
therapeutic regimens. In granulocytopenic patients, >60%
of these febrile episodes are of infectious origin, causing
substantial morbidity and mortality (1). Prompt initiation of
empiric broad-spectrum antibiotic therapy has shown im
provement in the clinical outcome (2). Rapid identification
of a possible site of infection helps to tailor the instituted
antibiotic regimen and reduces the occurrence of side
effects, superinfection and the emergence of resistant micro
organisms. However, granulocytopenic patients often lack

localizing signs or symptoms, hampering clinical identifica
tion of an infectious focus (3). Scintigraphic techniques can
be useful in the diagnostic process because they provide

rapid whole-body evaluation based on functional processes
and do not depend on morphologic abnormalities. Imaging
with labeled autologous leukocytes is very effective for
detection of acute infection (4,5) but is obviously not
feasible in granulocytopenic patients. Labeled donor leuko
cytes have been proposed as an alternative method (6, 7) but
are seldom applied because of the high risk associated with
human leukocyte antigen immunization, transfusion-associ
ated graft-versus-host disease and transmission of viruses

(8,9). Therefore, 67Ga-citrate is currently the method of
choice for scintigraphic evaluation of the febrile granulocy
topenic patient (10,11). Opportunistic respiratory infections
in particular are adequately visualized with this radiopharma

ceutical (11). However, imaging with 67Ga-citrate has 5ev
eral disadvantages: The radiopharmaceutical has unfavor
able imaging characteristics and causes high radiation
exposure; physiologic bowel uptake and accumulation in
malignant lymphomas limit its accuracy for the detection of
(abdominal) infections; and optimal imaging often requires
delayed recordings up to 72 h, whereas a timely diagnosis
may have a major clinical impact in these patients.

Several new agents are being developed for imaging of

infection. Nonspecific polyclonal human immunoglobulin
labeled with â€˜â€˜â€˜Inhas shown high efficacy for visualizing
focal infection in both immunocompetent and granulocyto
penic patients (12, 13). A 99mTclabel would be more attrac
tive, providing better image quality and lower radiation
exposure. IgG labeled with 99mTc through the nicotinyl
hydrazino derivative hydrazinonicotinate (HYNIC) has
shown high accuracy for the detection of clinical infection

Scintigraphicimagingin granulocytopenicpatientscan be very
usefultodetectandlocalizeinfections,whichoftendonotshow
localizingsignsand symptoms.We studiedthe potentialof @mTc@
labeled polyethyleneglycol (PEG)-coatedliposomesand @mTc@
labeledlgGto imagebacterialandfungal infectionin a granulocy
topenic rat model. Â°7Ga-citratewas used as a reference agent.
Methods: O9mTc@PEG@liposomes,99mTchydrazinonicotinate
(HYNIC)-lgGor 67Ga-citratewas administeredto granulocytope
nic rats with a Staphylococcus aureus abscess or with unilateral
invasive pulmonary aspergillosis. Imaging and biodistnbution
studieswere performed.Results:All agentsvisualizedthe
S.aureusinfectionfrom1hafterinjectiononward.However,only
with Â°@mTc-PEG-Iiposomesand with @mTc-HYNlC-lgGdid activity
in the infectious foci increase with time up to 24 h. @Tc-PEG
liposomes and @Tc-HYNIC-lgGshowed significantly higher
accumulationinthe infectiousfocuscomparedwith67Ga-citrate
(1.33 Â±0.31 and 1.40 Â±0.16 percentageinjecteddose per gram
[%lD/g], respectively, versus 0.31 Â±0.04 %lD/g 24 h after
injection;P < 0.05).At24 h afterinjection,abscess-to-muscle
ratioswerehighestfor @Tc-liposomes(72.1Â±19.1),followed
by @mTc-HYNlC-IgG(18.3 Â±3.3) and 67Ga-citrate(4.4 Â±0.7).In
pulmonary aspergillosis, both @Tc-PEG-liposomesand@
HYNIC-lgG showed significantly higher uptake in the infected
lungthandid67Ga-citrate(3.6 Â±0.4 and8.3 Â±0.8 %lD/g,
respectively,versus1.3%lD/gat24hafterinjection;P < 0.05).
Conclusion: 99mTc@PEG@liposomesand 99mTc-HYNIC-lgG
performed better than did 67Ga-citratein the localization of
peripheralbacterialinfectionandfungalinfectionin the lungin
granulocytopenicrats. The high focal uptake and high target-to
nontargetratiosof Â°@Tc-PEG-liposomesand @Tc-HYNIC-IgG
indicatethat both radiopharmaceuticalsmaybecomevaluable
agentstoimageinfectioningranulocytopenicpatients.
Key Words: granulocytopenia;infection;imaging;liposomes;
immunoglobulin;abscess;aspergillosis
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ebrile episodes frequently occur in the treatment of
cancer patients, particularly during the severe and often

protracted neutropenic period induced by aggressive chemo
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was inoculated with 2 X 10â€•A. fumigatus conidia in a 0.02-mL
suspension of phosphate-buffered saline (pH 7.4). This procedure
resulted in a left-sided invasive pulmonary infection; signs of
mycelial disease were usually seen 16 h after inoculation (20).
Three rats were inoculated with 0.02 mL normal saline and served
ascontrols.

Radiopharmaceuticals
@â€œTc-PolyethyleneGlycol-Liposomes. Glutathione-containing

PEG-liposomes were prepared as described (19). The mean size of
the liposome preparations as determined by dynamic light scatter
ing measurements was 100â€”110nm with a polydispersity index
of <0.1. Preformed glutathione-containing liposomes were labeled
with @Tcessentially as described (21). Briefly, the liposomes (70
pmol phospholipid/mL) were incubated for 15 mm at room
temperature with freshly prepared @mTc@hexamethyIpropyl
eneamine oxime (HMPAO) (6 MBq/pmol phospholipid). Labeling
efficiency was between 70% and 80%. Removal of unencapsulated

@Tc-HMPAOwas achieved by gel filtration on a PD-lO column
(Pharmacia, Woerden, The Netherlands) with 5% glucose as the
eluent. Radiochemical purity as determined on a gel-filtration
column (PD-lO column) was >95%.

@â€œTc-Hydrazinonicotinamide-IgG.HYNIC was synthesized and
conjugated to human polyclonal IgG (Gammagard; BaxterlHyland,
Lessines, Belgium) according to the methods ofAbrams et al. (22).
Approximately one HYNIC group was coupled per IgG molecule,
as determined spectrophotometrically. The purified HYNIC
conjugated IgG was diluted to 4 mglmL in 0.15 mollL acetate (pH
5.85), sterilizedby membranefiltrationandstoredat â€”20Â°Cin
0.5-mL aliquots. After thawing 0.5 mL HYNIC-IgG solution, the
conjugate was radiolabeled with @mTcby adding 0. 1 mg
N-[tris(hydroxymethyl)methyl]glycine (Tricine; Fluka, Buchs, Swit
zerland), 0.01 mg SnSO4 and @mTc@pertechnetate(50 MBq/mg).
The mixture was incubated for 15 mm at room temperature. The
radiochemical purity was determined by instant thin-layer chroma
tography on silica gel strips (Gelman Science, Inc., Ann Arbor, MI)
with 0.15 mollL acetate (pH 5.85) as the mobile phase. Labeling
efficiency was always >95%. High-performance liquid chromatog
raphy on a size-exclusion column indicated that the preparation
contained <5% aggregates.

67Ga-Citrate. 67Ga-citrate was purchased in kit form (DRN
3103;Mallinckrodt,Inc.,Petten,TheNetherlands).

Study Design
Staphylococcus aureus Abscess. Twenty-four hours after bacte

nal inoculation, groups of three rats were injected through the tail
vein with 10 MBq @Tc-PEG-liposomes,10 MBq @mTc@HYNIC@
IgG or 10 MBq 67Ga-citrate.The animals were anesthetized with a
mixture of halothane, nitrous oxide and oxygen and were placed
prone on a single-head gamma camera equipped with a parallel
hole, low-energy collimator for the @Tcstudies or a medium
energy collimator for the 67Ga studies. Each group of rats was
imaged at 5 mm and 1, 2, 4, 10 and 24 h after injection. Images
(300,000 counts/image; at 24 h after injection, 100,000 counts/
image) were obtained and stored in a 256 X 256 matrix. The
scintigraphic results were analyzed by drawing regions of interest
over the abscess, the noninfected contralateral calf muscle (used as
background region), the heart (representing blood-pool activity)
and the whole animal. Abscess-to-background ratios and the
percentage of residual activity in the abscess (abscess-to-whole
body ratio) were calculated at various time points. The cx vivo
biodistributions of the radiolabels were determined in a separate

and inflammation (14) but, to our knowledge, has not been
studied in the granulocytopenic host. Sterically stabilized
liposomes, also called polyethylene glycol (PEG)-lipo
somes, are another newly developed agent in the field of
scintigraphic detection of inflammation and infection. The
inclusion of PEG into the lipid bilayer of these vesicles
results in prolonged blood circulation time compared with

conventional liposomes because of reduced uptake by the

mononuclear phagocyte system (15, 16). Experimental stud
ies have shown excellent targeting of inflammatory foci with
PEG-liposomes (17â€”19).

In this study, we evaluated the potential of 99mTc@PEG@
liposomes and 99mTcHyNIC4gG to visualize bacterial
infection in granulocytopenic rats. In addition, the perfor
mance of labeled liposomes and labeled IgG was evaluated
in a clinically more relevant model of pulmonary aspergillo

sis, a frequent and serious fungal infection in immunocom
promised patients. For comparison, 67Ga-citrate was in
cluded as a reference agent.

MATERIALS AND METHODS

Infection Models
Staphylococcus aureus. A focal S. aureus abscess was induced in

granulocytopenic rats, as described by Oyen et al. (13) with minor
modifications. Briefly, male randomly bred Wistar rats, weighing
200â€”220g, were injected with one dose of cyclophosphamide
(Asta-Medica, Diemen, The Netherlands), 100mg/kg intraperitone
ally, 5 d before bacterial inoculation (day â€”5),followed by one
dose of 75 mg/kg on day â€”3.The rats had free access to standard
rat chow and acidified drinking water.The degree of granulocytope
nia was tested in a separate group of five rats. The mean white
blood cell count was reduced from 11.3 Â±0.5 X l09/L on day â€”5
to 0.2 Â±0.1 x l09/L on day 0 and remained on this level until the
end of the experiment. Differential counts showed that <20% of
the leukocytes were granulocytes, resulting in a granulocyte count
of <0.05 X lO9fL. Under ether anesthesia, a focal abscess was
induced by injecting approximately 1 X l0@viable S. aureus
(ATCC25923; AmericanType CultureCollection, Manassas,VA)
in 0.1 mL 50%:50% suspension of autologous blood and normal
saline in the left calf muscle. Twenty-four hours after the inocula
tion, when swelling of the muscle was apparent, the respective
radiopharmaceuticals were injected through the tail vein.

Pulmonary Aspergillosis. Pulmonary aspergillosis was induced
in granulocytopenic rats according to the methods described by
Leenders et al. (20) with minor modifications. Briefly, female rats
(RP strain), 18â€”25wk old and weighing 185â€”225g, were injected
with one dose of cyclophosphamide, 75 mg/kg intraperitoneally, 5
d before fungal inoculation (day â€”5),followed by one dose of 60
mg/kg on day â€”1. This protocol resulted in granulocyte counts
of <0.1 X 109/L on the day of inoculation until the end of the
experiment. To prevent bacterial superinfections, animals received
ciprofloxacin (660 mgIL) and polymyxin B (100 mgfL) in their
drinking water during the entire experiment. Daily intramuscular
amoxillin injections (40 mg/kg/d) were added to this regimen
starting I d before inoculation. Pulmonary infection was estab
lished, using a strain of Aspergillus fumigatus isolated from an
immunocompromised patient with invasive pulmonary aspergillo
sis. Under general anesthesia, the left main bronchus was intubated.
A cannula was passed through the tube, and the left lobe of the lung
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experiment. Twenty-four hours after bacterial inoculation, groups
of five rats were injected intravenously through the tail vein with 4
MBq 99mTc..pEGiiposomes, 4 MBq @Tc-HYNIC-IgGor 0.4
MBq 67Ga-citrate.Twenty-four hours after injection of the radio
pharmaceutical, the rats were killed with 30 mg phenobarbital
injected intraperitoneally. Blood was obtained by cardiac puncture.
After cervical dislocation, tissue samples (right calf muscle,
infected left calf muscle, lung, spleen, kidney and liver) were
dissected and weighed, and their activity was measured in a
shielded-well scintillation gamma counter (Wizard; Pharmacia
LKB, Uppsala, Sweden). To correct for physical decay and to
calculate uptake of the radiopharmaceuticals in each tissue sample
as a fraction of the injected dose, aliquots of the injected dose were
counted simultaneously. The results were expressed as percentage
injected dose per gram (%ID/g). Abscess-to-blood and abscess-to
muscle ratios were calculated.

Pulmonary Aspergillosis. Forty-eight hours after inoculation,
groups of six infected rats were injected intravenously through the
tail vein with 10 MBq 99mTc.pEG4iposomes, 10 MBq @Â°â€˜Tc
HYNIC-IgG or 10 MBq 67Ga-citrate.The noninfected control rats
received 10 MBq @Tc-PEG-liposomes.Imaging studies were
performed as described. The rats were imaged at 2, 8 and 24 h after
injection. After obtaining the final image, the rats were killed to
determine the ex vivo distributions of the radiolabels. After
assessment of macroscopic abnormalities, small samples of the
right and left lung were collected for microbiologic examination.
The remainders of the right and left lungs were weighed, and their
activities were measured in a shielded-well scintillation gamma
counter. Tissue samples of other organs were processed as de
scribed. Results were expressed as %ID/g. Left-to-right lung, left
lung-to-blood and left lung-to-muscle ratios were calculated.

Microbiologic and Hlstopathologlc Studies
Staphylococcus aureus Abscess. S. aureus infection was induced

in two granulocytopenic rats and two immunocompetent rats as
described. Samples of infected left calf muscle and noninfected
right calf muscle were dissected, fixed in formalin and embedded in
paraffin. Sections were cut and stained with hematoxylinâ€”eosinfor
light microscopic examination.

Pulmonary Aspergillosis. Samples of the right and left lungs
were aseptically removed. A sample was smeared on Colombia III
agar blood plates (Becton Dickinson, Euen-Leur, The Netherlands)
that were incubated at 37Â°Cfor 48 h to examine possible bacterial

coinfection. The remainders of the lung tissues were fixed in
buffered formalin. After measurement of radioactivity, the tissues
were embedded in paraffin, and histopathologic studies were done
on sections that were stained with hematoxylinâ€”eosinor Grocott
Gomon methenamineâ€”silver.

Statistical Analysis
All values are expressed as %ID/g or ratios Â±I SEM. Statistical

analysis of tissue distribution was performed using one-way
analysis of variance. Tukey-Kramer multiple-comparison tests
were applied. A corrected P < 0.05 was considered significant.

RESULTS

StaphylococcusaureusAbscess
Although a relatively small inoculum was used (1 X 10@@

viable bacteria in granulocytopenic rats versus 1 X 10@
viable bacteria in immunocompetent rats), gross swelling of
the left calf muscle was apparent in all granulocytopenic rats
24 h after bacterial inoculation. Cross sections of the abscess

samples show an encapsulated collection of purulent mate
rial. No hemorrhage was observed. Microscopic examina
tion revealed necrosis of muscle tissue but only minimal
leukocyte infiltration, in contrast with the massive leukocyte
influx seen in immunocompetent rats (Fig. 1). Figure 2
shows the scintigraphic images of the respective radiophar
maceuticals at 1 and 24 h after injection. All agents vis
ualized the abscess as early as 1 h after injection. Further
more, improved contrast between abscess and background
on the subsequent scintigrams was observed with the

@Tc-labeledagents but not with 67Ga-citrate. Quantitative
analysis of the images showed abscess uptake of 67Ga-citrate

increased only slightly with time and reached a maximum of

6.8 Â± 1.2 %ID at 10 h after injection. The abscess-to
background ratio at 24 h after injection did not exceed 2.0
and was significantly lower than that of the two other agents
(P < 0.01). In contrast, both 99'@Tc-PEG-liposomesand
99mTc.HyNJC4gG showed increasing accumulation in the
abscess throughout the 24-h period, resulting in significantly
higher abscess uptake (16.6 Â± 1.9 and 16.3 Â± 1.6 %ID,
respectively) and abscess-to-background ratios (16.6 Â±1.1
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FIGURE 1. Tissueof S. aureus-inducedabscessin immunocompetentrats (A) and granulocytopenicrats (B). Note massive
leukocyte infiltration in Athat is not present in B. Hematoxylinâ€”eosin,x400
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99mTcPEG@mTc-HYNlC
Organ liposomeslgG 67Ga-citrate

various organs showed relatively high splenic uptake with

@Tc-PEG-liposomes (5.75 Â± 0.74 %ID/g; P < 0.01),
whereas liver uptake was highest with 99mTc@HYNIC@IgG
(1.06 Â±0.05 %ID/g; P < 0.001).

PulmonaryAspergillosis
Gross hemorrhagic infarctions were macroscopically vis

ible at the base of the infected left lung. In the IgG group, the
infarctions appeared to be more extensive than in the other
two groups (mean affected lung surface 25% versus 15%),
but the difference was not statistically significant. Histologic
examination revealed abundant septate branching hyphae
invading blood vessels and lung tissue but only minimal
leukocyte infiltration (Fig. 3). No mycelial disease was
observed in right lung tissue or in lung tissue of the control
rats. Negative microbiologic findings excluded bacterial
coinfection. The scintigraphic images ofthe radiopharmaceu
ticals are shown in Figure 4. At 24 h after injection,

increased uptake in the left lung was noted with 99mTc..
liposomes and 99mTc..HYNJC4gG. At earlier time points,
pathologic uptake in the region of the left lung was not
observed unequivocally because adequate delineation of the
infection was hampered by the relatively small size of the
animals and the vicinity of activity in the cardiac pool. With
67Ga-citrate, minimal uptake was noted in the left lung at all
time points. No increased pulmonary uptake was observed
in the control rats that had been injected with labeled
PEG-liposomes. Quantitative analysis of the images re
vealed that both 99mTc.pEG4iposomes and 99mTcHyNIC
IgG displayed relatively long half-lives; the absolute values
were remarkably higher than those in the S. aureus expen
ment (initial t1,@approximately 20 and 30 h, respectively,
versus 6 and 10 h; data not shown).

The biodistribution data of the three radiopharmaceuticals

lhr 24hr

A' to.,.

B

t@,t4

1u

FIGURE 2. Scintigramsof granulocytopenicratswith S. au
reus infection in left calf muscle imaged at 1 and 24 h after
injectionof @Tc-PEG-Iiposomes(A), @mTc-HYNIC-IgG(B) and
67Ga-citrate(C).

TABLE 1
Biodistribution of Three Radiopharmaceuticals in

GranulocytopenicRatswithStaphylococcusaureusAbscess
24 HoursAfter Injection

and 12.8 Â± 1.4, respectively) compared with 67Ga-citrate
(P < 0.05). Blood clearance of67Ga-citratewas significantly
faster than that of the 99mTc4abeled compounds (P < 0.01 at
1 h after injection; data not shown): The initial t1,@was
approximately 1.5 h compared with approximately 6 and 10
h for the 99mTc..liposomes and 99mTc@HYNIC@IgG,respec
tively.

The biodistribution data of the radiolabels after injection
of the three radiopharmaceuticals are given in Table 1. In
accordance with the scintigraphic results, 99mTc..PEG..
liposomes and @Tc-HYNIC-IgGshowed significantly higher
uptake in the infectious focus at 24 h after injection than did

67Ga-citrate (P < 0.05). The very low uptake of the labeled
liposomes in normal muscle resulted in an abscess-to
muscle ratio of 72.1 Â± 19.1, 4â€”16times higher than the
ratios obtained with 99mTcHYNIC4gG (P < 0.05) and
67Ga-citrate (P < 0.01). Because of the relatively low blood
level of 67Ga-citrate, the abscess-to-blood ratio of gallium
was higher than for the other two agents (P < 0.01).
Biodistributions of the three radiopharmaceuticals in the

Blood
Muscle
Abscess
Lung
Spleen
Kidney
Liver
Ratio

Abscess-to-blood
Abscess-to-muscle
Abscess-to-spleen
Abscess-to-liver

0.87Â±0.061 .22 Â±0.250.07 Â±0.0040.02
Â±0.0010.08 Â±0.010.07 Â±0.011.33
Â±0.311.40 Â±0.160.31 Â±0.040.32
Â±0.020.72 Â±0.120.14 Â±0.015.75
Â±0.742.11 Â±0.162.30 Â±0.462.53
Â±0.201 .27 Â±0.040.44 Â±0.030.58
Â±0.071 .06 Â±0.050.64 Â±0.031

.57 Â±0.411 .29 Â±0.274.71 Â±0.6672.1
Â±19.118.3 Â±3.34.40 Â±0.710.22
Â±0.030.68 Â±0.090.16 Â±0.042.28
Â±0.371.32 Â±0.100.49 Â±0.07

PEG = polyethyleneglycol;HYNIC= hydrazinonicotinate.
Valuesexpressedas percentageinjecteddosepergramÂ±SEM.
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FIGURE 3. Lung tissue of granulocytopenicrats with invasivepulmonaryaspergillosisshow abundantseptate hyphae of
Aspergillus with only minimal cellular inflammatory infiltration. (A) Hematoxylinâ€”eosin,x300. (B) Grocott-Gomori methenamine
silver,x300.

(Table 2) show that uptake in the infected lung was
significantly higher with 99mTc@PEG@liposomesand 99mTc@
HYNIC-IgG than with 67Ga-citrate (P < 0.05 and <0.001,
respectively). Because of the relatively high uptake of
labeled IgG in normal lung tissue, the liposomes displayed
the highest left-to-right lung ratio (3.4 Â±0.4) of the two

@Tc-labeledagents and also had a higher ratio than did
67Ga-citrate (1.1 Â± 0.1). Furthermore, the left lung-to
muscle ratio was significantly higher with the liposomes
(96.6 Â± 17.1) than with 67Ga-citrate (21.1 Â±5.5; P <
0.001). The left lung-to-blood ratios were similar for the
three radiopharmaceuticals. The biodistribution of labeled
liposomes in normal lung tissue was similar for rats with or
without lung infection. The lung uptake in noninfected tissue
was higher than that observed in the S. aureus experiment.

DISCUSSION

The paucity of diagnostic clues in the febrile granulocyto
penic patient and the limitations of current radiopharmaceu

C

ticals stimulate the search for agents capable of rapidly and
effectively visualizing infectious foci that are not dependent
on the patient's leukocyte count or immune status (or both).
This study shows that 99mTc@PEG@liposomesand 99mTc
HYNIC-IgGcanlocalizefocalbacterialinfectioningranulo
cytopenic rats. Compared with 67Ga-citrate, 99mTcpEG
liposomes and 99mTc@HYNIC@IgGhad the highest absolute
abscess uptake (up to 1.4 %ID/g). A very high abscess-to
muscle ratio (>70) observed with 99mTc@PEG@1iposomes
exceeded the values of all other agents. The relatively high
uptake of @Tc-PEG-liposomes is in line with observations
in a previous study (23) and most likely is associated with
physiologic filtration rather than phagocytosis by spleen
macrophages (24). In addition to high focal uptake in
bacterial infection, labeled PEG-liposomes and labeled IgG
also showed preferential accumulation in lung tissue in
fected with Aspergillus. Uptake with these @Tc-labeled
agents (up to 8.3 %ID/g) was significantly higher than with
67Ga-citrate (1.3 %ID/g). Furthermore, target-to-nontarget
ratios exceeded the ratios obtained with â€œ11n-IgGin rats
with Pneumocystis carinii pneumonia (PCP), another oppor
tunistic respiratory infection (19). Because @In-IgGand
67Ga-citrate have proven their clinical usefulness for detec
tion of these types of infections (25), the results of this study
hold promise for the clinical application of 99mTclabeled
liposomes and @Tc-HYMC-IgG for detecting Aspergillus
infection. The excellent targeting of pulmonary aspergillosis
with labeled liposomes is remarkable because this agent
failed to localize experimental PCP (19). Apparently, the
causative microorganism and its histopathologic features
affect preferential localization. Invasive pulmonary aspergil

losis in granulocytopenic subjects typically shows abundant
hyphae and hemorrhagic infarctions with virtual absence of
neutrophilic and monocytic lesions (26,27), whereas tissue
damage is less prominent in PCP and a mononuclear
infiltrate prevails (28). Perhaps the relatively large size of
liposomes in PCP prevents adequate extravasation compared
with the smaller IgG molecules.

Currently, a series of radiolabeled peptides (fMetLeuPhe,
interleukin- 1, interleukin- 1 receptor antagonist, interleu

A

FIGURE4. Scintigraphicimagesofgranulocytopenicratswith
invasivepulmonaryaspergillosis24hafterinjectionof @Tc-PEG
liposomes(A), @mTc-HYNIC-IgG(B)and 67Ga-citrate(C).Arrows
indicatepathologicuptakeinleftlung.(D)Noninfectedcontrolrat
24 h after injectionof @Tc-PEG-Iiposomes.
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99m@@p@@

liposomes
Organ (asp)@Tc-HYNlC

IgG
(asp)67Ga-citrate (asp)@mTc-PEG

liposomes
(control)Blood

2.89 Â±0.255.90 Â±0.420.65 Â±0.112.74 Â±0.97Muscle
0.04 Â±0.010.15 Â±0.010.07 Â±0.020.13 Â±0.02Left

lung 3.59 Â±0.448.31 Â±0.801.30 Â±0.361.13 Â±0.38Right
lung 1.08 Â±0.103.03 Â±0.280.55 Â±0.161.02 Â±0.38Spleen

10.60 Â±1.547.30 Â±0.731 .62 Â±0.401 3.28 Â±2.55Kidney
2.58 Â±0.303.21 Â±0.712.04 Â±0.343.00 Â±0.18Liver
1.38 Â±0.134.18 Â±0.461 .85 Â±0.351 .49 Â±0.15RatioLeft-to-right

lung 3.4 Â±0.42.8 Â±0.32.4 Â±0.41 .1 Â±0.1Left
lung-to-muscle 96.6 Â±17.158.2 Â±6.121.1 Â±5.510.5 Â±5.3Left
lung-to-blood 1.2 Â±0.11 .4 Â±0.12.2 Â±0.70.4 Â±0.02PEG

= polyethyleneglycol;HYNIC= hydrazinonicotinate;asp =Aspergillusinfection.Values
expressed as percentage injected dose per gram Â±SEM.

TABLE 2
Biodistribution of Three Radiopharmaceuticals in Granulocytopenic Rats

with Pulmonary Aspergillosis 24 Hours After Injection

kin-2, tuftsin, leukotriene, platelet factor 4, and others) is
tested for their ability to image infection and inflammation
scintigraphically (29). It is anticipated that this approach
will eventually lead to a 99mTc.4abeled agent for imaging of
infection that will allow rapid and specific localization of
infection and inflammation. However, these peptides are
directed against receptors expressed on cells that infiltrate in
inflammatory foci, and their localization relies on cellular

infiltrates. As we have shown in this study, only minimal
leukocyte infiltration may occur in neutropenic subjects.

The uptake in the abscess and the abscess-to--muscle ratios
of both 99mTc.pEGliposomes and 99mTcHyNIC4gG were
higher than those reported in previous studies in immunocom

petent rats with focal infection (19,30). This finding may be
related to the stronger inflammatory response seen in
neutropenic animals; it has been reported that the proinflam
matory cytokine response in neutropenic mice is stronger

than in immunocompetent mice (31), which may have led to
relatively more endothelial damage and vascular leakage. In
addition, a stronger outgrowth of bacteria could have
occurred in the immunocompromised animals. Still, the
results are remarkable because we had to use a relatively low
dose of S. aureus to avoid overwhelming sepsis and acute
mortality (l0@ viable bacteria in granulocytopenic rats
versus l0@viable bacteria in immunocompetent rats). Obvi
ously, no such comparative data are available for pulmonary
aspergillosis. In the Aspergillus experiment, the radiopharma
ceuticals showed higher uptake in noninfected tissue than in
the S. aureus experiment, which was probably associated
with differences in breed.

The results of this study confirm that localization of
labeled IgG and liposomes in infectious foci does not
depend on interaction with inflammatory cells because both
infection models displayed a conspicuous absence of leuko
cytes, whereas focal uptake in S. aureus abscess was at least

as high as in immunocompetent animals. Indeed, several
studies have indicated that labeled liposomes and labeled
IgG extravasate into inflammatory areas just by virtue of
locally enhanced vascular permeability (32,33). Thus, the
blood level of the radiopharmaceutical is considered to be
the driving force for accumulation at the site of infection.
Consequently, the improved infection targeting of PEG
liposomes compared with that of conventional liposomes is
attributed to their enhanced blood circulation time (34).

The moderate performance of 67Ga-citrate in both infec
tion models is remarkable because the usefulness of 67Ga
citrate has been shown for the localization of infectious foci
in immunocompromised patients (11); however, this study
was performed mainly in animals that were not deeply
neutropenic. Although the mechanism of67Ga-citrate concen
tration in areas of inflammation is subject to debate,
lactofemn present in polymorphonuclear leukocytes has
been suggested to bind to 67Ga and thus contribute to focal
accumulation (35). This concept could possibly explain the
performance of 67Ga-citrate in the granulocytopenic rat

model.
In view of the histopathologic findings in pulmonary

aspergillosis, it is conceivable that, besides increased vascu
lar permeability, focal bleeding may have contributed to
focal uptake of labeled liposomes and labeled IgG. This
could have biased the results in favor of IgG given the more
extensive hemorrhagic infarctions in the IgG group. The
contribution of focal bleeding to the uptake of the two agents
could be of importance to determine their potential roles in
the diagnostic management of Aspergillus infection. Al
though the incidence of infarctions has no relationship to the
amount of viable micro-organisms and bleeding can occur
early in Aspergillus infection (27), further studies are needed
to evaluate the performance of labeled liposomes and IgG in
relation to duration and severity of the disease.
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If application under granulocytopenic conditions is fea- 13.
sible, 99mTc4abeled agents are preferred over 67Ga-citrateâ€”-
currently the agent of choice for opportunistic infections in
immunocompromised patientsâ€”because of lower radiation
exposure, more favorable imaging characteristics and greater
availability. In addition, the higher focal uptake of@Tc-PEG
liposomes and @Tc-HYMC-IgG and the higher target-to
nontarget ratios compared with those of 67Ga-citrate suggest

improved infection targeting in granulocytopenic patients
when these agents are used.

CONCLUSION

In a granulocytopenic rat model, @Tc-PEG-liposomes
and @Tc-HYNIC-IgG provided good visualization of S. 19.
aureus-induced inflammation early after intravenous injec
tion and showed high focal uptake and target-to-nontarget
ratios compared with those of67Ga-citrate. In granulocytope
nic rats with pulmonary aspergillosis, @â€œ@Tc-PEG-1iposomes
and 99mTc@HYNIC@IgGshowed significantly higher uptake
than did 67Ga-citrate. These results indicate that @â€˜@Tc-PEG
liposomes and @Tc-HYNIC-IgG might be useful in the
evaluation of the febrile granulocytopemc patient and there
fore warrant further clinical studies.
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