
n integral part ofthe evaluation of febrile patients
is the prompt identification of focal sites of infection.
In many instances, demonstration of the anatomic site
of the process is more important than identifying the
microbial content of the abscess (1). While conven
tional radiography,computed tomography (CT), or ul
trasonic scanning(US) can localize these lesions in most
patients, these anatomic techniques usually requirefor
mation of an abscess before definitive radiographic
findings are present. Radionucide imaging with gal
lium-67 (67Ga)citrate or labeled leukocytes can usually
detect lesions of infectious etiology prior to formation
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ofan abscess, but typically require 24 hr between injec
tion and imaging to detect sites of inflammation. This
interval may be too long for managing acutely ill pa
tients with multisystem disease.

In the course of studies of deep soft-tissue Pseudo
monas aeruginosa infections in a rat model, two poten
tial new approaches for detecting focal infections were
suggested (2). First, specific immune imaging of an
infectious process using a monoclonal antibody specific
for a unique microbial antigen, in this case the Pseudo
monas Type I specific polysaccharide, was shown to be
possible. In addition, a second approach appearedpos
sible: nonspecific radiolabeled IgG localized at the le
sion site to an extent sufficient to provide clear deine
ation of the process. This raised the possibility that a
generic inflammation scan may be practical, based on
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Theaccumulationofnonspecificpolydonalhumanimmunoglobulin(IgG)radiolabeledwith1251
or 1â€•Inwas compared to that of [@Ga]cifrateand [@â€œâ€˜Tc]albuminin rats with deep thigh
inflammationdueto Escherichiacoil infection.Serialscintigramswereacquiredat 1, 3, 24,
and insomecases,48 hr after injection.As earlyas 3 hr postinjection,[@In]lgG showed
greateraccumulationat thelesionthan[@â€œTc]HSA(p< 0.01).Bothi'25I]IgGand[@In]IgG
showedgreateraccumulationthan[%a]citrate(p< 0.01).At24 hr,lgGimagedefinition
increased, while HSA image definition decreased, and the intensity of accumulation of both
lgGpreparationswasgreaterthanthatof [@7Ga]citrateor [@â€œTc]HSA(p< 0.01).Atall
imagingtimes, [@1Ga]cifrateaccumulationwas surprisinglylow. In inflammationproducedby
Pseudomonasaeruginosa,Staphylococcusaureus,Kiebsiellapneumoniae,Candidaalbicans,
or turpentine,[@In]IgGaccumulationwas similarto the resultsObtainedwithEscherichiacoil.
Thesestudiessuggestthat focalsitesof inflammationcanbedetectedwith radiolabeled
nonspecifichumanpolyclonalIgG.
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. Measurements were performed immediately after preparation of
thesourcesand24hr star.

the accumulation of nonspecific IgG at the site. This
report documents the feasibility of the nonspecific ap
proach, comparing the localization of radiolabeled IgG,
[67Ga]citrate and [99mTc]albumin at sites of acute in
flammation in a rat model.

MATERIALS AND METhODS

Radiopharmaceuticals
Human, nonspecific, polyclonal immunoglobulin (Sando

globulin, Sandoz, Inc., East Hanover, NJ) modified for intra
venous use (1) was radiolabeled with either iodine- 125 (125!)
or indium-l 11 (â€˜â€˜â€˜In)(Amersham, Arlington Heights, IL).
Radioiodinated antibodies were prepared by the iodogen
method (3). Antibodies were radiolabeled with â€œIn(1) via
the diethylenetriaminepentaaceticacid(DTPA)antibodyche
late method as originally describedby Krecjarekand Tucker
(4) and modified by Khaw et al. (5). After labeling, the
immunoglobulin preparations were chromatographed on a
Sephadex 0-25 column to remove unbound radiolabel.

In some experiments, either or both [67Gajcitrate(DuPont
Company, No. Billerica, MA) (1) and technetium-99m-
(99mTc)labeled human serum albumin (Medi-Physics, Rich
mond, CA) (1) were co-injected with radiolabeledIgG.

Overview of Experiments

Groups of rats (Charles River Breeding Laboratories, Bur
lington, MA) with focal inflammation in the thigh were im
aged following injection of: (a) IgO alone; (b) IgG and [67Ga]
citrate; and (c) IgG, [67Ga]citrateand [@â€œTc]HSA.

These experiments were performed both to confirm the
utility of nonspecific IgO for localizing focal sites of inflam
mation and to compare two different nonspecific methods,
i.e., [67Ga]citrate and [@mTc]HSAto the immunoglobulin
approach for the detection ofacute bacterial infection.

Phantom Studies
To determine if data recorded from animals injected si

multaneously with more than one radionucide required cor
rection for crossover ofactivity from one tracer to the window
ofthe others,sourcesof@â€•Tc,â€˜â€˜â€˜In,67Ga,and 125!wereplaced
in petri dishes (2 x 10 cm) and imaged in all windows. The
amount of activity in each dish was approximatelyequal to
the amount proposedforthe animalexperiments.The sources
were imaged with a medium-energy collimator, using center
line and window settings described below. The results were
expressed as percent crossover into each window. Phantom
imaging was performed immediately after preparation of the
sources and 24 hr later (to simulate the conditions of the
animal studies).

Animal Model
Single clinical isolates of Escherichia co/i, Pseudomonas

aeruginosa, Staphylococcus aureus, Candida albicans, or
Klebsiella pneumoniae were employed. The appropriate mi
crobial strain was incubated overnight on trypticase soy agar
plates at 37Â°C.Individual colonieswere diluted with sterile
normal saline to produce a turbid suspension containing
â€˜@â€˜2x l0@ organisms/ml.

Male Sprague-Dawley rats, weighing -@450g (1) were an
esthetized with ether and the lateral aspect of one of their

thighs traumatized by pinching with a hemostat. Then 0.1 ml
of a suspension containing â€˜@-2x 108organisms(0. 1 ml of the
turbid suspension in 50% autologous blood/normal saline)
was injected into the traumatized thigh muscle. In an addi
tional group of animals, sterile inflammation was created by
injection of 0. 1 ml of turpentine instead of bacteria. Twenty
four hours later, when gross swelling was apparent in the
infected thigh, the radiolabeled reagents were injected intra
venously via the tail vein. The animals were reanesthetized
with etherand imagedat 1, 3, 24, and 48 hrfollowing injection
of the radiopharmaceuticalsas described below. At the con
clusion of imaging, the anesthetized animals were killed and
the infected thigh examined and recultured.

Radiopharmaceutical Dose
IgU: 50 ;zg(0.25 mg/kg) of IgO labeled with 100â€”150@Ci

of either â€˜â€˜â€˜Inor 1251;[670a]citrate: 200â€”300@iCiof67Ga; and
[@Tc]albumin: 300-500 @Ciof@Tc. Experiments in which
IgG, [67Ga] and [@Tc]HSA co-injected were performed with
a fixed ratio of radiolabeled-IgU:67(3@99mTcof 1:2:4.

Im@
Following injection of the appropriateradiopharmaceuti

cal(s), the anesthetized animals were placed prone on the
medium-energy, parallel hole collimator of a standard field
of-view scintillation camera (Ohio Nuclear 100, Solon, OH).
Images were recorded for a preset time of 10 mm at the
following windows (depending on the nucide): 125!:30 keV
with a 20%window;67(3k:90 keV with a 20%window; @Tc:
140 keY with a 20% window; and â€œIn:247 keV with a 20%
window.

Crossover ratios were determined by imaging pure sources
at each window. The crossover values are summarized in
Table 1.

Data Analysis
The imageswereanalyzedby placinga regionof interest

over the infected thigh (target), over a comparable zone of the
contralateral thigh (background), and over the entire animal
(total residual activity). All data were corrected for crossover
prior to calculation. Two values were calculated from this
data: (1) The figure of merit [FOM = (target-background)!
background]; and (2) the percent residual activity/lesion
(PRA). The PRA wascalculatedby correctingthelesion region
ofinterest counts for background activity (contralateral thigh),
to provide the â€œnetcountsâ€•in the lesion. The â€œnetcountsâ€•

TABLE 1
PercentCrossover

RadiOnUcIldewindow
@â€œTc 1â€•ln @Ga 1251

@9mTc0 hr@
24 hr
1â€•ln0 hr
24 hr
61Ga0 hr
24 hr
12510 hr

24 hr

â€” 0.4 9.0 0.5

â€” 0.1 4.3 0.0

16.4 â€” 5.2 22.7
16.5 â€” 5.6 24.2
7.3 6.2 â€” 1.9
8.0 6.1 â€” 2.0
0.0 0.0 0.0 â€”
0.0 0.0 0.0 â€”
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were divided by the residualtotal body activity for that radio
pharmaceutical to give the percent residual activity/lesion.
The formula used to calculate this data is shown below:

. . . TLC@(BKG*NPL)

% Residualactivity= TBC

where
TLC = totallesioncounts;
BKG = backgroundcts/number of pixels in background;
NPL = number of pixels in lesion; and
TBC = countsin thetotalbodyofthe animal

Statistical Methods
The relationship of figure of merit [(target-background)/

background] and % residual activity for each radiopharma
ceutical was compared at each time point by analysis of
variance followed by Duncans new multiple range test (6).
The resultsare presentedas mean Â±s.c.m. unless indicated
otherwise.

RESULTS

Phantom Studies
The results of these studies are summarized in Table

1. Both â€˜â€˜â€˜Inand 67Ga caused significant crossover in
all the other windows. In contrast, the @mTcsource had
a significant amount of crossover in the 67Gawindow
and much lower amounts in the other windows. The
1251 source did not show significant crossover in any of

the other windows. With the @mTcsource, significantly
less crossover into the 67Ga window was detected 24 hr
after preparation of the source.

Infection Experiments
A total of 164 animals were studied in 24 separate

experiments. In the ratmodel ofdeep thigh Escherichia
co/i (96 animals) infection, focal localization of radio
labeled immunoglobulin ([â€˜25IJIg(3and [â€œIn]IgG)was
seen as early as 3 hr postinjection, with the target-to
background ratio of the image continuing to increase
until 24 hr after injection (Fig. 1). With other types of
bacteria including Klebsiella pneumonia (six animals),
Pseudomonas aeruginosa (24 animals), or; a yeast, Can
dida albicans (ten animals); or the chemical irritant
turpentine (15 animals), similar results were obtained
24 hr after injection of [â€˜â€˜â€˜In]IgG(Fig. 2). Nearly iden
tical results were obtained with Staphylococcus aureus
infections (15 animals, not shown).

The animals with E. co/i deep thigh infections that
were simultaneously injected with â€˜â€˜â€˜In-or â€˜251-labeled
immunoglobulin, [67Ga]citrate,and @Tc-labeledHSA
provide an excellent model for comparing the imaging
properties of the different agents. Serial scintigrams of
each isotope acquired at 1, 3, 24, and in some cases,
48 hr after injection revealed the following (Figs. 3 and
4): Figure 3 shows the FOM ratio of deep thigh infec
tions after injection of [67Ga]citrate, [@mTc]HSA,[1251]
IgG and [â€˜â€˜â€˜In]IgG.Analysis of variance demonstrated
a significant main effect ofprotein preparation; F3,,43=

3hr 24hr 48hr

Ill

670a

99m Tc-HSA

FIGURE1
Gammacameraimagesof rats with E. coil deep thigh
infectionsimagedat 3, 24, and 48 hr after injectionof
[@In]lgG,[%a]citrateor [@â€œTc]HSA.Theseimagesrep
resenta subsetof the data presentedin Figure3.

63.81, p < 0.0001 and time after injection; F3,,43 =
2.69, p < 0.05. At the various imaging times, the
following general pattern of FOM ratio was observed:
[1@ â€˜InJIgG > [125I]I@3 > [99mTc]HSA > [67Ga]citrate. At

3 hr, the FOM ratio for [â€œIn]IgG was significantly
greater than for [â€˜25I]Ig(3(p < 0.05), [@mTc]HSA (p <
0.01) and 67Ga (p < 0.01); and the ratio for [â€˜25I]Ig(3
was significantly greater than for 67Ga (p < 0.05). At
24 hr, the FOM ratios for both IgG preparations was
significantly greater (p < 0.01) than for [67Ga] or [@mTc]
HSA. At 48 hr the FOM ratio for [â€˜â€˜â€˜InJIgOwas signif
icantly greater than for 67Ga (p < 0.01). At 1 hr, a
similar trend was detected, but the differences were not
statistically significant.

For the radiolabeled immunoglobulin preparations,
the maximum FOM ratio was detected at 24 hr after
injection, while for 67Ga and [@mTcJHSA,the maxi
mum ratio occurred at 3 hr. The FOM ratio for indium
labeled IgG at 24 hr was significantly greater than at all
other times; 3 hr (p < 0.05), 48 hr (p < 0.01); and, the
ratio at 3 hr was significantly greater than 48 hr (p <
0.05). For [â€˜25I]IgQ,the ratio at 24 hr was significantly
greater than at 1 hr (p < 0.01). For [@mTc]HSA,the
ratio was significantly greater at 1 hr (p < 0.05) and
3 hr (p < 0.01) than at 24 hr. For 67Ga, a significant
effect of time on FOM ratio was not detected.

When the data were evaluated as PRA, the difference
in behavior of these agents was more striking. Figure 4
shows the percent residual activity of deep thigh infec
tions after injection of [67Ga]citrate, [@mTc]HSA,[1251]
IgG and [â€˜â€˜â€˜In]IgG.Analysis of variance demonstrated
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labeled immunoglobulin preparations, maximal PRA
was detected at 24 hr. For [â€˜25I]Ig(3,PRA at 24 hr was
significantly greater (p < 0.01) than at 1 or 3 hr. With
[1 1 â€˜In]IgG, PRA at 24 hr was greater (p < 0.05) than at

3 hr. PRA for 67Ga at 48 hr was greater (p < 0.05) than
at 1 or 3 hr. For [99mTc]HSA,a significant effect of time
on PRA was not detected.

DISCUSSION

Radiolabeled human polyclonal IgG reliably accu
mulates at focal sites of inflammation to an extent
sufficient to permit imaging of the inflammatory proc
ess. The nonspecificity of this agent, and the possibility
that it could be clinically useful as a generic inflam
mation scan, aresuggestedby two types of observations.
First,a wide varietyofinflammatory processes, ranging
from infections as a result of both gram negative and
gram positive bacteria as well as an infection due to a
yeast or a nonmicrobial chemical irritant were imaged
equally well. It is highly unlikely that this IgG prepara
tion would contain sufficient specific antibody to each
of these agents to produce specific images. Rather, it
seems reasonable to suggest that the images obtained
with labeled IgG are due to nonspecific accumulation
at the inflammatory sites.

Inflammation is a stereotyped set of complicated
functional and cellular adjustments involving the mi
crocirculation, fluid shifts, and inflammatory cells. The
experiments in which animals with focal infection were
simultaneously injected with 1251..or â€˜â€˜â€˜In-labeledIgG,
[99mTc]HSA, and [67Ga]citrate offer considerable insight

into these events. One hour after injection of these
agents, the nonspecific leak ofserum proteins as a result
of increased vascular permeability of the capillary bed
at the site ofinflammation is identified by exudation of
HSA, globulins, and the proteins to which gallium is
bound (7-11). Previous studies have used the leak of

E:1 67Ga Citrate
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FIGURE3
Figureof merit(seeMethods)forrats
withE. coildeepthighinfectionsim
agedat 3, 24, and48 hrafterinjec
tion of [@In]IgG, [67Ga]citrateor
[@â€œTc]HSA.All images were cor
rectedfor crossoverpriorto calcula
tionof FOM; *p < 0.05, **p < 0.01.
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TURPENTINE KLEBSIELLA

LÃ 

PSEUDOMONAS
FIGURE2
Gammacameraimagesof rats with deepthighinflamma
tion producedby turpentine(upperleft),Klebsieilapneu
monia(upperright),Candidaalbicans(lowerleft)andPseu
domonasaeruginosa(lowerright),images24 hrafterinjec
tion of [@In]IgG. Similar results were obtained with
Staphlococcus aureus infections. Arrows indicate the area
of infection.

significant main effects of protein preparation; F3,,43=
30.92, p < 0.0001 and time after injection; F3,,43 =
6.26, p < 0.00 1. At 3, 24, and 48 hr, PRA for [â€˜25I]Igl3
was significantly greater (p < 0.01) than for the other
agents. The PRA for [â€˜â€˜â€˜In]IgGwas greater (p < 0.01)
than 67Ga(24 and 48 hr) and [@mTc]HSA(24 hr). At 1
hr, a similar general trend was detected, but the differ
ences were not statistically significant. With the radio
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FIGURE4
Percentresidualactivity (see Meth
ods) for rats with E. coil deep thigh
infectionsimagedat 3, 24, and48 hr
after injectionof [â€œâ€˜In]IgG,[%a]cit
rateor [@â€˜Tc]HSA.Allimageswere
corrected for crossover prior to cal
culationof PRA;**p< 0.01.
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either small molecules or proteins as an indication of
the degree of injury in tissue (12,13). However, follow
ing this initial exudation of serum proteins, one of two
events occurs. In the case of albumin, for which there
are no receptors at the site ofinflammation, egress from
the inflammatory site, presumably by way of local
lymphatic drainage, occurs as easily as ingress into the
site. Evidence for this phenomenon comes from the
initial increase in activity with relatively rapid loss. In
contrast, 67Ga activity at the lesion persists, suggesting
some binding at the site ofinflammation. However, the
degree of 67Ga localization is modest compared to that
of IgG. Since all of the experiments were performed
with multiple tracers, it is possible that the apparent
low level of 67Gaaccumulation is due to greatercross
over of67Ga photons into the other windows compared
to crossoverofnon-67Ga photons into the 67@3@window.
The crossover studies, summarized in Table 1, indicate
this is not the case. In fact, since only the 90 keY
photopeak of 67Ga was imaged, crossover was greatest
into the 67Gawindow (except for Cd x-rays of â€œInin
the 1251window) and may have falsely elevated the
apparent 67Ga uptake. The relative concentration of

radiolabeledIgG, expressed either as the FOM (impor
tant from the perspective oflesion detection in images)
or PRA (important from the perspective of overall
count rate at the lesion site) is far higher than that of
either [99mTc]HSAor [67Ga]citrate.It would seem rea
sonable to hypothesize that at least partofthe retention
of IgG at the inflammatory site could occur via Fc
receptors on inflammatory cells.

These results suggest that an inflammation scan
based on nonspecific IgG accumulation is possible.

Polyclonal human IgG, modified for intravenous use,
was selected for these trials with a view towards early
application to imaging of human subjects with focal
i@a*@naation.
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