technique  Sensitivity Specificity AUC 95% Cl P-value
Ziehl-Neelsen 77.8 100 0.884 0.715-1.000 0.001
Modified Fite-Faraco 100 100 1.000 1.000-1.000 < 0.001

Auramine O 100 91.3 1.000 1.000-1.000 < 0.001
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Table 6 Comparison of diagnostic performance of modified Fite-Faraco and Auramine O staining to

Ziehl-Neelsen staining. (n = 32)

Ziehl-Neelsen

Staining technique Kappa P-value PPV (%) NPV (%)
Positive Negative

Modified Fite-Faraco
Positive 7 (100) 2 (8.0) 0.834 < 0.001 77.8 100
Negative 0 (0.0) 23 (92.0)

Auramine O
Positive 7 (100) 4 (16.0) 0.697 < 0.001 63.6 100
Negative 0 (0.0) 21 (84.0)

PPV = Positive Predictive Value, NPV = Negative Predictive Value
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Abstract

Although the topic of pre-analytical errors has been investigated and reported for more
than fifty years, pre-analytical error data from Thailand is scarce. Accordingly, this study aimed
to monitor the causes and frequency of pre-analytical errors at the Department of Clinical
Pathology of Siriraj Hospital — Thailand’s largest national tertiary referral center. This study
retrospectively evaluated the causes and frequency of clinical pathology specimens that were
rejected at the center during the October 2017 to September 2018. The errors were analyzed
separately for out-patient, in-patient and outside hospital. Descriptive statistics and the six-sigma
scale were used to summarize our findings. Of the 2,475,917 specimens that were received
during the study period, there were a total of 4,147 pre-analytical errors (0.17%). Eighty-two
percent of those are from our center’s in-patient department. Of the 6 broad types of pre-
analytical errors that were evaluated, the vast majority occurred during the sample collection process
(84.9%). Clotted blood was the single most common error (63.7%). The results of this study
revealed an overall specimen rejection rate of 0.17%. The six-sigma scale for out-patient,
in-patient and outside hospital were 4.90, 4.10 and 4.50, respectively. The six-sigma scale of
in-patient was lower than acceptable limit (4.15). Appropriate detection and prevention strategies

should be developed and implemented to effectively reduce this error rate.
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Introduction

Laboratory results are an essential
component of patient care management.
Correspondingly, quality standards in
laboratory medicine are established at the
national healthcare policy level in most
countries, such as the Clinical Laboratory
Improvement Amendments (CLIA) in the
United States."

The evolution of laboratory error
detection and quality improvement has been
investigated and reported for more than 50
years.(z’ ? The total testing process can be
divided into three phases, including the
pre-analytical, analytical, and post-analytical
phases. Overall errors were reported to be as
high as 0.31% to 0.47% of all tests analyzed
in a laboratory. The highest error rate was found
in the pre-analytical phase, accounting for
60-70% of all errors.”"® This rate was lower
than error rate in the pre-analytical phase in
Thailand which ranged from 60-85%."

Errors can occur during any of the steps
of the pre-analytical process, including test
ordering, patient preparation and identification,
specimen identification, sample collection,
sample handling, and transport to the
laboratory.(S’ ? The fact that most of these
processes are performed outside the laboratory
makes them difficult to control.""”
Nevertheless, it is important to monitor the
pre-analytical errors and to develop and
implement strategies or interventions to reduce

the error rate.” "'? Improvement in this
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parameter would hasten and improve the
accuracy of diagnosis, treatment, lower costs,
and improve patient outcomes.

Although pre-analytical error has been
widely investigated in other countries,
pre-analytical error data from Thailand is
scarce. Accordingly, this study aimed
to monitor the causes and frequency of pre-
analytical errors at the Department of Clinical
Pathology of Siriraj Hospital — Thailand’s

largest national tertiary referral center.

Materials and Methods

This retrospective study was performed
at the Central Laboratory, Special Laboratory
and Molecular Pathology Laboratory in the
Department of Clinical Pathology, Faculty of
Medicine Siriraj Hospital, Mahidol University,
Bangkok, Thailand. Pre-analytical errors that
occurred during the October 2017 to September
2018 study period were included by
Laboratory Information System (LIS). The
protocol for this study was approved by the
Siriraj Institutional Review Board (SIRB)
[540/2561 (Exempt)].

The Department of Clinical Pathology
provides 7 million tests per year (70% for
out-patients, 29% for in-patients, 1% for outside
hospital) for clinical chemistry, hematology,
coagulation, clinical microscopy, molecular,
and serology.

For in-patient ward, blood drawing and
sample collection are performed by nurses from

the individual wards while out-patient unit,
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medical technologists of the Department of
Clinical Pathology are the person who
responsible for this service. All specimens are
transported manually by ward staff and
messengers of Siriraj hospital every 30-45
minutes. All specimens are analyzed within 30
minutes after registration at the Laboratory of
Department of Clinical Pathology.

All identified pre-analytical errors
were classified into 1 of the following 6
categories: 1) Incorrect identification
or mislabeling 2) Inappropriate request
form 3) Collection error 4) Inappropriate
transportation 5) Sample interference 6)

Miscellaneous

Statistical analysis

Descriptive statistics were used to
summarize pre-analytical error data. Microsoft
Excel software (Microsoft Corporation,
Redmond, WA, USA) was used to manage and
process data. Error type data are shown as
frequency and percentage.

The result of pre-analytical error rate
in each source was evaluated with the
six-sigma scale by Westgard calculator. The
acceptable criterion for six-sigma is more than

or equal to 415"

Results
Of the 2,475,917 specimens that were
received during the study period, there were a

total of 4,147 pre-analytical errors (0.17%).

Eighty-two percent of those errors were from

Noppadol Arechep et al.

our center’s in-patient department, 17% from
the out-patient department, and 1% from outside
hospitals. Sigma scale ranged from 4.1-4.9:
out-patient = 4.9, in-patient = 4.1, outside =
4.5, and total = 4.5. The sources (out-patient,
in-patient, or outside) of rejected specimens
are shown in Table 1.

Of the 6 major types of pre-analytical
errors that were evaluated, the vast majority
occurred during the sample collection process
(84.9%). The second most common was
miscellaneous (6.3%) while inappropriate
transportation was the least common error
(1.4%). The other three errors, which were
sample interference, incorrect identification or
mislabeling, and inappropriate request form
showed nearly the same frequencies at around
2.4-2.6%. For the single cause of pre-
analytical errors, clotted blood was the most
common one (63.7%). The types and
frequencies of pre-analytical errors are given
in Table 2.

The distribution of rejected specimens
by month is presented in Fig.1. The highest
reported number of rejected specimens was 427
in August 2018 (14 specimens/day), and the
lowest number was 276 in April 2018
(9 specimens/day). The average rejection rate
was 346 specimens/month or 11 specimens/

day.
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Table 1 Sources of rejected specimens during October 2017 to September 2018.

Number of Total specimens % Sigma
Source
rejected specimens
Out-patient 692 1,733,142 0.04% 4.9
In-patient 3,413 718,016 0.48% 4.1
Qutside 42 24,759 0.17% 4.5
Total 4,147 2,475,917 0.17% 4.5

Table 2 Types and frequencies of pre-analytical errors (total specimens = 2,475,917).

Number of
Cause of rejection %
rejected specimens
Incorrect identification or mislabelin
Wrong patient identification 97 2.3
No patient identification on container or request form 4 0.1
Subtotal 101 2.4

Inappropriate request form

Incorrect information in request form 87 2.1
Incomplete filling request form 13 0.3
Subtotal 100 2.4

Collection error

Clotted sample 2,640 63.7
Inadequate specimen to anticoagulant volume ratio 274 6.6
Insufficient specimen volume 233 5.6
Specimen not received 167 4.0
Inappropriate specimen type or time for test analysis 147 3.5
Specimen contaminated with infusion fluid or other substance 50 1.2
Inappropriate container 6 0.1
Leaking specimen 5 0.1

Subtotal 3,622 84.9
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Table 2 Types and frequencies of pre-analytical errors (total specimens = 2,475,917). (Cont.)

Number of
Cause of rejection %
rejected specimens

Inappropriate transportation

Delay in specimen transport 24 0.6
Inappropriate temperature during transport 24 0.6
Delivered to wrong laboratory 8 0.2
Subtotal 56 1.4

Sample interference

Hemolysis 39 0.9
Too vicious or turbid 30 0.7
Hemoconcentration (Hematocrit > 55%) 28 0.7
Other interference due to patient’s condition 9 0.2
Subtotal 106 2.6
Miscellaneous

Duplicate check in 89 2.1
Request additional test beyond acceptable limit 24 0.6
Patient’s financial problem 20 0.5
Test not available 3 0.1
Hospital system error 3 0.1
Others, not specified 123 3.0
Subtotal 262 6.3

Total 4,147 100.0
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Discussion

Pre-analytical error in our laboratory
was studied by analyzing the rejection data
from our LIS. The 0.17% pre-analytical error
rate observed in this study was similar to the
results of many previous studies (range from
0.11% to 0.75%).* ¥ ' Other studies
reported higher rates of pre-analytical errors
(range from 1.5% to 7.7%).""**" The
heterogeneity of pre-analytical error rates may
be in part attributable to different study designs
and different settings among hospitals. (14.15.22)
The sigma of preanalytical error from the
in-patient department was the only one that was
below acceptable limit. However, sigma scale
for overall preanalytical errors found in total

specimen sent to our laboratory was 4.5. This

result was similar to the research performed by
Phattanapong, et al. (six-sigma 4.50) but they
evaluated all specimens in hospital.(g)

Most previous studies, except for the
study by Wiwanikit, reported a greater
number of pre-analytical errors among
in-patient department samples, which is
comparable to the findings of our study.(lg’ 2:24)
These higher rates among in-patient samples
compared to out-patient and outside samples
may be due to the likely worse condition of
in-patients or variations among in-patient staff
that are responsible for collecting samples.(g’ 1
However, our data revealed a markedly
higher proportion of pre-analytical errors

among inpatient samples than those previous

studies. The status of in-patients is commonly
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more severe, and this can lead to more difficult
venipuncture. Moreover, in-patient specimens
are most often collected by non-laboratory staff
(i.e., nurses) whose venipuncture training may
be inferior to that of their laboratory-based
counterparts. This assertion was supported by
a previous study that reported that 64.6% of
pre-analytical errors were caused by nurses,
compared to 33.2% that were caused by
laboratory technicians.”” The reason for this
problem might be due to lack of knowledge
such as inappropriate mixing after blood

collection®’

or inadequate specimen to
anticoagulant volume ratio. Moreover, there is
no effective feedback system about the rate of
rejection to staff as well as the well-training of
blood collection procedures in our hospital.

Our analysis of the distribution of
specimen rejection by month revealed that
approximately 11-12 specimens were rejected
per day during the study period. The rejection
rate was higher in August, which might be due
to the start of internships for new nurses. The
lowest rejection rate was observed in April, and
this might be explained by a lower number of
test orders due to lower admissions during the
long holidays that take place in Thailand during
the month of April.

The current study found that more than
80% of pre-analytical errors were attributed to
the specimen collection process. The majority
of those rejected specimens were clotted blood,
which corresponds with the results reported

from studies by Alpdemir and Narang. Both of

Noppadol Arechep et al.

those studies also found the second most
common mistake to be insufficient sample/
specimen quantity.(lz’ *% Their classifications
might be equivalent to our “inadequate sample
to anticoagulant volume ratio” and “insufficient
sample volume” categories, which ranked as
the second and third most common pre-analytical
errors in our study, respectively. In contrast,
several other studies reported hemolysis as the
most commonly occurring pre-analytical
mistake.' 1> 172427 28) Apart from those studies,
many others reported a range of pre-analytical
error types and frequencies.(4’ 16,1921 29) g
variation in findings supports the previously
reported assertion that variation in laboratory
error rates can be influenced by study
design.(M’ 15, 22)

Since pre-analytical errors most often
occur outside the laboratory, the development
and implementation of strategies to detect
and prevent pre-analytic mistakes is
essential. (" '* 2% 2?

This study has some mentionable
limitations. First, the retrospective design of
our study renders it vulnerable to missing or
incomplete data. Second, some specimens were
rejected without comment, so we were unable
to identify the cause of rejection. Third, only
the cause and frequency of errors were
evaluated in this study, and no system
improvement intervention was implemented or
evaluated. The findings of this study will be

used to develop an educational program

designed to lower the specimen rejection rate
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at our center. Future studies will evaluate the
outcome of that program by comparing that
data with the data collected from the present

study.

Conclusion

The results of this study revealed
an overall specimen rejection rate of 0.17%.
Of those, the vast majority (82.3%) were from
the inpatient department, and the most
commonly occurring error (63.7%) was clotted
blood. The six-sigma scale of in-patient unit
was outside acceptable limit. Appropriate
detection and prevention strategies should be

developed and implemented.
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Clinical Chemistry Products
L Chemistry Analyzer

CA-800 Automate chemistry
Analyzer with rack load

SIEMENS

DIAGNOSTICS

WA Vitassay

™ covotE

covaTe

Coyote Sample-to-result
Molecular POCT for
infectious diseases

/:T\
oy (30
o Rl
4 [ ] 200 copis/ML
(SARS-CoV-2)
Tranefer sampie into the caniridge o ™
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Tel : (66) 02274 88679 | Fax:(66) 02274 8870
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Clinical Hematology Products
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Allergy Testing

©ProteomeTech Inc.

PROTIA Food IgGa
[Food Intolerance]

PROTIA Allergy-Q
96M Panel
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Nucleic Acid testing analyzer: —
FAST, ACCURATE and i 1
EASY in 35 mins e
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Find us more :

www.aechealthcare.com





