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Pseudomonas aeruginosa is a major cause of nosocomial infections.
Current diagnostic methods often lack sensitivity and specificity,
resulting in a delayed or inaccurate diagnosis. To address these limita-
tions, new diagnostic strategies are being developed. Molecular imag-
ing techniques, such as PET, allow localization and monitoring of
infections in situ; however, specific radiotracers for P. aeruginosa
imaging are lacking. Radiolabeled siderophores have shown promise
as diagnostic tools for PET imaging. Pyoverdines, specific sidero-
phores produced by P. aeruginosa, are classified into 3 types: pyover-
dine type | (PVDI), pyoverdine type Il (PVDII), and pyoverdine type llI
(PVDII). In this study, we evaluated a radiotracer specifically targeting
P. aeruginosa infections using radiolabeled pyoverdines. Methods:
We radiolabeled PVDI, PVDII, and PVDIII with ®3Ga and evaluated their
stability, in vitro uptake by microbial cultures, and in vivo biodistribu-
tion in healthy animals and 2 animal infection models. A cocktail of
[®3GalGa-PVDI, [®Ga]Ga-PVDII, and [*®Ga]Ga-PVDIIl was used for PET
imaging. Results: The radiolabeled pyoverdines exhibited high in vitro
and in vivo stability, rapid renal clearance, and low blood retention. In
vitro uptake using reference strains and clinical isolates showed that
each strain had high uptake of one specific pyoverdine type. The cock-
tail successfully detected all tested P. aeruginosa strains in vivo, with no
tracer accumulation observed in sterile inflammation, other pathogens,
or heat-inactivated bacterial cells, confirming its specificity. Conclusion:
A [®3Ga]Ga-pyoverdines cocktail was developed as a specific PET imag-
ing agent for detecting P. aeruginosa infections. Combining 3 radiotracers
for broad strain coverage represents a significant advance in the accurate
diagnosis of P. aeruginosa infections and confirms the potential utility
of radiolabeled siderophores in PET imaging of infections.

Key Words: radiopharmaceuticals; [*®Ga]Ga-pyoverdines; PET;
Pseudomonas aeruginosa; imaging; infection

J Nucl Med 2026; 00:1-7
DOI: 10.2967/jnumed.125.271909

Infections are a major global health challenge, ranking third in
mortality and first in morbidity among all human diseases (/,2).
Current diagnostic methods, including microbiologic culture and
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molecular techniques, rely on clinical samples (e.g., blood, urine,
stool, cerebrospinal fluid). Preliminary diagnostic results can often
be obtained within 24 h (3). However, these samples may not
accurately represent the microbial environment at the infection
site, leading to missed or incomplete diagnoses. Sampling limita-
tions can fail to capture infection heterogeneity, such as multiple
lesions or temporal changes during disease progression and treat-
ment. To address this, significant efforts are underway to develop
innovative therapeutic and diagnostic strategies. Among them, molec-
ular imaging techniques such as SPECT and PET are gaining promi-
nence. These methods enable in situ infection localization via
radiopharmaceutical uptake and can be combined with anatomic
imaging modalities, such as CT and MRI, forming hybrid techni-
ques that enhance diagnostic accuracy (4). Currently available
radiopharmaceuticals lack specificity for infectious tissue, as they
often cannot distinguish infection from inflammation or malig-
nancy. One promising strategy for pathogen detection and localiza-
tion is the use of radiolabeled siderophores (5,6).

Siderophores are small, iron-chelating molecules produced by
almost all microorganisms and plants. These compounds are
pathogen-specific and do not interact with the host system. They
are designed to scavenge and transport iron from the environment
and have a specific binding site for iron (7). °*Ga, a positron-
emitting radionuclide with ironlike properties, can easily replace
iron in siderophores to form radiolabeled complexes that have shown
promise as PET tracers for accurate imaging of infections (8,9).

Pseudomonas aeruginosa is a leading cause of nosocomial
infections, particularly in immunocompromised and critically ill
patients, as well as those with cystic fibrosis. The prevalence of
P. aeruginosa poses a significant challenge to clinicians because
of its ability to become multidrug-resistant and its high mortality
rate (10). P. aeruginosa produces a group of siderophores called
pyoverdines. These siderophores play a crucial role in bacterial
physiology, contributing to processes such as virulence and the
formation of biofilms. The diversity of pyoverdines among Pseu-
domonas species is significant (/7). Meyer et al. (/2) analyzed
pyoverdines and classified them into 3 different types. Pyoverdine
type I (PVDI) is identical to P. aeruginosa ATCC15692, type 11
(PVDII) is identical to P. aeruginosa ATCC27853, and type III
(PVDIII) is identical to P. aeruginosa DSM3602 (Fig. 1). [*Ga]Ga-
PVDI has already been introduced by Petrik et al. (13) for specific
imaging of Pseudomonas infection using PET. However, that study
focused on a single strain of P. aeruginosa.

Here, we describe the use of a ®®Ga-labeled pyoverdine cocktail
for identifying a broad range of P. aeruginosa strains and evaluate
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FIGURE 1. Chemical structures of 3 Fe"'/%8Ga'"-pyoverdines, adapted from (72).

its stability, in vitro uptake by microbial cultures, and in vivo biodistri-
bution in healthy animals and 2 animal infection models.

MATERIALS AND METHODS

Animal Experiments

Female BALB/c mice and Lewis rats age 8—10 wk (Envigo) were
used in the experiments. All injections, bacterial infection, and
imaging procedures were performed under 2% isoflurane anesthesia
(FORANE; Abbott Laboratories) to reduce suffering and prevent ani-
mal movement.

PET Imaging

Animals were injected with 5—10 MBq of [*®Ga]Ga-PVDI,
[*¥Ga]Ga-PVDIL, [®3Ga]Ga-PVDIII or [*Ga]Ga-pyoverdines cocktail
(via the tail vein) and placed in the prone position in a NanoScan
PET/CT or NanoScan PET/MRI 3T system (Mediso Medical Imaging
Systems). After the administration of [*®Ga]Ga-labeled tracers, static
PET imaging was initiated at 45 min postinjection, followed by
whole-body helical CT or MRI scans. The final images were normal-
ized to the injected activity and animal weight, with the results pre-
sented on an SUV scale.

A full version of the materials and methods is provided in the sup-
plemental materials, available at http://jnm.snmjournals.org.

RESULTS

Radiolabeling

PVDI, PVDII and PVDIII were radiolabeled with ®®Ga with
high radiochemical purity (>95%) confirmed by thin-layer and
high-performance liquid chromatography (Supplemental Fig. 1).
Pyoverdines were radiolabeled with ®®Ga with molar activities of
up to 5 GBg/umol for PVDI and 8 GBg/pumol for PVDII and
PVDIIL [*®Ga]Ga-pyoverdines were stable within 2h in human
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serum, diethylenetriaminepentaacetic acid, and phosphate-buffered
saline. All [®Ga]Ga-pyoverdines were highly unstable in media
with a high iron concentration. The radiocomplexes also exhibited
hydrophilic properties and low protein binding. The in vitro char-
acteristics of [**Ga]Ga-pyoverdines are summarized in Table 1.

In Vitro Uptake Assays

Each tested reference strain demonstrated a high uptake of only
one pyoverdine type. Specifically, 4 strains showed high uptake of
[®3Ga]Ga-PVDI, 6 of [**Ga]Ga-PVDII, and 1 of [*®Ga]Ga-PVDIII
(Fig. 2A). Patient-isolated P. aeruginosa strains were also tested,
with a high uptake of only one pyoverdine type: 1 strain showed
high uptake of [*3Ga]Ga-PVDI, 6 of [*8Ga]Ga-PVDII, and 3 of
[*Ga]Ga-PVDIII. However, the uptake rates of patients’ isolates
were lower than those of the reference strains (Fig. 2B). The observed
distribution of pyoverdine uptake confirmed the siderotyping of
P. aeruginosa strains into 3 distinct groups (Fig. 2). Supplemental
Table 1 provides the list of microbial strains used in the study.

Preincubation with an excess of Fe-desferrioxamine B (DFO-B),
a competitive siderophore complex, significantly reduced the
uptake of radiolabeled pyoverdines compared with cultures not
preincubated with DFO-B. Furthermore, uptake was completely
abolished when microbial cultures were heat-inactivated at 95°C
for 40 min (Supplemental Fig. 2). None of the other pathogens
tested demonstrated uptake of any [*®Ga]Ga-pyoverdines (Fig. 2C).

In Vivo Stability

[*8Ga]Ga-pyoverdines demonstrated satisfactory stability in vivo
at 30 and 90 min postinjection. In urine, stability at 30 min postinjec-
tion remained above 92% for all [**Ga]Ga-pyoverdines; at 90 min
postinjection, stability decreased to 74% for [**Ga]Ga-PVDI, 86%
for [°®Ga]Ga-PVDII, and 59% for [*®Ga]Ga-PVDIIL. In blood,
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TABLE 1
In Vitro Characterization of [°8Ga]Ga-Pyoverdines (n = 3)

Stability in human

Stability in 0.1 M

Stability in 6 mM

Incubation time  Protein binding (%) serum (%) FeCls (%) DTPA (%) Stability in PBS (%)
[°®Ga]Ga-PVDI
30 min 2.31 97.90 * 0.52 0.53 + 0.32 94.80 * 2.21 97.43 = 1.36
60 min 2.79 96.60 = 1.19 0.37 = 0.21 95.70 * 0.62 95.94 + 1.57
120 min 2.46 95.60 + 2.34 0.17 = 0.09 89.70 + 2.73 95.23 + 1.01
[f8Ga]Ga-PVDII
30 min 0.93 94.03 * 4.86 1.13 = 0.90 96.30 * 2.26 95.73 = 1.10
60 min 0.88 94.53 * 4.23 0.67 = 0.55 97.40 + 1.50 93.70 = 1.41
120 min 0.66 93.17 £ 5.16 0.20 = 0.14 94.53 + 3.67 97.23 + 0.45
[?8GalGa-PVDIII
30 min 2.82 95.30 £ 2.11 1.30 = 1.15 95.20 + 0.26 97.00 = 0.11
60 min 3.19 96.77 = 1.07 1.17 = 0.92 96.40 = 0.84 95.70 = 1.57
120 min 3.94 94.63 + 2.41 0.35 = 0.35 96.85 = 0.21 97.10 = 0.50

Log P values were 3.07 = 0.08 for [?8Ga]Ga-PVDI, —3.46 + 0.06 for [?®Ga]Ga-PVDII, and —3.17 + 0.19 for [?®Ga]Ga-PVDIII.

DTPA = diethylenetriaminepentaacetic acid.
Data for [*®Ga]Ga-PVDI were previously published in (13).
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FIGURE 2. In vitro uptake of [*®Ga]Ga-pyoverdines in different P. aerugi-

nosa (P.a.) reference strains (A), patient isolates (B), and other selected
pathogens (C) after 45 min of incubation in Mueller-Hinton medium. High
uptake limit is represented by dashed line.

stability was measured at 5 min postinjection, with [**Ga]Ga-PVDI
showing the highest stability (93%), followed by [*Ga]Ga-PVDIII
(84%) and [*®Ga]Ga-PVDII (74%). Detailed in vivo stability results
of [8Ga]Ga-pyoverdines are summarized in Table 2.

Ex Vivo Biodistribution

Biodistribution studies in BALB/c mice demonstrated low
blood-pool retention and rapid renal clearance for all [**Ga]Ga-
pyoverdines. Blood pool retention decreased from 30 to 90 min

TABLE 2
In Vivo Stability of [*8Ga]Ga-Pyoverdines in Murine Urine
and Blood
Stability in Stability in
Incubation time urine (%) blood (%)
[®8Ga]Ga-PVDI
0 min 97.55 = 0.21
5 min - 93.20 = 0.84
30 min 92.50 = 0.28
90 min 74.55 + 3.32
[®8Ga]Ga-PVDII
0 min 95.95 = 0.91
5 min - 73.65 = 3.74
30 min 92.90 = 0.56
90 min 86.50 = 0.42
[f8Ga]Ga-PVDIII
0 min 98.10 = 0.42
5 min - 83.85 = 1.48
30 min 92.90 = 0.57
90 min 58.85 = 3.04
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P. aeruginosa ATCC15392, with a negligi-
ble signal for strain ATCC15692 and no
signal for strain ATCC9027 (Fig. 3; Sup-
plemental Fig. 5). No radioactive signal
was detected in the right hind legs, which

were injected with saline and served as

"ﬂ a negative control. The findings were
MRl PET/MRI confirmed by statistical analysis of the
quantification results for all [**Ga]Ga-pyo-
verdines (Fig. 3; Supplemental Fig. 5).
When clinical isolates of P. aeruginosa
were used, PET signals from individual
[®3Ga]Ga-pyoverdines were positive only
for the corresponding strain (Supplemental
Fig. 6). These results are in full agreement
with the in vitro experiments.
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FIGURE 3. Maximum-intensity-projection (MIP), MR, and fused PET/MR sagittal slice images of
mice with P. aeruginosa infection (strains ATCC15692, ATCC9027, ATCC15392 —each representing
1 of 3 groups) in left hind leg (white arrows) and saline injection in right hind leg. All mice received
50 wL of 10° viable cells/mL of bacterial suspension and were scanned 5 h after infection and 45 min
postinjection. Quantification of radioactive signal uptake is shown for each image, comparing left
hind legs injected with viable P. aeruginosa strains and right hind legs injected with saline (n = 3-6).
**P < 0.001; **P < 0.00001. Supplemental Figure 5 shows full combinations and quantification of

each tested strain and [*Ga]Ga-pyoverdines.

for [8Ga]Ga-PVDI (0.81 = 0.04 %ID/g to 0.09 = 0.01 %ID/g),
[®3Ga]Ga-PVDII (1.12 = 0.29 %ID/g to 0.06 = 0.00 %ID/g), and
[*3Ga]Ga-PVDIII (0.98 = 0.02 %ID/g to 0.04 + 0.00 %ID/g). At
90 min, mean renal uptake was 1.95 = 0.43 %ID/g for [*®*Ga]Ga-
PVDI, 2.19 *+ 0.20 %ID/g for [**Ga]Ga-PVDII, and 1.05 = 0.03
%ID/g for [*®Ga]Ga-PVDIII. Rapid clearance and no retention
were observed for other monitored organs. The ex vivo biodistri-
bution data for [*3Ga]Ga-pyoverdines are summarized in Supple-
mental Figure 3.

Animal Imaging Studies

[*®Ga]Ga-Pyoverdines Imaging. PET/CT imaging of healthy
mice injected with [*®Ga]Ga-PVDII and [*®Ga]Ga-PVDIII
confirmed the data from the ex vivo biodistribution studies,
as well as the previously published data

The in vivo pathogen specificity of
[®8Ga]Ga-pyoverdines for infection caused
by P. aeruginosa was also confirmed. The
radioactive signal from [*®Ga]Ga-PVDI,
[®®Ga]Ga-PVDII, and [%®Ga]Ga-PVDIII
clearly accumulated at the site of P. aerugi-
nosa infection caused by the corresponding
strain for each pyoverdine (ATCC15692,
ATCC9027, and ATCC15392, respectively).
Staphylococcus aureus infection and sterile inflammation induced
in the right hind legs showed no accumulation of radioactive
signal (Fig. 4). Moreover, PET/CT imaging showed focal accumu-
lation of the radioactive signal from [*®Ga]Ga-PVDI, [*®Ga]Ga-
PVDII, and [*®Ga]Ga-PVDIII in the lungs of rats infected with
P. aeruginosa strains ATCC15692, ATCC9027, and ATCC15392,
respectively, 24 h after infection with 107 viable bacterial cells
(Fig. 5A).

[®Ga]Ga-Pyoverdines Cocktail Imaging. The [*®Ga]Ga-
pyoverdines cocktail demonstrated specificity for imaging of
P. aeruginosa infection. PET/MRI showed radioactive signal
accumulation at the site of P. aeruginosa infection (strains
ATCC15692, ATCC9027, and ATCC15392) in mice leg muscles.

for [*%Ga]Ga-PVDI (73). All [*®Ga]Ga-
pyoverdines were rapidly cleared from the
bloodstream via renal excretion and showed
no excessive accumulation in other organs
(Supplemental Fig. 4).

The strain-specific in vitro uptake of
[®¥Ga]Ga-PVDI, [®®Ga]Ga-PVDII, and
[*®Ga]Ga-PVDIII was confirmed by in vivo
imaging studies in infected mice, demonstrat-
ing their specificity for imaging P. aeruginosa
infections. Accumulation of [®¥Ga]Ga-PVDI
signal was observed at the site of P. aeru-
ginosa ATCC15692 injection, with negligi-
ble or low signal at sites infected by strains
ATCC9027 and ATCC15392. Similarly,
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[®3Ga]Ga-PVDII showed significant accu-
mulation at sites infected by P. aeruginosa
ATCC9027, whereas no signal was observed
for the other strains. Finally, [*®Ga]Ga-
PVDIII showed significant accumulation
at the site of the infection caused by

FIGURE 4. Maximum-intensity-projection (MIP) and fused PET/MR sagittal slice images with
P. aeruginosa ATCC15692 (A) ATCC9027 (B) and ATCC15392 (C) in left hind leg (white arrows) and
S. aureus (orange arrows) in right hind leg (mouse 1) and sterile inflammation in right hind leg (yellow
arrows) (mouse 2). Mice were injected with [*3Ga]Ga-PVDI (A), [*®Ga]Ga-PVDII (B), and [*®Ga]Ga-
PVDIII (C) 5 h after infection (50 p.L of 10° viable cells/mL of P. aeruginosa bacterial culture and 50 pL
of 10® viable cells/mL of S. aureus). PET/MRI scans were performed 45 min postinjection.
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FIGURE 5. PET/CT maximum-intensity-projection images of [*®Ga]Ga-pyoverdines in rat lung
model of P. aeruginosa infection (24 h after infection and 45 min postinjection of [*Ga]Ga-PVDI
(ATCC15692), [*®Ga]Ga-PVDIl (ATCC9027), [*®Ga]Ga-PVDIll (ATCC15392) (A), and [*®GalGa-
pyoverdines cocktail (ATCC15392) (b). Immunosuppressed rats received 100 pL of suspension con-

of infection to be monitored over time, with
PET/CT scans performed at 1, 2, and 3 d
after infection (Supplemental Fig. 7).

DISCUSSION

We developed an imaging agent for the
detection of a wide range of P. aeruginosa
strains using a cocktail approach. To our
knowledge, this study is the first to describe
the use of a cocktail of 3 siderophore-based
radiotracers for PET imaging of infection.
By combining 3 [*®Ga]Ga-pyoverdine com-
plexes, we detected infections caused by a
broad range of P. aeruginosa strains using
PET in a mouse model of myositis and a rat
model of pulmonary infection. Importantly,
this tracer is highly specific for active infec-
tions, as it does not visualize nonliving bac-
teria, other relevant pathogens, or sterile

taining (2-5) X 10°® viable cells/mL. White arrows indicate site of infection.

Control sites with heat-inactivated bacteria showed no accumula-
tion of radioactivity (Fig. 6). Quantitative PET signal analysis
demonstrated significant differences in the SUV ., between legs
injected with heat-inactivated bacteria and those injected with via-
ble bacteria (Fig. 6).

PET/CT showed focal accumulation of the radioactive signal
from the [*®Ga]Ga-pyoverdines cocktail in the lungs of rats infected
with P. aeruginosa strains ATCC15692, ATCC9027, and ATCC15392
24 h after infection with 107 viable bacterial cells (Fig. 5B). Notably,
the [*®Ga]Ga-pyoverdines cocktail successfully detected lung infec-
tions, even at significantly lower infection doses (10°~10° viable
bacterial cells), and consistently identified all P. aeruginosa strains
tested, regardless of bacterial load. In contrast, no radioactive signal
was observed in the lungs of an uninfected control rat (Fig. 7). In
addition, the [®®Ga]Ga-pyoverdines cocktail allowed the progression

inflammation. This offers a major advantage
over '8F-FDG, which accumulates nonspe-
cifically in inflammatory cells and shows
high background uptake in organs such as the brain, liver, and blad-
der, limiting its diagnostic value (/4). Although radiolabeled white
blood cells offer greater specificity, their use is limited by complex
handling, high cost, and suboptimal pharmacokinetics (15,76). Cur-
rent research in infection imaging is focused on the development of
pathogen-specific radiopharmaceuticals, such as radiolabeled antibio-
tics and antimicrobial peptides. More recent approaches exploit dis-
tinct aspects of bacterial biology, such as p-amino acid probes (e.g.,
p-[!!Clalanine, which has shown uptake in P. aeruginosa), 2-deoxy-
2-['8F]fluoro-p-sorbitol, nucleoside analogs, carbohydrates, and side-
rophores (4,17,18). However, many of these approaches have shown
limited uptake in P. aeruginosa, which remains a challenging patho-
gen for targeted imaging of infections.
Several radiolabeled siderophores have been evaluated in pre-
clinical studies for infection imaging, demonstrating high meta-
bolic stability, favorable pharmacokinetics

[8Ga]Ga-pyoverdines cocktail
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with rapid renal clearance, and specific
uptake at infection sites caused by various
pathogens (6,9,19-22). Among them,
[®Ga]Ga-PVDI has previously been used
for PET imaging of P. aeruginosa infec-
tions. However, earlier studies investigated
only a single reference strain (ATCC15692)
and 1 patient isolate (1019), both showing
[8Ga]Ga-PVDI uptake (/3). It is important
to note that siderophore production and use
are highly strain-specific across bacterial
species (23). P. aeruginosa is highly
diverse, with nearly 8000 genomes catalo-
gued in the Pseudomonas genome data-

base. To date, nearly 100 pyoverdines

FIGURE 6. Maximum-intensity-projection (MIP) PET image, sagittal slices of MR, and fused
PET/MR images of mice infected with P. aeruginosa ATCC15692 (A) ATCC9027 (B), and ATCC15392
(C) in left hind leg (white arrows) and corresponding heat-inactivated P. aeruginosa strains (red
arrows) in right hind leg. All mice received 50 uL of 10° viable cells/mL of bacterial suspension. Mice
were injected with [*®Ga]Ga-pyoverdines cocktail 5h after infection, and PET/MRI scans were per-
formed 45 min postinjection. (D) Comparison of quantification of radioactive signal uptake among left
hind legs injected with viable P. aeruginosa strains and right hind legs injected with heat-inactivated
P. aeruginosa strains (n = 8). Results are expressed as SUV .. “*P < 0.001.
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have been described, characterized by a
conserved chromophore, an acyl side
chain, and a highly variable peptide back-
bone (24,25). Because of these differ-
ences, P. aeruginosa strains are grouped
into 3 siderotype classes: PVDI, II, and III
(12). Building on this classification, we

Krasulova et al. 5
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Further challenges in translation of radi-
olabeled siderophores into clinical practice
arise when a cocktail approach is used.
Although a few studies have explored
radiotracer cocktails in oncology (30-32),
this concept has not yet been applied to
infection imaging. Translation of the cock-
tail approach into clinical practice would
require production under Good Manufactur-
ing Practice-compliant conditions and
regulatory evaluation of the combined
radiopharmaceutical (33). In principle, the
individual [®®Ga]Ga-pyoverdines could be

D Artccisse?

PET/CT

FIGURE 7. PET, CT and fused PET/CT coronal slices of images of [?®Ga]Ga-pyoverdines cocktalil
in rat lung infection model. Immunosuppressed rats were infected with significantly lower infectious
dose (compared with Fig. 6): 4 X 107 (B), 1 x 107 (C), and 6 x 10° (D) viable cells/mL. Each rat
received 100 pL of corresponding bacterial suspension. Imaging was performed 45 min after injec-
tion of [*3Ga]Ga-pyoverdines cocktail, 48-72 h after infection, depending on animals’ clinical condi-
tion. Uptake shown in healthy control (A) and in lungs infected with ATCC15692 (B), ATCC9027 (C),

and ATCC15392 (D). White arrows mark infection sites.

successfully radiolabeled all 3 pyoverdines with ®Ga and created
a [*®Ga]Ga-pyoverdines cocktail.

A key advantage of this approach is its ability to detect all
tested P. aeruginosa strains, ensuring its applicability across clini-
cal isolates and its ability to detect infection caused by relatively
low infection doses. Our data in rat lung infection models with
inocula of 10°-107 viable bacterial cells established reproducible
lung infections suitable for imaging studies. These bacterial bur-
dens are within or close to the ranges typically considered clinically
relevant, as diagnostic thresholds for pneumonia are in the range of
10°~10° viable bacterial cells/mL (26). These findings therefore sup-
port the translational potential of this approach.

Biodistribution studies revealed rapid clearance of [*®*Ga]Ga-
pyoverdines from the bloodstream and minimal retention in non-
targeted tissues. A current limitation of the cocktail approach is
the radiolabeling strategy. Currently, the cocktail is formed by
combining 3 individually radiolabeled pyoverdines, which reduces
the effective activity of each component, as only a fraction of the
dose is relevant for a given strain. Despite this limitation, the PET
signal in our in vivo studies was robust and clearly distinguishable
from controls, indicating feasibility of the approach. Future
improvements may include optimizing the relative composition
of the cocktail or developing alternative labeling strategies to
increase molar activity.

The clinical translation of radiolabeled siderophores remains
challenging. Initial clinical studies using [*®Ga]Ga-siderophores
have recently been conducted with [®Ga]Ga-triacetylfusarinine C
and [*®Ga]Ga-DFO-B, which are currently in trials for PET imag-
ing of fungal, bacterial, and vascular graft infections (EudraCT
no. 2020-002868-31; NCT05285072; EUCT no. 2023-509744-10-
00) (27). The automated production of [**Ga]Ga-DFO-B using
cassette-based synthesis modules represents an important step
toward clinical translation by simplifying preparation and reduc-
ing costs (28). The main limitation of other siderophores in terms
of their clinical translation is that they rely on isolation from bac-
terial cultures, which is not yet widely available through Good
Manufacturing Practice—compliant processes. An exception is the
aforementioned DFO-B, a siderophore originally developed as an
iron-chelating drug and now being repurposed as a PET tracer
(20,29).

produced using established 3Ge/**Ga
generator—based radiopharmaceutical proce-
dures and subsequently combined into a
single preparation before administration.
Because the radiotracers are structurally
related and labeled with the same radionu-
clide, similar radiosynthesis and quality
control procedures are expected.

The rationale for this multitracer strategy lies in the structural
diversity of pyoverdines across P. aeruginosa strains, which may
limit the sensitivity of single-ligand tracers. A cocktail approach
may therefore improve detection across diverse clinical isolates.
Clinically, this strategy could be particularly useful for imaging
suspected P. aeruginosa infections in situations where pathogen
identification is difficult or delayed, such as pulmonary infections
in patients with cystic fibrosis and nosocomial infections in immu-
nocompromised individuals or patients requiring mechanical venti-
lation (70).

Accurate and timely diagnosis is important for patients with
P. aeruginosa, a common and potentially life-threatening patho-
gen, especially in immunocompromised patients. Early detection
enables targeted therapy and reduces the use of broad-spectrum
antibiotics, thereby helping to limit antimicrobial resistance (34).
Several approaches have been explored for P. aeruginosa—specific
radiotracers, including monoclonal antibodies, bacteriophages, and
metabolic probes. Although antibodies and phages have shown
good specificity, their slow clearance and poor image quality have
limited clinical translation (35,36). More recently, radiotracers
such as 6”-'8F-fluoromaltotriose and '23I-B-methyl-p-iodophenyl-
pentadecanoic acid have enabled imaging of P. aeruginosa
(37,38). However, they lack sufficient specificity and exhibit sub-
optimal biodistribution.

CONCLUSION

We successfully developed an imaging agent based on %*Ga-
labeled pyoverdines for detecting P. aeruginosa infections. To our
knowledge, this is the first study to use a cocktail approach combining
3 different pyoverdines to ensure detection across all P. aeruginosa
strains tested. Uptake of [**Ga]Ga-pyoverdines was evaluated in sev-
eral reference strains and clinical isolates, with at least one of the 3 tra-
cers showing consistent positive uptake. Specificity was validated
in vitro and confirmed in vivo using 2 animal infection models. The
tracer did not accumulate in other pathogens, nonviable bacteria, or
sterile inflammation, confirming its high specificity. Furthermore, the
radiolabeling and imaging process is fast, providing results within 1 h.
This approach represents a significant advance in accurate P. aerugi-
nosa infection diagnosis, demonstrates the potential of radiolabeled
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siderophores for infection imaging, and lays a strong foundation for
future clinical translation.
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KEY POINTS

QUESTION: Can a cocktail of [*3Ga]Ga-pyoverdines enable
targeted PET imaging of P. aeruginosa infections?

PERTINENT FINDINGS: In this preclinical imaging study using
rodent infection models, the [*®Ga]Ga-pyoverdines cocktail
selectively accumulated in P. aeruginosa—infected tissue but not
in sterile inflammation or other bacterial infections, demonstrating
high specificity and favorable pharmacokinetics.

IMPLICATIONS FOR PATIENT CARE: This targeted imaging
strategy offers translational potential for noninvasive diagnosis and
monitoring of P. aeruginosa infections, particularly in complex clinical
settings where rapid pathogen-specific identification is critical.
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