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Nuclear Technique for Infectious Diseases

X, Photo Credit : BATAN, Indonesia

IVI ost infectious diseases in humans originate

At least 6 out of 10 from animals. At least 6 out of 10 infectious diseases

infectious diseases originate from animals. Scientists found that more than

originate from ani- . ) ) ) . .
. 75% of infections in animals are zoonotic, i.e., disease
mals. Scientists

R R e and information are passed from animals to hu-

than 75% of infec- mans. Every year, more than 2 billion people suffer
tions in animals are from zoonotic diseases, and about 3 million of them

zoonotic. ) ) )
die from these diseases. Commonly known zoonotic

diseases are Ebola, SARS, and Covid-19.
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Zoonotic and ZODIAC

Zoonosis is an infectious disease that is transmitted from animals to humans. Infection can be
caused by disease-causing microorganisms (pathogens), such as bacteria, viruses, or para-
sites. Pathogens of animal origin can move and develop in the body. This allows these organisms
to infect and cause infectious diseases among humans. Zoonotic diseases can cause many differ-
ent types of illness, ranging from mild symptoms like the common cold to severe symptoms and

even death.

Globalization, population growth, and urbanization are increasing the movement of people and
more people living closer to each other, increasing the risk of disease transmission. Meanwhile,
changes in the environment that are influenced by human activities, such as industrial planta-
tions, logging, hunting, and animal husbandry, are bringing the interactions of wild animals closer

to humans. This can increase the risk of zoonotic disease outbreaks.

The spread of disease affects human health and can impact welfare, and cause economic loss-
es. Its effects are often felt by vulnerable groups such as children, the poor, the elderly, and peo-

ple with low immune systems. Most of the victims of infectious diseases are in developing

How do pathogens spread between
animals and people?

Vector-bome
Contact with a living organism
that carries the disease pathogen

Direct contact
Coming into contact with the
bodily fluids of an infected animal

Indirect contact

Coming into contact with areas whera
animals live and roam, or surfaces that
have been contaminated with pathogens

Foodborne
Consuming infectad food

Waterborne
Drinking or coming
into gontact with
contaminated water
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countries, especially in poor communities that do not have good healthcare systems.

Managing infectious diseases is also becoming more challenging due to the increasing re-
sistance of some pathogens to antibiotics, the re-emergence of vaccine-preventable diseases,
or available treatments. Many countries are not prepared to accurately diagnose this infection
early, increasing the risk of its spread. This has prompted the IAEA to further strengthen the
readiness and capacity of member countries in responding to the threat of zoonotic diseases,
such as Covid-19, which continues to develop dynamically. Zodiac (Zoonotic Disease Integrated
Action) is a program with a systematic and integrated approach that supports the capacity for
early detection, prevention, and control of possible zoonotic disease outbreaks by utilizing nu-

clear techniques.

The ZODIAC project will facilitate collaboration between national veterinary laboratories and
global veterinary experts in developing R&D facilities and programs within the scope of detec-
tion and initial discovery of zoonotic pathogens directly at their source of origin (in the environ-
ment, in domestic animals, wild animals, and carrier vectors). In this way, it is hoped that the
countries involved will build a response framework for control and prevention measures re-
sponsive to possible zoonotic disease outbreaks. Around 139 countries will be actively involved
in this project, including Indonesia, which has participated in zoonotic disease research through

the VETLAB network of partnerships.

Photo Credit : IAEA
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Contribution of nuclear technique to the prevention and detection of infectious diseases

Before the Covid-19 pandemic, nuclear
techniques and derivatives were widely
used to handle animal and zoonotic disease
outbreaks. For example, through isotopic
techniques for the detection and monitor-
ing of animals/viruses, molecular tech-
niques/nuclear immunology developed
with nuclear techniques, ionizing irradia-
tion technology for vaccine development
and medical devices/materials, medical
scanning, and other modern methods such
as omics and genomics that are useful for
studying the mechanism of the body's im-
mune response and detailed characteriza-

Photo Credit : BATAN, Indonesia tion of the pathogen and its evolution.

One of the most widely used and accurate laboratory diagnostic tests is real-time reverse tran-
scription quantification-polymerase chain reaction, commonly called real-time RT-PCR. It is a nu-
clear-derived method that can detect the presence of specific genetic material in any pathogen,
including viruses. This method used radioactive isotope markers to detect the targeted genetic
material, but later, isotope labeling was replaced with unique markers, such as fluorescent
dyes. In this way, scientists can see the desired result in real-time, while the conventional RT-PCR
method only gives the result at the end of the process. Diagnostic results using RT-PCR allow
health care professionals to provide treatment to patients, including tracking the virus and taking

measures to control its spread.

HRBIOB) R0 ®& 2022 15
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Currently, real-time RT-PCR is one of the most widely used methods to detect and charac-
terize the Covid-19 virus. However, this method has also been applied to other diseases,
such as dengue fever, Ebola, and Zika. When new disease outbreaks emerged in 2015 and
2016, experts were not clear on the cause, and the RT-PCR method helped determine that
the outbreak was caused by the Zika virus and not another virus such as dengue. RT-PCR
was used to detect the Zika virus in people infected during the epidemic, declared a health

emergency by WHO in January 2016. The epidemic was declared over in November 2016.

The existence of RT-PCR is very vital in disease management. Covid-19, for example, has
almost the same symptoms as dengue fever, making the diagnosis process more difficult. If
there is a misdiagnosis, then the management and control of the disease become more
complicated. The existence of an accurate test such as RT-PCR becomes essential in this
situation. At the pandemic’s beginning, the IAEA provided technical assistance to more
than 130 member countries by sending 1950 RT-PCR, diagnostic kits, and related
items. Indonesia, one of the beneficiary countries, has utilized this equipment to handle
outbreaks and increase capacity and readiness in managing the potential spread of zoono-

tic diseases in the future.

f

Photo Credit : Times of Indi
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STERILE INSECT TECHNIQUE (SIT)

A method of biological insect control

Photo Credit : www.drishtiias.com
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Mass-rearing of Male and female insects The sterile male ...where they compete These females lay eggs
insects takes place are separated. lonizing insects are released  with wild males to mate that are infertile and
in special facilities. radiation is used to over towns or cities... with females. bear no offspring,

sterilize the male insects. reducing the insect

population.

In addition to diagnosing and tracking diseases in humans, experts have been looking for ways to
reduce the spread of vector-borne diseases, such as the Aedes mosquitoes that cause fever or the
female Anopheles mosquitoes that cause malaria. One option being considered is to use a nuclear
-based insect birth control method called sterile insect techniques (SIT). The challenge of using
this technique is to ensure that only male mosquitoes are sterilized and released, including devel-
oping a more efficient trapping system. In addition, releasing these fragile insects has also be-
come challenging for researchers in the field. In Indonesia, the SIT technique has been used to
control the dengue spread in certain areas, such as Jakarta, West Bangka, and Tangerang. As a
result, this technique has succeeded in reducing the mosquito population significantly, and the
cost of control can also be reduced compared to conventional methods, such as the use of harm-

ful chemicals used as raw materials to suppress the Aedes mosquito population.

In addition to these techniques, the most common nuclear applications, namely medical imaging
such as radiology and nuclear medicine, can also be used to quickly and accurately diagnose dis-
ease, including monitoring the body’s condition. In this way, the potential spread of disease can
be controlled more precisely. However, this technique can only be used if the illness or infection
shows symptoms at an early stage and is similar to other diseases. For Covid-19, for example, X-
rays, chest computed tomography (CT), and lung ultrasound are the most frequently used tech-

niques to evaluate Covid-19 patients.
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Several hundred years after the first vaccine was made, many vaccines have been successfully
developed worldwide. Vaccine development is usually based on attenuation or inactivation of
pathogenic microorganisms, where chemical or physical methods are used. The idea of using ir-

radiated pathogens is not new and has been documented in the literature since the early 1960s.

Radiation can penetrate pathogens and specifically target nucleic acids but does not damage an-
tigenic proteins on the surface. The use of gamma radiation is also safer and more effective than
other techniques for virus inactivation. Other advantages of this technique over the use of the
inactive form of the vaccine are the ability to inactivate large quantities, the vaccine ingredients
in tightly sealed packaging can be directly irradiated, and there is no need to remove chemical
residues after inactivation because it does not require additional chemicals or other compounds

that are traditionally used for deactivating virus.

In vaccine development, radiation technology can be applied in various ways. One approach is
to expose the pathogen, such as a virus with high doses of gamma radiation to completely inac-
tivate the pathogen, or use a low dose of irradiation to stop the replication or disease-causing
ability of the organism while the organism is still metabolically active. Another approach, an irra-
diated pathogen, is used to increase or refine the immunogenicity of another related or unrelat-

ed microorganism contained in the vaccine.

When a virus that is weak and unable to replicate or reproduce and does not cause infection is

given to the body, it will trigger an immune response by forming antibodies to deal with the

Photo Credit : ADB
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virus. Compounds that increase the effectiveness of these vaccines are called adju-

vants and are usually used in the vaccine preparation process.

Besides being used directly, radiation technology can also be used indirectly to in-
crease the effectiveness and safety of vaccines. Vaccine irradiation is carried out to
ensure that no infectious, contaminating organisms are in the formula used for inoc-
ulation. Vaccine adjuvants may also be irradiated to modify structure (e.g., polymeri-

zation) to enhance immunological or protection effects.

The use of radiation technology in the manufacture of vaccines has also been ap-
plied in Indonesia, initially for livestock but later for human vaccines. In 2003, re-
searchers at BATAN conducted a study related to gamma irradiation on the growth
of Streptococcus agalactiae as a vaccine material for mastitis in dairy cows. In addi-
tion, Brucellosis irradiation vaccine and irradiation vaccine are being developed to

prevent Fasciolosis in livestock.

With the development of technology and the need to protect people, irradiation vac-
cine research is conducted to develop a vaccine for humans. At first, for malaria vac-

cines and then with the Covid-19 pandemic, research is directed to support the de-

velopment of Covid-19 vaccines. Research for malaria vaccines was developed over a

decade ago using gamma radiation to weaken malaria parasites in the blood stage
for vaccine preparation. Meanwhile, research for the Covid-19 vaccine began in 2020

by utilizing gamma irradiation in vaccines and anti-serum for sterilization purposes.
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- Nuclear Technology has a wide range of applications in many fields that can make a
significant contribution to the development of medical, agricultural, industrial, en-
ergy and environmental sectors of a country. In Sri Lanka, SLAEB has the responsi-
bility of facilitating the utilization of nuclear technology in the above-mentioned
sectors and providing services with special regard to safety and security. We are
providing wide spectrum of services to fulfil the needs of Sri Lankan Business and
Research Communities using Nuclear and Radiaton Technologies. Our competent
human resources together with modern laboratory facilities provide services ac-
credited for international standards.
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Ministry of Power

State Ministry of Solar, Wind and Hydro Power Generation Projects Development

NATIONAL SERVICE PROVIDER ON NUCLEAR & RADIATION TECHNOLOGIES

We are providing wide spectrum of services to full fill the needs of Sri Lankan business and research

communities using Nuclear and Radiation Technologies. Some of them are...,

*  Gamma spectrometry for food and other commodities *  Microbial testing services for food and medical products

*  Gamma sterilization of medical products and food items *  Radioactive waster management

*  Non destructive testing services *  Provision of trainings on non destructive testing

*  Radiation exposure monitoring using TLDs *  Provision of trainings on radiation safety and security

*  Workplace monitoring for radioactivity and contaminations *  Provision of analytical services using ICPMS and IRMS

*  XRF analysis for gems, alloys and cultural artifacts *  Calibration of radiation measuring instruments

*  Analysis of water quality *  Manufacturing of radiation detection kits for school children

*  Consultancy services *  Repair and maintenance of radiation measuring equipment
Central Laboratory Complex Sri Lanka Gamma Centre National Centre for Non-Destructive Testing
60/460, Baseline Rd, Orugodawatte, Wellampitiya. BEPZ, Block A, Walgama, Malwana. 977/18, Bulugaha Junction, Kandy Road, Kelaniya.
Tel: 0112533427-8 Fax: 0112533429 Tel: 0112487756-7  Fax: 0112487758 Tel: 0112987854-6 Fax: 0112987851

E mail: officialmail@aeb.gov.lk Web : www.aeb.gov.lk Email: officialslgc@aeb.gov.lk E mail: anura@aeb.gov.lk
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Neutrinos: Ghostly particles of the Universe
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