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A commitment to regional self-reliance

Control through improved diagnosis

Effective prevention, diagnosis, and treatment

Responsible for the largest disease burden in the

Control through early detection of drug resistant strains

Preventing long term consequences

A closer look

Control of infection and infectious diseases is an international priority. Worldwide
infectious diseases are responsible for an estimated 13 million deaths each year,
exacting a large and disproportionately high toll in developing countries. Forty-three
percent of all deaths in developing countries are due to infectious diseases, whereas
the corresponding figure for developed countries is only 1%. A large proportion of
these deaths could be prevented if timely diagnosis and effective treatment were
available locally.

Loss of life or productivity due to infectious disease is not just a health matter, it also
has an important social and economic impact on individuals, families, regions, and
countries. According to the World Health Organization, infectious diseases are now
the world's largest kilier of young adults and children. Hundreds of millions of people
are disabled by infectious disease. The economic impact of repeated episodes of illness
and long term disability is a major cause of underdevelopment in many countries
today. For example, according to the WHO 1999 Infectious Disease Report, malaria
alone has cost Africa billions' of dollars in the past decade. More recently, a WHO
study estimates that maiaria slows economic growth in Africa by up to 1.3% each year
and that malaria-free countries average three times higher gross domestic product
per person than do malarious countries.

This brochure highlights the role of the International Atomic Energy Agency (IAEA) in
disseminating nuclear techniques to combat infection and infectious disease. Some
of the techniques are used to diagnose and manage infectious diseases of serious
concern to developing countries — maiaria, tuberculosis, hepatitis, and Chagas
disease. Other techniques are used to detect infection sites in the body, in bones, and
organs. The challenges posed by infection and infectious disease and the nuclear
techniques that the Agency offers for support illustrate how nuclear techniques can be
used to combat infection, even when only limited resources are available, by working
in partnership with developing and developed Member States and other international
agencies, particularly the World Health Organization.

Infection is caused by invasion of the body by a
disease-causing organisms (pathogens), such as
bacteria, fungi, protozoa, rickettsiae, or viruses. The
pathogen may be transmitted by:

disease that can be caused by several viruses,
among which hepatitis C virus is particularly aggressive, since it is the frequent cause of chronic liver
disease and liver cancer.

a patient or a healthy carrier
(TB, urinary tract infections)

animals or insect vectors
(malaria, Chagas disease)

For most applications, nuclear techniques compliment conventional diagnostic techniques. For some
applications, however, the nuclear techniques are
unique and offer certain advantages. For infection
and infectious diseases, nuclear techniques can:
provide sensitive and fast diagnosis

injection of contaminated
material (hepatitis, Chagas
disease, malaria)
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food or water
(hepatitis, Helicobacter pylori)

an infected mother to an infant
during pregnancy or birth
(hepatitis, malaria, Chagas
disease)

Pathogens may be present everywhere in soil and in
animals, using the animal as an intermediate host or
living as "commensals" on its body. The most common
routes of infection of humans are through wounds,
bites, or mucous membranes, and blood transfusion.
Many diseases that were recently thought to have
been on the verge of complete eradication have
re-emerged with renewed vigour, this time, only too
frequently, made even more serious by the drug
resistance developed by the pathogen.
Some diseases (previously classified as "non-communicable" diseases) have been re-classified, now
recognizing that they are actually the result of an
infection. Helicobacter pylori, is one such pathogen,
now recognized as being responsible for most cases
of peptic ulcer disease and associated with stomach
cancer. Several diseases are caused not by one, but
by several organisms. Hepatitis is an example of a

help monitor the spread of infectious diseases
allow identification of drug-resistant organisms,
faster and cheaper than other methods
> confirm whether a drug is working
v

allow detection of organisms that are particularly
virulent (aggressive and cause more serious
illness)

Together with conventional methods, these techniques provide accurate and cost-effective control of
disease. Several important infections and infectious
diseases are currently the focus of the Agency's
activities, namely, Chagas disease, hepatitis, malaria,
tuberculosis, urinary tract infections, and Helicobacter
pylori infections.
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Nuclear techniques can be either in vitro or in vivo. In
vitro methods make use of samples taken from the
patient, such as blood, while in vivo methods involve
the direct examination of the patient, usually with
specialized equipment.

Nuclear Techniques
A wide range of nuclear techniques can be
used to help doctors diagnose and manage
infections and infectious diseases. What all
have in common is that they make controlled
use of radiation or radioactivity. Radiation is
really a release of energy. Detecting this
release of energy is the basis of nuclear techniques used in medicine. For example, a
patient can be exposed to a controlled beam
of radiation and the results detected by a
gamma camera. Or blood samples can be
tested with radioactively-labelled probes that
detect the presence of a specific pathogen.
The IAEA provides training, equipment,
expertise, and support to help Member States
use this technology to reduce the impact of
infection and infectious diseases. Certain of
these techniques are described in more detail
in the back section of this brochure.
Radioimmunoassay and
Immunoradiometric Assay

There are essentially two types of in vivo techniques:
imaging and non-imaging. The most commonly used
is the imaging technique. After giving a patient a
radioactive material or radiopharmaceutical (usually
intravenously), it accumulates in the target pathological area and can be detected by external equipment.
The detected radioactivity is the basis for the creation of images called scintigrams. The scintigram
provides information on the location, extent, and, in
some cases, type of disease, for example urinary
tract infections. In some circumstances, the radiopharmaceutical used will accumulate only in normal
tissues and not in the pathological area. In this case,
should diseased or damaged tissue interfere with
distribution of the radiopharmaceutical, the resulting
scintigrams will show a defect in the otherwise normal distribution patterns of activity. The other in vivo
nuclear technique is non-imaging, where part of the
radiopharmaceutical administered to the patient
(usually by ingestion) is eventually measured from
samples, such as blood or breath. For example, nonimaging techniques can be used to diagnose
Helicobacter pylori infections.

Molecular Methods
Nuclear Imaging
Non-Specific Organ Imaging
Scintigraphy
*'/

In vitro techniques commonly use radioactively
labelled compounds to detect pathogens or signs of
infection from blood samples. Examples of the techniques used to diagnose infectious diseases include:
radioimmunoassays (RIA), immunoradiometric assay,
and molecular methods. RIAs identify the pathogen
responsible for an infection by using antibodies and
isotopes. Not only can they detect the presence of a
disease, such as hepatitis, at an early stage, but also
can help to identify the carriers of infection, determine
the infectivity of the disease,
and predict response to treat- •»«••
ment. Radionuclide molecular
2J«« mm * mmm '* mmm
methods use radioisotopes and
the polymerase chain reaction
to detect the genetic material of
a pathogen. These methods
have been developed for rapid
and sensitive detection of infectious agents and play a very
important role in the epidemio- *»•»
logical study, management, and «•*»
prevention of a number of infectious diseases, such as malaria
and tuberculosis.

The Agency plays an important role in developing, evaluating, and transferring nuclear techniques targeted
to diagnosis and management of infectious disease.
These activities are delivered through Co-ordinated Research Projects (CRP), Technical Co-operation (TC),
and Information Exchange.
Through these elements of programme delivery, the IAEA helps medical centres adapt nuclear techniques to local
conditions and needs. Thanks to the Agency' s assistance, several institutes have attained self-sufficiency.

CRPs are usually designed to adapt a nuclear technique to address a diagnostic or management issue and
then to evaluate its effectiveness. Over the last ten years, a series of CRPs related to infections have been
initiated. Co-ordinated by the Agency and run by a network of research institutions that agree to work together,
the aim of the CRPs is to promote high quality research, mainly in developing countries. The Agency organizes research meetings and other information exchange and sponsors the publication of the research
outcomes. Very few CRPs develop new techniques; more often they are used to validate or adapt existing
techniques to the situation in the developing country. CRPs very often lead to direct transfer of the techniques
under Technical Co-operation.

ATC project might be undertaken to transfer
a mature technique for actual clinical use.
TC projects can be national or regional
and involve one or several countries.
These projects are targeted to meet
priority health needs of developing
countries. The techniques may be
transferred as start-up help or in an
effort to broaden the use of already
existing techniques.
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Technical co-operation can also include
expert missions, training, and equipment. To strengthen local self reliance,
the Agency offers experts for on-site
teaching. Nuclear techniques can be transferred most effectively when receiving institutions have the trained personnel, laboratory
space, appropriate equipment, and maintenance
in place. To facilitate this, the Agency trains scientists
*~" -—~
through fellowships and workshops and may offer
needed equipment and supplies. Once transferred, these
techniques can be used immediately as part of public health
control efforts or can lead to the production of test kits and reagents for local or
regional use.
The Agency supports the safe transfer of nuclear technology to developing
Member States by facilitating procurement and safe transport of radioisotopes,
by organizing training courses addressing safe handling and proper disposal of
radioisotopes, by producing cost-free publications related to safety issues,
and by providing extensive amounts of safety equipment, such as Geiger
counters and protective shields. Only those laboratories with the proper infrastructure and legislation required for safe handling of radioisotopes are considered for IAEA supported projects.

The Agency organizes and
sponsors seminars, symposia,
and international conferences.
It publishes technical documents
(TECDOCs), technical report series,
proceedings, handbooks, and manuals,
including on the safe use and disposal of
radionuclides. It also maintains the world's
leading information system, the International
Nuclear Information System (INIS), on the
peaceful uses of nuclear science and technology,
which contains some 2 million scientific references. Detailed information is available on the
Division of Human Health Homepage:
http://www.iaea.or.at/programmes/nahunet/
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Chagas disease is serious infectious disease,
frequently leading to chronic illness and sometimes
death. It is caused by the parasite, Trypanosoma
cruzi. Humans become infected through contact with
faeces of Triatomine insects (reduviid bugs or "kissing bugs") that harbour this parasite. The disease
exists only in the American continent and is prevalent
in endemic areas of Latin America, where it affects
some 18 million people. An estimated 100 million
people, or 25% of the Latin American population, are
at risk of acquiring Chagas disease. In some parts of
Latin America, it is the leading cause of cardiac
death in young adults.
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A reduviid bua as it feeds and drops faeces on h
There are two stages of the disease.
The World Health Organization's strategy for controlling Chagas disease involves eliminating the
insect vector for the disease (reduviid bugs) and
preventing spread of the parasite through blood
transfusion by systematic screening of blood donors
in endemic countries.
Recently, governments in Argentina, Bolivia, Brazil,
Chili, Paraguay, and Uruguay have committed to
interrupt the spread of Chagas disease through
blood transfusion.

The first, the acute stage, occurs shortly after infection by the Trypanosoma cruzi parasite. Symptoms
are usually mild and include fatigue, fever, diarrhoea,
and other non-specific complaints. Few infected
persons will have symptoms.

The reduviid bugs infest the warm, dark interior of
poorly constructed buildings, living in the holes or
cracks in the wails, floors, and ceilings. Houses with
thatched roofs or earthen walls are especially at risk
of such infestation. These photos show how reduviid
bug infestation can happen. Cracks in the hardened
mud exterior around the wooden beams are perfect
places for bugs to enter the home and reproduce.
People living in infested homes are at risk of being
bitten by the bug and possibly contracting Chagas
disease.
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Because these bugs tend to bite at night
while people are sleeping, bites more
commonly occur in uncovered areas
such as the face. The skin around the
bite can be swollen and inflamed for several weeks, resulting in the red raised
sores and swollen eyes pictured here.
Should they become infected from such
a bite, children and young adults are at
risk of more serious disease. In order to
determine whether or not infection has
occurred as a result, laboratory tests will
be required to make the diagnosis.

Diagnosis in the acute and chronic stages can be
made using several laboratory methods: identification of antibodies; direct microscopy; xenodiagnosis;
and molecular methods.
Identification of antibodies to T. cruzi has been widely
used. This approach, however, occasionally gives
false positive results if there are other infections
present, such as Leishmaniasis. False positive results
are those which appear positive but are, in actual fact,
negative.

Molecular methods are one of the most sensitive
available for the diagnosis of Chagas disease; as
few as one or two parasites can be identified from a
small sample of blood. This makes the method
particularly suitable for diagnosis of chronic infection
when there are not enough parasites circulating in
the blood to be identified by conventional methods.
The high degree of sensitivity is achieved by using
the polymerase chain reaction (PCR) technique,
which multiplies a piece of parasite genetic material
a million fold so it can then be easily detected.

I '
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Radioactively labelled probes can be used with the
PCR technique to specifically detect the presence of
the parasite or to identify different strains of T. cruzi.
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The second stage or chronic stage, occurs years
after the initial infection, some 10 to 20 years later.
The Xenodiagnosis technique involves feeding a
patient's blood to 40 uninfected reduviid bugs and
examining their intestinal contents for parasites one
month later. This is a slow, laborious technique that
lacks sensitivity.

Direct
microscopy,
essentially visualizing
the parasites using a
microscope, requires
the presence of many
parasites in the blood
and has a low sensitivity. Although it can be
used in the acute
phase of the disease
when there are higher
numbers of parasites
present in the blood, it is not a very effective method
and is, therefore, not clinically attractive.

Approximately one third of infected persons will
develop chronic infection, which is more severe and
can affect the heart, oesophagus (gullet), or colon
(main part of large intestine). It can also be fatal.

PCR. Technique
The polymerase chain reaction (PCR) uses
deoxyribonucleic acid (DNA) or ribonucleic
acid (RNA) and multiplies them into easily
measured amounts. The fundamental principle of applying the PCR in diagnostics is that,
if a given DNA fragment is present, it will be
multiplied by, perhaps, a million fold through
the reaction, yielding so much of the substance that it can be detected easily. The
process begins by heating the DNA fragment
to separate it into two strands. An enzyme
which copies DNA, DNA polymerase, is then
added to create two complete copies of the
original fragment. By repeating this process,
millions of copies of the original DNA fragment
can be made in as little as one hour. Radiolabelled nucleic acid probes, which attach to
DNA fragments at the molecular level, can
then be used to identify the DNA fragment.
This is a very sensitive and specific method,
requiring only a small sample of blood. The
million-fold amplification permits accurate
A
,•
detection of very small
-(| $K ;;
numbers of pathogens,
•'• t '',."£v..v. ,'
such as might be
' '-\^'f^, ' ''"
present in cases of
''.-'''Ct^A ®
tuberculosis or Chagas
. ; ^f/^,
disease. It is possible
„.< \ *
to detect infection much
'. - •;"5,"
earlier than with conventional methods, thereby reducing the
severity of illness and the risk of death as a
result of earlier treatment.
See page 26

Between 1991 and 1994, the Agency ran a CRP to
develop molecular methods using radiolabelled
probes to identify T. cruzi. The results of this promising
project led to the development of a regional technical
co-operation project involving nine Latin American
countries (Argentina, Bolivia, Chile, Colombia,
Ecuador, Guatemala, Mexico, Peru, and Venezuela).
Pivotal to this TC programme, the CRP, and the
Agency's commitment to regional self-reliance was
the institute in Brazil,
which generated and
verified the methodology, and played a leading role in technology
transfer in the regional
TC project.
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Section of damaged heart wall taken from a patient who died
from Chagas disease. Damaged area (arrow) shows intense
pericarditis, mononuclear cell infiltrate foci, and fibrosis.
Inset B shows PCR results. Lanes 1, 3, 5, 7 amplicons of
T. cruzi minicircle DNA; lanes 2, 4, 6 amplicons of the human
beta globulin gene. Lane 7 amplicon derived from T. cruzi
DNA. Lanes 1 and 2 show results for the above mentioned
Chagas disease patient. Lane 1 is clearly positive for!, cruzi.
Lanes 3, 4 and 5, 6 are derived from control patients

The use of molecular methods has provided information that has increased the understanding of the pathology of Chagas disease. Use of this methodology first
led researchers to demonstrate the presence of
genetic material from the parasite in heart muscles of
infected patients, as shown above left (Lancet 1995
Nov. 18; 346:1370-1).
This immediately proved to be important to treatment. As part of a regional TC project, a laboratory in
Argentina showed that if the parasite is present in
the heart muscle, patients should be treated in order
to prevent further progress of the disease. If left
untreated, the disease is often fatal.
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Another CRP is attempting to use molecular methods,
such as production of recombinant antigens and radiolabelling, to improve serological diagnostics (identification of antibodies) by addressing false positive results.
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Hepatitis is an inflammation of the liver. It is usually caused by infection with a hepatitis virus. Hepatitis B and C
are transmitted through contact with contaminated blood. Hepatitis A is transmitted through contaminated water
and food.
Hepatitis occurs throughout the world. The World Health Organization estimates that more than 350 million
people are chronic carriers of hepatitis B and that as much as 3% of the world's population may be infected
with hepatitis C.
Early symptoms include loss of appetite, swelling of the liver and spleen, characteristic yellowing of skin
(jaundice) including eye colour changes, tiredness, muscle and joint pain, and fever.
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When the liver inflammation has continued for longer than six months, the condition is know as "chronic
hepatitis". Hepatitis B has an acute phase that may be very serious. The more characteristic feature of
hepatitis C is its propensity to become chronic and progress into liver cancer.

The most effective way
to deal with hepatitis is
to prevent the disease.
Hepatitis virus is transmitted to other individuals through body fluid,
blood products, blood
transfusion,
infected
needles, sexual intercourse, and from mother
to baby during birth.
Prevention
involves
hygiene measures in
the home and at the
workplace, testing of
blood and blood products, and infection control
measures by health workers. Testing pregnant
women for hepatitis infection can prevent the spread
of the virus from the mother to her unborn child.

Hepatitis B virus, in fact, was first identified as being
responsible for the disease based on an antigen
reaction with a radioactively labelled antibody. As a
result, the RIA became the first reliable method available for accurately diagnosing hepatitis B and
remains a very important diagnostic method. If RIA
testing is repeated over time, the resulting profile of
the antibody response can usually provide information on the infection as it progresses through the
infectivity, chronicity, and recovery stages, as illustrated in this diagram.

Acute Infection
(6 months)

Incubation
(4-12 weeks)
HBsAg
_

s

S3

Anti-HBc

u

Patients who rely on blood products, such as the
Thalassaemia patient pictured
here receiving a blood transfusion, can be protected
from hepatitis through
effective tests to detect
the virus. The IAEA's
activities in hepatitis
focus on providing more
accurate diagnosis to
prevent transmission of the
virus through blood transfusion. Projects are ongoing to detect
the types of virus that cause more serious illness.
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Hepatitis B virus mainly attacks liver cells and
multiplies as illustrated here. It then induces the
liver cells to produce large
quantities
of viral protein
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Radioimmune assay (RIA) is one of the most
sensitive detection methods available. The
basic principle of the method relies on the
specific nature of the antibody-antigen interaction. In the lab, by injecting mice with an
antigen (for example a protein from a bacteria
or virus), the mouse's immune system, recognizing this protein as an invader, will produce
antibodies specific to that protein in an attempt
to kill it. Antibodies are produced by a specific
blood cell called a lymphocyte. By culturing
these lymphocytes through a process of cell
fusion and cloning (essentially fusing them
with cancerous mouse lymphocytes which
grow continuously in cell culture), the specific
antibodies can be collected indefinitely from
the resulting cloned lymphocytes. Once radiolabelled, these antibodies can then be used to
detect the presence of the same bacteria or
virus in blood samples. Since the antibodyantigen interaction is at the molecular level,
the RIA method will detect minute amounts of
antigen, hence its sensitivity.
See page 24

In some patients, liver inflammation becomes prolonged over many years and causes fibrous tissue to
form, a symptom of chronic infection. These tissues
replace liver cells, and disturb and obstruct blood
flow. A high percentage of these patients later develop liver cancer. The cancerous liver cells secrete a
protein called alpha-fetoprotein, which can be
detected by RIA, even at low concentrations during
the early stage of cancer. It is possible to remove a
small piece of tissue from the liver by needle and
syringe and examine it under the microscope.

If present, cancer cells readily stain with an appropriate antibody using the sandwich technique of immunohistochemistry, allowing these cells to be verified microscopically, thereby establishing the histopathological
diagnosis.
In a sandwich immunoradiometric assay (IRMA), the antibodies specific to a particular viral or bacterial antigen
are immobilized on a solid phase, such as the wall of a plastic tube. These antibodies will bind the antigen to
the solid phase if the virus or bacteria is present in a patient's blood sample. A second radiolabelled antibody,
raised to recognize a different antigen for the same virus or bacteria is then added as the top layer of the
sandwich. Radioactivity, which indicates that the antigen has been bound in the sandwich, can then be measured using a gamma counter. The amount of radioactivity measured is directly proportional to the amount of
antigen in the blood sample.
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Two IAEA regional TC projects to screen for hepatitis B were undertaken at blood banks in East Asia
and Latin America. During 1991 through 1994, a
CRP was also undertaken to improve hepatitis
screening capabilities in developing countries.

i

Detection of the viral markers by RIA can also guide
the implementation of immunization strategy and the
monitoring of the antibody response.

Unfortunately, the RIA methods cannot differentiate
past infections from active ones. This, however, can
be done by many of the molecular methods.
Hepatitis C, previously
'
. .. ';'. '' •,';,'
known as non-A non-B
' -; '• , . .;' &*,
hepatitis was discovered
\
- '. " . ' '~~
thanks to molecular and
radionuclide methods.
The acute infection is relatively mild. In half the cases,
however, it leads to liver disease (chronic hepatitis),
many of which will develop
„•• •^;.,.
'
severe disease (liver cirrhosis
ij
" . ...'v •'<' i
as pictured above) and later
I
•-• • ••• ' i
(1 to 5%) liver cancer (hepato: -. */;•-.-;< .-•' "
cellular carcinoma as pictured
on the left).
Two technologies are being applied under the
Agency's projects addressing hepatitis C.
One is a RIA method; the other is a molecular biology
based method. In order to reduce the risk of transfusion related hepatitis C, two regional Agency TC
projects, mainly in the Asian and Latin American
regions, are using RIA technology for mass testing of
blood donations.
This technology involves coating of plastic surface
with a mixture of fragments of the viral protein that
are necessary for the normal activity of the virus.
These fragments can then be specifically captured
by the human antibody produced against the virus.
The positive reaction is detected by using a separate
radioactive antibody under a sandwich concept. The
technique or some of its modifications have a very
high degree of sensitivity (97%), however, it can give
false positive results.
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All positive results must therefore be confirmed with
a second method, such as a recombinant
immunoblot assay (RIBA) or with molecular based
techniques. Pictured are the results of a RIBA test
for hepatitis C. The increased accuracy of this test
is close to 100%, except in patients who cannot produce antibody (e.g. in cancer patients who are
undergoing treatment).

The greater sensitivity of molecular methods can
also be an advantage in the early phase of the
disease, when very few antibodies have yet been
formed.
An Agency CRP project in 1994-1997 involving
6 Asian countries (China, India, the Republic of Korea,
Malaysia, Pakistan, and the Philippines) has shown
that half of the blood donors that had antibodies had
an active infection. Similarly 70 to 90% of those with
chronic liver disease tested positive for active hepatitis C. This project used two techniques PCR adapted for an RNA virus and radiolabelled dot blot
hybridization. The above X ray film shows the results
of hepatitis testing using the dot blot hybridization
technique using radioactive (32P) labelling.
There are nine major types of hepatitis C virus.
Some types cause more serious illness and some
respond less well to drugs, such as interferon.
Identification of types using the radionuclide based
molecular method of dot blot hybridization helps in
planning patient care. The typing methodology was
established under the Asian CRP and is now being
evaluated in treatment protocols of patients infected
with hepatitis C virus. Treatment with interferon is
effective in about 20% of the patients. Preliminary
results indicate that the combination of interferon
and ribavirin can achieve viral clearance in 40% of
patients and that the response is related to type.
A new CRP involving scientists from Argentina,
China, the Republic of Korea, India, Malaysia, the
Russian Federation, the United Kingdom, and
Uruguay was initiated in 1999 to verify these findings
and determine whether the methodology can be used
to improve patient care.

Approximately 300 million •
of the world's population
suffer from malaria and
every year, some 1-1.5 million
people die from the disease
worldwide, most of them young
children. In sub Saharan Africa,
malaria accounts for one in five of
all childhood deaths.

The World Health Organization's
Global Malaria Control Strategy
consists of four elements:
early diagnosis and prompt
treatment; preventive measures, including control of
the mosquito vector; early
detection, containment, or
prevention of epidemics; and
strengthening local capacities.

Malaria is caused by a parasite that is transmitted to
humans through the bite of a
female Anopheles mosquito.
There are four strains of
malaria; the most serious illness is caused by the parasite Plasmodium falciparum.
The parasite is injected
directly into the human
bloodstream by an infected
female Anopheles mosquito
as she feeds. When feeding,
the mosquito pierces the
skin of the host (human) and
injects saliva into the wound
in order to dilate the blood vessels, ensuring a constant flow of blood. The mosquito's saliva may contain the
malaria parasite, if it has previously fed off the blood of an infected person.

Malaria is diagnosed by clinical
symptoms and microscopic examination of blood
smears for the presence of the parasite. Symptoms of
the disease include
fever, shivering,
pain in the joints
and
headache,
which quickly disappear once the
parasite is killed.
Fever and chills
can recur over
. , v , months or years.

Programmes to eradicate mosquitoes have been
introduced in areas where the disease is most
common. However, due to the mosquito's resistance
to many kinds of insecticides and the high cost of
eradication programmes, little effort is being placed
into these activities by most countries at present.

Treatment of malaria
with drugs remains
the cornerstone of
patient management
and will likely remain so in the long term. In certain
regions, the parasites have developed drug resistance. Thus, the inexpensive anti-malarial drug,
chloroquine, is no longer effective against many
parasites. Resistance has been acquired through
genetic changes where the parasite's membrane is
transformed, allowing chloroquine to be constantly
pumped out.
Patients in chloroquine-resistant areas require
treatment with other, more expensive drugs. Due to
the fact that malarial parasites are constantly evolving and acquiring more resistance to currently used
drugs, routine surveillance for drug resistance is an
25 essential activity for
all malaria control
programmes.

Taking finger prick
hir,,-H samples to
• , • • or malaria

Severe falciparum malaria can
cause anaemia, seizures, coma,
kidney failure, and respiratory
failure, which can lead to death.

/'

j ;

-^;;ci>/i^ie-'
kX>>

,v*. .'-'A

By looking for genetic changes in the pathogen,
molecular methods can detect resistance to some
anti-malarial drugs in a matter of hours.
Conventional methods can take up to 28 days to
characterize drug resistance and require follow-up of
hundreds of patients.
A combination of the anti-malarial drugs, pyrimethamine and sulfadoxine, is currently replacing
chloroquine as a treatment of choice in a number of
African countries, where resistance to chloroquine is
wide-spread. However, some parasites have now
also become resistant to these drugs by developing
mutations in enzymes (proteins) that would normally
be inactivated by the drugs. Preliminary data from
Kenya indicates that resistance to these new drugs
in some areas is as high as 30%.
A 3-year TC project in Kenya, Mali, Sudan, Tanzania,
Zambia, Zimbabwe, and Uganda is introducing
nuclear techniques, such as dot blot hybridization, to
detect mutations in the parasite associated with
resistance to these drugs. This project also supports
the development and implementation of surveillance
programmes for drug resistance, a necessary programme for the effective management of malaria.

Tuberculosis (TB) is caused by infection
with the bacteria-like, Mycobacterium
tuberculosis and related mycobacteria.
The disease is prevalent worldwide,
although much more predominant in
developing than in developed countries.
TB remains one of the world's most
serious infectious diseases, killing
approximately 1.5 million people every
year. Eight million individuals are infected
annually. TB is a leading cause of death
among women and kills more adolescents and adults than any other single
infection. Mycobacteria are the main
cause of death among people who are
HIV positive.

Mycobacterium,
when spread in
'•'•";• ."'••':•:. ;
air-borne droplets, can be inhaled
'
- ..
into the lungs and there establish a
..„„„„_„.„..„„
primary tubercle in a susceptible individual. This event is known as the primary infection.
Most people contracting primary infection show no
symptoms. Pulmonary TB only becomes apparent
over weeks or months, typically with symptoms
including fatigue, loss of appetite, weight loss, fever,
cough, and dull chest ache.
Although TB mostly affects the
lungs, the Mycobacterium can
spread through the blood-stream,
resulting in a localized infection
(tuberculous meningitis) of the
meninges (the lining of the
brain), or the skin, bones, and
other organs. It may even cause
a generalized infection
(miliar tuberculosis).

The disease causes localized reactions leading to
the formation of nodules called tubercles, from which
the disease is named. Initially, these are fine granules of a size barely visible to the naked eye, but
later these tubercles multiply and change in such a
way as to lead finally to the destruction of the organ
in which they are found.

The first step in control, therefore, is to correctly
diagnose those who are infected. In order to improve
diagnostic accuracy, numerous new tools, such as
immunoassays and nucleic acid amplification techniques, have been proposed.

TB diagnosis is based on analysis of sputum smear
examinations and culture, chest X rays, computerized
tomography (CT), and magnetic resonance imaging
(MRI). Yet, even when taken together these methods
are far from satisfactory. Sputum smear examinations
are not sensitive enough and culture of M. tuberculosis from clinical samples usually takes 3-8 weeks
before results are available. The imaging methods
(CT and MRI) are not specific for TB.

The World Health Organization's approach to controlling the spread of TB focuses on treating those
who are infected with effective drug combinations
under supervision, to ensure that the full course of
treatment is given, the so-called Directly Observed
Treatment Short-course or DOTS.

Research on the use of radionuclides for directly
imaging tubercular lesions is ongoing. A more
promising approach may be through using radiolabelled monoclonal antibodies raised to detect
M. tuberculosis. These monoclonal antibodies will
attach specifically to the mycobacteria and, because
they are radiolabelled, they can be visualized using
a gamma camera.
The IAEA is attempting to address the need for
improved techniques by funding research projects
on radiolabelled monoclonal antibodies for imaging
TB lesions. Results of the projects, which have been
running for more than one year, have been very
encouraging. The monoclonal antibodies have been
shown to localize within M. tuberculosis in artificially
induced lesions in rabbits. The eventual objective is
to develop a radiolabelled monoclonal antibody suitable for imaging in humans.

PCR Dot Blot
PCR-based dot blot hybridization uses DNA
extracted from the pathogen to be identified
and then amplifies it using the polymerase
chain reaction. The amplified DNA is directly
"dotted" onto a nylon membrane. Next
radioactively labelled DNA probes, specific to
the pathogen's DNA, are added. The membrane is then exposed to X ray film. Spots on
the X ray film will appear only when the
pathogen has first been bound to the nylon
membrane and the radioactively labelled
probe has then been bound to the pathogen.
The advantage of this method is that the dots
derived from numerous samples can be analyzed simultaneously. Another advantage is
that the radioactive probe can be removed
and a new one, to detect another mutation,
added; thus several mutations can be
screened for sequentially. PCR dot blot can
be used to detect drug-resistant TB strains.
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A healthy immune system usually overcomes the
Mycobacteria at the time of infection. However, the
healing process almost invariably traps some live
Mycobacteria, leaving them dormant for months or
even years, prepared to be reactivated if resistance
becomes low or if the immune system becomes
depressed for some reason (e.g. due to HIV infection
or cancer therapy).

A combination of anti-tuberculosis drugs is prescribed for a minimum of six months in the case of
pulmonary TB. Such a long duration is necessary,
because the TB bacillus is very slow-growing and the
drugs only work against actively dividing bacilli.
Effective and affordable drug combinations to cure
TB infection are now available. However, tuberculosis
bacilli resistant to a single drug or a combination of
drugs (multi-drug-resistant tuberculosis — MDR-TB)
have, unfortunately, emerged. This is linked to the
epidemic of HIV. An American study has shown that
90% of multi-drug-resistant strains are found in HIV
positive patients. However, due to the contagious
nature of TB, the increased incidence of multi-drugresistant strains poses a threat not only to HIV positive persons, but also to the general population as
well.
When resistance develops, TB treatment becomes
extremely expensive. In industrialized countries, the
average cost for standard TB treatment is US $2 000
per patient, but if the patient is infected with drugresistant strains, costs may rise by more than
100-fold to US $250 000 per patient.

Through a 3-year regional TC project involving seven
African countries, Kenya, Mali, Sudan, South Africa,
Tanzania, Zambia, and Zimbabwe, the Agency has
transferred technology that makes it possible to find
out to which drug a given TB strain may be resistant.
Using molecular methods, this can be done in a
matter of hours, as opposed to the several weeks
required by conventional methods. These molecular
methods, polymerase chain reaction-based (PCRbased) dot blot hybridization, are far more sensitive
than the traditional ones and allow hundreds of
samples to be analysed simultaneously.

Resistance to the three most commonly used antiTB drugs, rifampicin, streptomycin and isoniazid, is
increasing. The majority of these drug-resistant
cases are associated with well known genetic
changes or mutations in specific genes of M. tuberculosis, (the KatG gene (isoniazid), rpoB gene
(rifampacin) and rpsL gene (streptomycin)). All countries reported the molecular detection of MDR-TB.
Results from South Africa have indicated that, by
testing for as few as six prominent mutations, more
than 90% of resistance to the most commonly used
drugs can be identified. The Agency's efforts to
transfer this technology to countries of the regional
TC project has received much valuable support from
South African experts.

DNA Fingerprinting

Each strain of the M. tuberculosis has its own distinctive DNA pattern or "fingerprint". Particular strains
can be identified by molecular techniques, giving
valuable information to control programme managers and helping them to target scarce resources to
those situations where the problem is most serious.
One Agency CRP addresses the possibility of making
use of this information to stop the spread of TB and,
in particular, the spread of MDR-TB. Participants in
this DNA fingerprint CRP include Brazil, India,
Malaysia, Morocco, Republic of Korea, South Africa,
and Viet Nam.

When samples from a
particular community or
hospital show different
fingerprints, this indicates a combination of
infections, most often
re-emerging, dormant
infections, which have been reactivated due to
incomplete or inappropriate treatment. Such findings
indicate the need for better supervision of the
patient's drug-taking, a DOTS-approach to reducing
the risk of drug resistance.
Since the same source of infection leaves one kind
of fingerprint, this source can be traced by control
programme managers thereby helping them to interrupt the spread of TB. The laboratory in South Africa,
participating in the Agency's CRP, has reported that
65% of the drug-resistant strains have the same fingerprint and are, therefore, due to recent transmission.
Predominance of one fingerprint over a large
geographical area or across different risk groups
indicates the presence of highly transmissible
strains. Under this CRP, the fingerprints of strains,
identified by participating centres, are being entered
into an international and freely accessible database
in Bilthoven, The Netherlands, which is the Agreement

DNA fingerprinting is a sensitive method to
identify different strain of pathogens. Double
stranded DNA from the pathogen to be identified are chemically fragmented into segments
using enzymes which cut DNA. The doublestranded segments are then separated by
placing them onto a slab of porous gel
(agarose) and then applying an electrical
current, a process called gel electrophoresis.
DNA segments have a slight negative charge
and will move towards the positive electrode
of the slab according to their size. Smaller
segments move more quickly than do larger
ones, resulting in a "ladder" pattern of segments. The agarose slab is then treated with
chemicals to denature the DNA, a process
which causes the two complementary DNA
strands to separate. The next step is to cover
the treated slab with a nylon membrane
covered with layers of absorbent paper, which
will then draw the denatured and separated
segments onto the nylon, just like drying wet ink
with blotting paper. This technique, introduced
by Edwin Southern in 1975, is thus known as
a "Southern blot". The nylon membrane with
the denatured and separated segments is
then placed in a bath with radioactively
labelled DNA probes. These probes are short
pieces of single-stranded DNA that complement and bind to a specific chain of DNA. This
process is called hybridization. When X ray
film is exposed to the nylon membrane, radioactivity will appear as dark bands on the
developed film. Thus wherever the probe
matches a known DNA chain on the segment,
it will show a characteristic and recognizable
pattern that is unique to the specific pathogen.

See page 27

holder for the project. The DNA fingerprint, however,
only provides information regarding the strain and
not regarding drug resistance. Drug resistance must
be determined using conventional techniques or by
the PCR-based dot blot method and should be used
together with the information on strains.
Stained slides for microscopy of sputum are routinely
made as part of a TB diagnostic programme. Sputum
samples on the slide could be used for mutational
analysis and fingerprinting. Molecular methods, such
as PCR, which require very small samples, have been
shown to work on already stained slides. Further
methodological simplification is also being explored
under this CRP using DNA material from stained
microscopic slides instead of cultured samples.

GAMMA CAMERA— SPECT

Acute pyelonephritis is an infection of the kidney,
specifically the parenchyma and the pelvis of the
kidney. It is a major cause of morbidity (illness) in
children. The disease may lead to a variety of ailments
including high blood pressure and kidney failure. It
must be detected early in order to start effective
antibiotic therapy early and cure the disease.
Radionuclide scintigraphy (DMSA Scintigraphy)
using a compound called DMSA is the most sensitive
and reliable diagnostic test available today. It detects
renal scar, which is a highly characteristic finding at
a very early stage.

Radiopharmaceuticals injected into a patient
can be visualized using a gamma camera.
The resulting images or scintigrams can be
two dimensional or they can be more complex.
Single-photon emission computed tomography
(SPECT) uses a rotating gamma camera to
obtain images from multiple angles of the
organ under study. Radioisotopes administered to the patient produce a radioactive
signal, which can be detected by the gamma
camera and using a collimator, crystal, and
photomultiplier is then transformed into an
image. SPECT is particularly valuable because
of its unique ability to locate the precise location
of an abnormality from the three-dimensional
image it produces.
See page 28
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In 1993, the Philippines Health Authorities screened
some 1.4 million school children for urinary tract
infection by dip stick testing and found 860 000 to be
positive. As a result, a subsequent joint project —
"the joint nephrology project" — was undertaken.
A strategy was developed to
manage a large number of
these children with overt and
covert urinary tract infection
using nuclear techniques. In
addition to expert assistance
and training for the
project, the Agency
provided gamma
camera — SPECT
computers, other
imaging
accessories, and radioPharmaceuticals.

In addition, the Agency conducted a CRP to first
understand the relationship between vesicoureteric
reflux, a condition which causes backfiow during urination and which is thought to predispose those
affected to pyelonephritis or kidney scarring (typically
observed after pyelonephritis).

One of the most common human infections in the
world is caused by Helicobacter pylori. Little is yet
know about how this bacteria is transmitted, but it
was first linked to stomach and gastric disease
(ulcers) in 1989. In developed countries, infection is
found in 20-40% of the population; in developing
countries, its prevalence is over 80% with
infection being the
highest in children. In
new-boms, H. pylori is
linked to chronic malnutrition and diarrhoea
syndrome with failure
to thrive. Under such
circumstances, infection can be fatal. Illness can be
reduced through effective diagnosis and treatment.
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H. pylori

There is an in vivo test to detect the presence of
H. pylori. Called the urea breath test, it uses radioactively labelled urea to test for urease, a specific
enzyme produced by H. pylori.
The above diagram illustrates how the test works.
First the patient is given an oral preparation containing the radiolabelled urea. H. pylori naturally produces the enzyme urease, which breaks the urea
into two components: ammonia and bicarbonate. If
the patient is in fact infected, once the radiolabelled
urea preparation is ingested, the urea will be broken

down into ammonia and radiolabelled bicarbonate.
The radiolabelled bicarbonate will be metabolized by
the patient into carbon dioxide and will be expired as
the patient breathes. The radioactive label can be
detected by analysing breath collected in a special
device 30 minutes after ingesting the radiolabelled
urea. The urea breath test is the preferred diagnostic
test used after treatment to show that the H. pylori
has been eradicated. The IAEA routinely transfers
this technology through training.

Producing Monoclonal Antibodies
Healthy Ba!b-c mouse
is immunized
with foreign molecules

Radioimmunoassay (RIA) is one of the most sensitive methods available to identify biomolecules, such
as pathogens, hormones, drugs, and even cancer
cells. The fundamental principle of this method is
that it demonstrates when a combination has
occurred between the biomolecule to be identified
and an antibody raised (by an animal) against that
molecule. This demonstration is confirmed by using a
radioisotope to "tag" one of the combining molecules.

Foreign molecules
are injected into
the mouse

Spleen, containing
the iymphocytes which secrete
the antibodies, is removed
from the immunized
mouse after euthanasia

Piasmacytoma cells
(cancer cells) added ^
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Antibodies are produced
by white cells called lymHeary
phocytes. If a biomolecule
chain (H)
is introduced into a healthy
animal and is recognized
by the immune system of
the animal as a foreign
molecule, eventually the lymphocytes of the animal
will start to produce antibody against the biomolecule.
In doing so, the lymphocytes will also divide, forming
clones of cells that produce the same antibody. This
is part of the immune response to infection. Some
lymphocytes will direct themselves towards one
epitope (region) of the biomolecule. Other lymphocytes will target other epitopes. When dividing, each
lymphocyte will produce a clone of itself, which is
directed toward the same epitope. The antibodies
produced by the different clones are not the same;
they are directed against the different epitopes of the
same biomolecule and are said to be polyclonal.

It is possible to culture lymphocytes artificially in the
laboratory and produce antibodies that are monoclonal. In order to achieve this, the cell lines of the
lymphocytes will first have to acquire the ability to
divide perpetually. Normally, this is not possible to
achieve under laboratory conditions, because the
lymphocytes die after a limited number of cell divisions. However, if a clone of the lymphocyte is fused
with cancer cell lines of lymphocytes (piasmacytoma
cells) from the mouse, they will form a hybrid of both
clones, called a hybridoma.
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antibody and from the cancer cell — the longevity to
divide perpetually in laboratory conditions. The result
is a cell line that produces one kind of antibody
(monoclonal antibody) against the specific epitope of
the biomolecule against which it was raised.
Monoclonal antibodies can also be produced in
bacteria by recombinant technique. Some can even
be substituted by plastic mould or polymer.

Different detection systems have been developed to
illustrate the reaction between the biomolecule to be
identified and the antibody that will react with it. Most
detection systems are based on immobilizing the
antibody onto a solid phase, such as a plastic bead
or the wall of a plastic tube. The immobilization
process can be monitored quantitatively by tagging
a radioisotope to some component of the reaction.
The process can also be visualized by means of a
scanning probe microscope or a scanning electron
microscope.
There are two major types of detection systems:
the competitive RIA, and
the sandwich immunoradiometric
assay.

The sandwich immunoradiometric assay (1RMA) is
specifically used to identify and quantify large biomolecules. The first step in the sandwich IRMA is to
prepare an excess of immobilized antibodies with
excessive binding sites. The second step is to add
the biomolecule to be identified exposing them to the
immobilized antibodies. If the biomolecule is the
same as the one to which the immobilized antibodies
have been raised, they will be captured by the antibodies and form the first part of a sandwich. A second
and radioactively labelled antibody is then added.
This antibody has been raised against a different
epitope (region) of the same biomolecule from that of
the immobilized antibody. It will bind as the top layer
of the sandwich to the biomolecule bound to the
immobilized first antibody. Thus the radiation signal of
the second antibody will be directly proportional to
the concentration of the captured biomolecule in the
sample. The exact concentrations can be calculated
from a standard curve (2).

Competitive Radioimmunoassay
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In the competitive RIA, a limited, fixed amount of
antibody is immobilized onto a solid phase. A patient
sample, which may or may not contain the biomolecule, is added together with a fixed and known
amount of the radiolabelled biomolecule against
which the antibody was raised. If the biomolecule is
in fact present in the sample, it will compete with the
radiolabelled biomolecule for the binding sites on the
antibody. The intensity of the radiation signal from
the radiolabelled biomolecules bound through the
antibody onto the solid phase will, therefore, be
inversely proportional to the concentration of the
sought-after biomolecule in the sample. The concentration of the biomolecule in the sample is eventually
calculated from a standard curve (1).
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Radionuclide molecular methods are another in vitro
method also used to detect early signs of infection.
!n theory, any disease, whether caused by an infection
or resulting from abnormalities in the genetic makeup
of an individual, can be diagnosed by detecting those
nucleic acid sequences (the building blocks of genes)
that are specific to that disease. In the case of infections or infectious diseases, molecular methods can
be used to detect specific, short sections of nucleic
acids that are characteristic of the pathogen. These
methods are extremely valuable as diagnostic tools,
especially when used in combination with radioactive
labelling.

RIA is usually done manually, but can also be
automated partially using x, y, z robotic sampler (or
completely in an autoanalyser). The radiation signal
generated is detected by gamma countej^awd the
results computed using a prpQsajrimablg calculator
or computer.

The introduction of
point-of-care testing using immunochromatographic techniques derived from the RIA,
such as the cartridge shown above or dipstick, has
enabled testing to be carried out by nurses, patients,
and relatives of patients.

One of the most important applications of RIA
is in the diagnosis of hepatitis B infection. The
virus alters the function of infected liver cells,
which will then start to produce viral components called surface antigens and e-antigens.
These are secreted into the blood stream and
can be detected subsequently in blood samples using RIA. Detection of these antigens as
indication of viral activity is the fundamental
step for the screening of blood donor to prevent the spread of the infection through blood
transfusion. It can also identify a group of
patients who are chronically infected by the
virus, some of whom will eventually develop
cirrhosis and liver cancers.

Molecular Biology
Molecular biology is the study of small biomolecules in cells. It seeks to explain the
chemical interactions occurring between
these molecules and their environment.
Although molecular biologists devote much of
their time to investigating deoxyribonucleic
acid (DNA), the hereditary material in cells,
they also study other biomolecules, such as
ribonucleic acid (RNA), which translates information from the DNA into proteins, amino
acids, fatty acids, and carbohydrates — all
primary components in the human body.
Central to the analytical techniques used in
molecular biology is the use of restriction
enzymes, which cut through DNA and RNA
and the PCR technique, which can make multiple copies of the resulting DNA or RNA fragments. Radionuclide molecular methods
make use of restriction enzymes and PCR,
but also use radioactively labelled probes or
"tags" to detect specific biomolecules.

Specific nucleic acids, which have been radiolabelled, used in conjunction with the PCR technique
can detect minute quantities of nucleic acids from
pathogens. Because it is fast, highly sensitive and
specific, PCR technology plays a very important role
in the study, management, and prevention of a number of infectious diseases.
Until the advent of PCR, detection of nucleic acids
was a lengthy and expensive process. The fundamental principle of applying PCR in diagnostics is
that, if a given DNA fragment is present, it will be
multiplied by, perhaps, a million-fold through the
reaction, yielding so much substance that it can be
easily detected. Labelling of the PCR products using
radioisotope labelled nucleic acid probes increases
the specificity of the DNA fragment identification,
assures the quality of the results, and increases the
sensitivity of the identification process.

PCR can be an integral step in several radionuclide
molecular methods, such as DNA fingerprint and
DOT blot hybridization. The following shows how the
PCR works. Once the DNA is separated into single
strands, primers anneal marking opposite ends of
the sections to be multiplied. DNA polymerase amplifies or extends these sections and the process is
then repeated.

Several IAEA projects have been developed using
radioisotopes, including projects: to confirm the
specificity of the PCR reaction in diagnosing Chagas
disease and hepatitis, to type different strains of the
pathogens in Chagas disease, hepatitis and TB, and
to increase the level of sensitivity when the PCR
method may be yielding low amounts of product.
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Once the DNA has been multiplied, tests can be done
to detect the presence of those nucleic acids specific
to the pathogen. DNA fingerprinting, using radioactive
labelling is one such test method. It uses an electrical
current passing through a gel to separate the DNA into
fingerprints — specific band patterns characteristic to
the pathogen.

Nucleic acids (the building blocks of genes) can be
labelled with non-radioactive chemicals, however,
isotopes remain the more reliable and sensitive
means of labelling nucleic acids. Thus for initial
stages of technology transfer to developing countries, they offer a more powerful option and retain
their role as the "gold standard" both for reference of
new technologies and for the quality control of the
already established techniques.

Display system

Nuclear medicine uses very small amounts of radioactive materials for diagnosis or therapy. These materials or radiopharmaceuticals emit beams of radiation
that can be detected by special instruments.
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Imaging is one of the most commonly used nuclear
techniques. One distinctive feature of nuclear medicine imaging is that it shows the functional state of an
organ or a system in the body, rather than just the
anatomical structure, as do X rays. For example, in
the case of acute bone infection (acute osteomyelitis)
significant destruction of bone (more than 30% demineralization) has to take place before it can be
detected by such X ray procedures as computerized
tomography (CT) scans, whereas a bone scintigram
may detect the lesion at a very early stage of the
infection process (less than 5% demineralization).
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To understand infection imaging, it is essential to
look at the physiological processes associated with
infection. The inflammatory reaction is the body's
response to an infection. The response is activated
by a variety of factors including the presence or
release of specific biologically active substances
from the pathogens themselves.

Defensive strategy of acute inflammation
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Another distinctive feature is illustrated in the above
diagram. In nuclear imaging, the radiation source is
internal, administered directly to the patient, whereas
diagnostic radiology passes a beam of radiation from
an external source through the patient and onto a
sensitive surface on the other side.
The gamma rays emitted from the internal radiation
source in nuclear medicine imaging are usually
detected by a device called gamma camera — the
key diagnostic imaging tool used in nuclear medicine.
It was developed in the late 1950s and produces
high quality images.
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Associated with the inflammatory response is a local
increase in blood flow (hyperaemia), abnormal accumulation of watery fluid (oedema), swelling, and
pain. There is an increased capillary permeability,
causing plasma proteins to accumulate in the extra
vascular space and white blood cells to migrate out
of blood vessels into the interstitial space in and
around the site of infection.
:

There are different types of radiopharmaceuticals available for infection scintigraphy. The organ-specific
radiopharmaceuticals (Table 1-1) accumulate in normal organ tissue. The presence of a functional impairment
(i.e. not only infection, but also scars, cysts, abscess, tumour, malformation, etc.) can give rise to defects.
These procedures can be positive in a very early stage, but are not specific to the kind of disease actually
caused. To have the correct diagnosis, clinical findings, laboratory tests, or other diagnostic procedures are
needed.
The second type of radiopharmaceutical (Table 1-11) tends to accumulate directly in the inflamed or infected
organ or system, in contrast to the first type that accumulates in healthy tissue. Once again, the information
obtained is not specific, since pathological accumulation can also be seen in conditions other than inflammation. Also with these radiopharmaceuticals, if the scintigram is positive, further investigations are needed.
The third type (Table 1-111) of radiopharmaceuticals provides the same information as those of group II. This
information is much more specific for the presence of inflammation or infection. The likelihood that conditions
other than inflammation and infection cause accumulation is less pronounced with this type. However, these
radiopharmaceuticals have one major weakness — they cannot distinguish inflammation from infection. This
property is a distinctive feature of the disease-specific or organ-specific radiopharmaceuticals of the fourth
type (Table 1-IV). These tracers are able to differentiate if the cause of the inflammation is due to bacterial or
viral pathogens.

TABLE 1. INFECTION IMAGING ~~~ PROCEDURES AND RADIOPHARMACEUTICALS

Non-specific organ imaging
malaise, and fever. In most instances, the causative
pathogen is the bacteria Staphylococcus. Early diagnosis is important to avoid complications like chronic
disease, septicaemia, etc. Nuclear medicine imaging
is the best available tool to this end. Certain bone
scintigram procedures offer a diagnostic sensitivity
Osteomyelitis
that is better than 90%. Radionuclides like Tc-99m or
Bone infection is mainly a disease of children. When
ln-111 labelled leukocytes (white blood cells) are
examined, they can usually show a history of minor
more specific because they more reliably localize at
infection or more commonly trauma, followed by rapid
onset of local pain, tenderness (often in the leg), the sites of infection.
Scintigrams of the brain, liver, bone, and kidney can
detect the site of an infection with a great degree of
sensitivity.

Acute osteomyelitis (infection of bone) of right tibia in
!
a one and ha f vear old child. Bone scintigram shows
massive accumulation of Tc-99m
MDP (a phosphorate) at the infect( ed site (arrow). The other hoi spots
Jf f at the knees and .ankles represent
} the normal growth zones of the
jnd of the bones. (These growth
*
'<>nes will disappear with age.)
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Gallium-67 citrate and leukocytes radiolabelled with
99m
Tc or 111ln are routinely used to search for and
localize infectious processes within the body. These
radiopharmaceuticals have proven to be highly capable of identifying the presence of infection, ranging
from occult sepsis to abscess and osteomyelitis.

The normal physiologic distribution of Gallium-67 is
in the skeleton (bone and bone marrow), liver, spleen,
nasopharynx, salivary and lachrymal glands, and the
genitalia. Gallium-67 is delivered to and concentrates
non-specifically in tumours and inflammatory sites.
Three-phase bone scintigrams are taken
at three different points in time. These
views of hands show: fa) the arrival the
radiopharmaceuticai a few seconds after
its intravenous injection (b) the distribu
tion of the radiopharmaceuticai in the
blood vessels about five minutes after the- iniechon
and (c) the accumulated radioactivity in ihs bot><three hours after injection (d) X ray. An intense focuo
of increased tracer uptake can be seen in fho pioxim-j!
second metacarpat (arrow). The complementary X n \
image shows a periostea! reaction. Tho cny.Q^s
were due to osteomyelities (infection of bom )

As previously stated these scintigraphic features
may also be seen in processes other than infection
(e.g. cancer). The results are, therefore, said to lack
specificity. To obtain the correct diagnosis, positive
scintigrams must be related to clinical findings or
other diagnostic procedures.
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Infected Artificial Joints
Millions of hip and knee joint replacements are performed on an annual basis worldwide. Complications
include loosening of the prostheses, dislocation,
fractures and infection. None is more serious or
more difficult to diagnose by non-nuclear technologies
than infection of the prosthesis. Three-phase bone
scintigraphy and labelled leukocyte imaging are very
useful in the diagnosis of artificial joint infection.
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Radiolabelled leukocyte scintigraphy is an elegant
technique that uses the white blood cell's natural
migratory behaviour to pursue pathogens to provide a
scintigraphic image of the infective or inflammatory
response. Some of the labelled cells will go to the
organs involved in the natural turn over of blood cells,
like the spleen, liver, and bone marrow. The distribution of the radiolabelled leukocytes within the patient's
body can be imaged with a gamma camera.
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Imaging techniques that involve radiolabelled leukocytes (white blood cells) or radiolabelled human
immunoglobulins can identify areas of general
inflammation, but do not distinguish whether inflammation is bacterial or not. A new radiopharmaceutical
Tc-99m Infecton overcomes some of this difficulty.
Tc-99m Infecton consists of a synthetic broad spectrum antibiotic Ciprofloxacin linked to the radioisotope Tc-99m. The antibiotic is taken up and bound
specifically by the DNA of living bacteria. In vitro
studies have shown that Tc-99m Infecton binds to a
wide range of bacteria. It does not bind to dead
bacteria. Experimental studies in animals have also
shown that the agent is not taken up by sterile inflammation or abscesses, but concentrates only at sites
of active infection. Recent in vivo studies conducted
under an Agency CRP confirm these observations.
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The Agency has been conducting a research
project with Argentina, Chile, Egypt, Greece,
India, Indonesia, and Singapore to compare
Tc-99m Infecton's ability to differentiate
between bacterial and non-bacterial inflammation with that of radiolabeiled leukocytes
and immunogiobuiins. The results have been
very promising, confirming not only that
Tc-99m Infecton compares favourably with
other agents for its specificity to detect bacterial infection, but also that it is much easier to
prepare and avoids the inherent risks of
handling human blood components.
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Tc-99m Infedon scintigram of the knees of a patient
vilh right knee prosthesis and signs of infection.
Study shows increased radiotracer uptake around
the right knee prosthesis (arrow) cor/firming infection
1

"ic~99m Infecton scintigram of right shoulder. Study
"hows intensely increased radiotracer uptake at the
j/te of infection (arrow) confirming septic arthritis
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