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The diagnosis of invasive pulmonary aspergillosis (IPA) is difficult
and lacks specificity and sensitivity. In the pathophysiology of
Aspergillus fumigatus, iron plays an essential role as a nutrient
during infection. A. fumigatus uses a specific and highly efficient
iron uptake mechanism based on iron-complexing ferric ion
Fe(III) siderophores, which are a requirement for A. fumigatus vir-
ulence. We aimed to evaluate the potential of siderophores
radiolabeled with 68Ga, a positron emitter with complexing prop-
erties comparable to those of Fe(III), as a radiopharmaceutical for
imaging IPA. Methods: 68Ga radiolabeling of the A. fumigatus
siderophores desferri-triacetylfusarinine C (TAFC) and desferri-
ferricrocin (FC) was performed at high specific activity. Stability,
protein binding, and log P values were determined. In vitro up-
take in A. fumigatus cultures was tested under varying condi-
tions. Biodistribution was studied in healthy noninfected BALB/c
mice, and uptake was studied in a model of A. fumigatus infec-
tion using immunosuppressed Lewis rats. Results: High-spe-
cific-activity 68Ga labeling could be achieved, and resulting
complexes were stable in serum, toward diethylenetriaminepen-
taacetic acid and Fe(III) challenge. Both siderophores showed
hydrophilic properties (68Ga-TAFC, log P 5 22.59; 68Ga-FC,
log P 5 23.17) with low values of protein binding for 68Ga-
TAFC (,2%). Uptake of both siderophores was highly depen-
dent on the mycelial iron load and could be blocked with an
excess (10 mM) of siderophore or NaN3, indicating specific, en-
ergy-dependent uptake. In noninfected mice, 68Ga-TAFC showed
rapid renal excretion and low blood values (1.6 6 0.37 percentage
injected dose per gram [%ID/g] at 30 min); in urine only intact
68Ga-TAFC was detected. In contrast, 68Ga-FC revealed high re-
tention in blood (16.1 6 1.07 %ID/g at 90 min) and rapid metab-
olism. In the rat IPA model, lung uptake of 68Ga-TAFC was
dependent on the severity of infection, with less than 0.04
%ID/g in control rats (n 5 5) and 0.29 6 0.11 %ID/g in mildly
infected (n 5 3) and 0.95 6 0.37 %ID/g in severely infected
(n 5 4) rats. PET showed focal accumulation in infected lung
tissue. Conclusion: Both siderophores bound 68Ga with high

affinity, and 68Ga-TAFC, especially, showed high stability. 68Ga-
TAFC displayed highly selective accumulation by A. fumigatus
subspecies in vitro and in vivo. The high and specific uptake by
A. fumigatus proves the potential of 68Ga-labeled siderophores
for the specific detection of A. fumigatus during infection. They
hold promise as new PET agents for IPA.
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Aspergillus subspecies, especially A. fumigatus, are among
the most common airborne fungi. With an expanding
population of immunosuppressed patients, the incidence of
severe and often fatal invasive pulmonary aspergillosis (IPA),
mainly caused by A. fumigatus, has increased tremendously
during the past decades and is currently the most common
mold infection worldwide (1,2). IPA is now a major direct
or contributory cause of death in leukemia patients and
a common cause of compromised chemotherapy and failure
of remission-induction chemotherapy. It is a major cause of
mortality among bone marrow and stem cell transplant
recipients (3). Typically, mortality associated with this dis-
ease reaches 50%2100%, one of the major reasons being
current limitations in diagnosis.

Early diagnosis is critical to a favorable outcome of IPA
but is difficult to achieve with currently available diagnostic
tools; for example, of 314 invasive fungal infections in
patients with hematologic malignancies, 75% were not
diagnosed antemortem (4). Newer antifungal agents exhibit
differential mold activity, thus increasing the importance of
establishing a specific diagnosis of IPA. A range of alternate
diagnostic strategies is currently being used (5), including
radiology, CT, cultures, and several serologic tests. Also,
scintigraphic techniques have been proposed including 67Ga-
citrate and, rarely, 18F-FDG PET. None of these techniques,
however, has shown sufficient sensitivity and specificity for
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allowing the early detection of IPA, with subsequent optimal
treatment of patients.

It has recently been recognized that iron plays an
essential role in infection in general (6) and in IPA in
particular. Haas et al. (7), Schrettl et al. (8), and Wallner
et al. (9) reported that A. fumigatus produces siderophores
(low-molecular-mass chelators with high affinity for ferric
ions (10)) for iron acquisition and storage, respectively, and
uses highly efficient siderophore transporters for uptake of
iron (11). Mutational inactivation of the siderophore bio-
synthesis system (12) impairs the virulence of this patho-
gen. The absolute essentiality of the siderophore system for
virulence of A. fumigatus concomitantly with upregulation
of genes encoding siderophore biosynthetic enzymes and
siderophore transporters in a murine model for IPA dem-
onstrates that the siderophore system is activated during
pathogenic growth (13).

The main siderophores produced by A. fumigatus are
desferri-triacetylfusarinine C (TAFC) and desferri-ferricro-
cin (FC) (8), which both display exceptional high affinity
for ferric ions Fe(III) with picomolar values of 31.8 and
25.6, respectively, and have the ability to remove iron from
transferrin (14). TAFC is a cyclic tripeptide consisting of
3 N2-acetyl-N5-cis-anhydromevalonyl-N5-hydroxyornithine
residues linked by ester bonds, and FC is a cyclic hexa-
peptide with the structure Gly-Ser-Gly-(N5-acetyl-N5-
hydroxyornithine)3 (Fig. 1) (15). Because 68Ga has a
chemistry comparable to Fe(III), we aimed to evaluate the
potential of these siderophores radiolabeled with 68Ga for
PET of IPA. Here we describe the radiolabeling with 68Ga

and preclinical evaluation of TAFC and FC including
evaluation of 68Ga-TAFC–mediated imaging in a rat IPA
model.

MATERIALS AND METHODS

Reagents
All chemicals obtained commercially were of analytic grade

and used without further purification. TAFC and FC were obtained
from Genaxxon Bioscience GmbH.

Fungal Strains and Growth Conditions
The studies were performed with A. fumigatus strain 46645

(American Type Culture Collection) cultured at 37�C in Asper-
gillus minimal medium as previously described (16). The pH was
adjusted to 6.5. Iron-replete medium was made by adding FeSO4

to a final concentration of 30 mM (iron-supplemented). For iron-
depleted conditions, addition of iron was omitted (iron-deficient).
Iron starvation was verified by the detection of TAFC production,
which is repressed by iron.

Labeling
68Ga was obtained from a 68Ge/68Ga generator (IGG; Eckert &

Ziegler), eluted with 0.1N HCl (biochemical grade; Fluka). To
various amounts of FC and TAFC (1–30 nmol) dissolved in water
(;500 mM), 30 mL of sodium acetate solution (1.1 M in water)
and 300 mL of the generator eluate (10–100 MBq of 68GaCl3)
were added. After 10 min at room temperature, 100 mL of sodium
acetate solution were added to increase the pH to 6–7. The
radiochemical purity of the radiolabeled siderophore was analyzed
on reversed-phase high-performance liquid chromatography
(HPLC) (TAFC retention time 5 17.1 min; FC retention time 5

12.1 min).

FIGURE 1. Proposed chemical struc-
tures of 68Ga-TAFC (molecular weight,
919.64 g/mol) (A) and 68Ga-FC (molec-
ular weight, 784.43 g/mol) (B), and
HPLC-radiochromatograms (RP-C18,
ACN/H2O/0.1% trifluoroacetic acid gra-
dient) of 68Ga-TAFC and 68Ga-FC 10
min after incubation of 100 MBq of 68Ga
with 10–15 nmol of TAFC or FC at pH
3.9 (C).
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HPLC
A P680 HPLC pump with a UVD 170 U ultraviolet/visible

spectra detector (Dionex) and a Bioscan radiometric detector
(Bioscan) were used for reversed-phase HPLC analysis. A
Nucleosil 120-5 C18 250 · 4.6 mm column (Bischoff), with flow
rates of 1 mL/min and ultraviolet detection at 220 and 254 nm,
was used with the following gradient: acetonitrile (ACN)/0.1%
trifluoroacetic acid/H2O: 0–2 min, 0% ACN; 2–15 min, 0%236%
ACN; 15–18 min, 36%260% ACN; 18–19.5 min, 60% ACN;
19.5–20 min, 60%20% ACN; and 20–24 min, 0% ACN.

Log P, Protein Binding, and Stability (Serum,
Diethylenetriaminepentaacetic Acid [DTPA],
Iron-Containing Solution)

Stability. 68Ga-labeled FC and TAFC were incubated in human
serum, DTPA solution (6 mM), and 0.1 M FeCl3 solution for 30,
60, and 120 min, respectively, at 37�C. Subsequently, serum was
mixed with ethanol, and after centrifugation the supernatant was
injected onto the HPLC column. Samples from mixtures contain-
ing DTPA and FeCl3 were analyzed directly.

Log P. To 0.5 mL of the radiolabeled siderophore in phosphate-
buffered saline, 0.5 mL of octanol in a microcentrifuge tube was
added. The tube was stirred vigorously in a vortex mixer over
a period of 15 min. An aliquot of the aqueous and the octanol
layer was collected and then counted in the g-counter (Compu-
gamma; LKB Wallac), and log P values were calculated (mean
of n 5 6).

Protein Binding. 68Ga-labeled TAFC or FC was incubated in
fresh human serum at 37�C and analyzed after 30, 60, and 120 min
by size-exclusion chromatography (MicroSpin G-50 or Sephadex
G-50 columns; GE Healthcare). Protein binding of the radio-
labeled siderophores was determined by measuring the activity on
the column and the activity in the eluate using a g-counter.

Uptake Assays
For the monitoring of uptake over time, 68Ga-labeled side-

rophore was incubated with iron-deficient or iron-supplemented A.
fumigatus for 10, 20, 30, 45, 60, and 90 min at room temperature
with or without blocking solution (Fe-TAFC or Fe-FC) in 96-well
filter plates (Millipore). Incubation was interrupted by filtration of
the medium and rapid rinsing with ice-cold Tris buffer, and filters
were counted in a g-counter.

For the uptake assays, 68Ga-labeled siderophores were in-
cubated with iron-supplemented or iron-deficient A. fumigatus
for 45 min at room temperature with and without sodium azide or
excess of either Fe(III) or siderophore. Incubation was interrupted
by filtration of the medium and rapid rinsing with ice-cold Tris
buffer, and filters were counted in a g-counter.

Release Assays
68Ga-labeled siderophores were incubated with iron-deficient

A. fumigatus for 1 h (uptake). Cultures were centrifuged and
washed twice with phosphate-buffered saline. Cultures were
incubated at room temperature in phosphate-buffered saline with
or without blocking solution (Fe-TAFC or Fe-FC) in 6-well plates
(Greiner Bio-One). During incubation, 500 mL samples were
taken at different times (15, 30, 45, 60, and 90 min) and
centrifuged. In a g-counter, 300 mL samples of supernatant and
total cultures were counted. Release was expressed as percentage
of total uptake in total cultures.

Animal Experiments
All animal experiments were conducted in accordance with

regulations of the Austrian Animal Protection Laws and with the
approval of the Austrian Ministry of Science (66011/42-II/10b/
2009). Animal studies were performed using BALB/c mice and
Lewis rats (Charles River Laboratories).

Biodistribution in Noninfected Mice
A group of 6 mice (females, 6 wk old) received 68Ga-labeled

siderophore (2 MBq/mouse, corresponding to 0.1–0.3 nmol of
siderophore) injected into the tail vein. Mice were sacrificed by
cervical dislocation 30 and 90 min after injection (n 5 3 at each
time). Different organs and tissues (blood, lungs, heart, stomach,
spleen, liver, pancreas, kidneys, muscle, intestines, and bone) were
removed. The amount of radioactivity was determined with a
g-counter. Results were expressed as percentage of injected dose
per gram of tissue.

Rat IPA Model
In vivo imaging studies were performed in Lewis rats (female,

2–3 mo old), adapting a published IPA model (17). Profound
neutropenia was induced by a single intraperitoneal administration
of 75 mg of cyclophosphamide per kilogram (Endoxan; Baxter
Oncology GmbH) 5 d, followed by a 75 mg/kg dose of
cyclophosphamide 1 d before A. fumigatus inoculation. To prevent
bacterial superinfections, animals were given 35 mg of teicoplanin
per kilogram (Targocid; Sanofi-Aventis GmbH) intramuscularly
5 d before A. fumigatus inoculation, followed by 25 mg/kg doses of
teicoplanin 1 d before and on the day of inoculation. In addition,
rats received 2 mM ciprofloxacin (Fresenius Kabi GmbH) and 100
mM polymyxin E (Colistin; Grünenthal GmbH) in their drinking
water throughout the experiment. Fungal infection was established
by the intratracheal application of 150–250 mL of A. fumigatus in
various concentrations (1052108 colony-forming units [CFU]/
mL). On the day of the experiment (3 d after inoculation), rats
received the radioactive siderophore (;20 MBq/rat, correspond-
ing to 1–3 nmol of siderophore) injected into the femoral vein.
Rats were sacrificed by overdosing with ketamine:xylazine (2:1;
Schoeller Chemie) 2 h after injection. Different organs and tissues
(blood, lungs, spleen, liver, and kidneys) were removed. The
amount of radioactivity was determined with a g-counter. Results
were expressed as percentage of injected dose per gram of tissue
(%ID/g). A. fumigatus infection was confirmed in cultures of the
excised organs. Tissue specimens were homogenized aseptically
and investigated for fungi by culture (CFU count) and microscopic
examination using Fungi-Fluor (Calcofluor White staining solu-
tion; Polysciences). Severe infection was defined as detection of
CFUs 1 d after incubation, mild infection was defined as no
detection of CFUs before day 3 of incubation, and no infection
was defined as lack of fungal growth within 1 wk of incubation.
The control group was treated equivalently but was not subjected
to A. fumigatus inoculation.

68Ga-TAFC Imaging in Rat IPA Model
Lewis rats were anesthetized by intramuscular application of

Ketasol (ketamine; 80–100 mg/kg of body weight [BW]) and
Xylasol (xylazine; 5–10 mg/kg of BW). 68Ga-TAFC solutions
were injected intravenously into the left femoral vein in a maxi-
mum volume of 0.3 mL, with a total activity of 50–100 MBq/kg
of BW corresponding to 5–10 mg of siderophore per kilogram
of BW. Imaging was performed with a clinical PET scanner
(Advance; GE Healthcare) in anterior prone position starting
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5 min after the injection of 68Ga-TAFC with 3 sets of a static
emission image of 20-min duration, immediately followed by an
acquisition for attenuation correction lasting 10 min.

Reconstruction was performed using the ordered-subset expec-
tation maximization algorithm with attenuation correction and
model-based scatter correction. The reconstruction settings were 2
iterations and 28 subsets to a 128 · 128 matrix, with a transaxial
field of view of 12.8 cm, interupdate of 1.0 mm, and postfiltering
of 1.4 mm. The resulting in-plane voxel size was 1.0 mm, and the
plane thickness was 4.25 mm. Transmission data were recon-
structed into a matrix of equal size by means of filtered back-
projection, yielding a coregistered image set. The reconstructed
emission images were reformatted into coronal, sagittal, and
maximum-intensity-projection image sets.

Statistical Analysis
The in vivo biodistribution data of rats were compared using

1-way ANOVA, followed by Tukey’s honestly significant differ-
ences post hoc test for 3 or more independent samples (level of
significance, P , 0.05). Analysis was performed using SPSS,
version 15.0.1 (SPSS, Inc.), for Windows (Microsoft).

RESULTS

Radiolabeling and In Vitro Characterization

High-specific-activity labeling was achieved using both
TAFC and FC at pH 3.9 using acetate buffer. However,
quantitative labeling using 100 MBq of 68Ga was observed
with less than 1 nmol of TAFC, whereas for FC more than
15 nmol were required. Figure 1 shows chemical structures
and radiochromatograms of 68Ga-TAFC and 68Ga-FC, with
a single main peak for both 68Ga-labeled siderophores. In
particular, 68Ga-TAFC complexes were extremely stable in
solution, showing no degradation in serum even after 2 h of
incubation and no release of 68Ga even when challenged
with Fe(III) or DTPA. For 68Ga-FC, some release (,20%)
was observed toward challenge with Fe(III). Both 68Ga-

TAFC and 68Ga-FC siderophores showed hydrophilic prop-
erties (68Ga-TAFC, log P 5 22.59; 68Ga-FC, log P 5

23.17), with low protein binding for 68Ga-TAFC (,2%)
but more than 50% for FC (30–90 min of incubation).

In Vitro Uptake and Release Studies

Uptake by A. fumigatus of both 68Ga-TAFC and 68Ga-FC
was highly dependent on the mycelial iron load: iron-
starved but not iron-replete mycelia displayed high uptake
that could be blocked with an excess (10 mM) of cold iron
siderophore or NaN3, indicating a specific, energy-depen-
dent uptake mechanism (Fig. 2); nonspecific accumulation
was considerably higher for 68Ga-FC. Uptake was observed
up to 90 min after incubation without saturation, again
sensitive to specific blocking and dependent on the myce-
lial iron load for both 68Ga-labeled siderophores.

In a release assay, 68Ga-siderophores showed high re-
tention in A. fumigatus over a period of more than 2 h.
However, when coincubated with an excess of cold iron
siderophore, significant release of 68Ga-FC was observed
whereas 68Ga-TAFC remained trapped (Supplemental Fig. 1;
supplemental materials are available online only at http://
jnm.snmjournals.org).

Biodistribution and Metabolism in Noninfected
BALB/c Mice

In noninfected mice (Fig. 3), 68Ga-TAFC showed rapid
renal excretion and low blood levels, even at short times
after injection (1.6 6 0.37 %ID/g; 30 min); in urine, only
intact 68Ga-TAFC was detected. In contrast, FC revealed
a high retention in blood (16.1 6 1.07 %ID/g; 90 min) and
organs, indicating rapid metabolism with no detection of
intact 68Ga-labeled siderophore excreted renally.

FIGURE 2. Uptake studies of 68Ga-
labeled siderophores (TAFC, left; FC,
right). (A) Uptake in A. fumigatus after 45
min of incubation under varying condi-
tions: 2 mM sodium azide, 10 mM
excess iron siderophores in both iron-
supplemented and iron-deficient
conditions. (B) Uptake over time under
iron-supplemented and iron-deficient
conditions and in presence of 10 mM
excess siderophore (blocking). A.f. = A.
fumigatus.
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Biodistribution of 68Ga-TAFC in Rat IPA Model

Of 11 infected rats, 4 developed a severe lung infection, 3
developed a mild infection, and 4 showed no sign of infection
at all. Severely infected animals also revealed mild infection
in other organs such as kidneys and liver, whereas in the
other groups no other organ infection could be detected. No
significant difference in organ uptake between the infected
and the noninfected groups, except for lung uptake, was
observed. Figure 4 summarizes lung uptake values in the
different groups of rats. Highest uptake of 68Ga-TAFC was
observed in severely infected rats, with 0.95 6 0.37 %ID/g
(n 5 4), followed by 0.29 6 0.11 %ID/g (n 5 3) in mildly
infected animals. The group showing no infection (negative,

0.036 6 0.007 %ID/g) and the control group (0.039 6 0.011
%ID/g) showed comparable uptake, with no significant
difference; uptake in these groups was significantly lower
than that in infected rats (P , 0.05).

Imaging

PET of severely infected rats revealed rapid uptake of
68Ga-TAFC in infected lungs, accompanied by rapid renal
elimination (Fig. 5). Already by 15 min after injection, a high
contrast between lungs and surrounding tissue was observed,
improving at 30 min and then remaining constant for the
whole imaging period of 75 min. No washout from lung
tissue could be measured, and the only visible organs besides
lungs were the kidneys. Faint lung uptake was detected in
a mildly infected rat, whereas in a control animal no uptake
in the lung region was observed and the only organs visible
were the kidneys. Highest activity concentrations were found
in the bladder, increasing over time, whereas after initial
peaking kidney activity remained constant.

DISCUSSION

In view of the high clinical need for improved diagnostic
tools for imaging IPA, various attempts were made to develop
suitable radiopharmaceuticals for this application, including
99mTc-labeled polyethyleneglycol-liposomes or 99mTc-in-
terleukin 8 (18). Although some preclinical results were
promising, the mechanism of uptake was not specific for
fungal infections and clinical data are missing. Potentially
more specific agents such as radiolabeled antifungal agents

FIGURE 3. Biodistribution of 68Ga-TAFC and 68Ga-FC in
noninfected BALB/c mice 30 and 90 min after injection.

FIGURE 4. Lung uptake of 68Ga-TAFC in infected vs.
noninfected rats. Negative 5 rats inoculated with A.
fumigatus but negative in postmortem tissue cultures.

FIGURE 5. (A) PET in rat IPA model showed accumulation
of 68Ga-TAFC in infected lung tissue, dependent on severity
of infection. (B) Dynamic imaging showed rapid uptake and
no release of 68Ga-TAFC over time in infected lungs.
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(99mTc-fluconazole) or 99mTc-antimicrobial peptides (e.g.,
ubiqucidin) have been shown to be suboptimal for the
detection of fungal infections and have never found their
way into clinical trials (19).

Siderophore-based compounds, including deferoxamine,
have been investigated in radiopharmaceutical research
already in the early 1980s (20,21). 67Ga is an isosteric
diamagnetic substitute for Fe(III) (22), and thus, the affinity
constants of many siderophores for gallium are in the range of
their iron counterparts (23). Emery and Hoffer (23) have used
67Ga to study the uptake mechanisms for different sidero-
phores in Ustilago sphaerogena and found this energy-
dependent process to be indistinguishable from that of the
Fe(III) counterpart. They even postulated an involvement of
siderophore binding in the accumulation of 67Ga-citrate in
inflammatory lesions. However, only recently has the im-
portance of iron metabolism and acquisition in the patho-
physiology of infection been fully recognized (6). Iron plays
an essential role in the immunocompetence of the host,
because of effects on immune cells and its interference with
cell-mediated immune effector pathways and cytokine ac-
tivities. At the same time, iron is crucial for the proliferation
of pathogens including A. fumigatus, because of its essential
role in numerous pathways (15). Part of the infection process
can, therefore, be regarded as a battle for iron between host
and pathogen. To succeed in this battle, A. fumigatus pro-
duces 2 main siderophores, FC and TAFC, together with
highly efficient siderophore transporters. Therefore, we
attempted to use the same siderophores radiolabeled with
68Ga as Trojan horses to allow specific imaging of the
infection process. The use of the generator-based radionu-
clide 68Ga provides the basis for immediate availability for
rapid diagnostic answers, and PET guarantees the highest
diagnostic sensitivity and resolution currently available in
nuclear medicine. High specificity for fungal infections
can be expected, as the siderophores TAFC and FC have
no function in the human physiology. Rapid accumulation
based on the highly efficient siderophore transporter system
appears advantageous in comparison to, for example, cell
wall–labeling approaches.

Here, we report the proof of principle for the detection of
A. fumigatus by 68Ga-TAFC. TAFC could be labeled with
68Ga at high specific activities, and the resulting complex
displayed excellent in vitro stability, which was confirmed in
vivo by murine biodistribution studies showing no degrada-
tion products of 68Ga-TAFC in urine. In contrast, 68Ga-FC
was considerably more unstable both in vitro and in vivo.
Both siderophores were taken up by A. fumigatus cultures in
an energy-dependent and saturable manner by iron-starved
but not iron-replete cells, consistent with the expression
pattern of A. fumigatus siderophore transporters (11). In
contrast to 68Ga-TAFC, 68Ga-FC displayed unspecific bind-
ing and release of 68Ga when the culture was subjected to an
excess of siderophore, indicating inhibition of reuptake due
to blocking of siderophore transporters. Additionally, bio-
distribution properties of 68Ga-TAFC in mice were clearly

superior to those of 68Ga-FC. This finding is in accordance
with the specific role of these 2 siderophores for A. fumigatus:
TAFC is used for extracellular iron acquisition, whereas FC
is predominantly used for intracellular storage and transport.
In a rat IPA model, uptake of 68Ga-TAFC in lungs was clearly
correlated with the severity of the infection. This confirms
that A. fumigatus remains in an iron-starved status during
infection as shown previously (13). Nontarget activity was
rapidly eliminated by the kidneys, and activity in the lungs
showed high retention—retention for up to 2 h after in-
jection—providing high target-to-nontarget ratios over the
whole image acquisition period of 2 h. This holds promise
to allow imaging over a prolonged time.

An important clinical need is to identify fungal infections
early after the onset of disease and to discriminate different
pathogens. A. fumigatus accounts for more than 90% of all
IPAs; other Aspergillus subspecies, therefore, play a minor
role. On the other hand, there is no indication of any
difference in siderophore uptake between Aspergillus sub-
species. Bacterial species have not been shown to use
Fe-TAFC, and Fe-TAFC uptake by Candida albicans is in-
efficient (24), which holds promise that 68Ga TAFC may be
a selective compound for the detection of IPA. Furthermore,
sensitive detection of Aspergillus infections in other organs
besides the lung is of high clinical relevance. The generally
low background activity enables infection detection in other
areas such as the brain, with the exception of the kidneys,
where in general small peptides show intense and prolonged
nonspecific retention.

Recently (25), the in vivo detection of IPA based on
a hyphae-binding peptide (c(CGGRLGPFC)-NH2) identified
by phage display technology and labeled with 111In has been
reported. This study confirms the possibility of the direct
detection of IPA in vivo. However, we believe that this
approach has the disadvantage that targeting is based on
extracellular binding without active, energy-mediated uptake
and accumulation. The use of 111In as a suboptimal radionu-
clide remains an additional challenge for this latter approach.
Moreover, considering lower target uptake (0.37 6 0.06
%ID/g vs. 0.95 6 0.37 %ID/g for 68Ga-TAFC) and higher
background activity (0.14 6 0.02 %ID/g vs. 0.027 6 0.008
%ID/g for 68Ga-TAFC), 68Ga-TAFC appears to better suited
for the imaging of IPA.

CONCLUSION

We have shown that the A. fumigatus siderophores FC and
TAFC bind 68Ga with high affinity and that 68Ga-TAFC,
especially, displays high stability in biologic systems. 68Ga-
TAFC revealed a highly selective accumulation by A.
fumigatus both in vitro and in vivo, proving the potential of
68Ga-labeled siderophores for specific infection imaging.
Thus, 68Ga-siderophores represent promising new PET
agents for IPA, demanding further investigations to charac-
terize the sensitivity and pathogen selectivity but also
toxicity of these imaging compounds.
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