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ABSTRACT

Nuclear medicine is a powerful diagnostic  technique able to detect inflammatory foci in human disease. A wide
range of agents have been evaluated for their abil ity to distinguish lesions due to microbial infection from those due
to sterile inflammation. Advances continue to be made on the use of radiolabelled antibiotics which as well as being
highly specific in the diagnosis of infection may be useful in monitoring the treatment and course of disease. Here
we provide an update on in-vitro and clinical studies with a number of established and novel radiopharmaceuticals
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INTRODUCTION

The introduction of powerful antimicrobials in the
20th Century has done little to reduce the morbidity
and mortali ty of infectious diseases. The
emergence of new pathogens, widespread
antimicrobial resistance and uncontrolled
nosocomial infection has attracted major concern
whilst increasing numbers of patients with
heightened susceptibili ty due to HIV, malignancy
and immunosuppressive drugs has contributed to
the burden of infection in both developing and
industrialised countries. Accurate diagnosis to
enable appropriate treatment is therefore central to
strategies employed in the ongoing struggle
against microbial infection.
Conventional methods of diagnosis, relying on
examination and culture of organisms from
infected foci have continued to advance embracing
new technologies and automation. Despite this, the
methods are still time consuming, insensitive and
results often obtained too late to guide clinical

decision making. Advances in imaging sites of
infection have li kewise proceeded at a phenomenal
rate. In 2002 the role of nuclear medicine
techniques in the diagnosis of deep seated
infection was reviewed in this Journal (Das et al,
2002). Since then further progress has been made
on the use of labelled antimicrobial agents as
selective markers for the diagnosis of bacterial,
tuberculous and fungal infections. Here we
provide an update on work in this field and review
the li kely impact of such agents on the
management of clinical infection.

Nuclear Medicine Imaging
Nuclear medicine offers powerful noninvasive
techniques for visualization of infectious and
inflammatory disorders by whole body imaging of
the number and site of inflammatory foci. The
ideal agent for imaging infection would combine
high specifiicty with minimal side effects, low
marrow, gut and renal uptake and be safe and easy
to prepare (Wareham, Das and Britton, 2000).
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A wide variety of approaches targeting different
aspects of the inflammatory response have been
developed and previously reviewed

(Gnanesegaran, Croasdale and Buscome, 2004). A
summary of available agents, properties, targets
and sugested uses is given in table 1.

Table 1- Agents used for imaging sites of inflammation in nuclear medicine studies
RADIOPHARMACEUTICAL PROPERTIES COMMENTS

Gallium-67 citrate (67Ga) Associates with iron binding proteins in
inflamed tissue and bacteria

Rendered obsolete by 99mTc-labelled
compounds. Occassionally used in
investigation of FUO or osteomyeli tis

Radiolabelled leucocytes Ex-vivo 111In or 99mTc-labelled white
cell s accumulate at sites of
inflammation by diapedesis and
chemotaxis

Highly sensitive >95%
111In labelled leucocytes - abdomen,
thorax or vascular prosthesis imaging
 99mTc labelled leucocytes - widely
used, preferred in renal, genitourinary
and gastrointestinal imaging

Polyclonal immunoglobulin G 111In or 99mTc-labelled human
polyclonal immunoglobulin
accumulates at sites of inflammation via
capillary leakage

Higher sensitivity reported versus
leucocyte imaging (De Kleijn et al,
1997)
Insensitive for vascular lesions
Some specificity for bacteria via
specific IgG – bacteria interactions

Monoclonal antibodies 99mTc-labelled antibody fragments
targeting granulocyte surface antigens,
adhesion molecules or specific bacteria

Limted human studies to date

Cytokines 111In or 99mTc-labelled inflammatory
cytokines

Inflammation specific
Toxic due to biological activity of
cytokine

Liposomes 99mTc-labelled amphiphilic
phospholipids phagocytosed by
polymorphs

Non-specific accumulation in li ver,
spleen and bone marrow
Diff icult to prepare

Antimicrobial peptides 99mTc-labelled endogenous human
neutrophil peptides insert into microbial
and some other cell membranes

99mTc-labelled HNP-1 claimed to be
specific for experimental bacterial and
fungal infection in animals (Welling et
al, 2000)

Antimicrobial Agents 99mTc-labelled antibiotics, bind to
specific targets in li ving bacteria

Should be specific for infection, may
enable requirement for therapy to be
determined. Some bacteria may be
resistant

Radiolabelled Antimicrobial Agents
The theoretical advantage of using an
antimicrobial agent as the localising agent for
infective foci is the selective toxicity of the
compound for microbial rather than human targets.
Such agents should therefore be able to distinguish
between inflammation due to infection with
microbial pathogens, and inflammation due to
immune activity i.e. autoimmune disease where
microbes are not involved. As the inability to do
this is the main drawback of conventional imaging
agents, radiolabelled antimicrobials have the

potential to influence clinical decisions in the
management of complicated conditions such as
fever of unknown origin (FUO) or occult
infection.
If these agents were able to predict the
requirement for and the duration of antimicrobial
treatment they could in turn help to not only
decrease costs but also contribute to the fight
against antimicrobial resistance.
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Antibacter ial agents

99mTc- ciprofloxacin (99mTc– Infecton)
Ciprofloxacin hydrochloride is a synthetic broad-
spectrum quinolone antibiotic which is taken up by
Gram-positive and Gram-negative bacteria and
inhibits DNA synthesis by binding to bacterial
DNA gyrase. Ciprofloxacin also binds reversibly
to mammalian topoisomerase II but with 1000 fold
lesser aff inity (Das et al, 2002). Although the drug
penetrates into white cells it is not retained in the
absence of bacterial infection. Following injection,
only 20-30% of ciprofloxacin is bound to plasma
proteins and the agent becomes widely distributed
throughout the body. It is metabolised in the li ver
then eliminated by renal excretion during the first
24 hrs and via the bile over the next 5 days.
Ciprofloxacin associates readily with metal ions
and in the preparation 99mTc- ciprofloxacin (99mTc–
Infecton) is complexed with 99mTc at a
concentration (2mg) 200 times lower than its
normal therapeutic dose.  99mTc– Infecton was
introduced in 1993 and has been extensively
evaluated by many groups around the world in a
wide range of scenarios.

In-vitro studies
Studies in-vitro showed that Infecton was taken up
and retained by living bacteria but not human
leucocytes (Hall et al, 1996). Infecton was also
shown to be taken up and retained by bacteria that
were resistant to ciprofloxacin due to a DNA
gyrase mutation but not by bacteria that were
resistant due to outer membrane impermeabil ity.
In animal studies Infecton was able to distinguish
sterile abscesses induced in rabbits using talc from
abcesses following inoculation with
Staphylococcus aureus and it has also been shown
to be useful in imaging a prosthetic hip infection in
a dog (Peremans et al, 2002)

Clinical Studies (Fig. 1)
A comparative study of Infecton and white cell
imaging for the diagnosis of infections classified
according to CDC diagnostic criteria demonstrated
greater specificity for Infecton (Vinjamuri et al,
1996). This specificity (93%) was confirmed in a
follow up study enrolli ng 90 patients (Hall et al,
1998). The availability of Infecton in a kit form for
local reconstitution and labelling, enabled a large
scale multicentre evaluation to be performed in
879 patients across 8 countries (Britton et al,
2002). In this study, which included a diverse

range of infections including endocarditis,
tuberculosis, osteomyelitis and prosthetic joint
infection, the agent had an overall sensitivity of
85.4% and specificity of 81.7% for the diagnosis
of infection when classified by CDC, Duke or
WHO criteria. The patients in this study
underwent rigorous microbiological evaluation
and in patients in whom infection could be
confirmed by culture as well as clinical criteria
specificities of over 90% were obtained. The agent
seemed to be particularly useful in bone and joint
infections including infected orthopaedic
prosthesis and a number of follow up studies have
been performed since.
In the study by Malamitsi et al (2003) 45 patients
with suspected bone infections underwent imaging
with a number of agents including 99mTc-
methylene diphosphonate (99mTc MDP bone
scanning), 99mTc-human immunoglobulin
scanning, 67Ga-citrate scanning as well as 99mTc-
ciprofloxacin (Infecton) imaging. With a
sensitivity of 97.2% and a specificity of 80%
infecton imaging was found to be useful marker of
bone infection, although some false positives were
seen in primary bone tumours.
Suspected prosthetic knee infection was studied
and compared to leucocyte imaging   by Larikka et
al (2002). Thirty patients were recruited and
infection was confirmed microbiologically in 8 but
rejected in 22. Infecton scans were positive in all
patients with microbiologically confirmed
infections whereas the accuracy of white cell
imaging was 90%.  Non specific accumulation of
Infecton was observed in 59% of non-infected
scans, however this disappeared by 24hrs
highlighting the importance of extended imaging.
Osteomyelitis in sickle cell disease is difficult to
distinguish from bone infarction following sickle
cell crisis. Bererhi, Hussein and Wali (2003)
compared the use of Infecton with 3 phase bone
scanning using 99mTc MDP in 35 patients with
sickle cell disease and suspected osteomyelitis by
microbiological and clinical criteria. The
sensitivity and specificty of Infecton were 100%
and 92% respectively compared to 88% and 64%
for bone scanning.
Using a ‘f reeze-dried’ kit formulation of 99mTc-
ciprofloxacin, Obradovic et al (2003) reported a
sensitivity of 94% and specificity of 82% in 27
patients with miscellaneous bone and joint
infections confirmed by microbiological culture.
The use of 99mTc- ciprofloxacin for diagnosing
infection in the postoperative spine was assessed
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in studies by De Winter et al (2004) and Gemmel
et al (2004). In the De Winter study 48 patients
underwent 1, 3 and 24hr imaging with 370MBq of
99mTc- ciprofloxacin. The agent was found to be
more specific than white cell imaging particularly
when SPET imaging was performed 3hrs after
injection in patients imaged at least 6 months after
surgery. The study by Gemmel et al included only
patients with microbiologically confirmed
infection. Sensitivity and specificity varied with
the time of imaging and use of SPET or planar
acquisition. The highest specificity was reported as
92% with planar images at 24hrs.
The freeze dried kit form of 99mTc- ciprofloxacin
(3.5mg with 555MBq99mTc) has been used by
Artiko et al, (2005) to localise intrabdominal
infections with a sensitivity of 79% and a
specificity of 92%. Whilst another kit employing
an insoluble redox polymer, (alpha (beta)-alanine-
N,N’-diacetate has been developed by Kleisner et
al, 2002 but not yet assessed in clinical practice.
The method of preparation and quality control of
many of the in house preparations of 99mTc-
ciprofloxacin has lead to controversy over the
reliabil ity of some of the published data (Das and
Britton, 2003). A commercial preparation of
99mTc- ciprofloxacin by DraxImage is however
currently undergoing development and licencing
procedures (Tossing, 2004)

99mTc- spar floxacin
Sparfloxacin is a new generation 4-
fluoroquinolone with enhanced activity against
Gram positive and mycobacteria. The drug was
successfully labelled and evaluated in-vitro and in
an animal model by Singh et al (2003). 99mTc-
sparfloxacin bound to live but not heat killed
cultures of S. aureus and was retained within
infected abcesses in rabbits. The potential for
further development of 99mTc- sparfloxacin in
clinical practice is uncertain due to concerns over
phototoxicty and cardiotoxicity associated with
newer quinolones (Ball, 2000).

99mTc- enroflaxacin
Another quinolone antibiotic, enroflaxacin which
has been used extensively in veterinary practice
was labelled with 99mTc and compared  to 99mTc-
ciproflaxacin by Sianes et al (2004).
Studies in-vitro with this preparation however did
not show preferential binding to li ve or heat killed
S. aureus or C. albicans or the abili ty to

discriminate infectious or inflammatory abscesses
in rats.

99mTc- ceftizoxime
Ceftizoxime is a 3rd generation cephalosporin
antibiotic active against S. aureus, Streptococci
and enterobacteriaciae. The drug has a wide
volume of distribution and penetrates effectively
into bone. The drug is not widely used in clinical
practice but was effectively labelled with 99mTc by
Gomes Barreto et al (2002) and used by  Martin-
Comin et al (2004) to image bone infections.

Antituberculous agents

99mTc- Isoniazid
Isoniazid binds to mycolic acid in the cell walls of
living mycobacteria. Isoniazid was labelled with >
95% efficiency with 99mTc by Singh et al [2003(a)]
and found to be stable and highly protein bound
in-vivo. Successful imaging of M. tuberculosis
cold abscesses in rabbits was reported along with
rapid washout from S. aureus infected abcesses
suggesting the agent my be very useful for the
detection and follow up of tuberculous lesions in
man.

Antituberculous agents

99mTc- Isoniazid
Isoniazid binds to mycolic acid in the cell walls of
living mycobacteria. Isoniazid was labelled with >
95% efficiency with 99mTc by Singh et al [2003(a)]
and found to be stable and highly protein bound
in-vivo. Successful imaging of M. tuberculosis
cold abscesses in rabbits was reported along with
rapid washout from S. aureus infected abcesses
suggesting the agent my be very useful for the
detection and follow up of tuberculous lesions in
man.

99mTc- Ethambutol
Ethambutol inhibits transfer of mycolic acid in the
cell wall of Mycobacteria. The drug was first
labelled by Causse et al in 1990 for use in renal
excretion studies. Verma et al (2005) used  99m Tc
Ethambutol  to image cold abscesses in rabbits
where it had good specificity.
The agent bound  only to cold abscess caused by
M.tuberculosis and was readily washed out from
lesions due to S.  aureus.   
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Sensitivity and Specificity of 99m-Tc ciprofloxacin 
imaging in published studies
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Figure 1 - Sensitivity and specificity of Infecton in published studies

They concluded that the agent was a stable,
reproducible, safe and cost effective imaging
method for the early diagnosis of tuberculosis.

Antifungal agents

99mTc- Fluconazole
Fluconazole, an azole antifungal agent, was
radiolabelled with 99 m-Tc  by Lupetti et al (2002)
and used for the diagnosis of Candida albicans
infections in mice. Its efficacy was compared with
a Tc labelled antimicrobial peptide and it was
shown to be superior in differentiating between
fungal and bacterial infections

Voriconazole and Caspofungin
Encouraging preliminary results have been
obtained in vitro in radiolabelling of the broad
spectrum antifungal agents caspofungin and
voriconazole. HPLC analysis (Fig. 2)
demonstrated efficient radiolabelling of
caspofungin with I-125 (iodine-125) and
voriconazole with Tc-99m with minimum
contamination. The binding of I-125 Caspofungin

to Candida albicans was over three times greater
than to E.coli  or Staphylococcus epidermidis.
Similarly promising results were obtained from
radiolabelli ng AmBisome with Tc-99m (Das,
2005).

Other Agents

99mTc-ubiquicidin
Ubiquicidin (UBI) 29-41 is a cationic, synthetic
antimicrobial peptide fragment that binds
preferentiall y with the anionic microbial cell
membrane at the site of infection. It is able to
differentiate between bacterial infection and
inflammation induced by lipopolysaccharides of
bacterial origin. This was evaluated in animal
models by Welli ng et al (2001) and in a recent
phase I clinical trial on eighteen patients by Akhtar
et al (2005). In suspected bone, soft-tissue and
prosthesis infections the overall sensitivity,
specificity, and accuracy were 100%, 80%, and
94.4%, respectively. 99mTc-UBI 29-41 showed
promise in localizing foci of infection, with
optimal visualization as early as 30 min.



Wareham, D. et al.

Brazilian Archives of Biology and Technology

150

I-125 Caspofungin

Tc-99m Voriconazole

Figure 2 - HPLC traces of Caspofungin and voriconazole following labeling with 1-125
and Tc-99m respectively

[125I ] FIAU 1-(2’-deoxy-2’ -fluoro-
�
-D-

arabinofuranosyl)-5-[125I ] iodouracil

A novel approach to bacterial specific imaging
targeting bacterial thymidine kinases has recently
been described by Bettegowda et al, (2005).
Nucleoside analogues such as ganciclovir,
penciclovir and zidovudine are used extensively in
the treatment of viral infections where they act via
inhibition of thymidine kinase involved in nucleic
acid replication. The nucleoside 1-(2’-deoxy-2’ -

�����������	�	
������	��
������ iodouracil
(FIAU) was found to act as a substrate for E. coli
thymidine kinase and after successful labelling
with  125I was able to image E. coli abscesses in
mice. [125I] FIAU was also able to image
experimental infections with E. faecalis, S. aureus,
S. epidermidis, and S. pneumoniae. As
homologous thymidine kinases exist in all
pathogenic bacteria sequenced to date,
radiolabelled species specific nuceloside
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analougues may be a very useful means of
imaging bacterial infections.

18F-Deoxyglucose (FDG)
For the last 15 yrs 99mTc has been radiolabel
applied to each new agent. Fluorine-18
fluorodeoxyglucose (FDG) is a positron emitter
preferentiall y taken up by cells, which
predominantly metabolise glucose as a source of
energy, e.g. cancer cells, inflammatory cells and
bacteria. Although FDG is not an infection
specific agent, the possibil ity of applying labels
other than 99mTc which themselves apply some
selectivity for bacteria in addition to the selectivity
of the agent labelled may lead to a new generation
of radiopaharmaceuticals.

CONCLUSIONS

Radiolabelled antimicrobials represent a novel
approach to the diagnosis of deep seated infection.
Controversies over the sensitivity and specificity
of many of the preparations under evaluation
remain, and will need to be addressed in larger
clinical trials. 99mTc-ciprofloxacin (Infecton) has
been subjected to such a trial, demonstrating good
sensitivity and specificity in a wide range of
bacterial infections and it may be especially useful
in bone and joint infections. The availabil ity of
commercial preparations, subject to rigorous
quality control, wil l be an important component in
the development of novel imaging agents for use
in clinical practice.

RESUMO

A medicina nuclear é uma técnica poderosa de
diagnóstico capaz de detectar focos inflamatórios
em doenças humanas. Uma ampla gama de
agentes tem sido avaliada em sua capacidade de
distinguir lesões, devidas a infecções microbianas
daquelas causadas por inflamações estéreis.
Avanços continuam sendo realizados no uso de
antibióticos radiomarcados que, da mesma forma
que têm sido usados no diagnóstico altamente
específico de infecções, podem ser úteis na
monitoração do tratamento e do curso da doença.
Neste estudo, nós apresentamos uma atualização
sobre estudos in vitro e clínicos, com alguns novos
radiofármacos e outros já consagrados.
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