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The Evaluation of an Image Receptor Holder

for Horizontal Beam X-ray Imaging

Manutchaya Tanateerachoat', Saruch Thurianthong', Panatsada Awikunprasert®,

Saimai Siangyai’, and Patamaporn Molee®

! Department of Radiology, Sawanpracharak Hospital, Mueang District, Nakhon Sawan 60000,
Thailand

? Department of Radiological Technology, Faculty of Medicine Vajira Hospital, Navamindradhiraj
University, Bangkok 10300, Thailand

ABSTRACT Cross-table radiography is an X-ray imaging technique utilizing a horizontal X-ray
beam method. Without a supportive device, the image receptor is likely to fall off the bed causing image
receptor damage. Alternatively, if manually held, unnecessary radiation exposure to staff may occur.
Therefore, this study was aimed to evaluate the effectiveness of the developed cross-table image
receptor holder in aiding radiological technologists in patient positioning during X-ray procedures.
Results from applying the image receptor holder with 45 patients indicated high satisfaction among
three radiological technologi totaling 5 retakes out of 64 applications of the holder. In summary, this developed
device enhanced image receptor stability, streamlines technician workflow, reduced patient positioning time,
minimized X-ray retakes, and mitigated other support equipment risks, improving patient, relatives,
and staff safety. Additionally, it contributed to decrease radiation exposure. The device was cost-effective,

readily accessible, and suitable for diagnostic radiology applications.

Keywords: Image receptor holder, Cross Table Radiography, Satisfaction
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Effectiveness of Mammogram Combined
with Ultrasound in Palpable Breast

Abnormalities in Krabi Hospital

Saranya Leelaprasart

Radiology Division, Krabi Hospital, Muang District, Krabi 81000, Thailand

ABSTRACT Breast cancer is a major health problem for women around the world. The most common
symptom is feeling a lump in the breast. Mammography and ultrasound are accepted as the standard
diagnostic tests with high accuracy. This study aimed to assess the efficacy of combined mammogram
and ultrasound in patients with palpable breast lumps in Krabi Hospital, as well as the associated
factors for breast cancer. Data were collected retrospectively of all women who underwent mammograms
and ultrasounds for palpable breast lumps between January 1, 2022 - December 31, 2023. The study
cohort included 259 patients presenting with 272 palpable lumps. Benign versus malignant outcomes were
determined by pathologic analysis or 12-month clinical or imaging follow-up. The analysis used applies
statistics, Chi-square, and odd ratio with 95% confidence for a correlation with breast cancer. Results
revealed a higher prevalence of breast cancer in higher age groups. None in the BI-RADS 1, 2 and 3 groups
had a malignant tumor, while those in the BI-RADS 4 and 5 groups had malignant tumor rates of 57.5%
and 100%, respectively; 93.4% of all breast cancer cases were identified on both mammograms and ultrasounds.
The effectiveness for combined mammogram and ultrasound was high, 100% for sensitivity, 88% for
specificity, 77.6% for positive predictive value and 100% for negative predictive value. Factors that increased
the risk of breast cancer in this study were age > 40 years and lesion size > 2 cm; and BI-RADS 5 group
had a higher risk than BI-RADS 4 group. The mammogram combined with ultrasound in Krabi Hospital
had comparable high effectiveness with other studies. Imaging has an important role in diagnosis,

treatment plan and avoiding unnecessary procedures in patients with palpable abnormalities of the breast.

Keywords: Breast cancer, Mammogram, Ultrasound, BI-RADS
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Development of an In-House SARS-CoV-2
Pseudovirus-Based Neutralization Assay:
A Proof of Concept Study

Rujiraporn Pitaksalee, Nadthanan Pinyosukhee, Rattanawadee Wichajarn,
Apichai Prachasupsap, Nutchanat Chatchawankanpanich,

Trairong Chokwassanasakulkit, Pantida Treeyoung, Kodcharad Jongpitisub,
Sompong Sapsutthipas, and Panadda Dhepakson

Medical Life Sciences Institute, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT The pseudovirus-based neutralization test (pVNT) is a valuable tool for detecting
neutralizing antibodies against specific viruses, offering a safer and more versatile alternative to live
virus assays. This project aimed to develop an in-house pVNT to detect neutralizing antibodies against
SARS-CoV-2. A pseudovirus was engineered using a lentiviral system designed to express the wild-type
SARS-CoV-2 spike protein and a GFP reporter gene. Key parameters for the assay, including cell
number, pseudovirus dose, and detection time, were optimized. Performing this pVNT assay on SARS-CoV-2
convalescent and COVID-19 vaccinated sera comparison to plaque reduction neutralization test (PRNT)
revealed a notably high correlation coefficient of 0.91. Moreover, the WHO International Standard for
anti-SARS-CoV-2 immunoglobulin was tested in the pVNT to facilitate comparison of results in international
units per milliliter (IU/mL). Our in-house pVNT demonstrates significant potential for detecting
SARS-CoV-2 neutralizing antibodies and offers a promising alternative method for COVID-19
research. However, further studies are required to modify the pseudovirus spike protein to address ongoing

variants of concern.
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Introduction

The COVID-19 pandemic, caused by the
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), has had a profound impact
on global health and economies."® As efforts
to control the spread of the virus continue,
it becomes crucial to understand the immune
response to SARS-CoV-2 infection in order to
develop effective vaccines, therapeutics, and
public health strategies."” Among the various
components of the immune response, neutralizing
antibodies play a pivotal role in defending
against viral infections.®” These antibodies
possess the ability to bind to specific viral
antigens, such as the spike protein of
SARS-CoV-2, thereby preventing viral entry
into host cells and subsequent replication.”
Measuring the presence and potency of
neutralizing antibodies is essential for
evaluating individual immune responses.®”

Traditional live virus neutralization
assays, such as plaque reduction neutralization
assay, are considered the gold standard for
measuring neutralizing antibodies against
SARS-CoV-2."" However, they pose safety
risks and require specialized facilities, limiting
accessibility."?

To address these limitations, the pseu-
dovirus-based neutralization test (pVNT)
emerges as a promising alternative for evaluating
neutralizing antibody responses to SARS-
CoV-2.99

Pseudoviruses are engineered viral
particles that express the protein of interest,
in this case, the spike protein of SARS-CoV-2,
on their surface, mimicking the entry process of
the authentic virus."*'” These pseudoviruses are

created using replication-deficient vectors,

offering a safer and high-throughput platform for
studying neutralizing antibody responses.’*'®
Various packaging systems have been employed
to develop SARS-CoV-2 pseudoviruses, including
vesicular stomatitis virus (VSV),"*'” human
immunodeficiency virus (HIV-1) lentivirus, **'”
and murine leukemia viral (MLV) retrovirus
systems.®”*" Lentivirus systems are particularly
favored due to their ability to efficiently
incorporate large transgenes, like the
full-length spike protein, and their high
transduction efficiency in a broad range of cell

(19,22)

types.

The SARS-CoV-2 spike protein, specifically
the S1 subunit containing the receptor-binding
domain (RBD), is critical for viral attachment
to the host cell receptor, ACE2, and is a key
target for neutralizing antibodies.” As the virus
evolves into different strains, mutations can
occur in the RBD, altering its structure.®® These
changes can impact the virus’s ability to infect
host cells and its recognition by neutralizing
antibodies. Therefore, it is essential to
periodically update the spike protein used in
pseudovirus neutralization test to reflect the
viral strains of interest, ensuring an accurate
assessment of neutralizing antibody responses.

While commercial services for SARS-
CoV-2 pVNT exist, they often incur significant
costs and require international importation.
In this study, we aim to develop and preliminarily
validate an in-house SARS-CoV-2 pVNT as a
proof of concept. This work lays the foundation
for establishing a reliable and cost-effective
assay that can be locally implemented, potentially
reducing future reliance on expensive, imported
tests for assessing immune responses to

SARS-CoV-2.
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Materials and Methods

Cell culture and sample collection

For pVNT assay, HEK293T cells (American
Type Culture Collection, USA) were cultivated
in high-glucose DMEM (Sigma-Aldrich, USA)
supplemented with 10% fetal bovine serum
(FBS) (Gibco, USA), penicillin (100 IU/mL),
and streptomycin (100 ug/mL) in a 5% CO,
environment at 37°C. ACE2-overexpressing
HEK?293 cells (referred to as “ACE2-HEK293”,
American Type Culture Collection, USA) were
maintained in MEM (Sigma-Aldrich, USA)
supplemented with 10% FBS under similar
conditions. Stable ACE2 expression was
achieved through puromycin (Invivo, France)
resistance selection. For PRNT assay, Vero cells
(American Type Culture Collection, USA), were
grown in the MEM solution supplemented with
10% FBS and 1% L-glutamine (Sigma, USA)
under similar conditions.

The WHO International Standard
anti-SARS-CoV-2 immunoglobulin (human
standard antibody, NIBSC code: 20/136)
was obtained from the National Institute for
Biological Standards and Control (NIBSC).
The concentration of this standard was 1,000
binding antibody units (BAU)/mL.""
Serum samples (n = 52) were collected from
SARS-CoV-2 convalescent patients (n = 34)
and vaccinated individuals (n = 18) at the
Department of Medical Science network
hospital. Written informed consent was obtained
under the approval of the Institution of the
Development of Human Research Protection

(IHRP) (COA No. IHRP2020056).
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Pseudovirus production

Pseudoviruses carrying the spike protein
of the SARS-CoV-2 wild-type strain were
generated using the lentivirus packaging system
(pPACK-SPIKE SARS-CoV-2, System
Biosciences, USA).?” Pseudovirus production
was done following the manufacturer’s protocol
with minor optimization."® Briefly, the lentivirus
structural plasmid, spike gene plasmid, and
reporter plasmid 1. encoding green fluores-
cent protein (GFP) were co-transfected into
HEK293 cells using Epipro (Polyplus
transfection, France) as the transfection
reagent. At 24 hours post-infection, SARS-
CoV-2 pseudoviruses in the culture supernatants
were harvested, filtered through a 0.45 um pore
size filter (Millipore, SLHP033RB), concen-
trated by ultracentrifugation at 5,000 g for
1 hour, and stored at -80°C until use.

The pseudovirus titer was determined
by infecting ACE2-HEK293 cells with serial
dilutions of the pseudovirus stock in a 96-well
plate. After 3 days of infection, GFP-positive
cells in each well were counted using
fluorescence imaging (ImmunoSpot analyzers,
USA) and analyzed with ImmunoSpot software
(version 7.0.30.4). The viral titer was calculated
based on the number of GFP-positive cells per

milliliter.**®

Pseudovirus neutralization test (pVNT)
Confirmation of the specificity of
SARS-CoV-2 spike protein to ACE2
receptor

ACE2-HEK293 and HEK293T cells were
seeded at a density of 5 x 10° cells per well in

96-well plates 24 hours prior to treatment.
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Pseudovirus was added at a dose to produce
approximately 750 GFP-positive cells per well
(corresponding to a multiplicity of infection
(MOI) of 0.15). After a 3-day incubation period,
infection was assessed by observing GFP-
positive cells under a fluorescence microscope

(Nikon Eclipse Ti, USA).

Optimization of assay parameters

To determine the optimal incubation
period for detecting SARS-CoV-2 pseudovirus
infection, a time-course monitoring of GFP
expression was conducted. Serial dilutions of the
pseudovirus were administered to ACE2-293
HEK cells (1x10* cells per well), and infection
efficiency was quantified at various time points
(day 1 to day 5) by counting GFP-positive cells,
using fluorescence imaging capture.

To optimize the ACE2-HEK293 cell
number, a range of 5x10° to 3x10" cells per
well was plated 24 hours prior to infection.
SARS-CoV-2 convalescent sera were serially
diluted in a two-fold stepwise manner from
1:20 to 1:5120 and incubated with pseudovirus
at dose to produce approximately 750
GFP-positive cells per well at 37°C for 1 hour.
The serum-virus mixture was then added
to the ACE2-HEK293 cells. After 3 days of
incubation, fluorescence imaging capture
was employed to count the number of
GFP-positive cells in each well. Neutralizing
potency or serum inhibition rates were
calculated based on the decrease in GFP-positive
cells compared to non-serum controls. The 50%
pseudovirus neutralization titer (pVNT50),
defined as the serum dilution causing a 50%
reduction in the number of GFP-positive cells,

was determined using nonlinear regression

analysis (log [inhibitor] vs. response [four
parameters]) with GraphPad Prism 7.00
(GraphPad Software, Inc., San Diego, CA,
USA).®"

To optimize the pseudovirus dose, pVNT
assays were conducted using pseudovirus doses
to produce between 125 and 1,750 GFP-positive
cells per well (corresponding to MOIs ranging
from 0.0125 to 0.175). The pVNT assay was
performed as described above, using ACE2-
HEK?293 cells at a fixed density of 1 x 10" cells/well.
GFP-positive cells were counted, and pVNT50

values were calculated.

Plaque reduction neutralization test
(PRNT)

The PRNT was developed by the Institute
of Biological Products, Department of Medical
Science ®® All steps involving live SARS-CoV-2
virus, including virus propagation and infection,
were conducted in a Biosafety Level 3 (BSL3)
facility for biosafety compliance. Vero cells
(2 x 10* cells/well) were seeded and incubated
at 37°C with 5% CO, for 24 hours. Serum
samples were diluted (1:10, 1:40, 1:160, 1:640),
and SARS-CoV-2 virus was prepared to
produce 40 to 120 plaques per well. Equal
volumes of diluted serum and virus were mixed and
incubated at 37°C for 1 hour, then added to Vero
cell monolayers. After 1 hour, the virus-serum
mixture was replaced with a semisolid overlay
medium (1% carboxymethylcellulose, 1%
penicillin-streptomycin (Sigma-Aldrich, USA),
and 10% fetal bovine serum), and plates were
incubated for 7 days. After incubation, cells
were fixed with 10% formaldehyde and stained
with 0.5% crystal violet in PBS. Plaques were

counted, and PRNT50 values were calculated
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as the reciprocal of the highest serum dilu-
tion that resulted in a 50% plaque reduction
compared to virus controls, using a four-point

linear regression.

Preliminary validation of the pVNT
Precision

To determine the precision (reproducibility)
of pVNT, serum from a single convalescent
serum sample was tested 10 times across four
independent experiments with 2 to 4 replications
per plate. The intra-assay and inter-assay
variability were evaluated, with acceptable

coefficients of variation (%CV) set at < 109%.*”

Correlation between pVNT and PRNT

To assess the correlation between our
pVNT and the standard PRNT, we compared
neutralizing antibody titers measured by both
assays using 52 serum samples and a NIBSC code
20/136. The correlation between neutralizing
antibody titers from two methods was assessed
using Pearson’s correlation coefficient. Statistical
analysis was performed using GraphPad

Prism 7.0.

Initial comparison to WHO International
Units

To make an initial comparison of pVNT
titers to WHO International Units (IU/mL),
the WHO International Standard (NIBSC
code: 20/136) was tested during the validation
process. The neutralization titers were
compared, and a conversion factor was
calculated to express titers in BAU/mL.
This standardization allows for international

comparability of the results.
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Results

Specific interaction between the SARS-
CoV-2 spike protein and ACE2 receptors

The number of GFP-positive cells in a well
reflects the infection of cells by the pseudovirus.
Transfection of the SARS-CoV-2 pseudovirus
was confirmed by the presence of GFP-positive
cells exclusively in ACE2-expressing HEK293
cells (Figure 1A, top panel), while HEK293T
cells lacking ACE2 did not exhibit GFP
fluorescence (Figure 1A, bottom panel). This
indicates the absence of pseudovirus entry into
cells without the ACE2 receptor, highlighting
the specific interaction between the SARS-
CoV-2 spike protein and ACE2 receptors.
Consequently, ACE2-HEK293 cells were
selected for neutralization assays, ensuring
reliable results and specific assessment
of the pseudovirus’s interaction with the ACE2

receptor.

Optimal incubation period for SARS-
CoV-2 pseudovirus detection

A time-course analysis of GFP expression
from day 1 to day 5 post-infection with serial
dilutions of the pseudovirus demonstrated
a dose- and time-dependent increase in
GFP-positive cells from day 1 to day 3. There
was no significant increase in GFP-positive cells
observed on days 4 and 5, suggesting a plateau
in GFP expression. Therefore, day 3 post-
infection was selected as the optimal time
point for conducting the neutralization assay
(Figure 1B).

Optimal cell density for pVNT
Cell density optimization for the pVNT

assay was performed using cell numbers ranging
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from 5x10° to 3x10" per well. Goodness-of-fit
analysis using four-parameter inhibition curves
showed an R” value above 0.98 for cell densities
up to 1x10" cells per well, indicating a robust fit
(Figure 1C). Beyond this density, a decreasing
trend in pRNT50 values was observed, with
PRNT50 values dropping from 524.6 at 1x10*
cells per well to 354.1, 268.1, and 255.4 for cell
densities of 1.5 x 10*, 2 x 10*, and 3 x 10" cells per
well, respectively. These results suggest that
cell densities between 5x10° to 1x10* cells per
well are suitable for the assay. For subsequent
experiments, a cell density of 10,000 cells per
well was selected to ensure consistency to prior

experiment.

ACE2-HEK293
cells

HEK293 T
cells

Fluorescent (10X)

Detection time (days)
Pseudovirus dose

Optimal pseudovirus dose of SARS-CoV-2
pseudovirus in pVNT

Evaluation of different pseudovirus dose
MOI ranging from 0.0125 to 0.175 was conducted
to optimize the pseudovirus inoculation dose for
the pVNT assay. Four-parameter inhibition
curves with R? values above 0.98 were
observed within the MOI range of 0.025 to 0.125.
Consistent pVNT50 values were obtained
for inoculant doses between MOI of 0.05 and
0.125, indicating stable neutralization results
across this range (Figure 1D). Therefore,
an intermediate inoculant dose with an MOI
of 0.075 was selected. This MOI was chosen to
ensure reliability while minimizing the risk of

experimental errors or variability, and it will

be used for future experiments.
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Figure 1 Establishment and optimization of the SARS-CoV-2 pVNT neutralization assay:

(A)

B)

©)

D)

Fluorescence microscope images of ACE2-HEK293 (top panel) and HEK293T
cells (bottom panel) following infection with SARS-CoV-2 pseudovirus.
GFP-positive cells, indicating successful pseudovirus transfection, were expressed
only in ACE2-HEK?293 cells, confirming the specificity of the pseudovirus entry
through the ACE2 receptor. In contrast, no fluorescence was observed in
ACE2-negative HEK293T cells. Representative images were captured at 10x
magnification. Scale bar: 100 pm.

Time-course analysis of GFP-positive cells in a 96-well plate following serial
dilutions of the pseudovirus transfected into ACE2-HEK293 cells. GFP expression
was quantified using fluorescence imaging capture to determine the optimal
time point for detection post-transfection.

Effect of varying ACE2-HEK293 cell densities on neutralization efficacy. The graph
and accompanying table display cell numbers, pVNT50 values, and R* values
for each cell density.

Impact of different pseudovirus dose on neutralization efficacy. The graph and

table present the pseudovirus dose, pVNT50 values, and R” values for each MOI.

Preliminary validation of the pVNT Reproducibility was assessed by calculating

We conducted preliminary validation of  intra-assay and inter-assay coefficients of

our in-house SARS-CoV-2 pVNT assay focusing variation (CVs), which were 7.64% and 8.17%,

on precision (reproducibility) and correlation respectively (Table 1). These values fall within

to standard methods (PRNT). Additionally, acceptable limits for cell-based assays, confirming

we calibrated the assay results to WHO the method's precision and reliability.

(29)

International Standard units for consistency.
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Table 1 pVNT50 values of one COVID-19 convalescent patient measured across four independent

experiments
Replication

Experiment no. 1 2 3 4 Average SD Cv
Experiment 1 455.97 432.37 NA NA 444.17 16.69 3.76
Experiment 2 366.93 331.33 NA NA 349.13 25.17 7.21
Experiment 3 327.84 370.03 NA NA 348.93 29.83 8.55
Experiment 4 672.18 867.13 718.93 754.14 7563.10 83.11 11.04
NA: Not applicable or replications were not conducted intra-assay CV = 7.64%

inter-assay CV = 8.17%

To examine the correlation of our pseu- The results showed a high correlation between

dovirus neutralization assay with the standard the two assays, with a correlation coefficient of
method, we compared neutralizing antibody 0.9124, R* = 0.83, p<0.0001 (Figure 2), indicating
titers measured by our assay with those obtained strong agreement between our in-house pVNT
using the PRNT in the same 53 serum samples and the gold standard assays, PRNT.
including NIBSC code 20/136 (Table 2).

Table 2 Neutralizing antibody titers of 52 serum samples from COVID-19 convalescent patients
and vaccinated individuals and NIBSC 20/136 measured by pVNT and PRNT

Sample pPVNT PRNT Sample PVNT PRNT
1 Co1 565.33 645.57 24 C24 399.93 572.99
2 Co2 252.09 161.66 25 C25 474.97 937.01
3 Cos 3,189.20 2,874.74 26 C26 329.27 593.02
4 Co4 1,597.76 1,280.00 27 C217 205.94 106.29
5 Cos 1,803.80 1,280.00 28 C28 404.10 199.03
6 Coe 1,280.54 1,280.00 29 C29 591.56 909.07
7 Co7 436.60 383.35 30 Cs0 1,317.28 681.71
8 Cos 833.93 1,280.00 31 Cs1 1,333.70 1,866.80
9 Co9 1,535.72 1,280.00 32 C32 821.55 473.00
10 C1o0 2,035.41 1,280.00 33 Cs33 378.60 278.79
11 C11 152.78 235.88 34 C34 484.34 177.83
12 Ci12 237.97 205.35 35 VCo1 808.44 693.81
13 C13 928.34 1,280.00 36 VCo2 636.33 506.09
14 C14 529.43 287.47 37 VCos 318.28 422.32
15 Ci1s5 1,100.35 822.46 38 VCo4 626.52 726.76
16 Cie6 1,986.05 1,600.00 39 VCos 866.55 576.29
17 C17 417.11 442.69 40 VCos 783.14 602.69
18 Cis 1,180.10 1,212.27 41 VCo17 234.48 182.10
19 C19 521.09 485.03 42 VCos 245.54 256.34
20 C20 2,478.83 2,874.74 43 VCog 1,113.34 956.15
21 C21 616.13 682.42 44 VCio 234.43 204.47
22 C22 313.04 331.97 45 VCi1 283.09 327.58
23 C23 635.04 631.19
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Sample pPVNT PRNT Sample pVNT PRNT
46 VCi12 720.20 709.13 51 VCi17 106.39 115.64
47 VCi3 454.60 408.61 52 VCis8 855.65 788.92
48 VCi4 476.01 364.51 .
WHO International Standard
49 VCis 1,096.01 981.64
50 VCie 341.91 235.89 1 NIBSC 20/136 2,090.52 1,450.00
3500
3000 ° o
2500 y=0.8478x+59.022 .
R?=0.8324 .7
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Figure 2 Correlation of neutralizing antibody titers from the pVNT and PRNT using 52 serum

samples and NIBSC code 20/136. A strong positive correlation confirms the assay’s

reliability.

To ensure comparability of our assay
results with international standards and other
research groups, we determined the conversion
factors of our pVNT using the WHO Interna-
tional Standard (NIBSC code 20/136), whose
assigned concentration is 1,000 IU/mL. Our
pVNT measurement for this standard was
2,090.52, resulting in a conversion factor of
0.4783 (1,000/2,090.52), which will be fully used
for assay calibration and harmonization (PNT

titer x 0.4783 = IU/mL).

Discussion

In this study, we successfully developed
and validated an in-house pVNT for SARS-

CoV-2, demonstrating its reliability and

. NIasnsInenamaasasuwng
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suitability as an alternative to traditional
methods. The high correlation between
neutralizing titers measured by our pVNT
and the gold standard PRNT underscores the
validity of our approach.

The pVNT employs pseudoviruses, which
offer safety and flexibility benefits over live virus
assays."”**” It can be managed in a Biosafety
Level 2 (BSL-2) environment, reducing safety
concerns and increasing accessibility. The
pseudovirus system can be tailored to specific
research objectives.®” In our SARS-CoV-2
neutralization study, the spike protein on the
surface of SARS-CoV-2, responsible for viral
tropism through host cell recognition by binding
to the human angiotensin-converting enzyme 2

(hACE2) receptor,”'”***" was used for
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pseudotyping. This strategy effectively mimics
the entry mechanism of the wild-type/live
SARS-CoV-2 virus."**”’ Although our
current study focused on the wild-type strain of
SARS-CoV-2, the assay can be readily adapted
to evaluate neutralizing antibodies against
emerging variants of the virus. This flexibility
is crucial for keeping pace with the evolving
virus and ensuring the continued relevance of
the assay.

Reporter genes, such as luciferase,"*”

and fluorescent proteins,*'”

can be integrated
into pseudoviruses for quantitative analyses.
Luciferase assays offer lower background noise
and higher sensitivity but are time-consuming
and expensive. Fluorescent protein assays are
cheaper and easier to operate.”® The titers and
transduction efficiency of pseudotyped viruses
can be determined by counting fluorescence-
positive cells using equipment such as a
fluorescence microscope, an automatic fluores-
cence cell counter (e.g. ImmunoSpot analyzers),
or a flow cytometer."” The choice of detection
system depends on what is best for each lab's
practice.

Developing the pVNT assay required
optimizing several key parameters, including
cell numbers, pseudovirus dose, and detection
time. Previous studies have successfully imple-
mented SARS-CoV-2 pVNTs using different
cell models."*"*** In our case, we confirmed
that the spike-pseudotyped virus interacts
effectively with ACE2-HEK293 cells, replicating
the wild-type entry process. After the
optimization, we selected a MOI of 0.075 for our
assay. This balance between cell number and
pseudovirus dose was crucial for obtaining

reliable and reproducible results.

Our preliminary validation showed
Intra-assay and inter-assay variations within
the acceptable range for cell-based assays
(CV < 10%).”” When using the WHO
International Standard (NIBSC code: 20/136),
our pVNT titer was 2,090, while another group
reported a pVNT titer of 4,680.9.°* Such
variations in pVNT titers across different
laboratories are not unexpected, given
the potential differences in experimental
conditions and pseudovirus designs.
Nevertheless, calibration against international
standards enables these differences to be
normalized, facilitating meaningful compari-
sons between studies.

Accurate measurement of neutralizing
antibodies is vital for developing effective
vaccines and therapeutic interventions. While
our “Proof of Concept” study lays a strong
foundation, our preliminary validation used a
relatively small sample size. This was primarily
due to restricted access to clinical samples, which
arose from challenges such as the availability
of suitable cohorts, regulatory approvals, and
high demand during the pandemic. Further
validation with larger cohorts will enhance
the assay’s reliability and robustness. Addi-
tional research is needed to expand the assay’s
applicability. Collaborative efforts could help
standardize the pVNT assay, promoting broader
adoption and ensuring consistency across

different laboratories.

Conclusion

An in-house pVNT for SARS-CoV-2 was
successfully developed and optimized, with key
parameters such as cell number, pseudovirus
dose, and incubation time refined. The assay

MNsEsasiinanenadasmsunnd
i 66 atiun 4 aaay - Sunan 2567 ©




Development of In-House SARS-CoV-2 Pseudovirus-Based Neutralization Assay

Rujiraporn Pitaksalee et al.

demonstrated good precision and a high
correlation with the gold standard live virus
assay, underscoring its reliability. These results
suggest that the pVNT could serve as a
promising alternative to traditional
neutralization methods, with the potential
for future use in monitoring vaccine efficacy

and evaluating treatments.
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ovalbumin (Chicken egg white albumin,
A5503) (Sigma-Aldrich, USA), Folin-Ciocalteu’s
phenol reagent (2N, F9252) (Sigma-Aldrich,
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USA), bromophenol blue sodium salt
(C,,H,Br,0,S-Na, B5525) (Sigma-Aldrich,
USA), disodium hydrogen phosphate (Na,HPO,,
PA-ACS) (Panreac, Spain), potassium
dihydrogen phosphate (KH,PO,, RPE-ACS)
(Carlo Erba, Italy), sodium chloride (NaCl, RPE)
(Carlo Erba, Italy), potassium chloride (KCI,
RPE-ACS) (Carlo Erba, Italy), deoxycholic
acid Na-salt (DOC, 99%) (Acros Organics,
Belgium), trichloroacetic acid (TCA, RPE-ACS)
(Carlo Erba, Italy), phosphotungstic acid (PTA,
RPE) (Carlo Erba, Italy), sodium hydroxide
pellets (NaOH, RPE-ACS) (Carlo Erba, Italy),
cupric sulphate pentahydrate (CuSO,-5H,0,
RPE-ACS) (Carlo Erba, Italy), sodium
carbonate anhydrous (Na,CO,, RPE-ACS)
(Carlo Erba, Italy), was sodium tartrate
(C,H,Na,O,, RPE) (Carlo Erba, Italy)

m%‘mﬁauaxi’aq

Lﬂéaﬁﬁa: Lﬂ%'aﬂ UV-Vis spectrophotometer
(EVO 350, Thermo Fisher Scientific, USA), Lﬂ%m
FI9UB0 4 G (ML001T, Mettler-Toledo,
Switzerland), (gj”auam"au (TS 8136, Termaks,
Norway), Lﬂ%}a\‘\ﬂumi"mmmlféaga (MDX-310,
Tomy, JAPAN), L@3nstgans (WS-100D,
Wiggens, Germany), Lﬂémmamms (Genie 2,
Scientific Industries Inc., USA) Ll,a::l,ﬂ%}a\‘lﬂimﬁﬁ
Reverse Osmosis & DI Water System (Merck,
France)

Jaq: anuaswanadn (PP, Nalgene,
USA), 2ajusuwwarain (PP, Nalgene, USA),
Mmunanaadn (PS, Macro, VMR Apparatus, UK),
AaMaad (Quartz, Starna Scientific, UK),
wapaluies 2100 15 uaz 50 Aaaans (Nunc,
Denmark), MN3841a00RALN YUIATWTY 0.22
Tumsau (CA, Filtratech, France) asaIn5a41aan

Anen YUIAFWITU 0.45 luasau (CA, Johnson, UK)
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MILeIBNFIIaTAIULAN

W3aNa158za08 phosphate buffer saline
(PBS, pH 7.4+0.2) anuandu 25 Jadluans
Usenaume Na,HPO, USae 14.4 n5u KH,PO,
Usunar 2.7 nSu NaCl USuner 80.1 nSu waz
KCl Y51 2.0 ndu avanelushusaanleasy
(deionized water, DI) U33165 1,000 8838035

(381 §1582878 bromophenol blue
AT 100 HaanSudasns luth DI

Ww3suEsazas DOC wazansiuan TCA:PTA
Taaww3suasazars DOC aNuINTUSBEAE 0.15
Manadsuas wazasazamandy TCA:PTA @38y
Taanduasazars TCA aNuINTUSRERE 72 AU
d5azany PTA anu@udusazas 72 lusasaiu
1:1 legUsanes

Wwssnasazae NaOH lagiasanaisazais
NaOH anuidiusi 0.1 ua 0.2 Tuad lush DI éwsu
azaanznauradllsfumuansgiu EN 455-3
uaz ASTM D5712-15 MNaIOU

WW3BNEIazane alkaline copper tartrate
nmMIazaly Na,CO, Usuw 4.44 nsu NaOH
Ui 0.88 N3N waz C,H,Na,O, Y51 0.36 N3N
T1rh DI 1531015 200 §a3305 NNTUATINETIZANE
copper sulfate ANNANTU 0.07 NTNADNBAANT )N
CuSO,:5H,0 Elmj’lw DI usum3suasazane alkaline
copper tartrate Toananasazare alkaline tar-
trate NUENIaZAE copper sulfate Tusasndin 160:1
TaadUsines

W3pnshsazans folin e wiied TaawmIan
ssazae folin ANNENIUSBER: 50 laaUSuas
GT’JEI‘L;:‘I DI a1nd15 Folin-Ciocalteu’s phenol
reagent ANNINAY 2 UpsuNa (N)

L =y

mMsessnasazaalusfiuanasgIu
= = Yt

wisnasazaralusduniasgrulvieny
v Vv = a o \ a aa =
WNGU 1 NadnsNeaNadans lagazaraluseu
ovalbumin ¢ga1sarars PBS (25 #adluais)
nNULNEIsararsluIatiuaIswaIaany

a v I & ~
gamgivias Wuna 2 $lue (25 wil) nas
fIATANUHIUMINTDIVIDBNRAEN 2UIM 0.22 luATDY
NNUUTOAINTYANIULEINAIINEIIATY 280
nluuns Meeias UV-Vis spectrophotometer
4: U v Vv d‘ Y a =
e AN NI NI UNLTRSBsE sazaaldsau
105374 1agu1a1A2INTNNITQANAULEN
(absorbance) 73alavsaiamesi laamainhe
0.64 LAY 0.715 &WSUNAIFIU ASTM D5712-15

oz EN 455-3 enuanau

msanalusiivaindiagiegaiia
ﬁﬂqqﬁal.ﬂu%yutﬁn YUIN 1x1 LBUALNAST

Tdnagumuynanatin (vhan 3 a5a Taeldneii 3 3u)

Wnasazare PBS (25 Hadluand) lusasdu

a

8 fiadansnaneia 1 n3u b lwehdea3saweans

o v < 1 o o 0'/ = d'
N995137 100 58UABINT Hua 2 931ae (£5 1)

AOUVAH 2545 aNFNaLEEd MNNUUmasazaa AU

q U

v
= %

nanaleldavaaatuuneing 50 aaans Uuwdaed
AMNUSe 500 g (U@ 15 W NUUNTDY
§139LANYMIYAINTBNVIDAANEIVUIN 0.45 LNATDY
Talumauamswaradn MuaiuniINIvNaa
gulannenunNuasemMzadianssyluinasgu
ASTM D5712-15
dUNI0531U EN 455-3 nvualivd
WIBIaNgUInMYaNauNgIie (MY 1) 39
wennUmegazasibnanaiiuszes 2041 wudns
(M2 4 a53 Tagldgadie 4 w) nmnhlugannin
v o <~ = le < <~ 1
(m,) uaihgeiiadn 4 Fu (ugeiiavanatay 2 lagld
gediavanea 2 elugadiavanatan 1 Usulvgeiie
PNFNINUUUNUNDG (@NE99za18 bromophenol
blue Usaa3s 100 Nadans Tnlugaiiananeay 2
W atEhse 19 siBuaesars PBS seninmsana
Tusdu wazinansazars PBS Usunas 25 Jadans
1 <~ 3 v ~ =) v v 4
581INQeilaNNaee e nillugediadnaleny o
a dl o ﬁ' o 1 v lﬂl 1
Ushanmasesvang i llweaaandasweans
718051137 150 3UABWT qan)i 2545 Bae
= I & = & =
waed Wuna 2 21w (25 W) Nnluasageiie
% U ld' L2 VYVt 90’ a v
2BAMNNY WNNUNFTAzMeNane ladar@uls

NsasnsHInenendasMsunng
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mmsanaluilegldgaiiaglvd mmsmarsazans
ldwaaatunisswuia 50 dadans Uumised
ANNWSY 2,000 g Huna 15 WA thudiuzes
saza 3 luziaiuaswaadin mﬂﬁy'uc?fmqqﬁa
aseeumiaiesseninauazyh ik ausah
wﬁﬂwmqqﬁaﬁgﬂﬁmaaﬂ (m,) A uniTes
psffawwzduilauadalasiisunnihmingaiia
ez uilauaia Ingums m = m, - m,

mMsieNzRUSinaldsiu

AMsiesieiUsualdsiu dsznauaie
3 Junau dadaslumni 1

msennznauldsin Yueasazaraluseiu
NOIPULAzEITAzNEMBEN USNeT 4 Tada0s
Tdlumaaathuiewina 15 dasans lagilasazas
PBS Lﬂué’aﬂwqu Nndinasazars DOC
USuas 400 lulasdns wanldinnuuazuassl

wedfnsen Wuna 10 i W@uasaznanaunes

nInnaznaullsiu

‘ 4 mL snsazae PBS/d@sazany
Tsfunasgw/asazanediongn

W 0.4 mL d13aza1e DOC
(0.15 %w/v)

UdoslhiRaufiizen 10 wiil

Wy 0.25 mL #1sazane
Folin (50 %v/v)

TCA:PTA U31a5 800 lulasans waulviinnuuas
Useeliifauiisen duna so i i ludumies
fieuuss 6,000 g Wunm 15 i Nntumay
Tafauazaznanznaudisansazans NaOH (5usuy
0.2 Tua3 U33e13 1.0 Hadaas NaIgIu ASTM
D5712-15 #38Liy NaOH @z 0.1 Tuans Usanas
0.8 Ha8a05 MNNIN5FU EN 455-3
mMsmnned leawduarsazare alkaline
copper tartrate USuas 2 Jadans wanlinnu
wazdanalinaujisen lune 15 wil NNy
Wndsazae folin wWudusaga: 50 Uswas 250
lulasdns wanlinnuuazddssliiiaufnsen
flunm s0 10 Seunngihhduenden
mersiBasine Jaanheduienuem
aau 750 wluwes eee3ss UV-Vis spectro-
photometer lagl#@nawanadin Mniumnua N
winduzasldsduannnwainasgIu

1y 0.8 mL @sazaumen TCAPTA
(72 %w/v ansndau 1:1) Hhunesit 6,000 ¢

a8 15w

|

fATatuAsnau

uaeslinaufiiten 30 it

mFiessiBeUTunm

@ -l
IaAnsganduuasdl 750 uluwas

E . . . . Udesliinaufiiten 30 unil

Wy 2 mL g15azany M8 NaOH
i (WBumsuas
< Alkaline copper tartrate auuduiild
- & Vo
] ARUARS 2 Fusgiumnaigiu
UdovliiAaufiten 15 undl 4 g

fmun)

navinlwned

= a 2 a o Y oaa o W
HINN 1 ﬂizﬂ']uﬂ'\ijLﬂiﬁzﬁﬂ'ﬁu’]ﬂﬂ:ﬂimuﬂ?ﬂ?ﬁiajiﬂﬂLL“LI'S
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n”usﬁ”ummﬂ%mm‘[ﬂsﬁusluqqﬁa

mnasinaldsiuianale (extractable-protein content; E) Tunihelulasnsudamsauadiuns

(ug/dm?) FaaumMsh 1

ANNSN 1

E _ cxVxF
A
de ¢ da  enudidumiuesssazaalusiu (ug/ml)
V #a  USunesvasasezans PBS (mL)
F da  thisanududu aeaumsi 4 via 5
A @8

(EN 455-3)(dm?®)

mMsmugauanulilanaeis
Usziiiuanuaansalunsindulusiv (protein
binding capacity)
dnwmanuainsalumstiedulusiuessiang
wanaaniildlumsnagau laud mafiusswaadn
wanaluvies 2110 15 WAz 50 §aAsNS U
N5D4%ADARALIVIUNA 0.22 WAL 0.45 LUATAU NS
nosaulosldiananen: 2 40 yaas 5 Tu dew
dsaranglUsiudeds anuniy 10 lulasnsu

ABNaAINS MAUUGNETAzAIEDNDY USHIeS 10

Ysnalusdungadu -

e R Ap
T @

MsMudaunszIUNInneznaulusiu
= =~ v v
3snasaranglUsfuanasgiuanutugu
5, 10, 20, 40 waz 80 WlASNSNARNAAANT NS
asnnnnassuleglisunssuiumsanaznau
(unprecipitated protein solution) Wazl@Iaw
sazamglusfumnasgruanuengy 2.5, 5, 10, 20

1oR-T) (ug/material)

WuNENMNezegeiia (ASTM D5712-15) Wsaiuiiiasgeiiawmmnzarunlouane

GERIGE 1&5’6{@%@&1% (@WIENALAUFISNAFHN
Y o Y o ' I
warranaluwe) wehmeesasweas wWunan
=1 v a L QQI 2 v
30 Wil wasazaedndasluiagzudalulvasy
5 3U FIVSUNINTBIVIanRneINadaulaansal
AIaraneade Uses 10 Nadans EuMInIaIn
= v cv Qq’ 3,’; a 7 1a =
Weuaany 5 3u Nt siUSInaldsivuag
d‘ 1] -7 90’ = = QI
asasaneniuiagneday (3 1) wWisuiisunu
F5aLagd D (3 241) AMUIUANNEINITD NS
gaunulusau aaanmsn 2

FNNSN 2

anundulsiuluasazareaeds (ug/mL, n = 3)
8 enudnduldsdulumsszanaiuisgneday (ug/mL, n = 6)

waz 40 lulasniudaiadsns anuuniuas 2 @
HSMSUMUFBUNMIANALNDU (precipitated protein
solution) MntUIeTEiUsINATUsAUT BN
NNIFIU MUY 2 2 naARa Y RIeNNENTY
TUséiu (C, n=4) WaLAIUIM %recovery
FaaNMST 3
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g%recovery = C x 100 i JUMIN 3
F actual concentration
(e C s enudndumdssslisiu (ug/mL, n = 4)
F  @a Uedsenudndu anesgiu ASTM D5712-15 Q9aNnIsh 4 Uazaansg

EN 455-3 @4@Nmsi 5

actual concentration @@

ADNIIINT

U595 NaOH nlflumsazaranznauuainiage

AN NTUNUNSIraelUsAY fa 2.5, 5, 10, 20 waz 40 lulATASY

FNMSN 4

USanasuae NaOH nldlumsszmaaznauzaslisumnasgiu

F USanes NaOH nldlumsazaranznau

Py
duNIIN 5

mMsanwgreenaduidunses deannalunis
»32236 (limit of detection; LOD) uazaainnm
TumsieszviuSanas (limit of quantitation;
LOQ)
w3gNEsaraglUsfuanasgiuanNt Ny
1.0, 2.5, 5.0, 10.0, 20.0, 40.0, 60.0, 80.0, 100.0,
125.0 waz 150.0 WlAsnsudeliadans lagazas
TUs@u ovalbumin fred1savars PBS wndu
25 Nadluars wazdnszhusualdsiulasia
ANNENTUAE 3 T MNTUFNE LOD war LOQ
Tagdasiziusunalusiuzesarsazaraldsiu
mmgmﬁmmlﬁuﬁueﬁqm (1 ug/mL) 10U 10 A59
M S, uaaewi LOD = 3 x S, uag
LOQ = 10 x S, fugua LOD lagdasziusana
Tus@uienududuiu LOD (20 %) wisy
Weunuasazans blank (10 ‘§1) Aunaeag (1)
LLﬁSﬁ1LﬁﬂQLUHN1WS§1u (standard deviation; SD)
284 blank mvuanaeizansy fa Wsdufinn
Wuduinu LOD aavldedyanunsiaasi

0.8

(false negative result) Waanisagay 57 waztueu
a1 LOQ Tasdaszvusinalusiuianuduiy
wnu LOQ (20 *zqigw) AIUIN %recovery WHE
mtﬁ'mmummgmﬁuﬁﬂﬁ (%RSD) MuuaLnust
gansu e Wsaufenudaduwhiu LOQ daslian
gerecovery MAIN3DLL 80—110 waz %RSD aenh
WIBLMNUSa8az 10 (0.66 x predicted RSD,)"®

ANNLiEg (precision) (azANNUNY (trueness)

w38y fortified sample lagldnasazas
Tusduanasgud 3 seduemnududu (a nans uazg
muniliaasuaaudldng ludathegeiiaiil
seauldsfiuen nntuadalsfunndiageneiia
wasiaeiUSinalusiu Sy 10 91 wez 7
FruSudnsranuiissneldaniiznisnig
(repeatability) LAZFNIZMTNIUD (within-
laboratory reproducibility) muaau Usziiuna
ANNfiguazaNNUAUIINMSANMaIN HORRAT

waz %recovery’® @UIUANFNNITN 6 WAz 7

gandan X + SD 284 blank lasgansulviinaauan  awaeu
RSD, 4
HORRAT = i FNNIN 6
predicted RSD,
o predicted RSD, = 20"
grecovery = _nuuiuiuiiensvild - enuuiuduludiade SUMSA 7
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MsuSsuiisunanisitasizvusanalusaulu
99iia wWisufisuszninginnei
analUsfiuaindiadiegaiamuniasgiu
ASTM Ds5712-15 uaz EN 455-3 294U 10 ‘gw
nntdensdusnallsiuiians wWisuiay
HANITNAFBUTEUINUNILATILVA8dDH paired
t-test MszduANNEoNUSaEaz 95 Uaz degree of

freedom (df) AU 9

WIBUNgUIEHINNNNATFIY
analUsfiuaindiediageiamuniasgiu

ASTM D5712-15 uaz EN 455-3 $131 4 70 1ty

SineiUsinalusiuiianalanas 2 a%s (duplicate)

(n = 8) WIHULNHUNAMINATDUTWINFININTFIY

31 1 USinaldsfiungeduuuisgnasay

MedD6 paired t-test NIzAUANUTDNUIDEL 95

waz df whnu 7

e

namsanmnaNuaEnso lumsaadunuluseiu
(protein binding capacity) waﬁaqﬁﬁmﬂ%‘lumﬁ
nagau laud maiuaswaddin vasaiunie
PUNA 15 UHE 50 NAAANT WATAINTANKDAAAL
YA 0.22 UAZ 0.45 lNATOU WU TFNATAUNNilR
AFlumsanmnumnzandmduldmneimusnm
Tusiiu dauaaslumsied 1 diasmneusinalusiu
ﬁ@ﬂ%ﬂﬁaﬂﬂiw 10 pg/material @INNINTFIU
EN 455-3"9

annntuldsiu (ug/mL)

. — ———— Vnaldsiuiaadu
raanadgay gsazangaldd  d1sasangnuIvIEa .
9 (png/material)
(n=3) neday (n = 6)

IAAUETWAIFAN 10.423+1.1 8.635+0.9 3.576
190 UUNIEY 2110 15 Nadans 10.1014+0.4 6.79240.7 6.618
a0 UUnIEe 2110 50 Nadans 10.358+0.3 6.34240.6 8.032
NDIVIADAIAEN YU 0.22 LNATOY 9.259+0.5 6.637+0.6 5.244
INTANNADARAEN VUIA 0.45 LNATDY 10.25440.5 8.054+0.8 4.400

miumstiugunvaal judmsmmsnedau
sl,uaﬂn:ﬁﬁﬂﬁ‘[ﬂsﬁugnumm (sample lost) ﬁaﬂﬁqﬂ
NMIUFBUNTTUIUMTANALADY AIUTAILUNIN
# 2(n) anvlanuduRussT eI NT LG NeY
ypalusAunauanaznay (C/F) AuaNuLaugy
poalUsaufieion waznanuduiugszning
gerecovery fuaNNENTunaslUsAueIoN Gauda
Tumnil 2(2) wuhmsienzimamnasgiu ASTM
D5712-15 waz EN 455-3 14i@1 o%recovery 3nnnh
Sawas 80 NENANNTNTUTANN

NaMsanmENeNuluduasazans I
ANNFNWUSIEUTNAINIQANEULEN (absorbance)

nuaNNENTuIasE saralUAUN AU AIULTaY

Tusnit 3 NUNMINAFDUMNNINTFIU ASTM
D5712-15 wae EN 455-3 Tvignsananiudunse
FUSUMIALAINNY 1-60 (r* = 0.996) way
1-100 (* = 0.997) lulAsnSNGBNaFINT MNaOU
aRansannnedulszansmsaaaula (coefficient
of determination; r?) FtnawigaNsuUNINAIINGD
WNAU 0.995 HEMIMUIMLAzEUEY LOD waz LOQ
wunmanedaulusiumuinasgiu ASTM D5712-15
A LOD war LOQ wihnu 1.8 wae 5.0 lulasnsu
GaNadaNT °1u°umzﬁ'mmgm EN 455-3 {if LOD
waz LOQ wniu 2.0 uaz 5.0 lulasnsudaiadans

MNAOU
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(ﬂ) 40
35
30
25

20

CIF (ng/mL)

154

10 1

5 ? : © e ASTMD5712-15 -

. : © e EN4553 :
0 T T . y T T r T
0 5 10 15 20 25 30 35 40

Original protein concentration (ug/mL)

) 140 -
120 -
100 1
80f - — - m - m -

60 4

Recovery (%)

40

20- —e—ASTMD5712-15
—eo—EN 455-3
0 T T T T T T T T

0 5 10 15 20 25 30 35 40

Original protein concentration (ug/mL)

amd 2 (n) anudNNusszrINe C/F uaz () %recovery NUAMNENIUNUIswasllsdiu iaanasgu

ASTM D5712-15 wae EN 455-3 #en F (AU 4 wag 5 MNaI0U

()
0.4-
[}
0.3-
3
8
Q
g
€ 0.2-
£
o
7]
2
<
0.1-
y = 0.0062x + 0.0086
r* = 0.996

0-0 + T T & T T T

0 10 20 30 40 50 60
Protein concentration (ng/mL)

<)

0.7 1 0 1.0 25 50 10 20 40 60 80 100 pg/mL
T T

Absorbance (a.u.)

© o o o o
N w - o (-]
1 1 1 1 1

=
-
1

y =0.0062x + 0.0134
2 =0.997

0 20 40 60 80

Protein concentration (ng/mL)

100

MU 3 ANNFNNUSIZHINMMIQanFuLEITUANNINTULalUsiY nadaumNINaszIN (n) ASTM

D5712-15 e (¥) EN 455-3

A NLfisaLaza N udnu lagiaoa
fortified sample nNIsLANEITAzar8lUsHY
MNATTIUT 3 SzAUAMIINTY 10, 30 WAz 55
luTasnsudaiiaddns (Iiasaungudramsldou
poaninasgin) laludagigaliaamumnasgiu
ASTM D5712-15 2auzianuENdy 10, 50 uay 95
lulasnsudaiiadans ladmsunadoumuannsgiu
EN 455-3 namsUsziiuanuiisameldaniznms
¥heh (repeatability) MMNMINATIEN U 10 A3

Wuf HORRAT aglugn 0.5-1.0 uas 0.5-1.1

M5815NTHANENFFATANTUWNE
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HSUNIN53U ASTM D5712-15 was EN 455-3
maEIRU HemanadaurNiisamelaanzmu
(within-laboratory reproducibility) 31uu 7 ﬂ’?\i
wuA HORRAT agluz9 0.4-0.8 uaz 0.6-1.1
HSUNIN53U ASTM D5712-15 was EN 455-5
sy daaaslumaed 2 miinuhenuuai
2NMINAFBUMNNINTFIY ASTM D5712-15 wae
EN 455-3 3 %recovery ag L1130y 101-104

AT 86—99 MNIIAU
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USenyy yasil uasaoe

9NN 2 ANNLfgILazeMNLNULaINIsIteN U alUsAueunIasgIu ASTM Ds5712-15

waz EN 455-3 Mg laaniemsmanuasmsniua

. AN EMIMUT 40EMINT
AINLYNYUYBDY (n - 10) (l‘l _ 7)
Wn3g U fortified sample — —
(ug/mL) AINLYNYY % HORRAT AIINLYNYU % HORRAT
(ng/mL)* Recovery (png/mL)*  Recovery
ASTM 10 10.245+1.2 102.5 1.0 10.305+0.5 103.1 0.4
D5712-15 30 31.057+1.4 103.5 0.5 30.733%+1.5 102.4 0.5
55 56.5562+2.9 102.8 0.6 55.633+4.1 101.2 0.8
EN 455-3 10 9.438+0.9 94.4 0.8 9.422+0.6 94.2 0.6
50 49.346+4.6 98.7 1.1 47.963£4.9 95.9 1.1
95 81.652+3.0 86.0 0.5 83.240+7.3 87.6 1.1

winewa: *da anuaindulusiumdenialduas fortified sample Zarhumsvinauanudaduludiadigeiio

dAnmSeuisunamsienzidsinalysau
Tudnaggaliaeamamsunngssnintnin e
(intra-laboratory comparison) MNHANITNAFTDU
10U 10 71 wuhwansnagaulsalusiu

SERTNUNMILANHINFTDINNNINTFIUSINS ASTM

D5712-15 waz EN 455-3 a0 luuaneenuasng

]
v Y

HlsdPNsauaNNEaNUIaa: 95 NNMIUTTIRU

T
o

Medd6 paired t-test § df (AU 9 HaAINE

t. <t OWFOILUMTNN 3

3199 3 WisuiiisunsitensdilSinalsiulugeiisenamemsunndszuininieszyi nadau

MNNNNI3U ASTM D5712-15 waz EN 455-3 enaadé paired t-test N9zauUANNIzDNY

Sazaz 95 (df = 9)

Aaasyaaldsiu
NINTFIU (ng/dm®) (n = 10) tear tonit
WNMAEHAUN 1 UMezhiaui 2
ASTM D5712-15 198.44+29.6 188.5+13.2 1.028
2.262
EN 455-3 44.34+5.5 42.445.5 0.653

AnwSeudisunamsienziusinalusiu
Tua9819gIiaENNINMSUNNETEUININATFIY
ASTM D5712-15 waz EN 455-3 losgunadau
il Y 3 MIBEN WUTIHAMINAFBUTEVIN

[

NAsgIuaInanidasliuananuaeeiived an
MU UNNAI8TDA paired t-test NsLAU
ANNTONUSDEAY 95 way df AU 7 Wiasana

b < b PILFNI UMD 4
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m397 4 WiguiisuuSinaldsiulugeiienanemsuund nagaumuanasgiu ASTM Ds712-15

war EN 455-3 maaie paired t-test Nszauanuanusagaz 95 (df = 7)

Anadauaslusiu
q\iﬁam\immwnﬁ (ug/dm?*) (n = 8) teu eorit
ASTM D5712-15 EN 455-3
fvENgaiian 1 49.7+4.1 53.6+4.6 1.819
GapgNgalaN 2 166.5+5.6 198.6+16.2 1.864 2.365
dagNgIlan 3 356.4+3.7 385.7+28.8 2.219
a 4
AV

Blandowdsidlunishitnespuiidenls
Tumseanamdamnamaslisdumuainasgiu ASTM
D5712-15 waz EN 455-3 ludseinaanigandm
wasngulsznaglal Aldndnmanasislanidous
wazinafiamsIadiuwmnmeanivitensilsne
Tusdulundafariindnanneresssuand Jag
il#lunszviumsasaiadauiuiagivinan
wana@nlwalwshau (polypropylene; PP) %38
wanadnlnaaladu (polystyrene; PS) tivatlasfiu
msgaduzasllsiu iilesnnldsdudsznauds
ninaziiluuaslaseaswaensnasziilulsznaueie
nitadiu (-NH2) uazniaesuandan (-COOH)
Jemliiiquanti@iiy amphiphilic finadu
ﬁla\i%aufﬂ (hydrophobic) u,ax?iaufw (hydrophilic)
v lilsdufivnhiviiazgaduuuiuiiznesiag
kuusatagaszvalaanafilizaunh (hydrophobic
interaction)"® Togamzaeadenuinifuui
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Protein Determination Based on Modified Lowry Method Preeyanut Butmee et al.

Method Verification of
the Modified Lowry Assay for Determination

of Protein in Medical Gloves

Preeyanut Butmee, Veenus Pathamat, Wanida Ponwongsa, and Pornthep Chancunapas

Bureau of Radiation and Medical Devices, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Thailand is a leader in manufacturing and export of medical gloves made from natural
rubber. Unfortunately, the protein content of natural rubber latex products can cause allergies in some
latex-sensitive individuals. Thus, American Society for Testing and Materials prescribes a method for
detecting residual protein in finished gloves, which recommended a maximum limit of 200 ug/dm’.
The objective of this work is to study and verify the modified Lowry methods for protein analysis in
accordance with the ASTM D5712-15 and EN 455-3 standards, which aimed not only to protect customer
safety but also to encourage the rubber glove export industry. The measurements relied on a colorimetric
analysis as a consequence of the reactivity of proteins with Cu’ and Folin reagent in an alkaline
condition, producing blue-colored products that can be measured using 750 nm spectrophotometer. Protein
binding capacity of the materials used throughout the work, the precipitation processes, and analytical
performance characteristics of the methods were sequentially investigated. The verified ASTM results
demonstrated linearity from 5-60 pg/mL with a LOD and a LOQ of 1.8 and 5.0 pg/mL, respectively.
Meanwhile, the linear range of 5-100 pg/mL with the LOD of 2.0 and the LOQ of 5.0 pg/mL were received
according to the EN standard. Furthermore, the precision and trueness of these two methods were assessed.
The HORRAT values were less than 2.0 and the recovery percentages were found as 101-104% and 86—99%
for ASTM and EN standards, respectively. In conclusion, the standard testing is appropriately verified and
can be applied to detect the protein content in medical gloves, leading to further expanding the scope of

services to promote the medical rubber gloves in the country.

Keywords: Protein, Modified lowry method, Medical gloves, Natural rubber latex, Colorimetric analysis
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Method Validation of Identifying Pyrethroid Compounds in Mosquito Coils

Haruthai Sangjarusvichai et al.
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pyrethroids lundadamimaaunas laun maila
spectroscopy"® laadSauiiieu spectrum 289815
NANIFIUNUEIT6DEN 1FU infrared spectroscopy
(IR), nuclear magnetic resonance spectroscopy
(NMR) uaz mass spectrometry (MS) tnaila
chromatography"*'” TaaiUSeulfisu retention
time (RT) 28981901699 1UNUEIT2a1800EH
Wy GC waz HPLC daqduiimswainimnalulad
yaaAdesiiatitatinyszansmwanniu Tashinaiia
spectroscopy L%'amiaﬁ'umﬂﬁﬂ chromatography
U GC-MS wag HPLC-MS Tumsasiatenansal
MMINNTaNSeUdey spectrum waz RT 289
AIINATPUA VAN TITNERIDEN BefiAnuTume
ANl ANNuNuge wazansIadtasiasla
nanezfialunadennu

mafnmiliiaguszasdiianasauanalsld
°z|aﬁ%‘msmamané’ﬂmﬁmiﬂ&ju pyrethroids
lundadasienyaiugs lagldinalia GC-MS
wazlfifluanasgruisliuinmsasiatananualans
nau pyrethroids lundadnwienyaiugeaadiin
wiasdanuasingduass Felulssnalned
Lifiwasufddnisiliusmsnmaenanealans
dAwngy pyrethroids lundadnwienyanulaeds
GC-MS enviaslfuamsimsasaenansalans
ngn pyrethroids laginaiin GC-FID tivauen
msaadsuaazaiamiildnarlunsiesed
W udis GC-MS Whunaiaiifianuudugs
wazasoeNeanslevaneriialunafennu
Fawannisiieounldasiaendnuaiarsngy
pyrethroids lagiiudayanansivenanuoily
feteeqafuginiziinuauazaioursadagy
10U 279 Gredhe Ndvanaianzinamieny
MATFUBLLDNTY FzUTNU W.A. 2561-2566 NS
maaummlﬁlﬁwaﬁ%waqmimju pyrethroids
11U 7 510 lewn transfluthrin, heptafluthrin,

metofluthrin, dimefluthrin, esbiothrin,
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prallethrin w82 meperfluthrin ﬂﬁ]ﬁgﬁumi@fﬁﬂén
a Y & o w &£ o o
Haulflussdanluniseangndmiauuasly
uanAaurienganueuazus s ddmSundasuel
w t:l' d' Vv d?’ I w v 1
enyanueaiaglunemsfidaunzdieunu ae. laun
transfluthrin, metofluthrin, esbiothrin tag

prallethrin Wuau

wa3asiiauazgunsel

\papeFazdan 4 uvis (Sartorius, Ju
LA 2308, Germany), a'wfmuumuquqmwgﬁ
(Memmert, 34 W350, Germany), La3nsuaiiy
(WARING, 31 HGB2WT, USA), qmah”@ soxhlet
Usenaum® round bottom flask, extractor
capacity a8z condenser, cellulose extraction
thimbles 2116 30 mm x 100 mm (Whatman, UK),
membrane filter ¥1@ Nylon 2u1@ 0.45 um
(Vertical, Thailand), glass syringe filter 2u1®
10 mL Lﬂém GC-MS (Agilent Technology, 'éu
GC6890N/MS5975B, Singapore) w8z analytical
column #i® 5% phenyl-methylpolysiloxane
Ultra Inert (DB-5 UI) 2u41® 30 m, 0.25 mm id,
0.25 um film thickness (Agilent Technology,
Singapore)

A13NIAIFIULATAITLAN

FTNINIFIU: minziu pyrethroids 31U
7 %10 laun transfluthrin (ChemService, USA),
heptafluthrin (HEBEI SENTON, China),
metofluthrin waz prallethrin (Sumitomo
chemical, Japan), dimefluthrin (Dr.Ehrenstorfer,
Germany), esbiothrin 18z meperfluthrin
(Jiangsu Yangnong Chemical, China) mm‘u’%qﬁ
(purity) 5088¢ 93.8-99.5

d151@N: acetone, AR grade (Merck, USA)
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fradrandnfurianyadugeiifisivielu
Uszna ialdlumsnagauanulflduasisng
asyaenaneal (identification) lown ANNINMIE
(specificity) wazdannazaimsnsianu (LOD)
GDENNANN BN UENTTaYALas T
wivadegl MUY 279 GIBEN NNMILIHUING
asiengiussdiineisshanuaringsuase

\ =
e INY W.A. 2561-2566

NSLOIBNEITAZAILNINIF M stock standard
solution taz standard solution
IOIBNEITATAENINIFIU stock standard
solution ‘[maif"qms transfluthrin, heptafluthrin,
metofluthrin, dimefluthrin, esbiothrin,
prallethrin uaz meperfluthrin aaza13 0.01 g
ANBLLBEA 0.1 mg adlu volumetric flask
2110 10 mL udaza0 YSudsnnasens acetone
azlaasazanaanasgIu stock standard solution
223 transfluthrin, heptafluthrin, metofluthrin,
dimefluthrin, esbiothrin, prallethrin uwag
meperfluthrin fislenududu 1.0 mg/mL
LO38NEITAZBNN 991U standard solution
ToatlilanarsasarsannsgIu stock standard
solution w@azzlines Uswes 0.5 mL aslu
volumetric flask #1160 10 mL U5udsunasas
acetone zlaa1502018110557U standard
solution HENYAIUABLHTAES NHANNTNTY

0.05 mg/mL

MateIaNaIIazaIanIag 1N
ihfmetnndasaminganugsiniuneuing
Enuazualiasideaaiaieissuaily (blender)
FedregeUszana 10-15 mg 1dlu cellulose
extraction thimbles 289%0dN® soxhlet™® M3
@512 2 % (duplicate sample) Tazafadiae
e acetone U3aay 120 mL ﬁa'wij”muumuqu

aoumnd 85-90 avealded (unan 4 2l lae
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AUIANND acetone LSNNAU LNDATULNIAINITENG
#ngAaN® soxhlet AUNNBNUMUUMIUANYUNHHN
le v < o . Ao o v & v

Aalvitdy 11 thimbles NHGIPENDDN IAUUBI
condenser Wa¢ extractor capacity @8 acetone
Useae 5-10 mL PUIY 3 A9 N acetone N
Taannsaraldly round bottom flask 250 mL
Y1158z a8e10819N lanIanUSNInse801S

evaporation 1#%aaU5ua35 2—3 mL oheaaded

wideld volumetric flask 211 25 mL laald glass

dropper anuwazUsSuUsnnsme acetone NNUU

NINENIZAN8AIDEIN6E nylon membrane filter
< v A o

0.45 pm thuluznaum aue 2 mL et luasia

LNANHOIMLLATDY GC-MS AIuaaalunwi 1

«+—— Condenser
s

] Extractor capacity

Round bottom flask

MWi 1 Soxhlet apparatus ldanaasazaafiaglunandasienganues

dnmsiiianzaszaunaiin GC-MS

1159518 NaNBalaITNGN pyrethroids
framaiin GC-MS l#an1azeadl injector:
automatic liquid sampler (ALS), injection
volume 1 pL, split flow 40 mL/min, injection
temperature 290°C, oven temperature
program: initial temperature 200°C hold 7 min,
ramp rate 120 C/min to 280°C, transfer line
temperature : 300'C, scan mode : 33—550 amu, scan
ionization mode: electron impact (EI), ion source
temperature 230°C, quadrupole temperature:

150°C and feed 1 mL

mMsnagauaNNlElanadisnsiaenanuel
AINAFBUMNININIZYBIID (specificity)
WNBASIFEBULBNANBAIYBIIS Tagiarsan

ANNNMUWIZAANTE F158salanInIgIu standard

solution WENVBILASLBIAFIS NRANNTNTY
0.05 mg/mL (MU 7 f’z?f’w) vhanmeaauluanmei
WaNgay NNTANNIMIYNLaaN (retention time;
RT) aranuasnselumsuen (resolution; Rs)
MANNFNINATUDING (tailing factor; T) wazuIa
a5y (m/z) WiauNIATIEY method blank
(reagent blank) ﬁi‘fﬂl acetone UNUAIBDEN UL
sample blank Lﬁ'alu'wu peak ﬁmmﬁmsgﬂwzaaﬂ

Y

NnAaNLazaNaaalsrylnalAsIN U ININITIY

ad o o

waaa M35 i dassununaAsianNa Wz

FaNnewainIiniany (limit of detection;
LOD)
nodaulagliNaTaLMBNNITIULAILBUATS
fiszduanududy 0.005 mg/mL ludlngs
HANAMTENIANUEN (sample blank) lagdias1en
51U 7 3 (n = 7) i lafadmethadae
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¥0dne soxhlet wazitAdziluanzimuIzay
gadunstiudumarinmseuin signal to noise
(S/N) #@ LOD fe seauanuwudunliam S/N

unn 349

nsanananaiasngslwinsasaluudaiued
#1ANUEN

Mg NKANA NN UENTlaYe waz
launaaaegl U 279 68N LATEN
gsazaaalaguazihlUSauiisunuansazans
ANOSUNENTDIUGBIATS TRANNENTY 0.05
mg/mL tieasienanvaiasngulninsesd
Tugnmsimansanmemadin GC-MS Hmsnsa
fusunfionasansardafinsany TaswSoudiou
LUNATHTAIFITAZANEAIDEINAUFITNINTFIU
MYUA qualifier ion ratio Tadhusesaz 20 Lﬁa
gheanudeiudumssiiadenty

We

MINATIUMNINDINIEZVIID (specificity)
edaamsazaenasgIunaNng 7 wila
transfluthrin, heptafluthrin, metofluthrin,
dimefluthrin, esbiothrin, prallethrin uwaz
meperfluthrin meldanzvasnias GC-MS
WUUWHUIINTgNYzBaNYaIaTaIAy LU
198287811033 1U dINITOUENNABDNAINAY
agwanysal §A retention time (RT) aglugn
5.97-8.81 W @1 resolution (Rs) agluzia
0.45-6.01 @1 tailing factor (T) ag/luz4 1.00-2.00
wazANIAfaYTEq (m/2) ogluEIN 43-177 GO
Tumsui 1 sUaesuwes m/z daudaslumnii 2
PNMIIATIEA method blank waz sample blank
a1 liNUENTSUNMUAR RT waz m/z @enduiuans
NATFIU UEANIIG LT ssunmutaziienuwg

AAULFOI LMD 3

#1399 1 Parameter Tums3@91z9a13nau pyrethroids 7 #iio

Parameter
Compounds
RT (min) T m/z
Transfluthrin 5.97 1.00 163(100)/165/91/127
Heptafluthrin 6.06 0.45 1.00 163(100)/176/177/145
Metofluthrin 7.30 6.01 1.00 109(100)/176/67/177
Dimefluthrin 7.87 3.11 1.50 123(100)/81/176/43
Esbiothrin 7.98 0.59 2.00 123(100)/79/107/136
Prallethrin 8.14 0.83 2.00 123(100)/105/77/81
Meperfluthrin 8.81 3.26 1.50 163(100)/165/176/91

NINAFAVTNNINAVRINITATIANY (limit of
detection; LOD)
NNMSNAFBUNUIYSTII UM FAUDIFT

ATNINAIFIUN 7 2T0 Aidnaslumoiandnnu
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EANUEN NANNUANANTENINTYUIUBDIUA DL
WAFSNUFYANUIUNIY (signal to noise; S/N)
Useanm 3 M1 Aa NANUENYIY 0.005 mg/mL

$39 0.001%W/W
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Transfluthrin

Heptafluthrin
Abundance e
1650 1681
14000
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11000. 8000
10000
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207.1
8000 6000
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4000 165.0 3000 B
3000 911 2000 145.0
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1000 792
“l 1434 439 1274
1000, ‘ 20 831 770 1089 | | , | - l‘ ,“"K”monfnl mn| | 191.0
L J;I| j.’ “\ \l”".”“w“ 99,;? [VH""Q.;\IV L. ‘r’:ﬁo i 1"7,59 800 270 ¢ MH B A | P \“”.l‘ e J T h' L4 u'\ ally I -l
mz-> 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 ~mMz-> 30 40 50 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200 210
Metofluthrin Dimefluthrin
/Abundance
10p.1 /Abundance 121
24000
22000 30000
20000
18000 26000
16000
20000
14000
12000
15000
10000
8000
10000)
6000 811
67.1 1760
4000 7.1
177.0 2 5000 176.1
a4 11 1450, 1630 4 207.0
2000 || 911 ‘ 1251 1389 l 1884 | ’ 0 671 031 1074 1454 1630
: [. (RN Pt ‘II 'Hn”»l’ | W 1 y“yl “U‘ Mol . bl ‘Ah Jl Ilu .H“ \‘M‘ Al uxmllwlﬁ“\ (\\ | 1910
mz-> 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 > 30 40 80 70 80 90 100 110 120 130 140 150 160 170 180 180 200 210 230
Esbiothrin Prallethrin
Abundance o Abundance
22000 - 22000 1281
20000 20000
18000 18000
16000 16000,
14000 14000
12000 12000
10000| 10000)
8000| 8000
6000 6000
Al
g oma
| i
136.1 =~ ,7_.3“‘ 105.1
a1 . | |
| 431 | 1331
E 530 671 s 551 651 911 o
L ! AR o 1T Y L
AN LA P Y T W s . S IS 1 X NN O A O O T s 269
mz-> 30 40 50 60 70 8 9 100 110 120 130 140 150 160 170 180 190 200 210 220 mz-> 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 180 200 210 220
Meperfluthrin
Abundance
16000) 1650
15000
14000
13000
12000,
11000,
10000, 65.0
9000
8000
7000
6000
91.1
5000
4000
3000
2000
g m 1110
1000 H 65.1 I )
3.1 1190
N T TR TR
mz-> 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

MW 2 aaTuYeenanaUsEeeaTaEaNENIAITFIUNGY pyrethroids 7 #iHa NszAuANMTNYY

0.05 mg/mL
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Abundance

150000

140000

130000

120000

110000

100000
90000

heptafluthrin

80000

transfluthrin

70000

o

063

«
o
S
=

60000
50000
40000
30000
20000

10000

metofluthrin

~N

§
o

.140

prallethrin
meperfluthrin

8
dimefluthrin

~
esbiothrin o

N
3
®

110 L |

Time-->

JAbunaance

28000/

8000
6000/
4000

S R B T T T T T T T T T T T T T T T T T T T T
540 560 580 6.00 620 640 660 6.80 7.00 7.20 740 7.60 7.80 8.00 820 840 860 880 9.00 9.20 9.40 9.60 9.80

/Abundance
45000

C

40000}

35000,

30000

25000

20000

15000

10000/

5000

T AR AARAS VARAS AARAS haaas s T A A A LA A LA AR AL DAL LA VAL AAS AR AARAL LAAS LARAL AARAL VAL VAR AARA LADAC MARAS ALY
Time-> 540 560 580 6.00 6.20 6.40 6.60 6,80 7.00 7.20 740 7.60 7.80 8.00 820 840 8.60 8.80 .00 920 940 960 9.80 Time-> 540 560 580 6.00 6.20 6.40 6.60 6.80 7.00 7.20 7.40 7.60 7.80 5.00 820 8.40 .60 8.80 9.00 9.20 9.40 9.60 9.80

Mui 3 1asnlnunsneed a e 58:M83NAITIU NG pyrethroids 7 #1a NSLAUANNLNIY 0.05 mg/mL,

b @8 method blank &z ¢ Aa sample blank

HanIdMAATMTEIIAtUTTinvauasEin
unspanegy
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A5 NHHEA AN U TavauasTile
wne aanegl serint w.A. 2561-2566 U
279 MBEN NIMINTINVIANWBNANYIFIINGY
pyrethroids Tuaia wuhuusdiagailu 4 ngu
MulsMAnTENTNANTITUGY (389 Re0n889TAq
duamed ag. Sufioou w.e. 2558 sxylindadngi
RIUFAIEaE IR Laz AT dIuESE A Gl
neju‘v“i' 1 wandarimanm ngaanuriovsas
saaduldmunainszy 1 170 629819 (61%)

H
1o a (% .

NYNN 2 mamﬂmmamnﬂmﬂmlmmwwﬁmmmi

9

o w J
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o
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ssseglidulumuaanszy Sy 15 Greee
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MU 47 GEe (17%) sauaadlumeed 2 3
fisnu 122 Mage 10 279 faths Haunzou
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Fanam sansautsdasuiiy 3 ngu Gail naud 1
HARAMIRAINMW lneasIanuEiiorasa saA ey
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#9172 NNIUGIBENUALIDEALNGUHANAUITNENANUEITENINY W.A. 2561 - 2566

NUIUMIBEN
nani 594 Sogny
W.@. 2561 W.A. 2562 W.A. 2563 W.A. 2564 W.A. 2565 W.A. 2566 .
(aaad)

1 75 52 13 11 9 10 170 61

2 23 9 2 8 4 1 47 17

3 0 1 3 2 1 8 15 5

4 5 9 9 3 2 19 47 17
59U 103 71 27 24 16 38 279 100

M3 3 NUNUMBENUAZIDEILNGNKANAUTNENIANUENTENINY W.A. 2561-2566 NTUNzITEUNU BY.

DNUIUMIBEN
naxi 59M Sagay
W.A. 2561 W.A. 2562 W.A. 2563 W.A. 2564 W.A. 2565 W.A. 2566 .
(aaad)

1 51 32 5 0 3 0 91 74

2 12 8 1 2 0 7 30 25

3 0 1 0 0 0 0 1 1
3N 63 41 6 2 3 7 122 100

HANTENTIANAANUNNANUENTHAUA LD
yHouiamegy 5enINy w.A. 2561-2566 U
279 MIBEN WULHAYBIANTAAYNEN pyrethroids

1
a Y oA

dudaisnldifuaseangnilauazmiauuas
61’\1121 m{luﬂaju allethrin isomers (d-allethrin,
s-bioallethrin, esbiothrin waz bioallethrin)
Sp8ar 30 d15 transfluthrin Sp8az 21 §15

metofluthrin 8z meperfluthrin 5888z 16 §13

prallethrin meperfluthrin

2%

P
MAN 4

dimefluthrin 5888 13 &5 prallethrin S8z
2 wuar heptafluthrin Sa8ay 2 ﬁ'mamﬂumwﬁ 4
waTHAANMNNANUNBIALA UazyTiauranae
suitunzifisudues. lunguudasasiaanam
Ingasnwuriianasasddgunniiaainssy
wugfioansadnildiumnamnssyanniige ldud
19 meperfluthrin (33%) &5 dimefluthrin (20%)
wazans allethrin isomers (18%) MNAIAU

_heptafluthrin
I 2%

metofluthrin

16%

' . a a o ¢ o v & & 0 o o
ﬂjiﬂqu pyrethrmds Wﬂijﬂwuiuwamﬂm‘mm‘gﬂﬂutﬁLmﬂmﬂumiaBﬂq%ﬁlﬂLLﬂzﬂWﬂme
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Wwnviaalfuamsldisasaenansaliansngy
pyrethroids lagl#inaiia GC-FID uanidnis
asaudasriass® arnisasaendnval
a3nau pyrethroids lundanawimaaunas Ml
Tszaznmlumsienzdunu fnhingnmsnannis
waznagauanuldlavesitasaenanvalasngu
pyrethroids lundannsienyanues i 7 ¥ia
laun transfluthrin, heptafluthrin, metofluthrin,
dimefluthrin, esbiothrin, prallethrin waz
meperfluthrin Mawaila GC-MS dusouan
#ineannniuld WaRnsane resolution wu
finvasgasiuenlianysel fe transfluthrin Ay
heptafluthrin, dimefluthrin AU esbiothrin e
esbiothrin AU prallethrin 3§ﬁﬁ’wmfﬁ°ﬁnm
e 10 il HAsinaE denudumzg
lagWnsaNNNNIINTYNTzaaNLazIaRaY 5]
fuanaetuzasudazafiaans Nnmsudasualy
Munanasuzeanalsey warasunazsile
WdyanumsnauaustdamsnsIniags il
Mansaanenzdanslutsnamled lums
nadauannldlavasisasiaenanuallatdan
mathardadarienyanugadudunulumnagau
anuldlduasds dasnniflugduuundosuii
faytuiimsdsuuasnsddgiivadunsadeuiu
a.uinannzululszndlng duhiidasaendnyel
Afanndumansaihlussandldisonaendnwal
a3nay pyrethroids lundadawimiaunaszluuy
auq Wy wiedenusaiy uiuldiueiaalnih
apunan spanaldiuedasluih uaziagauilld
Tumse@da Wuau

MIATINBNANBAIIIDENKHAASUTENINNUEN
wundafudndaarnnwaussinandalaldl
ANNIEUYLHAVNATIAY ATIANUFITHAYNFY
pyrethroids Ltdlﬁlm“%umﬁﬂuwamﬁmﬁﬁ'mqé’fumm
falundnsariionguane Fadasasidinaniing
anaaulLnINNUszmaa s sasgUsznuiu
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WAHIUNINBULABSUATIUIUNIN HANITATIA
nanaim innunguaaimsldarsaanlungs
pyrethroids snAARMINTEY tiainUszanEHaMS
pongNs lagaviovn igaanasnunerias sdny
Anvannigalundofasisgatuguiiuasngs
allethrin isomers (d-allethrin, s-bioallethrin,
esbiothrin, bioallethrin) Lﬁmmﬂﬁmﬁmdw
aNIFUATILVINGH pyrethroids Fiinau Seldansadn
wﬁmffmLﬂunmmuﬁﬂﬁqqLﬁﬂmiﬁyam“’ 272 g
aangyslagaviavhIiganasnvnerasldiasas
Jaguudafivsenguaaasiaiduansianslungs
pyrethroids #fialwinauny adumedanle
HHAaNEa Sausienqatuegaanniiu

a13ngN pyrethroids aanaaalade danu
dlufisamnamsmdauuanissandu udaanse
lidansldlogamsgiianinsuwazyili
Fmlsdniau vanues leaynaniau 1w la shunlua
welade Wudu fuslnemsszdaszislumsldnu
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mMsnadauanulglavesitasiatenanual
a13ng pyrethroids lundadmsienyafiueacis
mafin GC-MS §1I500539A=iansna 7 #iie
Tupsaiien uaasliifivinidnsaenanualihanly
iANNgnaa danuuaiug danuinumn: idaine
yasmsasanuaslulSinadion wazdudsiiana
59015 wanzannumslaanu ihanladuinessu
FBaraenanyala1sngn pyrethroids Tunde oo

d a [ o o

BIANULS HANTINBNANHAUNAANNUNEIFANUEN
5eNINY W.A. 2561-2566 HHANNMTENFANUEN
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sey Tasgudaldasdhainudlivansuuamn
iaLiiuszanduanisaangndlageviaviligs
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Method Validation of Identifying
Pyrethroid Compounds in Mosquito Coils
by GC-MS Technique for Pyrethroid Compounds

Identification in Products During 2018—2023

Haruthai Sangjarusvichai, Wongduan Nakniyom, Menaka Vivon, and Laweng Nilmanee
Bureau of cosmetics and hazardous substances, Department of Medical Sciences, Nonthaburi 11000,
Thailand

ABSTRACT Synthetic pyrethroids, category 3 hazardous substances in the hazardous substance Act B.E.
2535, are considered to have low mammalian toxicity, and used widely as an active ingredient of insecti-
cide in mosquito coil. Currently, the manufacturers have used new pyrethroids to increase the efficiency
of insect repellent and knockdown activity but do not show the name of the active ingredient on the label.
This study was to validate a method for the identification of pyrethroid compounds in mosquito coils by
GC-MS technique for seven types which were transfluthrin, heptafluthrin, metofluthrin, dimefluthrin,
esbiothrin, prallethrin, and meperfluthrin. The time period of analysis was 10 minutes, using a 5% phenyl-
methylpolysiloxane column and oven temperature program set at 200°C for 7 minutes, then increased up
until 280°C at 120°C/min for 3 minutes, and flow rate at 0.8 mL/min. The method validation results of
seven compounds as the resolution were as 0.45, 6.01, 3.11, 0.59, 0.83 and 3.26, respectively, and mass/
charge (m/z) were 91/127/163/165, 145/163/176/177, 67/109/176/177,81/123/176/177, 79/107/123/136,
77/81/105/123, and 91/163/165/176, respectively. The limit of detection was 0.001%w/w. The pyrethroids
identity results for 279 samples of mosquito coils during 2018-2023, 47 samples (17%) with Thai label
detected active compounds more than labelled. The result of method development for the identification of
pyrethroids was appropriate due to its rapidity, specificity and low detection limit. Thus, the method was

useful for the pyrethroid identification in mosquito coils.

Keywords: Pyrethroids identification, GC-MS, Mosquito coils
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Powder Residues in Medical Gloves

Veenus Pathamat et al.
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10 2.3240.51 10.2040.42 0.4040.04 0.6+0.6
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16 0.8840.03 0.1740.01 - 1.941.4
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18 0.3340.18 0.5240.25 - 0.240.1
19 0.4440.03 0.23+0.07 - 1.240.9
20 1.7540.18 4.2040.42 - 1.5+1.3
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Method Verification and Surveillance

of Powder Residues on Medical Gloves
in Thailand

Veenus Pathamat, Preeyanut Butmee, Wanpen Duangsawang,
and Pornthep Chancunapas

Bureau of Radiation and Medical Devices, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Surgical and examination gloves are two different kinds of medical gloves. The cornstarch
powder is added in the glove manufacturing process to keep the sides of gloves from sticking together
and to facilitate easy donning. However, the residual powder can increase allergy sensitization and
promote skin irritation. Therefore, the maximum powder limit has been specified at 2 mg/glove and
10 mg/dm?2 for powder-free and powdered gloves according to the ASTM D3578-19 and ASTM D3577-19
standards, respectively. The objective of this work is to surveillance of the powder residues on medical gloves
available in 2023. Of the 73 glove samples, including powder-free latex examination gloves (20 samples),
powder-free nitrile examination gloves (20 samples), powder-free latex surgical gloves (13 samples), and
powdered latex examination gloves (20 samples) were investigated. The powder contents in the medical
glove samples were tested following the ASTM D6124-06 standard, which was based on gravimetric methods
using direct weighing techniques and vacuum filtration. It was found that 11 samples, which was calculated
as 18% of the 60 gloves including, powder-free latex examination, powder-free nitrile examination, and
powdered latex examination, contained powder residues that exceeded the specified criteria. Meanwhile,
the powder residues on the 13 powder-free latex surgical gloves were not found over the criteria. Therefore,
it is necessary to detect residual powder in medical gloves. Additionally, the customer protection agency

could utilize this surveillant data to encourage improving the medical glove industries.

Keywords: Medical gloves, Residual powder, Powder-free glove, Powdered glove
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Assessment of N95 Mask Decontamination

Methods for Reuse based on Filtration
Efficiency and Fit Check

Preeyanut Butmee, Kanyarat Nitee, and Pornthep Chancunapas

Bureau of Radiation and Medical Devices, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Face masks, particularly N95, are the most important personal protective equipment (PPE)
that can reduce the risk of airborne particles containing hazardous pathogens. During the COVID-19
outbreak, healthcare personnel was forced to reuse N95 masks because of a huge gap between demand
and supply. Therefore, decontamination techniques for reusing N95 masks were investigated, providing
useful databases in cases of catastrophic event, emerging or re-emerging infectious diseases occurrence.
The decontamination methods including UV irradiation, dry heat (hot air oven), wet heat (hot water,
boiling water, and autoclave), as well as 70% ethyl alcohol (sprayed and immersed with ethyl alcohol) and
soap water, were examined on the 8110s and 9105 N95 mask models. The changes in filtration efficiency and
fit check of the masks before and after decontamination steps were evaluated and discussed. The results
revealed that UV irradiation, hot air oven, hot water and boiling water were the most promising approaches
to decontaminate the N95 masks because there were no obvious changes in filtration efficiency or in
the fit checks of both N95 mask models. While autoclaves, spraying and immersing with ethyl alcohol, and
soap water caused a significant reduction in the performance usability of N95 masks due to the deteriora-

tive effects on the nanofiber structure.

Keywords: N95 mask, Decontamination, Filtration efficiency, Fit check, Reuse
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NMSNAIHINITHIINI IR T IULIANIEID
Multiplex Real-time PCR

Fariad dunzaau alzw aed Unde wiusn® waz 93017 ynean
gueImenmansnsunngn 2 wsalan eunauiay Wealan 65000

unaaga Salsaifluilymassaguidyuaslssmalng iennidauuaiidandy Mycobacterium tuberculosis
complex (MTC) @ewu M. tuberculosis (MTB) mnﬁqﬂ safidanalauuaiiGeilildialse (Non-tuberculous
mycobacteria; NTM) sinwuifumstiaamalama mshuunidedasnguiliienyidydamenunuinmihe
M3nad8 real-time PCR (Hdsiliwanad fanuhuazanudimzge uazaninsasassudinieinnunn
Ml dianniimsasadadalse MTB/NTM wuy multiplex real-time PCR Tagil primer/probe swiufius
IS6110 fisuwizda MTC @ansoasnduidaanasgu MTB ldluanuiduduaga 0.12 copies/reaction way
1% primer/probe dw5uiiu 16S rRNA %ﬂﬁnmwiamju Mycobacterium species (PAN) wﬂaauﬁ'm%wammgm
MTB waz NTM Taglsiuai 1.2 copies/reaction uaz 0.12 CFU/reaction magau msUsziiydamsiwannauil
liwumaiiaufasendungy danesausuidauuaiieiinelsassuumadumela wamamasausuiauiu

FFwnziwe (gold standard) Tudieehaiduve 11U 230 Mvde Falkanmsinzdauuiniuy MTB waz NTM

v
IS

U 90 WA 50 HIDEN MNP WUIITHRAMANND ANNIIE AMINEHAUIN UATAININEHAAY 1NV

b

ac

MTB 7388as 88.9, 100.0, 100.0 kdz 93.3 wazdiu NTM 71508z 84.0, 98.3, 93.3 4az 95.7 MUMGU I5N
wannannsmhlllganaienzdlastiiivszandaw fienuhuszenudimnzgs sasunulumsiagainmaisagy

nnadszng tindnamwlunmsaumedadainlse uazduasumsyiinlsnadegsdiu

maaay: oulsa, Mycobacterium tuberculosis, Non-tuberculous mycobacteria, Multiplex real-time PCR
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M5057131807u15AA1835 Multiplex Real-time PCR

Fa088 NUNLFDU UaTADLE

unin

Jauls@ (tuberculosis; TB) (Wudanaian
meanssaguszaulanuazUszinalng nszuiums
Hasfuuazmuauinlsaliiilszansmmiy i
ddny da madumgtheialsalinadidud
finms ieligthaldidsumsinmnldasenadh
aamauwinssneueda wazaNLasINsEdInlsn
T@aeadaiiu nmsmamsaiatiinsaiialsazas
Uszindlnglogasdamsswndelan Tull w.a. 2564
NgUanmsniinlsn 143 dauauisznns nisuseanmn
103,000 Au"? Usznelnalasamunulfuanms
staumpeIunsaadiuialse szasii 2 (w.a.
2566-2570) LitamuuauuImlumsaiiun
Yaenu quasnm uazmuanialse logliihmingas
ganalamsaiinlsnasan 143 dauautsznng Tud
W.A. 2564 Litnae 89 dawautsznns 1l w.a. 2570
uaziile lWidanndasiugnseanseiindsn (The End
TB Strategy) ﬁﬁmumlﬁ‘lu’ﬂ W.¢. 2578 (P.¢1. 2035)
waglugnsenansii 5 el Fiamsssduma
gamuinlsn ladaasumaideuaswannuinnss
Tunisflesfuauauialse tiaUszansuuas
ta3p2retgndenislduszlagivasuidsuas
winnssnlumsg@ialse®

Jaulsafulsadndaiionnidauuaiide
Mycobacterium tuberculosis (MTB) 3naglunga
M. tuberculosis complex (MTC) wulalunnaiens
293 19Me dulvaisaeas 80 wuiilen (pulmonary
tuberculosis) Feanansounsidalahe waziasas
20 wuflaienzauy uanlan (extrapulmonary
tuberculosis) L%a Mycobacterium wuadlu s ﬂéju
1) M. tuberculosis complex (MTC) L‘Tluﬂ’leG;
Panlsnluauuasdad Fuu 8 sawug sawug
finuanniige Aa M. tuberculosis dhuamswusau
dwusnnlunguil wiu M. africanum wuldluuou
weWin M. bovis sindaliiialsnludad Fa1a
dadadenuld uasiluameiugihinwdaiadudsd
2) Non-tuberculous mycobacteria (NTM) da11u

WINNT 140 @18WUE ¥u M. avium complex

(MAC) wulufswadan du 1 wialuded
dulwaflidalsaluau aniugiissuugiidudu
2aUWd way 3) M. leprae Lﬂummqwmiméau
‘s NTM wmﬂummqwmm‘samL%Wamff[ama
waaeomsaseialsalsn Fensasiuunia
meaasnguiliianuddydanisinmgiaeiy
agen wastudsslendlumsaaduladans
Shwasunnd dasmniiimsuazszaznmnsnm
uaneeny ansasauenshdsminuiulsa
wuhiaoida NTM annniipeas 95 aominm
Salsn Famaldiimsanadausngdoda NTM
sannngihaialsaaziligiheldsunmsinmi
Tifiuszandmmuazanadaalvdannugdediouiu
ANFUC
maantaneiulsamaiaslfuamsiivars
38 laud msasramidasieismsdanidnunsa
(acid-fast bacilli stain; AFB stain) @2g
ﬂﬁ'm’gaﬂﬁﬂﬁ (microscopic examination) N13
waxl,?;’ml,%yaLLazﬁgaﬁﬁuﬁuﬁﬁﬂ (mycobacterial
culture and identification) WaLMIINAFTIUNN
aqg%ﬁnm (molecular biology testing) 53NN
AMsnadauaNN iAo (drug susceptibility
testing) nIsMadaULBUALAUIBLTTaTsA
(TB antigen testing) wazNINAFUMIGDUTUDY
Pa9amedamsaaEaTailse (immune reactivity
testing) Uagtiulsaneninassaugumuldismsdond
AFB gaslemnhuazenusimzen lisansansa
dalunsdififivasvialiaglussasunsnszans uas
liganseswunlanidadinuiiiuie MTC wis
NTM d2unsas2alasnisiniziaseisesalse
%qtﬂuiﬁmmgm (gold standard) danuls
UATANNAUWIZGY waldszaznannulumsinedes
LATTIBNUNE NMIENATIAENNERIEIAY WU Gene
Xpert/RIF® iilsawenunagudninalva) fausl
HhAsiienuwiug enal anuiwzge uas
§13150052AM308eN rifampicin ¢ waliananse
soesulSinaiathedaSufiisnumnnle dawald
aanuaHaemsdnuazaugulse
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msanadeinlsadienanms real-time
PCR Faflumsiininnuuazasaiadainaees
Maugnsnasdanlsrnnddinsia lnandnms
faamnasisasuaunnulnsu (probe) dwmsuia
ﬂ%&ﬂma1SWUQﬂiiNﬁlﬁ&l%ﬂizﬁ’hﬂﬂ’ﬁﬂ‘nﬂaLﬂiﬁ%ﬁ
linnunanad menameisiienuluas
ANNINNIZGITREDE 80 UWALIDEDE 98—99 NG
ildamanuidaldnaizu snnsainsaasa
MBEINIUNIN 9 16 M sAn¥2ee Kim JU
wazanz™” uaz Rocchetti TT uazamiz® lausziiiu
UseAN5M Y9 probe warlwsiuas (primer) vy
dhumisiiy IS6110 Aiflenasimsudeialsangu
MTC uazuusumiviy 165 rRNA wwsiuifa
Mycobacterium species (PAN-Mycobacteriums;
PAN) #eswfudendu NTM iileasausnie
wuaiidandy MTC wozndu NTM Tuidaanasgu
WUIYA primers WAz probes MINGNTNITANTIA
ansaasnguaananiule

msAnwmiliiiaguszasduszandld primer
Waz probe MNTENUMIANBITGY 1RaNANIT
msamanidaialsn MTB wez NTM sawmaila
multiplex real-time PCR Tagdiiihuinginisns
annldluiasdfidmstluens waguami 2
dwiudndnanmmaanadugaadainlsn i
fthaldidhgmadnmnlasnaiitu samsunsnszans
paitfa dudumsgiinlsaldasedsiu uasaamn
Funuzesasdnslunisiadashardniaguain

aNUsene

CREERRL GITITCEL DEVZPREAR

L%yammgm
BoanaspuamiutumaumMsNaLIEMIwey

1%'L$Jué'l’aatiwmwgmﬁmmﬂ (positive control)

Usznaumis Amplirun® Total MDR-TB

verification & contol panel (sputum), MBTCo027

(Vircell Microbiologists, Usztneatu) (3.2 x10*

copies/mL), Mycobacterium avium ATCC25291

M5815NTHANENFFATANTUWNE
7 U 66 TN 4 ganaw - FuNAN 2567

(1.1x10°CFU/mL), M. intracellulare ATCC35761
(1.1x10° CFU/mL) L%mmﬂﬁt%ﬂuﬁﬁliﬁﬁu
Streptococcus pneumonia ATCC49619,
Klebsiella pneumoniae ATCC700603,
Pseudomonas aeruginosa ATCC27853
wae Staphylococcus aureus ATCC29213 lasu
MsauayuINieIUUAN 598N NgNIY
WeNSINeNAdTINUaLNATANSUINNE FonTuNS

W@

madngthaimlsa

A NNLNBULENTE (sputum sediment)
°zlao@'ﬂmﬁmmwamsm%ﬁmezﬁmsmmﬁya
(culture) Fafudsuasgu (gold standard)
DU 230 et Usznauae M. tuberculosis
(MTB) 717U 90 @28819 Non-tuberculous
mycobacteria (NTM) 743U 50 @081 Ua
MBENNKAAY WU 90 MBEe laaualagne
fmasnnmsnsadenzdlunulsza sevin
Y WA, 2564-2566 MNBIAMIIENINUSENALIND
ms‘[anﬁmﬁu@u (International Organization for
Migration; IOM) 2tAauidan WWHIAAIN

Primers uaz probes

Tmsasiaiiu 16110 dwSumsitasede
MTB &u 16S rRNA dh%5ums0n91a Mycobacte-
rium species (PAN) waz RNase P (Endogenous
IC housekeeping gene) &MIUMIAIVANAMMN
ey (internal control; IC) primers wa¢ probes
FLAZHINUTEN Macrogen, §1519U55LNIUA
88LDUABIAULUEYDY primers WAz probes

AALLEA LU 9N 1

NIIANAFITHUTNTINAIN WWanrnsgiuiiald
nadaudszandawismsanauazliilumadie
MIUAN
afiunmsmalanasgriuenulaasnnams
WU fuianms IS015190 warwszEUNgeEalsa

uaziyNnNged loaiaunsgiu M. tuberculosis
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M3 1 MOULUF (sequence) WazANNLINIUVDY primers WA probes

Primer/ Final
Target Gene Sequence (5’to 3’) concentration* References
Probe
(uM)
MTB ISé6110 Forward CGA ACT CAA GGA GCA CAT CAG 0.5 Kim JU
Reverse CAG GGT TAG CCA CAC TTT GC 0.5 et al.””
Probe FAM-CGC CAA CTA CGG TGT TTA CGG 0.18
TG-BHQ1
PAN (MTB 16SrRNA  Forward CGA ACG GAA AGG YCY CTT CG 0.5 Rocchetti TT
and NTM) Reverse ~ CCG TCG TCG CCT TGG TAG 0.5 et al.®”
Probe HEX-TTT WGC GGT GTG GGA TGR GCC 0.2
CG-BHQ1
IC RNase P Forward AGA TTT GGA CCT GCG AGC G 0.1 Boddicker JD
Reverse GAG CGG CTG TCT CCA CAA GT 0.2 et al."”
Probe Cy5-TTC TGA CCT GAA GGC TCT GCG 0.2
CG-BHQs3

WNELWA : * final concentration lannManaasslsuanzmInzan

MTBCo27 (MTB) agluguniuns (lyophilized)
azan8nu DNase-RNase free water la@1aittuziu
Mafu 3.2x 10" copies/mL nuudaaraiy
1x10* copies/mL ihlUanaaswugnIsudidute
(DNA) shegauendngagy Zybio-IFU-Bacteria
Nucleic acid Extraction kit BF-B-32 uag
Lﬂ%"maﬁ'mmiﬁuqnsiu Zybio EXM3000 (Zybio,
aorsausgusznaudu) Tealdusannes 200 pl ana
16 DNA U5305 50 pl Aadluanudngu 4x 10
copies/mL wa1n1uFea1e DNA wuv 10 wh il
4x10" - 4 copies/mL (5 ANNLANTL) L%yammgm
M. avium ATCC25291 (NTM)aglugunaun
Wwrazaranu DNase-RNase free water
Tdeanuususaduy 1.1x 10° CFU/mL @onaily
1x10" CFU/mL hldana DNA TaglduSunas
200 pl lg DNA elution U3uas 50 pl aadlu
ANNENTY 4x 10" CFU/mL :ntiudaans DNA
wuv 10 0 1 4 x107 - 4 CFU/mL (8 anuingu)

RNase P (IC) 1# DNA figfaaneiag
wavszasgiiliGiaaudiians DNA wuy 10 wh
U 3 ANNENTY 1 DNA lunedeunuis
multiplex real-time PCR fiWanndu 3ananu
wnguiimnzanlaglie cycle threshold (Ct)
DETENIN 25-35

MILATBNAIBENAMIVAN (positive control;
PC) vlaswsdy DNA ﬂaqtﬁammgm
M. tuberculosis MTBC027 fiemudatu 4x10°
copies/mL, M. avium ATCC25291 HAMNTNTY
4x10° CFU/mL uaz RNase P fifia1 Ct
zans Nl uvaaeIny 8nsIdIU 1:1:1
UWazNadaunudd multiplex real-time PCR
fiwanniu Husiusiunam Ct 51U 20 A%
UATFINANAIRAE (mean Ct)

MIaneauanIsn (DNA) Mnaadanmy

DNA mnéfaasimauwzﬁmquwm
dudastuasiaiasiiaderfuduidaniasgiu
Tagildunau pre-treatment §aod19tauNe
g 2% NaOH (Zybio, a1s15ausguszanzuiu)
iatlastumsiuiiounnidasy nsdidrathaaume
fifldnwaznilald micropipette 21 1,000 pL
(Biohit, ds15asgiunaud) ilataune
U115 200 pL avlu microcentrifuge tubes
2110 1.5 mL (Axygen, as1ssguszannuau)
f\nﬂﬂ?utau pre-treatment solution U331&5 100 pL
nanldnNue8 vortex mixer (Scientific
Industries, an3gawsnm) Wunm 10 Jwi uaz

vl Dry Bath incubator (Thermolyne,
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d1sgaLnsni) aavndl 90°C Juia 5 wid
Ywadedre Usuias 300 uL luane DNA
nsdidethaaunziisnvazivarls uandiadn
T¥ehAume vortex mixer amadrs Usuns
1,000 uL a4lY microcentrifuge tubes U@
1.5 mL hldiluanaznaudisiaiastunios
fienu 13,000 rpm Wunan 2 Wi (Thermo
Scientific, dWWUSESITUIFLEDINI) mm‘?u@ﬂ
dulaie Usines soo uL szSalulddanznay
%?uméﬁﬂ LAN pre-treatment solution U3n93
100 pL lavUsinessin 300 pL wanlieniuee
vortex mixer {utiar 10 3uit wazihlduud
Dry Bath incubator gl 90°C Wuna 5
wit Mntuhluafamsiugnssy Taamsida
Proteinase K U31165 15 pL (Zybio, a15150433
Uszanauiu) asludladiaianvzfiniuns

pre-treatment a1 1@t DNA U315 50 plL

MSNAFAUTNNILHANLTNUBIIEMINTIVIATIEH
multiplex real-time PCR

11 primer w8z probe #iilANuT UMV
@ MTB, NTM uaz RNase P nadaunumae
muaNaiiown iadananududunazgungi
fmnzandmiuuaazihvanguuy singleplex
real-time PCR Tagnadauanuinguzas primer
Tuz29 0.1-0.9 UM waz probe lur 0.15-0.25
UM ilaldanunduivanzanuad nagauwuuTIM
Ujnsenluvanadennu (multiplex real -time PCR)
iatSuemudutudness dmumadangumniii
wanzanvhlesnadaulaszaugamgil (gradient
temperature) 551N 55.0-65.0 °C mﬂﬁy'uﬁmim
@ Ct uaznWanHaE s curve ianansaiiinySina
ﬂ”liﬁufgﬂii&l“flgﬁ 3 Whvng aeldanizgumngi
LENY

N909ALUY multiplex real-time PCR
NUS@9998gn5 15 pL/reaction Usznauady
2X KAPA probe fast qPCR master mix

M5815NTHANENFFATANTUWNE
7 U 66 TN 4 ganaw - FuNAN 2567

(Roche, wawimla) U5u1es 7.5 pL, primer
mix Waz probe mix 88Nz 1 puL ANNANTY
g9¥N8Ya9 primer Waz probe MaIINUYSTUANN
wnzawn aaudasluased 1, DNase-RNase
free water U3u1a5 2.5 uL uaz DNA template
UBinas 3 uL HedasinuSinamsiugnsly

d0WA38 CFX Opus96 (Bio-RAD, avsgatnan)

v
~ v

JUAdUNITINUHN381 Ad pre-denaturation
ﬁqmwgﬁ 95°C (Hunm 3 17 T 1 58U MU
amplification 71UIU 45 s8U Usznauaiw
denaturation ﬁqmwgﬁ 95°C (Uuna 15 i,
annealing figavigfi 63°C (flunm 30 it way
extension figamgil 72°C fluna 15 il G
Lﬂ%’amini’mé’m;ywmﬂgamiamuﬁ lTuusagsou
ﬂ"uil,ﬁﬂﬂﬁﬁ’%mﬁﬂy’umau extension #5790 uza9
wds FAM dwsuasiniaithvang MTB dadues
HEX d@wsuasaiaihving PAN wazgaduas
Cys dwmsuasiniathvang IC
AMIUUBNALAZIIBIIUNITINITODIULDY
senurald s PC laman i UAEAIBENAIUAN
s lufiaduehyang (no template control;
NTC) daaliiidyanamngoatsasud nauinsaslaan
Ct Waan31 40 Wan1nIN (inconclusive) @1

Ct 3NANNNIBINNY 40 HIUFAI UMD 2

] v
ada v =<

MInadaIsIianNIuNumMUANKAUIN
mstszfiuuaisnsaavadasinann (method
validation)
M5UsELHNANNYNABIYBITNAFDY AN
nantnuginIsAntaanUsztiuisnisnsiauas
ihemeResl fUanseuineeaasnsunng
asudneaansnsunnd? laun n1snesdau
ANPUWIZYDNID (analytical specificity),
limit of detection (LOD) wa¢ measurement
range %39 linearity lasnasaufuidaialse
aENUINAITIU M. tuberculosis MTBC027 uaz

M. avium ATCC25291
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991 2 MSUUaNaLazNITNENUNEYDIID multiplex real-time PCR NWauN2U

v
@

NanNIINGEday
IC MTB PAN maulaua N199EUUD
(Cys) (FAM) (HEX)
+ + + MTB: Detected MTB infection*

Mycobacteria: Detected

+ - + MTB: Not detected NTM
Mycobacteria: Detected

+ - - MTB: Not detected Negative
Mycobacteria: Not detected

+ + - MTB: Detected Invalid**
Mycobacteria: Not detected

- - - MTB: Not detected Invalid**

Mycobacteria: Not detected

naaLne:

* nyaian Ct 284 PAN waanian Ct 283 MTB anadlumstiniasiniuszring MTB waz NTM

“ pamdly Invalid IieSeudiaee wazimivaunaumsnagaulnidnesa

1IMAFUANNINNIE (analytical specificity)

284975 multiplex real-time PCR ﬁﬁ'mm‘ﬁ?u
MIIUMINAFBUANNIWWNIZNU M. tuberculosis

MTBCo217, M. avium ATCC25291, M. intracellulare

v 1

ATCC35761 wuaznadaunsinauisenziung

[
o L

(cross-reactivity) Aunguuuaisenianuyue
mmsvaslsalndideeiu laun WauveiiGemnasgu
Streptococcus pneumonia ATCC49619, Kleb-
siella pneumoniae ATCC700603, Pseudo-
monas aeruginosa ATCC27853 was Staphy-
lococcus aureus ATCC29213 Tagnagay s 2

NNIBENYDIUTD

m‘smﬂ%mmmweﬁqmﬁmmsnmmf?mlé’
(LOD)

NA§aUI5 multiplex real-time PCR i
ﬁ'eumﬁuﬁ'm%ammgm M. tuberculosis
MTBC027 wae M. avium ATCC25291 393 NANN
WNAULUU 10 91 PB 12, 1.2, 0.12, 0.012 AL 0.0012
copies/reaction WABLANMNLANIUNINITNATOU
20 % 1Finaminsdaduiissauanudasiu 95%

(confidence interval; CI)

MINAdauANMIULEUATILAZTINITIATIEH
(measurement range %38 linearity)

NadauId multiplex real-time PCR
AN uiuideninsgiu M. tuberculosis
MTBC027 waz M. avium ATCC25291 Q92N
AN NTULUY 10 1 lesldanuidudu
UANGNNNY 5 U 8 ANNWNYY MINAIOU ATBUAYN
M NaN wazg MEudazaNudTY 3 9
e Ct Plduasudazanudndusnameimas
Tasudasseauanudndudua log Wnndeu
asl3suiauen Ct iaulaveudazanudugu
muueIdNUszandanduwus (correlation
coefficient; R) wazaaniUszansnmisanaula
(coefficient of determination; R*) Taaluwnasi
M58aNSUM R 99110 0.975 waz R? annnm
WIaLvnNUY 0.950""

msUsziiunsldnumendiin

NA§2UI5 multiplex real-time PCR
AW BududIegeaznauldNwy (sputum
sediment) Andaarnnmsildiwizide (gold
standard) 210 IOM 113U 230 @& LHuaIaea
lNzEpHEaUIN MTB $1191 90 Gaeha wauin NTM
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U 50 §1089 wazkatwIzEatduay nuIu

90 MDY

ﬁ)‘%ﬂﬁsimmﬁﬁ'ﬂumgwﬁ
Tassmsilehumssusasauasesssuluauain
AaENsSIMSINsaNMsAnIdeluay nssinenmans
MSUNNE NTENTNEIFITNUGY taafilasansise
6/2566 Tuildsumsaysia 17 fnew w.e. 2566

WNe

MSANMIANNBINZENTEN S M IR TY

aiiumsnadaulaadananuidutuneg
primer uaz probe NHAMNIUMIEAUEHD MTB,
NTM waz RNase P luudasiihuansuwuu single-
plex real-time PCR wuhanauuiasuimanzay
289 primer 68 MTB, NTM " forward uaw
reverse primer 0.5 pM 8z RNase P forward
primer 0.1 uM, reverse primer 0.2 UM Lz
AT URMMNZENYBY probe @8 MTB probe
0.18 uM, NTM probe 0.2 uM uwaz RNase
P probe 0.2 M msidanguvgiiivansanyas
mivi’wﬂﬁﬁ%ﬂﬂuﬁgumau annealing ¥@4ufas
whuae Tasnesaulassaugungil (gradient
temperature) 4% 55.0-65.0°C WuUgMMQiT
(ViNZEN AD 61.0-63.0°C mﬂﬂ?uﬁ”umm’naauﬂﬁﬁ%m
slunaent@eInuuuy multiplex real-time
PCR wuinmsiiaufisenvsnzanemuanuminay
WUy singleplex real-time PCR LLaza‘m’l‘iﬂLﬁN
USinamnsnugnssumeldaanzaumgiideiud
gl 63.0°C ey

@18819 positive control 217N151U1 DNA
wau%?ammgm M. tuberculosis MTBCo27 M.
avium ATCC25291 Wannu RNase P a1neatin
wnvzzasgiilifiade Suanadaudeds multiplex
real-time PCR #iWanniunudmas Ct uazsi
28901 Ct (mean Ct (range Ct)) 289 MTB tihnu
30.19 (29.62-31.76) PAN (¥nNU 29.00 (26.56—
31.95) waz IC WAV 31.40 (28.26-32.99)
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Asmsiiwanniuliuiinasnuans 15 uL/
reaction laaldmsiaiinazUsunas asudasluasg
#i 3 fdunsumahuiasende pre-denaturation
‘ﬁ'qmw{]ﬁ 95°C (luran 3 1l :ntiu amplification
NI 45 58U Usenauaie denaturation ﬁqmwgﬁ
95°C (Uutia 15 37l annealing ﬁqm%gﬁ 63°C
{Hu 30 Wl uaz extension figaumgd 72°C (i
1 15 3101 e TIedyaNMdua MNgaaLTIYUG
dagusa FAM dwiuasiaiadhnaneds MTB
Faaus HEX dwiuasaiaihmineds PAN uas
#aauad Cys dmsuaninaihving IC AIuans
Tua i 1 AuuensulanawazsI89IuHa
dauaaslumed 2 ansasuwasnenuualaile
PC laouinmsi waz NTC aa9laiifidoynm
Wgaawsasud wawinaaalam Ct daand) 40 a

MNIN (inconclusive) @ Ct MNANKWIBLYNAUY 40

o a 4 .
ANHAUWIZLUNITATIILATILH (analytical

specificity)

] v
ac s v =

HaMINAFBUITNWANNTUNUNFULUATLSY
Aalsaluszuumadumala Tagmagay 3 o
nnﬁaasiwwau%aﬁy’ﬁ% singleplex real-time PCR
wadz multiplex real-time PCR wumaauﬁv’wm
(Sezaz 100) loalitiaujsenmatiungw (cross-
reactivity) Ltaﬂﬁ'wamnﬁm%wammgm M. tuber-
culosis MTBC027 M. avium ATCC25291 ag
M. intracellulare ATCC35761 mauaadlumsed 4
mMsnagaumitudunsinazdianisitessw
(measurement range %38 linearity)

Mdnlszansmasadula (coefficient of
determination; R*) 1uﬂ’1'i@1‘§'s‘ilﬂ’l€1’l‘iﬁu§ﬂﬁu
L§3u1mi§1u M. tuberculosis MTBCo027 lag
nadgaunu MTB primer/probe az M. avium
ATCC25291 Taemagaunu PAN primer/probe o
0.9984 U8 0.9975 MNEIAU Fauaaslumnii 2 uay
Aanlssansanaunus (correlation coefficient; R)

AD 0.9992 1AL 0.9988 MNANU
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i 3 asteduazUsinasilgdlunsmujasen multiplex real-time PCR 9112U 1 reaction

Reagents Volume/Reaction
2X KAPA probe fast gPCR master mix 7.5 uL
DNase-RNase free water 2.5 uL
Primer mix 1.0 puL
Probe mix 1.0 puL
DNA template 3.0 uL
Total Volume 15.0 uL

Amplification
12 +
10 +
8 4
o
=
E J S
o
4 4
24
L — -

Cycles

MW 1 Amplification plot 2890156539 M. tuberculosis (MTB), Mycobacterium species (PAN)
waz RNase P (IC) g% multiplex real-time PCR ﬁﬁwmﬁu

MINN 4 MINAFDUANNINWIZYBNID real-time PCR uaz multiplex real- time PCR AWain2u

HaNIINAFdU real-time PCR
(MunaaniuIn)

Pathogens Multiplex
Real-time PCR
real-time PCR

MTB primers PAN primers

M. tuberculosis MTBCo027 3 3 3

M. avium ATCC25291 0 3 3
M. intracellulare ATCC35761 0 3 3
Streptococcus pneumonia ATCC49619 0 0 0
Klebsiella pneumonia ATCC700603 0 0 0
Pseudomonas aeruginosa ATCC27853 0 0 0
Staphylococcus aureus ATCC29213 0 0 0
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1311316951 (standard curve) M. avium ATCC25291 @NNINAUAULG 4X 10"~ 4
WonmsgIu M. tuberculosis MTBC027  CFU/mL1a&35 multiplexreal -time PCR W2y

AMNLTNTUAIUR 4 X 10° - 4 copies/mL uay AU LUMWD 3 uaz 4

M.tubercurosis M.avium
4500 45.00
— 4000 - y=-3.6723x+42922 _ 4500 . y=-3.4579x + 42.1
S s | T ... R?=0.9984 8 0| T A, R*=0.9975
g = ey e - | Ty ...
© 3000 g © 3000 a,,
ﬁ wmo0 | e - ﬁ x00 | Tt ...
£ 2000 £ 2000 .., .
o 15.00 v 1500
°
g' 1000 & 1000
500 5.00
0.00 o.00
0 1 10! 107 10° 10 0 10t 10w 1w 1w 10 1 1w
Concentration (copies/mL) Concentration (CFU/mL)
§ J a £ v o [ g .
AN 2 ﬂ']‘ﬂﬁzﬂ‘ﬂﬁﬂﬁﬁ(ﬂ(?]ﬁulﬁﬂuﬂﬁim‘nf\]ﬂﬁﬂﬁiwub:ﬂiillL%E]NWGliﬁﬂu M. tuberculosis MTBC027 uag
M. avium ATCC25291 10835 multiplex real-time PCR NW@uN2u
Amplification MTB Standard Curve MTB
w4 . 4
P BT
ul
'é 2 4 g 2t
= 0 4+
g =l
1+ Pyl
24 4+
54 } 4 +
0 1 2 3 4
i Log Starting Quantity
J O Stndwd
o b X Unikaown
—— FAM  E= 34 8% R*2+0 595 Slope=-3 453 y=17 677

MNH 3 NN M. tuberculosis MTBC027 19835 multiplex real-time PCR N2

Ampilification NTM Standard Curve NTM
10 4 4
N 8~
8 1 ¥ e
-
~ 71 \“‘q‘\
s = =
< 6+ g e
g .
N 20 “‘BEKH
R\Q
2 4
14 1 2 3 4;, 5 13 7
0 Log Starting Guantity
: 0 ) ;o io 2

e HEX  Ew05.2% Re2e0 006 Stopem.3 844 y.inted1 $87

Cycles

¥
[

awd 4 AnWaNassIU M. avium ATCC25291 o835 multiplex real-time PCR iWauziu
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ﬂ%mmmw&ﬁ'uﬁ'wﬁqmﬁmmmmmi’mlﬁ
(limit of detection; LOD)
MSNAFDUITNWAHINTUNUMIBEN DNA 299
HNNIFIUNANNYNTU 4 copies/ul UazANN
v L4 Ad' =~ 1} v L4
WNTUNADANUUY 10 W 4 ANNIINIU NAFDU
ANNINIUR: 20 %) loald DNA Usues 3 ul/

reaction WaMINAFaUEY MTB lagdaunasgiu

M. tuberculosis MTBCo027 #i@ LOD iy 0.12
copies/reaction (taz PAN maauﬁm%yammgm
M. tuberculosis MTBCo027 waz M. avium
ATCC25291 3@ LOD AU 1.2 copies/reaction
uae 0.12 CFU/reaction @MuaI0U a9uaadly

pa]
MINN 5

= a v o & o R an . .
B3NN 5 mimaauﬂsmmmmmwumqwmmsnmammlm (LOD) Tags multiplex real-time PCR
d‘ U d?l
NNEHUIYU
Concentration . Cycle threshold (Ct)
. Rate positive
Target (copies or CFU / i LOD
. (Pos/N) Mean SD Min-Max
reaction)* (95% CI)

MTB M. tuberculosis 12 20/20 28.18 0.41 27.80 — 28.91
MTBCo27 1.2 20/20 32.19 0.77 31.26 — 33.37

0.12 20/20 35.54 0.62 35.02 — 36.52 0.12 copies/reaction
0.012 18/20 37.21 0.69 36.60 — 38.56
0.0012 7/20 38.92 0.89 38.17 - 40.12
M. tuberculosis 12 20/20 32.18 0.87 31.29 - 33.79
MTBCo27 1.2 20/20 35.90 1.01 34.19 - 37.29

0.12 5/20 37.20 0.77 36.51 — 38.50 1.2 copies/reaction
0.012 5/20 38.31 0.93 37.70 — 39.38
0.0012 2/20 39.70 0.57 39.30 — 40.10

PAN

M. avium 12 20/20 26.69 0.48 26.20 — 27.83
ATCC25291 1.2 20/20 29.60 0.41 29.50 — 30.15

0.12 20/20 33.81 0.93 33.17 — 35.14  0.12 CFU/reaction
0.012 16/20 36.94 0.78 36.56 — 38.36
0.0012 7/20 38.57 0.60 38.16 — 39.78

WINELHG © * Mg copies w3a CFU ldmufigndnnvua

msUsziunslFnumeadiin

¢oee DNA fiafamniaamziihesuam
230 daaehs lquA wawnz@auin MTB 1w 90
et KaNzEaUIN NTM $110U 50§80 uay
HaLNZERAU 1Y 90 Thaths dauaadlumsei 6
Toglunmsnsra MTB fanull Saeas 88.9 (80/90)

AN 5888% 100.0 (140/140) AIYNUIY
NAUIN S888L 100.0 (80/80) WA AMMIUNEHIAU
Sp8ar 93.3 (140/150) & NTM Heul
Sp8ay 84.0 (42/50) ANMNTUWIT 5088 98.3
(177/180) ANUEHAUIN 508 93.3 (42/45)
ULaTAMMINYNIY 58882 95.7 (177/185)
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MM 6 MINTIAMBEN DNA NdnannaladNidnrealgds multiplex real-time PCR AWy

W3sUguNUIBINIZLAeNED (culture)

Culture (Gold standard)

Real-time PCR

. Growth No growth
(in-house)
MTB NTM T (MpEN)
positive 80 122 3*
negative 10 18 87
528 (Made) 920 140 920

WINEE : *real-time PCR Tvita NTM (fuuan

a 4
AVIU

mswann3imsasiadaialsasiin MTB/
NTM @2835 multiplex real-time PCR fql’ W@anld
iy 186110 lumsHiiaseia MTB wilasan
Huduiifenuamznnsasiudeialsangy MTB
L‘Vhf?u n&juﬁu insert sequence (IS) Nanwazuna
seuinealalngen 9 meludluniimnedy wasims
wWaguwlawn (conserved gene) 3eilaalFifudu
husnemsasamdasalseludatamenain
N196095339 Mycobacterium species T uniadiu
168 rRNA gafluiiufifionldfuadieniraneduy
mMauunaewuszasuuafide iasnniauu
DNA copies 3nnuasiimauiuananansausnsznig
deralawuaiidefuidauuaiiGaginay 902
Agmannaiidiimsmuauammwmelu (internal
control; IC) Tagld Endogenous IC housekeeping
gene #p RNase P vlvminsansiadaunamn
msasralasneudiuasunistivdiaga msafia
SINUFNTTN MSLANGIBEN AUBIMIMUHNTEN
real-time PCR"”

M3 multiplex real-time PCR uananms
2OAWUU primer Waz probe Ual AaslimsUsuanme
TumsmugasenTvivanzay Tegmwiz annealing
temperature (Ta) Toailaziianioani melting
temperature (Tm) agﬁ 5°C °1ums"3§fmfwud’1
Ta fiwansan #o gungil 63°C Wisuidisudums
Anwzee Kim JU uazanz” uaz Rocchetti TT

M5815NTHANENFFATANTUWNE
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woznae® Tagld Ta figaumail 63°C wax 60°C M
aeu MsUSunas Ta l¥ehnie Tm 29 primer
nanuld arambitiae non-specific amplification
(false positive) l¢ MsUSUANNIINTUYDI primer
fonussaadiiomansoamadhwngldissduamu
duduinge udanudududasliinniduluauie
non-specific amplification dumsUsuanuuzy
223 probe tiloazlaen relative fluorescent units
(RFUs) Taalifinadad Ct wananiimsudu
SnussuMaMUGAseuazUse DNA Suaui
Wumshujasenfsienusdgiideclasumsusu
Tafenumanzau

Eoanaspuitldlumsine Ae M. tubercu-
losis MTBCo027 (MTB) aglugunaus (Iyophi-
lized) Lﬁ'aazmﬁéﬁﬂ DNase-RNase free water
T@aMTNT UG 3.2 x 10 copies/mL (%8
W03 U M. avium ATCC25291 (bacterial cells)
(NTM) agilugumaunis azanaiu DNase-RNase
free water l@ANENTUAITY 1.1 x 10° CFU/mL
diuldhwhelaenududurasdainaspumui
Fudamvuatuuandeiy Feniheenududy
CFU/mL flumsiuSnaussdeqdunidiiiio
d1unii8da copy/mL A msiaUsunuuasas
Wugnssnvaude msmdueiifidiouasdai
MEWLAY WUIBAINAMINANNUNNZFNAUNITUINN
awaUsinadeludinisnsiauuy real-time
PCR 1nnih wamsnasauiu@esnasgiu MTB

e LOD U 0.12 copies/reaction ez PAN
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maauﬁ'm%?ammgm MTB uaz NTM 3@ LOD
WU 1.2 copies/reaction az 0.12 CFU/reaction
nnnsanmiausamaianulidediesz
fiwhselalasmsanaiaUsinauuy digital PCR
(dPCR)">'?

Taem 133 real-time PCR fianulada
ALY Lo asdnmAsumihiiees Lee S
uazamg” lﬁﬂszLﬁuﬂszaw%mwwmm‘tfwm
Ef‘]l,%ﬁlgﬂ EZplex MTBC/NTM Real-Time PCR
(Genetree Research Inc., mmim%’gmmﬁ)
MIATININATIEA wum LOD wangmfmﬂumimm
W@a MTB @s 0.584 copies/uL uaz NTM Ao
47.836 copies/uL legnagaunu MTB positive
control (MTBC034) ttaz NTM positive control
(Vircell Microbiologists, Uszinadidu) uay
sUsziunslFunNedinaInalaaINdNre
(sputum) ﬁwéﬂwaaﬂau (bronchial washing)
LLazé’aazimwm%a (culture specimens) 374
Wavue 612 fate numeanuluazanuswe
299 MTB 3888y 98.6 100.0 waz NTM sSazay
98.8 100.0 MUAAU MIANEI2EY Shin S uaz
aoi® Iasuiivdssansmwasgahmdndagy
GENEDIA MTB/NTM multiplex real-time
PCR (Green Cross Medical Science Corp.,
5130u5ginIva) wue LOD wasgainenlums
mawu%?a MTB, M. avium waz M. abscessus
Ao 1 copy/uL, 953 copies/uL oz 27 copies/uL
muaau MsUsaiiumsldnuneadiinannaloes
l@unEfidns1a AFB uazmsinnzidn s 687
Mg wuAaNulhiuazauawIzyes MTB
SaEaz 63.2, 100.0 waz NTM 23.2, 99.7 MUNAU
PANMSANAULEINSGIENY (instruction for
use) #89MNNdI3a3U Anyplex™ MTB/NTM
Real-time Detection (V2.0)"” (Seegene Inc.,
515053 a) laemadaunu genomic DNA 284
Fafidenudaiudaug 10°-10 copies/reaction
wum LOD wam@fwﬂumimnﬁmezﬁ o MTB

waz NTM @8 100 copies/reaction N3QiNGIBEIN

MTB digiuihving IS6110 agan anulwesye
mengaﬁq 10 copies/reaction
8msanaie’alsesiin MTB/NTM ¢
3% multiplex real-time PCR ‘fll Wiawssuiisu
MASMSINTENEe (culture) %uﬂu’i%‘mmgm
wuNdiaanull eI MMINENaUIn
(positive predictive value) Waz@MuUIgHaaU
(negative predictive value) g4 TnatAeenu
M3An1289 Rocchetti TT wazatuz® fa PAN
Sa88 89.7, 100.0, 100.0 LAY 84.0 MNUAIAU
srathailiualisenadasiy nsdiasanwudaalsa
1833 real-time PCR udas1aliwudagaeding
IWNEREaHD 'r:m)Lf‘immn"luvf'hathqLawzwawjﬂmﬁ
Usinawaudasalsaiiesinnviaidanmeuds nsdl
fasanuiEasalsamemsnzdsudatitaadi
fenuazasininudEealsaaeds real -time PCR
anaialannuargaiie Wy QuINIpIEIaEN
@unzildnaday TunsuMSIAIENGIRENLAZER®
DNA nauihanagaumeis real-time PCR a1a
fisnssiudanszunums PCR (PCR inhibitor)
manmdaumbilues audnd Fugls uazame®
andwal wionaasy wazamz®) fiwuanwl
donAaDInuYeIIEN1sAsI1 B ulsaRa853
real-time PCR lan/3oudisufvaimsimnziaoada
%ﬂﬂﬁﬁgaﬁﬁaLﬁﬁ]ﬁqﬁmmmlﬂaamé’aqﬁ'uwaqNa
msaadfiasety enrhmsinwasaiiudude
msiumathaENmeLiiensIazh
FEmsanadaialsameiimeiiluanaiy
15U Loop-mediated isothermal amplification
(TB Lamp) Fudumsiinysina 165 rRNA gene
dhegamniinil mansasuramsmilainumaan
ultraviolet light® (Humeidannieiinld
ansaasiidaselasiaEiuazianu vy
dlanZaudieusdsden AFB msdnwdaumihil
2299157 HuF® WuIB Lamp {hdSasnaiesesd
ilvamalagenh AFB wisudisuduismeanin
Tutanaatdn Xpert MTB/RIF 35 Lamp danul

S0818% 60.0 (95%CI: 26.2-87.8) ANNIWNIE 508
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91.9 (95%CI: 85.3-96.3) LWAIMIUIBHAUIN
Sa8ar 40.0 (95%CI: 23.0-59.9) WWMmMiNeNaau
2oeaz 96.3 (95%CI: 92.3-98.2) vouit AFB el
Saeaz 33.3 (95%CI: 7.5-70.1) ANNINNE SDHRT
100.0 (95%CI: 96.1-100.0) IWAMINENaLIN SDEDY
100.0 (95%CIL: 29.2-100.0) lhaMneHaau Seaay
94.0 (95%CI: 90.7-96.1) 35 Lamp H509100 LU
AM5A5IIDENTIUIUNN FUETINMTATIAIEIE
real-time PCR ah1n5a0532Magaduiuannle

38msnsradasalsaniin MTB/NTM #
Wanndufinedunulsana 170 1In/@ag
wazidlauBsuiisuiunenhemasadasalsesiia
MTB/NTM Mnmsthshanealssmeiiy i
Uszanae 500-600 LN AB 1 MBEN WKlaIEms
anaealsaniio MTB/NTM fiwanniu fs1m
é’unugﬂﬂdwm'ﬁﬁwLil'nfwmﬁnnﬁiwﬂizmﬂum WAEN
fannadedisnnsaanamnialsanom vaed
iendigaghihidnnealsamaiionadaialsa
%iin MTB/NTM wazidoinlsnnaen MTB/MDR
%38 MTB/XDR 16 3emsinmsnainaaganisnms
asradesalsailvarnnsaasiamsasslaaaly

Tuanen

a'gﬂ

msanillewaudsmsasiadiiaseialse
#iig MTB/NTM laaldinaiia multiplex real-time
PCR Lﬁamaauﬁ’m%yammgm M. tuberculosis
MTBCo27 (MTB) ﬁmmd’uﬂ'u@i"wq@ﬁmaﬁulﬁ'
0.12 copies/reaction waztilanagauiu L%yammgm
M. avium ATCC25291 (NTM) Toglainumsiie
UiAseniunguiiianaaauiunguifouuaiide
finalsaluszuumadiumela msuszdiumsldnu
mMeediiniisuismsizidaiisanaly e
UWIE MMNERNAVIN LaZATINEKNAAY §INTU
MTB Sagas 88.9, 100.0, 100.0 LaE 93.3 &IN5
NTM 350882 84.0, 98.3, 93.3 WAL 95.7 MNAAU
waaaldifiuiiaunseindinisasiafiwauniy
(in-house method) nlFindnannmsasia
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[ P v Y 4 o v g & &
AANTaY tarumganeinlsalilanaisiasau
anMsunsnIsNeInlIAgyNsy duasNmIga
Julsaldagiadiy wazaansaihludasaaldly
v a va = kd
Wesljuamsthluanazadlsainenale

aenssudszmea

YDYDUAM WNAIBNITONI NAUAT K183
AUEIMENMFSNIUNNEN 2 Wugylan a3.1083uNS

U

a v

FANBAIUAT H{NINAUIHNOIUITS UL W MU

q

Ingnenansnsuung (gRANTINE) §11indmms

q

IngraasnIsunng wegIde iesdisyna
7131EMIUVINY GUEINEIAFATNITUNNEN 2
a Vv Vv Q: \ O o UV a v
wenlan nihndhedalawuaiiss aonduile
N FNTIBITUFY NITNINEAFAINITUNNE
Wmhilsanenwagud Tsawenuanill Tue
N v v o s ' 2
quAwi 2 [Wmhesdnsssnilssinaiie
mMslangradugiu (International Organization
for Migration; IOM) atnauNdan NHINMN
v Vv td' v a wva o a 1 a
waz NN JUAN5982INeN neMIUNENS
nenadilnuazinaiamsunng sontiunzEanma
nlimssiuayumsmiiinlasams
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Development of Mycobacterium tuberculosis

Diagnosis by Multiplex Real-time PCR

Wilawan Kantasorn, Natcha Panachamnong, Bundit Promraksa, and Dujdao Boonyod

Regional Medical Sciences Center 2 Phitsanulok, Muang District, Phitsanulok 65000, Thailand

Abstract Tuberculosis is a major public health concern in Thailand, primarily caused by bacteria in
the Mycobacterium tuberculosis complex (MTC), of which M. tuberculosis (MTB) is the most common.
Non-tuberculous mycobacteria (NTM) often cause opportunistic infections, and distinguishing between
these two groups of bacteria is critical for planning effective patient treatment. Real-time PCR is a
diagnostic method that provides rapid, sensitive, and specific results, and can be processed for large
numbers of samples. In this study, a multiplex real-time PCR method for detecting MTB/NTM, using
primers and a probe specific to the IS6110 gene for MTC was developed, which could detect the standard
MTB strain at a minimum concentration of 0.12 copies/reaction. Additionally, primers and a probe specific
to the 16S rRNA gene for Mycobacterium species (PAN) were tested on standard strains of MTB and
NTM, resulting in detection limits of 1.2 copies/reaction and 0.12 CFU/reaction, respectively. Evaluation
of this developed method showed no cross-reactivity with other respiratory pathogens. In comparison with
the gold standard culture method on 230 sputum samples, of which 90 were MTB-positive and 50 were
NTM-positive, the developed method detected 80 MTB-positive and 42 NTM-positive samples. Among
90 culture-negative samples, the developed method provided negative results for both MTB and NTM in
90 and 87 samples, respectively. Sensitivity, specificity, positive predictive value, and negative predictive
value for MTB were 88.9%, 100.0%, 100.0%, and 93.3%, respectively, and for NTM were 84.0%, 98.3%,
93.3%, and 95.7%, respectively. This newly developed method is efficient for routine diagnostics, offering
high sensitivity and specificity while reducing costs associated with importing reagents. It strengthens

tuberculosis screening capabilities and supports the sustainable goal of ending tuberculosis in Thailand.

Keywords: Tuberculosis, Mycobacterium tuberculosis, Non-tuberculous mycobacteria, Multiplex
real-time PCR
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