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Biosensors
A biosensor is an analytical measuring tool 
comprised of a biological element of known 

molecular properties tightly coupled to a physical 
transducer responsible for converting the 

biological signal into quantifiable information.
(chemical or physical signal)



Principle of biosensing operation

Kaewphinit T, et al. (2013). Chapter 9: Quartz Crystal Microbalance DNA Based Biosensors for 
Diagnosis and Detection: A Review, Sensors and Biosensors, MEMS Technologies  and  its  Applications, 
Advances  in Sensors : Review, Vol.2



Receptors Transducers

- Tissues - Optical
- Organelles - Electrochemical
- Cell receptors - Thermometric
- Enzymes - Piezoelectric
- Antibodies - Magnetic
- Nucleic acids - Colorimetric
- Synthetic receptors ect. - Lateral flow



Piezoelectric biosensors
Piezo-electric crystals (e.g. quartz) vibrate under the 
influence of an electric field. The frequency of this 
oscillation (f) depends on their thickness and cut, each 
crystal having a characteristic resonant frequency.

Mass sensitive 

˜



QCM DNA based biosensor system in 
real time component 4 parts. (1) data 
recorded by
a computer with the aid of LabVIEW
interface software; (2) QCM device as 
oscillation counting device was used 
for measuring the frequency shift of 
the quartz crystal after the addition of
immobilization material; (3) flow cell 
detection and (4) peristaltic pump.

Kaewphinit T, et al. (2013). Chapter 9: Quartz Crystal Microbalance DNA Based Biosensors for 
Diagnosis and Detection: A Review, Sensors and Biosensors, MEMS Technologies  and  its  Applications, 
Advances  in Sensors : Review, Vol.2



Optical based biosensor

Light sourcedetector
Ckumdee J, Santiwatanakul S,  Kaewphinit T. (2017). Development of a 
rapid and sensitive DNA turbidity biosensor test for diagnosis of katG
gene in isoniazid resistant Mycobacterium tuberculosis.
IEEE SENSORS,1 - 3



Colorimetric based biosensor
A colorimetric detection method using gold nanoparticle-
functionalized visible color changes are easily observed

Pos Neg Pos Neg

Kaewphinit, T.,Ckumdee, J., Chansiri, K., and S., Santiwatanakul. Development and Evaluation of a Loop-mediated 
Isothermal Amplification Combined with Au-nanoprobe Assay for Rapid Detection of Mycobacterium tuberculosis. 
Indian Journal of Medical Microbiology. 2017; 35(2):302-304



Lateral Flow based biosensor

Kaewphinit, T., S., Santiwatanakul and K., Chansiri. “The 
Detection of Tuberculosis by Loop-Mediated Isothermal 
Amplification (LAMP) Combined with a Lateral Flow 
Dipstick.” Handbook of Research on Diverse Applications of 
Nanotechnology in Biomedicine, Chemistry, and 
Engineering. IGI Global, 2015. 269-300. doi:10.4018/978-1-
4666-6363-3.ch013



Biosensor applications
Medical 
Infectious disease
- TB, MDR, XDR - Rickettsia
- Lymphatic filariasis - Trypanosome
- Heartworm - Samonella
- Listeria - Campylobacter
- Dengue fever virus - HBV, HCV
- Alzheimer's disease - MRSA
- Group B Streptococcus - Chlamydia & Gonorrhea

Agriculture 
-Pineapple 
Mealybug Wilt associated Virus

- Rice contamination
10



Awards
• International Invention Exhibition award 40 medals
• National Research Council of Thailand (NRCT) award
-ชุดตรวจวัณโรคและวัณโรคด้ือยา รางวัลผลงานประดิษฐคิดคนระดับดีมาก ประจําป  2559

-ชุดดีเอ็นเอไบโอเซนเซอรแบบแถบเพื่อใชในการตรวจวินิจฉัย เช้ือซัลโมเนลาในผลิตภัณฑอาหาร รางวัลผลงานประดิษฐคิดคน

ระดับเกียรติคุณ ประจําป  2557

-ชุดการพัฒนาการวินิจฉัยการติดเช้ือวัณโรคชนิด มัยโคแบคทีเรียม ทูเบอรคโูลซิส ดวยดีเอ็นเอเซนเซอร รางวัลผลงานวิจัย

ระดับดีเยี่ยม ประจําป  2556

-ชุด DNA biosensor สําหรับตรวจหาเช้ือวัณโรคชนิด Mycobacterium tuberculosis รางวัลผลงานประดิษฐคิดคนระดับดีเดน 

ประจําป  2555

• Technology Licensing Office (Bioadvantech Co, Ltd.)
TB, MDR-TB (Rifampicin & Isoniazid)

• 14 patents



Tuberculosis (TB)
TB is an airborne infection caused by the 

Mycobacterium tuberculosis (MTB) bacteria. 
World Health Organization (WHO) described 
that TB is a persistent difficulty in developing 

countries and ranks as the second leading cause 
of death from an infectious disease worldwide 

after the human immunodeficiency  virus  (HIV)



Epidemiology

WHO reported 6.3 million new cases of TB in year 2016.
Millions of people are diagnosed and successfully treated for TB each year, 
averting millions of deaths (53 million 2000–2016)



TB in THAILAND
The country with a population of nearly 64 million, 
with about 93,000 new cases each year and smear 
positive TB prevalence by about 16% of the nearly 
130,000 people who are also HIV positive.



แผนยุทธศาสตรร์ะดบัชาต ิ ปี 
2558-2562

ค้นให้พบ จบดว้ยหาย 
พฒันาเครอืขา่ยและระบบดแูล 

เพือ่ลดการป่วย ลดการตาย การขาดยา 
และป้องกนัเชือ้ดือ้ยา



“วณัโรค” ปญัหาระดบัชาติ
ความคุ้มคา่กบัการรกัษา
วณัโรค 2,600-6,000 บาทตอ่ราย เวลา 6-9 เดอืน
วณัโรคดือ้ยา 200,000 บาทตอ่ราย เวลา 12-18 เดอืน
วณัโรคดือ้ยารุนแรง 1-2 ลา้นบาทตอ่ราย เวลา18-24 เดอืน

หากไมไ่ดร้กัษาให้กบัผู้ป่วยเหลา่นี้ มโีอกาสทีเ่ชือ้วณัโรค 
ดือ้ยาจะมกีารแพรก่ระจายไปสู่ประชาชนเพิม่มากขึน้



• Cultivation
• AFB smear
• Molecular methods 

– PCR & Real time PCR
– Genexpert
– GenoType Mycobacterium 

Laboratory TB diagnosis



LAMP
Novel developments in molecular diagnostic 
techniques have demonstrated the possibility of 
DNA amplification under isothermal conditions, 
without thermal cycling. These method can 
amplify DNA termed loop-mediated isothermal 
amplification (LAMP) by high specificity, efficiency 
and rapidity under isothermal condition.



LAMP

Kaewphinit, T., S., Santiwatanakul and K., Chansiri. “The Detection of 
Tuberculosis by Loop-Mediated Isothermal Amplification (LAMP) Combined 
with a Lateral Flow Dipstick.” Handbook of Research on Diverse Applications 
of Nanotechnology in Biomedicine, Chemistry, and Engineering. IGI Global, 
2015. 269-300. doi:10.4018/978-1-4666-6363-3.ch013



Kaewphinit T., Arunrut N., Kiatpathomchai W., Santiwatanakul S., Jaratsing P., Chansiri K. (2013). Detection of 
Mycobacterium tuberculosis by using loop-mediated isothermal amplification combined with a lateral flow 
dipstick in clinical samples. Biomed Research International, Volume 2013 , Article ID 926230. 
http://dx.doi.org/10.1155/2013/926230.

M. tuberculosis (MTB),
M. intracellulare (MIC),
M. fortuitum (MFT), 
M. avium (MAV), 
M. kansasii (MKS), and M. gordonae (MGD).5 pg



Our method

Rapid, ease to use

High sensitivity and specificity

+



Lateral flow for TB

5 pg of genomic DNA target



Kaewphinit T., Arunrut N., Kiatpathomchai W., Santiwatanakul S., Jaratsing P., Chansiri K. (2013). Detection of 
Mycobacterium tuberculosis by using loop-mediated isothermal amplification combined with a lateral flow dipstick in 
clinical samples. Biomed Research International 926230,http://dx.doi.org/10.1155/2013/926230.



MDR-TB



Ckumdee, J., Kaewphinit, T., Chansiri, K., and 
S., Santiwatanakul.  Development of Au-
nanoprobes combined with Loop-mediated 
isothermal amplification for detection of 
Isoniazid resistance in Mycobacterium 
tuberculosis. Journal of chemistry. 
2016:3474396.

Primer design



TB



MDR-TB

TB



https://www.youtube.com/watch?v=mS1zgd2HDVk

Commercialized product





TB D-tect



TBDR D-tect





The agency certification by BUREAU OF TUBERCULOSIS



The agency certification by BUREAU OF TUBERCULOSIS



คณะผูว้จิยั



Q&A
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