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In an ideal world, teaching science to secondary school students means not just teaching students the science
content, but also teaching them how to be scientists. Students should experience all aspects of being a
scientist. They should not only master current scientific knowledge found in text books, they should also learn
how to create new knowledge through scientific research and then have the opportunity to publish their work. At
StudentScientists.org, we work towards the development of science curricula that include opportunities for
original student research and publishing. As a part of that effort, we have established the Thailand Scholastic
Journal of Science.

The Thailand Scholastic Journal of Science is a bilingual, entry-level, peer-reviewed journal publishing papers
in Thai and/or English. TSJOS is dedicated to publishing the original research of Thai secondary students in all
areas of STEM. Papers submitted to the TSJOS undergo an editorial selection process and are then forwarded
to a Reviewer. Following review and acceptance, the editor consults with the author to revise the paper
according to the suggestions of the reviewer. Upon revision, the paper is sent to the reviewer for final approval.
The TSJOS publishes papers on a rolling basis as they are received throughout the year.

The Thailand Scholastic Journal of Science is an online, Open-Access Journal with no author or submission

fees. Papers in the TSJOS are copyrighted under Creative Commons licensing, CC BY. Authors retain the
copyright to their papers published in the Journal.
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The Thailand Scholastic Journal of Science provides a venue for Thai secondary school students to publish
original research conducted as part of their science and STEM studies. The TSJOS employs a rigorous
selection, review and revision process to ensure that papers published constitute an original, valid contribution
to human knowledge.

The Journal publishes entry-level research that has been conducted by Thai students in the secondary school

laboratory. Papers are published in all areas of STEM and the natural sciences on any topic related to a typical
secondary science curriculum. Special research conducted by secondary school science students outside their
normal courses using university or industry laboratory facilities are not appropriate for publishing in the TSJOS.

Entry-level research is not expected to address cutting-edge topics. Entry-level papers represent a small but
meaningful contribution to extending our knowledge of the world. Papers published in the TSJOS must
demonstrate originality, validity, and high levels of confidence in the findings, and offer suggestions for
continuing research.
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From the Editor

Dear Readers,

TSJOS continues with our goal of offering a journal for the publication of the original scientific of Thai secondary school
students. This year we begin our issue with the publication of two papers written by authors studying at Mahidol
Wittayanusorn School (MWIT). We look forward to publishing papers by students from many other schools across Thailand
in the future.

We hope you find these papers useful for their findings and also in helping to inspire young Thai students to gain the
confidence to conduct research of their own and submit their findings to TSJOS for publication.

Jonathan Eales
Editor-in-Chief, TSJOS
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Deep Learning Models for Phytoplankton Detection
for Water Quality Assessment

Rawit Phanphoowong'”, Jirawat Amornophatsathein', Kanthorn Khaimuk'
Tanyaratana Dumkua' & Orawan Chaowalit*
'Mahidol Wittayanusorn School, Nakhon Pathom, Thailand
’Department of Computing, Faculty of Science, Silpakorn University, Nakhon Pathom, Thailand
*Email: rawit.pha_g31@mwit.ac.th

Abstract

In Thailand, prevalent euglenoid genera like FEuglena, Phacus, Trachelomonas, Lepocinclis, and
Strombomonas are typically found in organic-rich water, indicating hypereutrophic and eutrophic conditions.
These euglenoids have diverse shapes, making accurate identification challenging. To address this, an object
detection application was developed using deep-learning neural network models to reduce identification errors.
Photographic datasets collected between June and October 2022, using both microscope and phone cameras in
Khlong Mahasawat, Nakhon Pathom, Thailand, covered five Euglenoid genera. These datasets were manually
labeled and used to train four deep-learning neural network models: Detectron2, YOLOvS, YOLOv7, and
YOLOVS. Precision and recall of the models were improved through image augmentation, mimicking
variations in image quality. The model which proved best for phytoplankton identification was YOLOVS5I,
which yielded precision and recall of 0.839 and 0.873, respectively. This model exhibited high performance in
terms of the accuracy, with a low rate of misclassification.

Keywords: Water quality assessment, Euglenoid, Object detection, Deep learning

I. INTRODUCTION

Assessing  water quality is important in
environmental science research, and is quantified
using physical properties such as color and turbidity,
chemical properties such as dissolved oxygen (DO),
pH, and salinity, and biological properties such as
biological oxygen demand (BOD) and biodiversity.
In Thailand, rapid urbanization and industrialization
have depleted the water quality of the Chao Phraya
and Tha Chin rivers, as evidenced through decreased
DO levels, elevated ammonia-nitrogen content, and
increased BOD (Simachaya, W., 2003). These
changes significantly impact water biodiversity.
Different water quality impacts the varieties and
population density of phytoplankton; thus, the
presence of certain species of phytoplankton can be
used as an indicator of water quality.

This research utilizes the AARL-PP (Assessment of
Water Quality in Standing Water by Using
Dominant Phytoplankton) developed by Y.
Peerapormpisal (2007) as a method for assessing

water quality. AARL-PP offers a chemical-free
approach, allowing for long-term water quality
assessment. It was developed from a two-part
scoring system. First, an index of water quality based
on a standard range of water quality tests was defined
in six levels, based on research, using a score of 1-
10, with lower scores indicating clean water and
higher scores indicating polluted water, as shown in
Table 1.

Water quality by General water
Score . .

trophic level quality
1.0-2.0 Oligotrophic Clean
2.1-35 Oligo- . Clean-moderate

mesotrophic
3.6-55 Mesotrophic Moderate
56-175 Meso-eutrophic  Moderate-polluted
7.6-9.0 Eutrophic Polluted
9.1-10.0 Hypereutrophic Very polluted

Table 1 Water quality scores defined by trophic level
and general water quality
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Euglenoid genus Sources of database

Taxonomic references

Euglena . . .

Ehrenberg, 1830 M.D. Guiry in Guiry, M.D. & Guiry, G.M. (2017)
Phacus Images of water — . ' .

Dujardin, 1841 sample under E.A. Molinari Novoa in Guiry, M.D. & Guiry, G.M. (2021)
Trachelomonas foieroscope I . .

Ehrenberg, 1834 M.D. Guiry in Guiry, M.D. & Guiry, G.M. (2017)
Lepocinclis Images of water o . .

Perty, 1849 sample under G.M. Guiry in Guiry, M.D. & Guiry, G.M. (2022)
Strombomonas microscope and from

Deflandre, 1930 Solito de Solis (2020)

M.D. Guiry in Guiry, M.D. & Guiry, G.M. (2018)

Table 2 Sources of database and taxonomic references for each genus of euglenoids

For the second part, the dominant genera of
phytoplankton found in the different water quality
levels were identified and matched to the rating
score. Three to five dominant genera of the
phytoplankton were selected in accordance with
their respective populations. During the assessment
of water quality, phytoplankton was collected,
identified and the quantity of each genus was
determined. The score of each genus following the
water quality in the second part was averaged and
compared with the standard score of water quality
from the first part. The AARL-PP Score has been
tested in 50 water systems in northern Thailand and
20 water systems each in northeastern and southern
Thailand, with phytoplankton identification being
more than 95% in agreement with physical and
chemical water quality.

Five genera of euglenoid were studied: Euglena,
Phacus, Trachelomonas and Strombomonas, with
scores in the AARL-PP score, 10, 8, 8, and 8,
respectively, and Lepocinclis, though it should be
noted that its score is yet to be determined within the
AARL-PP system. The high scores assigned to these
euglenoids  suggest their  prevalence in
hypereutrophic waters, indicative of significant
pollution levels.

Euglenoids tend to have a highly wvariable
morphology, which increases the chances of genus
misidentification. As each genus of euglenoids
represents a different AARL-PP score, genus
identification affects the accuracy of score. One
proposed solution is to detect the “eye spot”, a
plastid-like organelle found in euglenoids. The eye
spot is easily identified under a microscope, so
accurately identifying the eye spot can be used to aid
in the identification of euglenoids. We propose the
development of an object detection program, using a

deep-learning neural network model, to reduce the
identification error and to further develop an
accurate AARL-PP score assessment program.

Deep learning models are artificial intelligence
algorithms, mimicking human brain neurons,
consisting of multiple layers of neural network. The
models are trained in object detection and
classification using datasets of images. In one
training cycle, the deep learning model divides the
image into grids, processes each grid with the
neuron-like network of the mathematical model, and
the result is shown. During each round of training,
called an epoch, some parameters in the neural
network change and the accuracy of the model
improves. What makes each neural network model
different is its architecture and size of the model.
Models can be evaluated and compared with
evaluation metrics such as precision, recall, and F1-
score (IBM, 2024)

To create an object detection program, the dataset of
images is divided into three parts: a training set, a
validation set, and a test set, at an appropriate ratio.
In the training set images, the objects of interest are
labeled to locate and specify types of objects for the
model to learn. The program is trained with the
labeled training images, then validated and tested
with unlabeled images.

II. METHODS

Data Collection and Image Preparation

Water samples were collected using a 21-micron
plankton net at coordinates 13°48'25"N, 100°17'3"E
in Khlong Mahasawat canal, Phutthamonthon
district, Nakhon Pathom, Thailand, from June to
October 2022. Images of euglenoids were captured
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under a bright field microscope at 400x
magnification, showcasing distinct morphologies of
Euglena spp., Phacus spp., Trachelomonas spp.,
Lepocinclis spp., and Strombomonas spp. The
classification of each genus was based on taxonomic
references, including Wongrat et al. (2017) and
AlgeaBase, a comprehensive global database curated
by M.D. & G.M. Guiry, as shown in Table 2. Images
from videos by Solito de Solis (2020) were also used.
Selected images were required to meet specific
criteria: (1) inclusion of at least one genus of
euglenoids, (2) presence of other organisms (e.g.
different types of algae) or contaminants (e.g.
sediment), (3) variation in color, brightness, and
aperture, and (4) image resolution was not
controlled.

Images were labeled with the respective genera and
the position of each euglenoid within the image. Two
labeling methods were employed: bounding box and
instance  segmentation, according to the
requirements of the object detection models.

The image dataset was then split into three sets: a
70% training set, a 20% validation set, and a 10%
testing set. In total, 284 images of Euglena spp., 180
images of Phacus spp., 115 images of
Trachelomonas spp., 187 images of Lepocinclis spp.,
and 102 images of Strombomonas spp. were
obtained after completing the data collection
process.

After completing the image labeling process, the

next step involves augmenting the image dataset to
simulate factors affecting genus identification, such

-

WWW.1sjos.org

as brightness and color of light from the microscope,
focus and sharpness, position of euglenoid features,
and obstructions within the image. Image
augmentation techniques included cropping (with
adjustments ranging from 0% to 30%), altering hue
(ranging from -25% to +25%), applying cutout to
portions of the image (with a cutout rate of 20%),
inducing blur (ranging from 0 to 2 pixels), and
adjusting brightness (ranging from -25% to +25%),
as shown in Figure 1. Upon completion of image
augmentation, the dataset consisted of a total of
2,055 images.

Model Training

Deep learning network models were developed
based on four different neural network models:
Detectron2, YOLOvVS5, YOLOv7, and YOLOVS,
with five sub-models of YOLOVS tested, including
YOLOvVSs, YOLOvVS5n, YOLOvSm, YOLOVS], and
YOLOvVS5x. The fundamental principle of these deep
learning network models is to divide the images in
the dataset into multiple cells, process each cell using
a mathematical model, display the results, and then
iteratively adjust the parameters in the model to
improve the results.

The YOLO models are designed with different sizes
appropriate for varying dataset sizes, with the size of
the model indicated by the letter at the end of the
name, such as 's' representing small size (Jocher,
2022). Currently, development has progressed to
version 8, known as YOLOv8. YOLOVS, the fifth
version, remains the most popular. The Detectron
model is a methodical model for high-speed object
detection and flexible use (Wu, Y., 2019).

original

—
cutout %
—

\ brightness

Figure 1 Datasets after image augmentation
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Figure 2 Example of the results from Detectron2

The model training involved 300 epochs, after which
the following evaluation metrics were examined:
classification accuracy, precision, recall/sensitivity,
and Fl-score. The Fl-score is often used for
comparing deep learning models, where models with
higher F1-scores have better classification abilities.
Each metric is calculated with a formula based on the
amount of True Positive (TP), True Negative (TN),
False Positive (FP), and False Negative (FN).

The ‘accuracy’ in classification is calculated based
on the proportion of (TP + TN) to (TP + TN + FP +
FN), while ‘precision’ is calculated based on the
proportion of (TP) to (TP + FP), recall is calculated
based on the proportion of (TP) to (TP + FN), and
the F1-score is the harmonic mean of precision and
recall. Additionally, the mean Average Precision at
k (mAP@k) is evaluated as an appropriate
evaluation metric for ranking and sorting tasks,
particularly suitable for assessing the quality of
water using the AARL-PP score in object detection.
Commonly used values for k are from 50 to 95.

WWW.tsjos.org

Figure 3 Example of the results from YOLOvVS

III. RESULTS AND DISCUSSION

After building the model and conducting image input
experiments, it was found that the model could detect
images, as shown in Figures 2 and 3. The detected
genus of euglenoids is identified along with the
confidence level. For example, in Figure 2, Euglena
sp. Was detected with 100 % confidence, and in
Figure 3, Euglena sp., Phacus sp., and an eye spot
were detected with confidence levels of 88%, 90%,
and 83%, respectively.

After training the models with the obtained images
using all 8 deep learning models, the results are
presented in Table 3. The best-performing model
was found to be YOLOVS5I, as it achieved the highest

Model Precision Recall Fl-score mAP@50 mAP@50-95
Detectron2 0.833 0.847 0.840 0.915 0.731
YOLOV5

YOLOVS5s 0.871 0.804 0.836 0.844 0.527
YOLOv5n 0.877 0.750 0.809 0.831 0.532
YOLOvVSm 0.841 0.858 0.849 0.868 0.687
YOLOVS51 0.839 0.873 0.856 0.894 0.715
YOLOv5x 0.833 0.847 0.840 0.915 0.731
YOLOV7 0.773 0.789 0.781 0.829 0.584
YOLOVS 0.854 0.833 0.803 0.866 0.567

Figure 3 Results from the training for all the models tested.
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Genus Precision Recall F1-score mAP@S0 mAP@50-95
Euglena 0.772 0.881 0.822 0.900 0.763
Phacus 0.972 0.863 0.914 0.938 0.834
Trachelomonas 0.732 0.952 0.827 0.921 0.841
Lepocinclis 0.888 0.855 0.871 0.933 0.804
Strombomonas 0.904 0.947 0.925 0.964 0.757

Table 4 Evaluation metrics of YOLOVS5I for each genus of euglenoids

Fl-score. The F1 -score represents the harmonic
mean of precision and recall, which are two
evaluation metrics for the learning performance of
efficient models. Considering the harmonic mean of
both variables provides a balanced assessment
without bias towards any specific variable, ensuring
an unbiased evaluation of the model's performance.

Based on the evaluation metrics of the YOLOVSI
model, it was able to classify each genus as shown in
Table 4. During the training process, there were
trends in the changes of evaluation metrics for each
epoch, as depicted in Figure 4.

From Figure 4, it can be observed that the values of
box loss, objectness loss, and classification loss
decrease in each training epoch for both the training
dataset (as shown in Figures 4A, 4B, and 4C) and the

train/box_loss train/obj_loss

0.0
0.0200 —e— results
0.08 :
0.04
0.0175
.06 0.03
o0 0.0150
0.02
0.04 0.0125
0.0100 0.01
0 100 0 100 0
F val/box_loss G val/obj_loss H
0.08 0.010 0.035
0.07 0.009 0.030
0.06 0.008
0.025
0.05 0.007
0.020
0.04 0.006
0.015
0.03 0.005
0 100 0 100 0

train/cls_loss

validation dataset (as shown in Figures 4F, 4G, and
4H). The box loss indicates the model's ability to
identify the center position of detected objects and
predict bounding boxes around objects. Objectness
represents the likelihood of objects being present in
the area of interest in the image, while classification
loss demonstrates the model's ability to predict
object classifications.

Figures 4D, 4E, 41, and 4] show evaluation metrics
such as precision, recall, mAP@50, and mAP@50-
95, respectively. The increase in values for these
metrics across all four figures indicates an overall
improvement in the model's performance with an
increasing number of training epochs.

Figure 5 depicts the graph of the relationship
between precision and recall. The area under the

metrics/precision metrics/recall
0.9
0.9
0.8 0.8
LT
g 0.7
0.6
0.6
0.5
0.5
100 0 100 0 100
val/cls_loss I metrics/mAP_0.5 J metrics/mAP_0.5:0.¢
0.6
0.4
0.4
0.2
100 0 100 0 100

Figure 4 Evaluation metrics graph of YOLOVSI
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Figure 5 The Precision-Recall curve for the YOLOvSI model for Euglena, Eye spot, Lepocinclis, Phacus, Strombomonas,
Trachelomonas, and All Types.

graph indicates that the model exhibits both high
precision and high recall, meaning it has a low rate
of false positives and false negatives. The
interpretation of the area under the graph is similar
to that of the F1-score mentioned earlier, as it is a
single variable that can be used to compare both
accuracy and recall without bias or distortion in
assessing the model's performance.

From Figure 5, it can be observed that the model can
detect eye spots with low efficiency, while the
groups of euglenoids have higher efficiency.
Therefore, it is not feasible to rely on an eye spot for
identifying the type of euglenoid, as the model's
ability to detect euglenoids is better than that of eye
spot.

In the confusion matrix shown in Figure 6, it is found
that the model correctly identified the species
Lepocinclis and Phacus with accuracies of 84% and
82%,  respectively. The most common
misclassification was observed for Lepocinclis,
which was misclassified as Fuglena, Phacus, and
Trachelomonas, while Phacus was misclassified as
Euglena and Trachelomonas, as well as being
labeled as the background in the image. The model
correctly identified Euglena with an accuracy of

88% but misclassified it as Lepocinclis and
Trachelomonas. Conversely, there were two
Instances of  misclassification: one for
Strombomonas, which was correctly identified 95%
of the time but misclassified as Trachelomonas, and
one for Trachelomonas, which was correctly
identified 90% of the time but misclassified as
Euglena.

Furthermore, the confusion matrix indicates that the
model has difficulty distinguishing between eye
spots and backgrounds (to be more specific, when
there is no object in the image). Backgrounds are
often misclassified as eye spots up to 75% of the
time, suggesting that the model still struggles to
differentiate between eye spots and backgrounds.

It can be observed that each genus had
misclassifications, mainly because some species
exhibit similar morphological characteristics. For
instance, Phacus sp. resembles a green leaf-like
structure, and sometimes, it may lack color due to
not being exposed to sunlight. This led the model to
misclassify some of them as background rather than
detecting them as part of the sample. Additionally,
eye spots exhibit various colors, such as dark green,
red, transparent red, and white, all of which are
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colors found in FEuglena spp. Consequently, the
model struggled to differentiate between the colors
of Euglena spp. and the colors of the eye spots,
resulting in low accuracy in eye spot identification.
Furthermore, some genera of euglenoids share
similar morphological features from certain angles,
making it challenging to distinguish between them,
such as Phacus sp. and Trachelomonas sp.

With current information, the model could infer that
the water source under study is hypereutrophic.
However, further work must be done to develop a

Predicted
Phacus Lepoci. Eye spot Euglena

Stromb.

Trachel.

o
oo |
9]
5 - 0.20 0.02
SN
U
©
(18]
1 ! [} 1
Euglena Eye spot Lepoci. Phacus
True

WWW.tsjos.org

water quality assessment program capable of
calculating AARL-PP scores because the assessment
requires identifying and counting all phytoplankton
genera in Peerapormpisal (2007), which exceeds the
number of genera considered in this study.
Therefore, to develop an accurate AARL-PP score
calculation program, it is necessary to create a model
that can identify all phytoplankton genera in
Peerapormpisal (2007) and validate the program's
scores against other water quality indicators such as
DO and BOD values over various time periods and
sampling locations.

0.8

0.6

04

0.2

] ] ] - OO
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Figure 6 Confusion matrix of YOLOvVSI, showing the truth and the predictions, dark blue represents a proportion of 1.0,
while white represents 0.0. The intensity of the color corresponds to the proportion of data in each cell
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IV. CONCLUSION

In the water quality assessment, the identification of
various phytoplankton genera is crucial. However,
the freeform morphology within euglenoids makes
species identification challenging, leading to high
error rates. To mitigate this issue, a deep learning
model was developed to reduce errors in species
identification and further extended into a water
quality assessment program, the AARL-PP scoring
system. The YOLOvS5I model achieved an F1-score
of 0.856, the highest among the eight tested models.
It demonstrated efficient detection of FEuglena,
Phacus, Trachelomonas, Lepocinclis, and
Strombomonas species with similar performance
levels, while unable to identify eye spots. This model
exhibited high accuracy and low misclassification
rates. In the future, it is possible to enhance the
program by developing a model capable of
identifying  all  phytoplankton  genera in
Peerapormpisal, Y. ef al. (2007). Subsequently, the
program's scores can be validated against other water
quality indicators.
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Abstract

This study addresses the conventional blood-based approach for hepatitis B testing, aiming to enhance
accessibility by developing a lateral flow sensor for hepatitis B virus (HBV) detection in saliva samples.
Saliva collection offers a less invasive and more convenient alternative. Employing a lateral flow
immunoassay with gold nanoparticles (AuNPs) conjugated with antibodies (Ab-AuNPs), the sensor
visually displays results based on hepatitis B surface antigen (HBsAg) detection. The sensor's performance
was comprehensively assessed, considering the limit of detection, sensitivity, and specificity. Artificial
saliva containing varying concentrations of HBsAg was tested, revealing the sensor's capability to detect
concentrations as low as 0.025 pg/mL with the naked eye. The lateral flow demonstrated a sensitivity of
83% (10/12) in positive controls and a specificity of 100% (8/8) in negative controls. Evaluation of the
lateral flow immunoassay's validity and utility indices underscores its potential for further development and
future application in real patient testing.

Keywords: Lateral flow immunoassay (LFIA), Hepatitis B surface antigen (HBsAg), Labeled
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gold nanoparticles (Ab-AuNPs)

I. INTRODUCTION

Hepatitis B virus (HBV) infection is a global public
health concern. According to the World Health
Organization (WHO), it is estimated that
approximately 300 million people worldwide are
chronic carriers of the virus, with at least 1 million
ultimately developing severe liver disease and, in
some cases, liver cancer (World Health
Organization, 2023). In Thailand, there are
approximately 3.5 million people suffering from
chronic HBV infection (Piratvisuth, 2020).

HBV can be transmitted through blood, body
fluids, needle sharing, unprotected sexual contact,
and from mother to child during childbirth due to
the presence of the virus in blood, semen, and
bodily fluids. The clinical spectrum of HBV
infection ranges from subclinical to acute
symptomatic hepatitis or, rarely, fulminant
hepatitis during the acute phase and from the
inactive hepatitis B surface antigen (HBsAg)
carrier state to chronic hepatitis, cirrhosis, and its
complications during the chronic phase (Sharma et
al., 2005). Diagnosis of HBV currently involves
blood tests to check liver function, HBV-specific

blood tests for HBsAg and Anti-HBs, or liver
biopsy, which is a specialized procedure performed
by experts.

In addition to HBsAg, other antigens and
antibodies associated with hepatitis B include
hepatitis B e antigen (HBeAg), hepatitis B core
antigen (HBcAg), and various antibodies such as
anti-HBs, anti-HBe, and anti-HBc. While these
markers provide comprehensive insights into the
different stages of Hepatitis B infection, HBsAg
stands out as a primary diagnostic target due to
being the earliest detectable antigen during
infection and signifies active viral replication. Its
presence indicates both acute and chronic phases of
Hepatitis B, making it a reliable marker for
infection status (Kramvis et al., 2022). Finally,
HBsAg is highly stable, facilitating accurate
detection in various sample types, including saliva,
which offers a non-invasive and easily collectible
medium for diagnostic purposes. Its prominence in
diagnostic assays is attributed to its sustained
presence during the infectious period, allowing for
early and accurate detection, critical for timely
intervention and disease management (Cruz et al,
2011).
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The advantages of detecting HBsAg in saliva are
noteworthy. Saliva, being easily and non-
invasively collectible, provides a patient-friendly
alternative to blood sampling. The detection of
HBsAg in saliva offers a practical and accessible
means of diagnosing Hepatitis B, especially in
settings where traditional blood tests may pose
challenges. This method not only reduces
discomfort for individuals undergoing testing but
also facilitates widespread screening efforts.
Moreover, the non-invasive nature of saliva
collection may encourage more individuals to
participate in regular screenings, ultimately
contributing to early detection and timely
management of hepatitis B infections.

For these reasons the development of a sensor for
screening hepatitis B Virus from saliva has been
undertaken, aiming to facilitate quick, convenient,
and accessible testing for HBV, and enabling
individuals to perform self-checks with ease.

II. METHODS

1: Synthesis of gold nanoparticles (AuNPs)

A solution of trisodium citrate (1%, w/v) was
prepared with a volume of 0.1 mL, and a solution
of K(AuCls)-nH>0 (1%, w/v) was prepared with a
volume of 0.25 mL. In a flask sealed with
aluminum foil, 25 mL of DI water was added and
heated on a hot plate at 100°C, stirring at 5000 rpm
for 10 minutes. K(AuCls)-nH,O solution (1%, w/v)
was incrementally added along the edges of the
flask. After reaching the boiling point, 0.1 mL of
trisodium citrate solution (1%, w/v) was added, and
the solution was allowed to sit until it turned dark
purple. The pH of the AuNPs solution was adjusted
to 8.1 using NaHCOj3 solution. The AuNPs solution
was transferred into sterilized plastic bottles and
stored at 4°C. The process was repeated with
volumes of trisodium citrate solution (1%, w/v) at
0.25 mL, 0.5 mL, 1 mL, and 2 mL, respectively.

AUNPs manoclanal antibody mab-AuNPs

polyclonal antibody PAL-AUNPS

.+

Figure 1. Antibodies conjugated to AuNPs

Yol — A
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Light absorption testing was conducted in the
wavelength range of 350-700 nm. The obtained
values were analyzed by graphing the relationship
between the wavelength spectrum and the light
absorption of the AuNPs solution.

2: Sensor optimization

Testing of antibody concentrations

Polyclonal antibody (Rabbit anti-Surface Ag pAb:
Ab68519) was diluted to six concentrations of
6.25, 12.5, 25, 50, 100, and 200 pg/mL, each with
a volume of 25 pL. Subsequently, 125 pL of
AuNPs solution was added and stirred at room
temperature for 15 minutes. Following this, 125 pL
of NaCl solution (10%, w/v) was added. The
resulting solution was then analysed by using light
absorption spectroscopy in the range of 400-700
nm. The process was repeated, with the variation of
antibody type to monoclonal antibody (Mouse anti-
Surface Ag mAb: Ab252692) (Figure 1).

Testing of binding interaction

The anti-mouse antibody, with a concentration of
1.5 mg/mL, was affixed onto nitrocellulose
membrane strips in the control line (C-line) using
Biodot XYZ32100047. The strips were then left to
dry for one hour at 37°C. Subsequently, a lateral
flow test strip was assembled, comprising a sample
pad, conjugate pad, nitrocellulose membrane,
absorbent pad, and backing card (Figure 2).

To create sensor strips, polyclonal antibody labeled
with AuNPs (pAb-AuNPs) was dispensed onto the
conjugate pad at a volume of 8 pL per strip and
then dried at 37°C for 20 minutes. Monoclonal
antibody, at a concentration of 1 mg/mL, was then
dropped onto the test line (T-line) at a volume of
0.5 uL per strip. Testing was conducted by
dropping HBsAg solution (1 pg/mL) mixed with
PBT buffer in a 2:1 ratio onto the sample pad of
positive control strips (100 pL. each) and PBT
buffer onto negative control strips (100 pL each).
The light intensity of the test line was measured
using ImagelJ. The process was repeated, but with
the substitution of mAb-AuNPs for pAb-AuNPs
and exchanging the monoclonal antibody on the
test line for polyclonal antibody.

Sample pad Absorbent pad

Conjugate pad
nitrocellulose membrane

Tine Cine

Backing card

Figure 2. The test strip comprised a sample pad,
conjugate pad, nitrocellulose membrane, and absorbent
pad affixed to a backing card.



Thailand Scholastic Journal of Science 5 (1) Jan-Dec, 2024

Concentration of polyclonal antibodies
Polyclonal antibody was dispensed onto the test
line at concentrations ranging from 0.5 to 3.0
mg/mL in increments of 0.5 mg/mL, each at a
volume of 0.5 pL, and this process was repeated
three times. mAb-AuNPs was dropped onto the
conjugate pad at a volume of 8 pL per strip and
then dried at 37°C for 20 minutes. Testing was
carried out by dropping HBsAg solution (1 pg/mL)
mixed with PBT buffer in a 2:1 ratio onto the
sample pad of positive control strips (100 uL each)
and PBT buffer onto negative control strips (100
pL each). The light intensity of the test line was
subsequently measured using Image].

Testing mAb-AuNPs on the conjugate pad
mADb-AuNPs were dispensed onto the conjugate
pad at volumes ranging from 1 to 8 pL, followed
by drying at 37°C for 20 minutes. Testing was
conducted by dropping HBsAg solution (1 pg/mL)
mixed with PBT buffer in a 2:1 ratio onto the
positive control strips (100 pL. each) and PBT
buffer onto the negative control strips (100 pL
each). The light intensity of the test line was
measured using Imagel.

Study of buffer type

Buffer solutions (PBS, PBS + 0.5% Tween20
(PBSTO.5), PBS + 1% BSA and PBT + 0.5%
Tween20 (PBTTO.5)) were dispensed at a volume
of 400 pL onto the sample area of the test strip. The
strips were dried at 37°C for 60 minutes. Artificial
saliva was dropped onto the sample area, with a
volume of 100 pL per strip. The flow of mAb-
AuNPs and the display of the test line were
observed.

3: Testing the efficiency of the sensor

To test the efficiency of the sensor, artificial saliva
was prepared following Engelhart et al. (2016), and
the limit of detection was tested among different
HBsAg concentrations. The sensor was tested with
HBsAg solutions in artificial saliva, ranging in
concentrations from 6 pg/mL to 0.01 pg/mL, each

Absorbance (a.u.)
g

400 450 500 550 600 650
Wavelength (nm)

-0 4:1 Solution ML Solution MENZ:1 Solution MN4:L Solution MEE:1 Soluticn

Figure 3. The relationship between the concentration of
trisodium citrate solution and AuNPs absorbance

WWW.tsj0s.org

with a volume of 100 pL. The light intensity of the
test line was measured using ImagelJ. The intensity
values for each HBsAg concentration were
recorded. The limit of detection for the sensor was
calculated based on the obtained results. Sensitivity
and specificity were tested by using positive
artificial ~ saliva  samples with  different
concentrations for 12 samples and negative
samples for 8 samples.

III. RESULTS AND DISCUSSION

1: Synthesis of gold nanoparticles (AuNPs)

In general, the most commonly used sizes for
AuNPs in lateral flow immunoassays are between
20-40 nm and Amax typically falls within the range
of 520-540 nm. When considering the amount of
substance used, the ratio of trisodium citrate
solution (1%, w/v) to potassium tetrachloro-
aurate(II) solution (1%, w/v) were tested using
0.4:1, 1:1, 2:1, 4:1, and 8:1 solutions (Figure 3).
However, for the ratio of 0.4:1, AuNPs could not
be synthesized. At the same time, AuNPs obtained
from trisodium citrate solutions (1%, w/v) using
the ratio of 1:1, 2:1, 4:1, and 8:1 can exhibit
suspension in the solution, resulting in a
pronounced dark red color. Through the study, it
was observed that AuNPs of different sizes have
varying Amax values. Specifically, it was found that
the AuNPs solutions obtained from 1:1, 2:1, 4:1,
and 8:1 solution all have Amax values within the
range of 520-540 nm. And based on the absorbance
wavelength values, we conclude that the optimal
solution is the 1:1 ratio, as it provides the highest
absorbance wavelength at 534 nm.

2: Sensor fabrication

From the study of the absorbance wavelength
values of antibodies labeled with AuNPs in the
range of 450-700 nm, aimed at finding the most
suitable intensity for labeling, it was found that
when analyzing the absorbance value at a
wavelength of 538 nm, which is the Amax of the

Absorbance

625 125 @8 50 100 200

Y/ R

The concentration of polyclonal antibody (pg/mL)

Figure 4. The relationship between the concentration of
polyclonal antibody and the absorbance values of pAb-
AuNPs at a wavelength of 538 nm
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6.25 125 100 200

Absorbance

The concentration of monoclonal antibody (ug/mL)
Figure 5. The relationship between the concentration of
monoclonal antibody and the absorbance values of
mAb-AuNPs at a wavelength of 538 nm

AuNPs solution. It was found that pAb-AuNPs
obtained from polyclonal antibody with a
concentration of 25 pg/mL has the optimal
absorbance (Figure 4). Similarly, it was found that
mADb-AuNPs obtained from monoclonal antibody
with a concentration of 50 pg/mL (Figure 5)
provided the optimal concentration for this assay.

Identifying suitable antibody pairs was done by
comparing two methods: 1. pAb-AuNPs on the
conjugate pad with monoclonal antibody on the test
line and 2. mAb-AuNPs on the conjugate pad with
polyclonal antibody on the test line. It was

A Negative sample Positive sample

Positive sample

B Negative sample

Figure 6. (A) The test strip where pAb-AuNPs are
located on the conjugate pad, and monoclonal antibodies
are situated on the test line. (B) The test strip with mAb-
AuNPs on the conjugate pad and polyclonal antibodies
on the T-line.
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observed that both methods produced strong color
on the test line (pointed by arrow) when tested with
positive samples (Figure 6). When tested with
negative samples, both methods resulted in faint
color change on the test line (pointed by arrow),
similar to each other. However, it was found that
the mAb-AuNPs on the conjugate pad with
polyclonal antibodies on the test line exhibited a
higher light intensity on the T-line compared to the
other method when tested with positive samples.
Therefore, this method is suitable for this sensor.

Upon investigating the optimal conditions for the
sensor, considering factors including mAb-AuNPs
volume, polyclonal antibody concentration on the
T-line, and buffer type, optimal parameters were
established. An mAb-AuNPs volume of 4 pL
(Figure 7) and a polyclonal antibody concentration
of 1.5 mg/mL (Figure 8) proved optimal based on
T-line light intensity, balancing effective detection
without overwhelming the chemicals. The choice
of PBTSy s as the buffer was supported by its ability
to expedite mAb-AuNPs movement toward the
absorbent pad (Table 1).

Aintensity (a.u.)

0 1 -1 3 4 6 7
Amount of mAb-AuNPs at the conjugate pad (pL)

Figure 7. (A) the relationship between the light intensity
of the T-line and the volume of mAb-AuNPs on the
conjugate pad for positive samples. Sample test strips
with variations at (B) 8 uL, (C) 6 uL, (D) 4 uL, (E) 2
pL, and (F) 1 pL.
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Aintensfty

0 0.5 1 15 2 25 3 35

A Polyclonal Antibody Concentration (mg/mL)

Figure 8. (A) the relationship between the light intensity
of the T-line and the concentration of polyclonal
antibody. Sample test strips with variations at (B) 3
mg/mL, (C) 2.5 mg/mL, (D) 2 mg/mL, (E) 1.5 mg/mL,
(F) 1 mg/mL, and (G) 0.5 mg/mL.

3: Testing the efficiency of the sensor

From testing the sensor with an HBsAg solution in
artificial saliva and gradually reducing the
concentration of the HBsAg solution, observations
were made regarding the performance of the test
line and measurements of light intensity. It was
found that this test line can detect HBsAg in
artificial saliva visually at concentrations as low as
0.025 pg/mL (Figure 9). To assess the real-life
display performance of the sensor, it is essential to
conduct tests with actual saliva samples from
patients at various stages of hepatitis B virus
infection. Testing of the sensor with HBsAg
solution in artificial saliva, using both positive and
negative samples, revealed that the sensor achieved
a sensitivity of 83.33% and a specificity of 100%
(Table 2).

Buffer type Migration time (min)

PBS 10.19
PBSTos 8.25

PBS + 1%BSA 14.30
PBTT,s 12.05

Table 1. Time taken for mAb-AuNPs to migrate to the
absorbent pad for test strips composed of various buffer
types on the sample support pad.

WWW.tsj0s.org

A The concentration of HBsAg (ug/mL)

T-line Light intensity (a.u.)
|\
\
\

Figure 9. (A) The relationship between the intensity of
the T-line and the concentration of HBsAg in the
artificial saliva. Sample test strips with variations at (B)
0.5 uL/mL, (C) 0.25 pL/mL, (D) 0.1 uL/mL, (E) 0.05
pL/mL, and (F) 0.025 pL/mL.

IV. CONCUSION

In evaluating the performance of the developed
sensor on artificial saliva samples containing the
hepatitis B virus antigen, optimal conditions for the
test strip were determined, including the use of 1.5
mg/mL of polyclonal antibody on the T-line, 4 uL
of mAb-AuNPs on the conjugate pad, and PBST s
as a buffer. The test strip demonstrated detection of
hepatitis B virus antigen in artificial saliva samples
at concentrations as low as 0.025 pg/mL,
discernible with the naked eye. It achieved a
sensitivity of 83.33% and a specificity of 100%.
This underscores the potential of the sensor as a
user-friendly and uncomplicated prototype for
detecting the hepatitis B virus antigen in saliva
samples. The promising outcomes position it as a
viable candidate for further development and
practical application in the future.

HBsAg present HBsAg absent

Positive 10 (True positive) 0 (False positive)

Negative 2 (False negative) 8 (True negative)
Table 2. Sensor testing results for positive and negative

samples.
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ﬂ']’i’Jﬁ]EJ‘LJlI\iL‘u‘LJﬂ’]’ﬂ%’)ﬁﬂTim‘i’mMﬂL‘U’é]‘l’l‘iﬁﬁluaﬂLﬁ‘U‘UIﬂEﬂ‘tmaﬂﬂ’]iwu%?uLﬂEJ’)ﬂUﬂ"I‘SMS’JR]W]
wa”lumamuaam IﬂamﬂmwmaLwaqumsLsznmvlé‘lﬂ&Jmiwmmmw.suas%ummﬂwa‘luLLmivm‘u
u;uummasa‘[mmmummmqual'ﬁamuaﬂLauulumamqmma \iesannisiiusiegnaianesin
1ﬂqwaLLas§ﬂmQUwuaa WULR S AWMU UaINTaRTIaLeURIauaNADn I FaduSnLaUT
(Hepatitis B surface antigen; HBsAg) uazaunsauaniwaliiiusisnnlar lngldimafianaaeuduylu
wadladyiinnisbualunuussunu (Lateral flow immunoassay) uI:uLaﬂaswmuwauul,szjumama
BUNIANBIAIYUIAUNLULLAS (Gold nanoparticles; AUNPs) smmmlﬂmmmnﬂuLLaumuaﬂmaLLaumau
mﬂl,ﬂaaﬂ"hsamuamauu (Ab-AuNPs) msmaauﬂivamﬁmwmaqmiuL%asmﬂé‘tmaﬂ'ﬁmﬂwmmﬂm
A15m57377 (Limit of detection) A21117 (Sensitivity) wazAMUI LWL (Specificity) 91nA1SNAABU
wuasdsfoghanaisuitineuinuaniuaenhiasusniaudninnududuuandisiy wuid
Wwuwesaunsansramuauiauainidenifasusniautlutanefionldae 0.025 lulasnsuse
ﬁa%ﬁmé”mmmdw fiannulavindy 83% (10/12) wazanuswzwindy 100% (8/8) Fatunny
mumasmwmmmuumLUuLszmLszjaimul,mummaaﬂumm'mLLaJLmNmﬂmm‘umsmaamLLaummu
Th%asusniaudlutihans LLavmmmiauﬂﬂmaaaﬂwwmamsmaauwmmiﬂuamﬂm

A1d1Ay wallanadeuduyluneaiadviinnisivaluuuuszuiu (Lateral flow immunoassay),
u,aumLﬁ]ummﬂaaﬂhiﬁmuamaw (Hepatitis B surface antigen; HBsAg), aumﬂmqmsumﬂmiu
\wnsiiRnaanfuLeuRued (Ab-AuNPs)
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1. uni

Tsal§adudniaud neluiAndyninig
ars1sauguialan eadniseunsielan (WHO)
AMNSalanuNsalnUsEanslanuseanal 300
Fuau Hunvzisedwashasusnaud uay
ag1908 1 a1uAu aznatsdulsadundanas
uusm‘uiumaﬂ (World Health Organization,
2023)Iﬂﬂiuﬂ'ﬁumﬂ‘lﬂﬂwvwﬂﬂL‘U’E]G]UE]ﬂLEIUU
S0¥aUszannl 3.5 Auau (Piratvisuth, 2020)

lsalisasudniaud aursafinsaniunig
[Aoauazvansiands Inesinfnainnislddudnen
SUAU miﬁmeé’uﬁué‘[mﬂiﬂﬁmiﬂaﬂﬁ’u LAy
aunsafnsieannuidanls Luaqmnmmsawu
h¥aluden oad LLaum'ﬁﬂwawammmm 1y

szazandlsalidasusnauiivaissses Guain
S¥UzLAUUNAU (Acute symptomatic hepatitis)
HUBueTIgoIInUAMzRudnauriinieus
(Fulminant hepat|t|s)1u'i priild wazaiunse
ﬂa’]EJLUuNﬁG]L‘UEJLSE]i\‘i (Chronic hepatitis) ED)
naneLdunine (Carrier) SeaznsranuLaufiou
nldenlisanudniaul (HBsAg) ware1aLin
Wardaludu duwde nSeuziSedusiudiela
(Sharma et al., 2005) n153fGagdeulsalasadu
onlaud 1uﬂ%quum”l,éﬂmamiLﬁ]maammfmm
159119119896 Y (Liver function test) 151912
LﬁammafaL%aia%’aﬁué’ﬂLaUﬁLﬁamgwaau
HBsAg wa® Anti-HBs n3en1sFaduLiesuly
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n339 Fadmnuanig 21918 yaazAedinlang
NL‘UEJ’J‘(ﬂiULQW’]“"VINLVI’]uu

NN HBsAg Lﬂumsuw mJ’;ef[m
Tsasiusniauianunsanuansusdauvaslsald
naneaia LAwA hepatitis B e antigen (HBeAg),
hepatitis B core antigen (HBcAg) Laglaufuen
nanwyla WY Laufuafne HBsAg (anti-HBs),
LOURAUBAM® HBeAg (anti-HBe) LLazLouRUDA
o HBcAg (anti-HBc) Tawansusdiwaslsausay
yiinazUivenszuzvodlsalisadusniauda
wansneiy agnslsAnuansuadndeuldlunns
FhedulsalaSasusniaudine HBsAg Lileean
Fondenolud 1. GRERELRIY] HBsAg lad1eTu
HUduIsee LLiﬂsuaamsmmsua 2. @10150NWU
HBsAg 1ﬂﬂdiu8utaﬂuwaULLauLiaiﬂ (Kramvis et

al., 2022) 3. HBsAg LﬂuLLaumLauwummmwu
g anunsanuluansdanasldnaeussinn 1w
thane Faduansdandiiiiumetnaldineuas
"Lmﬂmwﬁw (Non-invasive) mnﬂmauummmu
ylsk HBsAg Hunadeniialunisasedanses
yUaelsaldadudniaud LLauamﬂﬁmsﬁmms
Tsadululgedresaniduiniy (Cruz et al,
2011).

N19%1599 HBsAg HuMTaneLiensIadn
nsedlsrhdadudnauduisilisnduazazann
UINATINITATIVNIUNEIDL1LEDA WBNIN
msanmwldauislavessfine msnsianiung
fhanessanunsarinlinisdansesiieuniy
ifesarmdunisnsiafnnsesiazaanuasls
ﬂqgﬁnﬁﬂiﬁﬁﬂaaL%’ﬂﬁasvuumiﬁﬂﬂimwm%u
sﬁqazma‘lﬁﬂmmwmmmmwmamumumﬂ‘u

muumimmamummmmwmaLwa‘wmm
ugesdmiunsasglasasusnautiumg
vhane iegaelinisdansesdsnazainsiniia
wasauhluaunsaldauld

2. 38n15nae9

1: n158UATIZNBYAIANBIAITUIAUITULUAT
#9512 YN1ANBIAITUIAUI TULUAS

(AuNPs) Tagldasazane Trisodium citrate (1%,

wAv) USu1ms 0.l mLuazansazany

K(AUCLs)-nH,0 (1%, w/v) Usu1ss 0.25 mL 11
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wufAseTuininesitadsunuezgiiiey
msﬂumsa}ﬁmimmﬁlaaau (DI water) 25 mL
AUMEBANLS 5000 rpm msﬂmamvmm 100°C
vJutaan 10 w1 mﬂuu‘m@msa any
K(AuCls)- nH20 (1%, w/v) fasneaiveudnines
wdI9Infiarsazatsisuien iua1sazane
Trisodium citrate (1%, w/v) aqvl,ﬂ asazanofile
avSuasududihady mnuummsﬂsu pH
U 8.1 de NaHC03 LLa“’Lﬂ‘USﬂ‘E}’WIE]mMﬂlI 4°C
meluvindasaliie vinsmaasssusUasy
USu1nsvesdansazane Trisodium citrate (1%,
wA) 103 025 mL, 05 mL, 1 mL wag 2 mL
AUAIAU
m’;f\]aaummmﬂﬂauLLﬁﬂiﬂjNﬂ'ﬂﬁJ&ﬂ’J
AAUSEMU319 350-700 nm ’JLﬂi’] NNSIN
ANUFUNUSSENI19919ALEIARULAITUA
msamnﬁuuawmmsasma AuNPs

2: MSEUATITALBULLDS
msAnwaududuvesueuvediildfinaain
LA S8 polyclonal antibody (Rabbit anti-
Surface Ag pAb: Ab68519) $iinag 6 AIULTUUU
laun 6.25 ug/mL, 12.5 pg/mL, 25 pg/mL, 50
ug/mL, 100 pg/mL wag 200 pg/mL USu1a s
AMULTUTUAE 25 L LazlANa15azany AuNPs
USu1ns 125 L mumﬂﬁumm 15wt i
am‘vmu‘maa mﬂuummmsa 818 NaCl (10%,
wA) USu1ms 125 pl wndnsazanedilély
maaaaummsmmﬂauLLaﬂusmmmmmau
581319 400-700 nm ¥1n15NAa8IswALUAeY
viinveauouiventdu monoclonal antibody
(Mouse anti-Suface Ag mAb: Ab252692) (§1J17'1I 1)

0+
.+

3U 1 n1sfinaannuauRuafiu AuNPs

maonoclanal antibady mab-AuNPs

polyclonal antibody pAb-AUNPS

V2 —
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msﬁnmq’uauﬁuaﬁﬁmmzau

U anti-mouse antibody AMULTNTU 1.5
mg/mL 1uuurugelulnsiwaglaansasiiunug
1éumIUAL (C-line) Taeld Biodot XYZ32100047
ammwammu 37°C 1 Juan 1 4lue Uszneu
wuweslasiidiutsznau 5 dau A wHusessy
#8814 (Sample pad), WdUABUYLNG (Conjugate
pad), weiululasigaglaa (Nitrocellulose
membrane), UHWAATU (Absorbent pad) uazun
509YANAABY (Backing card) Aaguil 2

INDES 1L UL ULTDS MS9 polyclonal
antibody fiimnaa1néae AuNPs (pAb-AUNPS)
USU1915 8 pl AUULHUABUYLNA QUi 37°C
Juan 20 w1l wagm3e monoclonal antibody
AMULTUTU 1 mg/mL asuuLdunaaou (T-line)
ndunageulaenisnendisazane HBsAg 1
ug/mL ey PBT buffer 9m31a71 2:1 asUuUlNU
5995UMI981989%YA positive USUAsYAag 100
uL wazneua PBT buffer 89UUILNUTDISUAIDE19
UB4YA negative USU1n5ynag 100 pL InA1AI1Y
Lsuml,awaﬁLaumaaumimmaiﬂﬂmiu ImageJ
Vl'm'ﬁwﬂaaqszjjumﬂaau pAb-AUNPs 11 mAb-
AUNPs LaglUAgUTHATDILBURUDAUUUULAU
NAasdUIIN monoclonal antibody L Yu
polyclonal antibody

A13ANYIANNLITUTUYS polyclonal antibody
#34 polyclonal antibody Usu1%15 0.5 pl uu
Eunageu Anudutudand 0.5 mg/mL 849 3.0
mg/mLIasiAua g udufias 0.5 mg/mL
ANLTNTUAL 3LEUNAADU LAEREA mAD-
AUNPs U3111015 8 pL 89UUKHUABUILNR BULN

Sample pad Absorbent pad

nitrocellulose membrane

Tine C-line

Backing card

5UA 2uansosdusznauilurendunnaey
Usznauniy 5 d1UAe LNUT0I5UFI19879 (Sample
pad), kW uABUYLAM (Conjugate pad), wHululns
Lﬂjagiaa (Nitrocellulose membrane), LLEJUQG]GZ‘J’U
(Absorbent pad) wag W usBIYANAABY (Backing
card)
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i 37°C 1Jua1 20 uil mﬂ‘lfuwmaauimms
nyaa1Iasay HBsAg 1 yg/mL wed PBT buffer
9951d7U 2:1 AAUUUKY T995UAIDE19UD9YA
positive USu1msyAay 100 uL wasvegm PBT
buffer a9UULKUTBITUAIDL1IVBIYA negative
USu95ynag 100 L InAIAIULTNLAIUDILEY
naaouitlagaeTusunsy ImageJ

NM5ANYIUTUINT MAb-AUNPS ULLNUABUYLNA

M39 MAb-AUNPs A9UULKHUABUYLNA
USumsaaus 1 pL f98pL auusied 37°C1Hu
a1 20 Wit antunagdeulnensuenansazane
HBsAg 1 ug/mL wau PBT buffer 9ns1d2u 2:1 a4
UULKY 59395UMBE1989YA positive USUn5Yn
8z 100 pL wazuen PBT buffer aquuLLKUTaISU
$79819U09%YA negative USUIATYAaz 100 pL
wagiadiauduLasedunaasuitldde
TUsuASY Image)

AsAnwsinvesinines

noaUnines lawn PBS, PBS + 0.5%
Tween20 (PBSTO0.5), PBS + 1% BSA uwag PBT +
0.5% Tween20 (PBTTO0.5) U3u1%5 400 pL aduy
wHuTDISU0E1e i luaufigamgll 37°C 1 Ju
1181 60 T veatnaneLisuaULLRUTEISY
A19819 USu1asyaag 100 pL dnanisivaves
MADb-AUNPS LaLASUERNINATBLEUNAABU

3:n1snadauAlItulTEanSaanuouau
UGS
w3suthatefisuauiissylunuidenes
Engelhart et al. (2016) A579@0UAATIAANTT
a5 TaveLTUweslnenadeufuThaneieuiiil
HBsAg AT udaUs 6 ug/mL &9 0.01 pg/mL
USu1ms 100 pl dUNANISLAAINATDUTULYDS
NAIINNITNAADU TAAIAINULTUUAIVDILEY
nadauiiladielusunsy Image) iilenagaus
Fns1An15m37930 (Limit of detection) 91n1iu
Yuwuweslunaaeuiiegns positive fifiaau
WUTULANANNAY 91U 12 AI8819 LazAI981
negative 8 29814 lienadsuA1na1ula
(Sensitivity) kagAIMNIWNIE (Specificity)
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3. NALALEAUSIBNANISNAADY
1: mimLﬂﬁvwaumﬂwmm'umﬂu'ﬂuLum

YUIATIMINE ALY AUNPS sté’ﬂumsmsm
1/1maa‘uamﬂuu,aaLaﬂmuﬂmﬂwaluuumwmu
A9557319 20-40 nm Feazan Amax B8 TUYY
520-540 nm 21nN15dATIEROUNTIA AUNPS Lag
A1sAnYIUSUIMSYRIdISazany Trisodium
citrate (1%, w/v) fiaUSu1nsdnNsazany
Potassium  Tetrachloroaurate(lll) n-Hydrate
(1%, w/v) Tusnsndlu 0.4:1, 1:1, 2:1, 4:1, way
8:1 (U7 3)

wudansazanelusmnsidiu 0.4:1 laaunsa
FuAs1e9 AuNPs 18 vautieniu AuNPs Aildan
ansazaneensidiu 1:1, 2:1, 4:1, uaz 8:1 @u1sn
mmmmmuaoaoo’twoqaumﬂmqmim
a1say mommmﬂummqwu mmnmiﬂnm
WUIIUUIAVDI AUNPS TUANAISTUDETAT A
WANEaY d13azans AUNPs fidaAszildann
amsndu 1:1, 2:1, 4:1, uae 8:1 $AY Anae 080T
520-540 nm WanuA ieRe1sanavesasazans

(a.u)

AAaduuE

ANETIARY (nm)

—dsazatedaTdIu 0.4:1 —ansazawonTday 1:1 dnsazawanTdTu 201

A3AAWERIIEI 41— ATAZAERTIEIY B:1

i‘lJ‘VI 3 meﬂs'wxlm'mauwuoivmwmmL‘umu‘uaq
d19a2a1% Trisodium citrate wuwamammmﬂnau
LL@IUD9 AuNPs

/ 6.25 125 100 200

NG

Absorbance

The concentration of polyclonal antibody (pg/mL)

JUN 4 A5 A uFURUSTE IR TUT UV D
polyclonal antibody fUAIN1TAANAUKEAIVEL pAb-
AuNPs 11A211819AAU 538 nm
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AUNPs WU11@1588878 AuNPs 7ilda1n
@1585a18 1:1 1A Anp 111U 534 nm Feazlvid
memumam mmmaaasﬂimﬁammuw
WAUNE auwamiumsmmﬁ ¥91 AuNPs Tun1s
naaBsbARSRIEI 1:1

2: MsELATISALBULGDS
mﬂn'1smn*mmmmmfmawammnauum
%aumumuammmamﬂma AuNPs Iumamm
819AAY 450-700 nm L en A LT uduil
LAUNSAUVDILBURAUBALUAITAARANN Lﬁa
Wmﬁmm'}mimmﬂaul,l,awm pAb-AuNPs fiAn
mmmmau 538 NM (AN Amax V89 AUNPS NOU
IN15AARAIN) WUIIALTNTUYBY polyclonal
ant|body mmmuawaﬂiumsmamﬂﬂu AuNPs
ﬂE] 25 pg/mL Luaqmﬂimﬂimmuaumuaﬂm
Vlaﬂ (i‘U‘VI 4) LagAIMULYUTUVBY monoclonal
ant|body mmmuawaﬂiumsmamﬂﬂu AuNPs
A 50 pg/mL (S‘U‘Vl 5)
mﬂmimmaoumﬂu,aumuamlmmuau 1ag
WIBUTBUIZIIN 1. pAb-AuNPs aammuﬂaua
LNRILLAY monoclonal antibody aamaumaau 2.
mADb-AuNPs aﬂmmuﬂaumnmmu polyclonal
antibody aﬁmmumaau Wmﬁmawmaauwama
mama positive maomﬁmmimﬂmnmm
o (‘Uﬂ’waﬂﬁi) Mdunaaeuld (i‘lJ‘Vl 6) usiiie
maouwamomamq negative maamﬁmmma
fmwu (sumaaﬂm)mauwﬂﬁaummauﬂu
aoﬂq”l'inm'mmammaaummmquml,awauau
NAdEIU wmﬁmamaoumomoma p05|t|ve Yn
NSNAABST 2 uanIANALENLERNANILEle

100 200

I

Absorbance

The concentration of menoclonal antibody (ug/mL)
5U# 5 nsmanuduRusseninennududuves
monoclonal antibody ﬁ’UFi’]ﬂﬁ@,ﬂﬂ?luLLmsuax‘l mAb-
AUNPs finn1ue13AAY 538 nm
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A Negative sample Positive sample

Tan
LFP

B Negative sample Positive sample

s‘thn 6 (A) LLamiUm&mamﬂmaw pAb-AuNPs asnn
u,wuﬂammml,a“ monoclonal antlbody EJEJVlLau
nagdau (B) LLamsUmwawamaw mADb-AuNPs oY
i Lmuﬂaua tAnag polyclonal antibody E]EJ‘V] L
NePaDU

A U311n5989 mAb-AuNPs Uulsiuaauing (uL)

SUT 7 (A) nsmanuduRussenineaiauduuas
¥4 T-line AVUTUINTVBI MAD-AUNPS UULKNUABUY
WnREIMIUYA positive (B) 8 WL (C) 6 pL (D) 4 pL (E) 2
pL (F) 1 pL
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¥
Y 1

L‘Ui‘&JULVIEJUﬂU%GWI 1 muu@uaumuamwwm
naaouf 2 JunUzaNNgn
f\]'mmimaaumﬁmammmuaaflums
LARINAYD T UL DS IAEN1SNAGUUSUIRSVB
mMAb-AUNPs, @113t uUuu o9 polyclonal
antibody Uumuwma‘u LLauﬁmmawWLWas
WU’J']UiﬁJ’]G\'SVILmJ’I ammamaq mADb-AuNPs
LAY 4 pL (i‘U‘Vl nuay mmwwuwuaq
polyclonal ant|body IS RE awammﬂu 1.5
mg/mL (i‘U‘V] 8) 118491NANIL mnmmamm
mm@ﬂauummLLaﬂﬁUUsmmmim dlonedeu
siinvosdWinesfuszoz19a19 mAb-AUNPS
maau"l,ﬂamwummu (Migration time) Wu11
PBSTos LUuw\ILWEJimmm AUAULTULYDTUIN
qum (An5197 1)
INNITNAADULIULTDIAIBEITALANY
HBsAg Tutinaeifisulasanmaanududuaes
81582818 HBsAg &UNALAAINATDILEUNAGDU
LAz INAIAUITULEIVOILEUNAADU WUIIAIY
dudugavhefianunsoueaiiudveaunuuanina

3
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g
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g }
g
s
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A auuduves Polyclonal Antibody (mg/ml)

U7 8 (A) wanansmanuduiusseninsanaad
Lasv0y T-line AUuA2IINLTNTUVO S polyclonal
antibody (B) 3 mg/ml (C) 2.5 mg/ml (D) 2 mg/ml (E)
1.5 mg/ml (F) 1 mg/ml (G) 0.5 mg/ml

3: NMSNAADUUITEANSATNVBILAULTULYDS
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Buffer type Migration time (min)

PBS 10.19
PBSTos 8.25

PBS + 1%BSA 14.30
PBTTos 12.05

$115997 1 M151UEAITZEZIIAT MAb-AUNPS LARDY
ludsurugadudmsuansumanusenaumeinines
YUAMY 6] VULHUTDITUAIDE

Tanaeauande 0.025 pg/mL(g‘Lh’?i 9) d1usu

ANSNAEDUUTY ?m%mwﬁwaumuma%

f\]’]LUumENiJﬂ’]’i“V]G]ﬁE)UﬂUG]’JE]EJ’N‘LJ’]a’]EJf\]Nﬁ]’mN
Andiolhsasusniautlussaysng 9 \fiesneyd
ﬂ'm'mmsummmm HBsAg mmammu’tuwﬂw
uwayselilonaaeuwwesiUSIegg positive
LAy negative ieRiulraa1A11nlinay
AUTWNE WUITAVINAU 83.33% wag 100%
AUEIU (1157971 2)

Armduduuns HBsAg (ug/ml)

U7 9 (A) uansnsmaNuFuRLSsEuinsaAad
La9wed T-line AUAMUUUTUYDIAITALANY HBsAg
Tuthaneifisn fnududu () 0.5 ul/mL (C) 0.25
uL/mL (D) 0.1 uL/mL (E) 0.05 uL/mL (F) 0.025 uL/mL

Www.1sjos.org

HBsAg present HBsAg absent
Positive 10 (True positive) 0 (False positive)
Negative 2 (False negative) 8 (True negative)

MN15799N 2 NS ILAAINANISNAAD UL ULYDSA2Y
fNBE1 positive LA negative

4. a3UNaN1INAaY
TunrsWaunsuwassianisiualuwun
Sumummumsmaaiiﬂ%samuaﬂLauumﬂ
Yrae Tnen1s@nwrnnisimuisanuuLdy
nadeuielddusunTaneudiaulSasusniay
Flutinae Usznouludie 1. nsAnyialu
L WUTUVDY polyclonal antibody UuLdUNA@aU
WUIIAULTUTUVBY polyclonal antibody Ul
Eunadeuivmungaude 1.5 mg/mlL 2. nMsAnY
USU1M5U89 MAb-AUNPS ULLHUABULAR WU
USUIMSUBI MAb-AUNPS UuLLcJuﬂau{gmmﬁ
WN1zduAe 4 pl wag 3. n15nadausinved
Tltes wusn PBSTos tHudinesimunsay
TsLUNAZEULAILNTIRTIIVIATIALDURLIY
h¥agusnaudlutatedionldde 0.025 ug/mL
fren1tUan tagdiaduly i 83% wazd
AU AN AU 100% Setunauwuwesi
WarnguiJuuwe Sduuuumadennieiide
wazliegaanndmsunisnsamueusiauldadu
smaudlutany uazdiaursailudesen
Wagiganngivdlaluauian
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yavauAm A5. AlsTad \Foufing fidae
atfuayuuagliduuginisafunsmaasaiu
28197 YavauAnan1TUIIumAlulagdinaw
wagiAinssuugrans nnolddeinves
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