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&p.1:Abstract. The purpose of this study was to evaluate the
feasibility of 2-[fluorine-18]fluoro-2-deoxy-D-glucose
(FDG) and positron emission tomography (PET) for rap-
id detection of human infections. Eleven patients who
were known or suspected to be harboring various infec-
tions were studied with FDG-PET. Dynamic scans over
the putative infection sites were performed immediately
after FDG (370 MBq) injection through 60 min, and
static images including multiple projection images were
then obtained. FDG uptake was assessed visually into
four grades (0, normal; 1, probably normal; 2, probably
abnormal; 3, definitely abnormal). For the semiquantita-
tive index of FDG uptake in infections, the standardized
uptake value of FDG normalized to the predicted lean
body mass (SUV-lean, SUL) was determined from the
images obtained at 50–60 min after FDG injection. PET
results were compared with final clinical diagnoses.
Eleven lesions in eight patients, which were interpreted
as grade 2 or 3 by FDG-PET, were all concordant with
active infectious foci. The SUL values of infections
ranged from 0.97 to 6.69. In two patients, FDG-PET
correctly showed no active infection. In one patient, it
was difficult to detect infectious foci by FDG-PET due
to substantial normal background uptake of FDG. In to-
tal, FDG-PET correctly diagnosed the presence or ab-
sence of active infection in 10 of 11 patients. Fusion im-
ages of PET with computed tomography showed the
most intense FDG uptake to be within an abscess wall.
In conclusion, FDG-PET appears to be a promising mo-
dality for rapid imaging of active human infections.
More extensive clinical evaluation is warranted to deter-
mine the accuracy of this method.
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Introduction

2-[fluorine-18]fluoro-2-deoxy-D-glucose (FDG) has
been shown to accumulate in malignant tumors due to
their increased glucose metabolism [1]. Recently FDG
has been used extensively with positron emission tomog-
raphy (PET) for differentiating malignant from benign
tumors, for tumor staging, and for evaluating treatment
efficacy in cancer patients [2].

On the other hand, it has also been reported that acti-
vated leukocytes and macrophages have increased glu-
cose utilization in vitro [3]. In vivo, increased FDG up-
take has been shown in rodents with experimental infec-
tions and inflammatory processes [4–6]. In humans,
since Tahara et al. [7] first demonstrated high FDG up-
take in human abdominal abscess by PET, there have
been several reports that FDG accumulates in some in-
flammatory lesions such as brain abscess [8–10], pulmo-
nary granuloma [11], tuberculosis [12], and sarcoidosis
[13]. However, these are generally isolated case reports
and the performance of FDG-PET in infections is still
not fully elucidated.

For the evaluation of infections, gallium-67 citrate
(67Ga) and indium-111-labeled white blood cell (111In-
WBC) have generally been applied in clinical practice
[14, 15]. 67Ga or 111In-WBC localization to infections
has been reported within 4–6 h post injection, but clini-
cal images are more commonly obtained at 24–72 h after
tracer injections. Disadvantages of imaging with these
tracers, including the considerable inconvenience and
expense of cell labeling, are also well recognized [16,
17]. If FDG accumulates rapidly in human infectious fo-
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ci, it may have practical clinical utility as an infection
detection agent.

In this study, we preliminarily evaluated the feasibili-
ty of the FDG-PET approach in 11 patients with a vari-
ety of known or suspected infections of bone and soft
tissue, abdominal, and paranasal sinus regions. PET re-
sults were compared with those of other scintigraphic
modalities including 111In-WBC, 67Ga and technetium-
99m methylene diphosphonate (99mTc-MDP) bone scin-
tigraphy, as well as the final clinical diagnosis based on
all available data except for FDG-PET. In one case, we
also evaluated infectious foci and their extent by creating
fusion images of FDG-PET with computed tomography
(CT).

Materials and methods

Patient population. &p.2:Eleven patients, eight males and three females,
aged 20–79 years, with (or suspected of harboring) various infec-
tions were studied with FDG-PET (Table 1). To be eligible, pa-
tients had to have a clinical suspicion of infection and scintigraph-
ic, other radiological evidence, or culture evidence to confirm the
presence or absence of infection (bone and soft tissue eight, abdo-
men in two, and paranasal sinus in one). FDG-PET results were
not made available for clinical management decisions. All patients
provided written informed consent for this study, which was ap-
proved by the institutional review board and conducted under the
guidelines for a physician-sponsored investigational new drug. Pa-
tients were fasted for at least 4 h before FDG-PET study, except
for one patient (patient 4) who inadvertently consumed some juice
about 1 h before PET. The serum glucose levels during the FDG-
PET study were measured in nine patients, the exceptions being

patients 3 and 7, in whom such measurements were not performed
due to technical difficulties. Four patients had diabetes mellitus
(patients 3, 5, 6, 8). All patients had received some antibiotic ther-
apy by the time of FDG-PET study. Abscess drainage was per-
formed in two cases (patients 8, 9), amputation was performed af-
ter conservative therapy in two cases (patient 3, 5) and necropsy
was finally obtained in one case (patient 10).

FDG-PET study. &p.2:FDG was produced by nucleophilic fluorination
as previously described [18]. Two types of Siemens PET scanner
(Siemens Medical Systems, Iselin, N.J.) were used in this study: a
model 931 ECAT (15 scanning planes, 10-cm longitudinal field of
view) and a model 921 EXACT (47 scanning planes, 15-cm longi-
tudinal field of view). The reconstructed x-y resolution with the
Hanning filter cut-off value of 0.3 was approximately 12 mm for
both scanners. Before tracer injection, at least one 10-min trans-
mission scan was obtained at the level of the suspected infectious
lesion using a germanium-68 ring or rod source for the purpose of
attenuation correction of the emission images. Sequential dynamic
scans over the infectious lesions were obtained immediately after
intravenous (i.v.) tracer (370 MBq of FDG) injection through
60 min post injection, and then static scans, including multiple
levels for making projection images, were obtained using
2–10 min acquisition time per scan level according to the patient
status and field of view imaged. The dynamic scan of one case
(patient 4) and the static scans of two cases (patients 9, 11) were
not obtained due to patient discomfort or refusal.

Correlative imaging studies. &p.2:All patients were evaluated with one
or more other correlative imaging modalities, including conven-
tional radiography, CT, and various types of scintigraphy includ-
ing 99mTc-MDP, 111In-WBC, and 67Ga as was viewed clinically
appropriate. For bone scintigraphy, following the i.v. injection of
925 MBq (25 mCi) of 99mTc-MDP, immediate sequential blood
flow and blood pool images were obtained over the infectious le-

Table 1.Patient populations and characteristics&/tbl.c:&tbl.b:

Patient Age Sex Infection Location FDG-PET Serum Corresponding imaging
no. glucose

Grade SUL (Ratio*) (mg/dl) Modality Grade

1 28 m Osteomyelitis L knee 3 4.63 (5.65) 80 99mTc-MDP, 111In-WBC 3, 3
2 20 m Osteomyelitis R tibia 2 NA 134 99mTc-MDP, 111In-WBC 2, 3
3 59 m Osteomyelitis L ankle 3 2.31 (1.72) NA 99mTc-MDP 2

R heel 2 NA 99mTc-MDP 2
4 24 m Osteomyelitis R femur 1 NA 71 99mTc-MDP 3

(chronic)
5 39 m Osteomyelitis R foot stump 3 1.35 (1.71) 88 99mTc-MDP, 111In-WBC 3, 3
6 77 m Cellulitis with L calf 3 NA 64 99mTc-MDP 2

osteomyelitis L toe 3 1.59 (1.41) 99mTc-MDP 3
7 77 f Cellulitis L ankle 3 0.97 (1.52) NA 99mTc-MDP 2
8 60 m L inguinal abscess L inguinal 3 6.69 (5.53) 114 CT, 67Ga 3, 3
9 79 f Subphrenic abscess Subphrenic 2 5.54 (2.32) 120 CT, 67Ga 3, 2

Subphrenic 2 5.30 (2.22) CT, 67Ga 3, NA
10 58 m Sepsis Abdominal wall 1 1.98 (1.75) 300 CT, 111In-WBC 2, 2

(unknown origina) Pelvic cavity 0 NA CT, 111In-WBC 1, 2
11 41 f Sinusitis Paranasal sinus 0 NA 96 CT, 111In-WBC, 67Ga 1, 0, 0

(chronic)

SUL, standardized uptake value lean; Ratio*, SUL ratio of infectious lesion to surrounding normal tissue; m, male; f, female; R, right; L,
left; NA, not available
a Necropsy reported the sepsis to be due to necrotizing fasciitis of abdominal wall&/tbl.b:
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sions, followed by static delayed images of the entire skeleton at
3 h post injection (three-phase study). 111In-WBC scans of the
whole body and planar images with several spot views were ob-
tained at 24 h after the i.v. injections of 18.5 MBq (0.5 mCi) of
autologous 111In oxine-labeled leukocytes. 67Ga scans of whole
body and planar images with several spot views were also ob-
tained at 24–72 h after the i.v. injection of 370 MBq (10 mCi) of
67Ga citrate. In one patient (patient 8), fusion images were made
by combining the CT and PET images on a computer workstation
(Sparcstation II; Sun Microsystems, MountainView, Calif.) with
an automatic mutual information-based registration algorithm,
as recently reported [19, 20]. Based on all clinical data except
for FDG-PET, a clinical diagnosis was established by the refer-
ring physician, and this was used for comparison with the PET re-
sults.

Image interpretation. &p.2:The FDG uptake in the last (50–60 min)
frame of the dynamic scans and static scans (including projection
images) was assessed visually and the degree of abnormality was
classified into four grades (0, normal; 1, probably normal; 2, prob-
ably abnormal; 3, definitely abnormal) by two independent ob-
servers (Y.S., R.L.W.) who were blinded to the results of other im-
aging studies and final diagnoses. If there were any disparities be-
tween their independent gradings of the lesions, consensus inter-
pretations were achieved after review of the images and discus-
sion. For a semiquantitative index of FDG uptake in sites of infec-
tion, the last (50–60 min) frame of the dynamic scans was used to
define regions of interest (ROIs). To determine the maximal FDG
uptake in areas believed to represent infectious foci and minimize
the influence of partial volume effects (and thus better assure ac-
curate signal recovery), a small square ROI (4×4 pixels) was
placed by means of an automated algorithm on the maximal area
of FDG uptake within a larger ROI covering the infectious le-
sions. The standardized uptake value (SUV) calculated on the ba-
sis of predicted lean body mass (SUV-lean, SUL) was determined
in this maximal uptake ROI, as previously described [21]. The av-
erage uptake of FDG in the surrounding (or opposite) normal tis-
sue was determined by means of irregular ROIs.

Results

Eleven lesions in eight patients (patients 1–3, 5–9),
which were visually interpreted as grade 2 or 3 by FDG-
PET, were all concordant with active infectious foci (Ta-
ble 1). The maximal SUL values of infectious lesions
ranged from 0.97 to 6.69 and the SUL ratios of infec-
tions to surrounding normal tissues ranged from 1.41 to
5.65. In cases of active osteomyelitis, 99mTc-MDP, 111In-
WBC, and FDG-PET images all showed obvious intense
uptake in the infectious foci, while the FDG distribution
was more focal than that of 99mTc-MDP and concordant
with the 111In-WBC image (Fig. 1). In a case of celluli-
tis, FDG-PET clearly demonstrated the infectious focus,
although the early phase of triple-phase bone scans
could show subtle increased uptake in the infection site
(Fig. 2). In one patient (patient 8), FDG-PET showed in-
tense ring-like FDG uptake largely concordant with the

Fig. 1a–d. A 28-year-old male (patient no. 1) with a history of
multiple fractures around the left knee, presented with clinical
symptoms consistent with active osteomyelitis. a 99mTc-MDP
bone scan, b 111In-WBC scan, c transverse FDG-PET image and d
FDG-PET projection image; images show focal and intense up-
take at the left knee consistent with active osteomyelitis. Note that
the FDG distribution is not identical to that of the bone scanning
agent due to the different physiologies of localization&/fig.c:

Fig. 2a–f.A 77-year-old female (patient no. 7)
with chronic lymphocytic leukemia, presented
with ulcers on her left lateral ankle. a Blood flow
and b blood pool images of 99mTc-MDP bone
scan show increased uptake in the left lateral an-
kle, but c delayed image shows no obvious abnor-
mal uptake in the bone, consistent with the cellu-
litis but with no evidence of osteomyelitis. 
d Transaxial, e coronal and f sagittal images of
FDG-PET also show intense focal uptake in the
left lateral ankle consistent with cellulitis&/fig.c:



no obvious bone uptake, though the image quality was
poor because of substantial muscle uptake, presumably
due to insulin-mediated skeletal muscle uptake after eat-
ing. In patient 11, FDG-PET showed no abnormal up-
take (grade 0), and finally no evidence of active infec-
tions was confirmed by other correlative images and
clinical follow-up. It was difficult to detect infectious fo-
ci by FDG-PET in one patient (patient 10): in this pa-
tient, the FDG uptake of the abdominal wall was slightly
increased but initially interpreted as a postoperative
change without infection (grade 1). The image quality of
FDG-PET in this case was also not optimal due to sub-
stantial increased background uptake secondary to the
increased serum glucose level (300 mg/dl) and multiple
prior abdominal surgical procedures. In total, FDG-PET
correctly diagnosed the presence or absence of active in-
fection in ten of 11 patients.

111In-WBC scans were performed in five patients, and
five of six lesions were correctly diagnosed. However, a
“false-positive” localization of tracer uptake in one pa-
tient (patient 10) was identified (this was considered to
be due to uptake in Hartmann’s pouch after colectomy of
ischemic bowel). 67Ga scans were performed in only
three patients, with one lesion not detected (in patient 9,
the planar 67Ga image could not separate the infectious
foci).

Discussion

In 1980, Som et al. [22] reported that turpentine-induced
abscesses in rats showed no increased FDG uptake,
while 67Ga showed high uptake. They suggested that
FDG could potentially differentiate malignant tumors
from inflammatory lesions, while 67Ga could not. How-
ever, recent experimental studies have demonstrated that
FDG can accumulate in inflammatory/infectious lesions
[4–13, 23, 24]. Thus, it is doubtful whether FDG can
consistently differentiate malignant tumors from inflam-
matory lesions [25]. Indeed, FDG is not a cancer-specif-
ic agent; these characteristics of tracer uptake in infec-
tion, inflammation and tumor indicate FDG may also
have clinical utility as an infection detection agent. Al-
though it is preliminary and includes only a limited
number of cases, the present study clearly demonstrates
the feasibility of using FDG-PET for the detection of hu-
man infections.

Since FDG has shown rapid accumulation into infec-
tious foci and also has a high early target to background
ratio [4], FDG-PET potentially could detect infections
rapidly after tracer injections. This characteristic could
be of considerable benefit for patients with acute infec-
tions, because when using 67Ga and 111In-WBC at least
4–6 h, and usually 24 h or more, are required after tracer
injections to obtain diagnostic images. FDG shows little
normal organ uptake, except for brain and heart (if the
patient is not fasted), while 67Ga shows high normal up-
take in the liver and bowel. 111In-WBC also shows high
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abscess wall (SUL = 6.69), confirmed by fusion images
with CT (Fig. 3).

On the other hand, four lesions in three patients (pa-
tients 4, 10, 11) were interpreted as grade 1 or 0 by
FDG-PET. In a case of chronic osteomyelitis (patient 4,
Fig. 4), although the 99mTc-MDP bone scan remained
abnormal after successful treatment, FDG-PET showed

Fig. 3a–c.A 60-year-old male (patient no. 8) with diabetes melli-
tus, presented with a left inguinal abscess. a CT scan at the level
of inguinal region shows an abscess cavity with ring-enhanced
wall and central liquefaction in the adductor compartment of the
left upper thigh. b One day after the CT scan, transverse FDG-
PET scan shows ring-like intense uptake of FDG in the left in-
guinal region. The SUL is 6.69. c A fusion image shows intense
FDG uptake in the abscess which is generally localized to an en-
hanced abscess wall seen on CT&/fig.c:

Fig. 4a,b. A 24-year-old male (patient no. 4) with chronic osteo-
myelitis from a previous football injury in his right distal femur. a
99mTc-MDP bone scan shows intense uptake in the right distal
femoral bone. b FDG-PET projection image shows no definite ab-
normal bone uptake, although the image quality is impaired due to
the substantial normal muscle uptake of FDG&/fig.c:
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uptake in the normal liver, spleen, and bone marrow.
The radiation dose from FDG-PET is reasonably low,
mainly because of the short half-life of 18F (T1/2 =
110 min) as compared with 67Ga (T1/2 = 78 h) or 111In
(T1/2 = 67 h). Moreover, PET is quantitative, with radia-
tion attenuation by normal tissues corrected for by trans-
mission images, which allows the determination of pre-
cise target to background uptake ratios and, with appro-
priate standards, the absolute fraction of injected dose
reaching a tissue [26].

In cases of active osteomyelitis, 99mTc-MDP, 67Ga,
111In-WBC, and FDG also showed increased tracer up-
take, as typically shown in Fig. 1. As a monitor of thera-
py or a predictor of cure of osteomyelitis, it has been re-
ported that 67Ga and 111In-WBC are more sensitive than
99mTc-MDP, since 67Ga and 111In-WBC more rapidly
normalize after successful treatment whereas 99mTc-
MDP often remains abnormal for a long time [14, 17,
27]. FDG-PET also may correctly show actual infectious
activity through glucose metabolism.

In cellulitis, early phase bone scans showed increased
blood flow and blood pool activity, while delayed scans
were normal, as previously reported [28] (and shown in
Fig. 2). Indeed, the three-phase bone scan is useful for
differentiating cellulitis from osteomyelitis, while it is
difficult for 67Ga or 111In-WBC (and also likely FDG) to
differentiate them.

In this study, besides visual interpretation, we calcu-
lated the SUL (SUV-lean) as a weight-independent index
of glucose metabolism according to the previous report
[21]. The maximal SUL values of infectious lesions
ranged from 0.97 to 6.69 and the SUL ratios of infec-
tious foci to contralateral or adjacent backgrounds
ranged from 1.41 to 5.65. These values were lower than
those of recent reports [24] and may well have underesti-
mated the glucose metabolism in infections, since our
study included small and peripheral superficial (thin) le-
sions, and several diabetic patients. For example, in a
case of cellulitis (patient 7, Fig. 2), a 3-cm diameter of
cellulitis (indeed, this was a peripheral superficial le-
sion) showed focal intense FDG uptake and was inter-
preted as grade 3, but the SUL in the site of infection
was not very high. Thus, the lowest SUL infection was
detectable in an extremity due to the minimal back-
ground uptake. For merely detecting the infectious foci,
a quantitative evaluation such as SUV or SUL may well
not be necessary, as previously reported in the evaluation
of pulmonary abnormalities [29], although quantitation
may be useful in differentiating the stages of infection
and for monitoring the efficacy of treatment [24].

Moreover, the FDG uptake in infectious foci will al-
most certainly be affected by serum glucose levels (and
also by serum insulin levels, although these were not
measured in this study) and the underlying disease such
as diabetes mellitus. It has been reported that both hyper-
glycemia and insulin-induced hypoglycemia (in previ-
ously euglycemic animals) substantially reduced FDG
uptake in tumor, but conversely, relatively preserved (in

hyperglycemia) or substantially increased (in insulin-in-
duced hypoglycemia) FDG uptake in muscle and fat tis-
sues, and as a result, tumor/muscle and tumor/fat ratios
of FDG uptake significantly decreased in both conditions
[30, 31]. We expect that plasma glucose and/or insulin
concentration may affect the FDG uptake in sites of in-
fection, as reported in tumors. Thus, the FDG-PET meth-
od potentially may be of lower utility in diabetics. This
may, if confirmed, represent a major limitation of the
method, as diabetics are often affected with infections.

The technique of “anatometabolic” fusion imaging
has been helpful in localizing foci of increased tracer ac-
tivity and for staging malignant tumors [19, 32]. We
made fusion images in one of our cases, which showed
intense ring-like uptake of FDG in a contrast-enhancing
abscess wall seen on CT (Fig. 3). Yamada et al. [6] re-
ported that macro- and micro-autoradiography showed
high density of silver grain deposition in the abscess
wall consisting of an inflammatory cell layer and granu-
lation tissue. Our observation of FDG accumulation in
the abscess wall in a patient was also concordant with
the result of this recent experimental study.

While FDG-PET might, on first inspection, be con-
sidered to be a “high-cost, high-tech,” alternative to
111In-WBC imaging, clinical PET imaging is now a real-
ity, with recent U.S. Medicare reimbursement of FDG-
PET for solitary pulmonary nodule characterization and
lung cancer staging and private insurance reimbursement
for PET in many European countries. In addition, the
cost of FDG is likely less than that of 111In-WBC label-
ing. Additionally, lower cost methods of detecting FDG
uptake, such as coincidence gamma cameras, have now
become available, suggesting the FDG method may have
clinical practicality–if additionally validated in larger
clinical studies. Finally, if accurate diagnoses can be
made using FDG-PET in 1 h rather than days after tracer
injection, this could be cost saving.

In conclusion, this preliminary study demonstrates
the feasibility of imaging human infections rapidly with
FDG-PET scanning and also partly demonstrates its lim-
itations. Accurate estimation of the sensitivity and speci-
ficity of FDG-PET will require the study of many addi-
tional patients with various kinds of infections, and fol-
low-up studies after treatment. These initial data also
show the feasibility and potential advantages of anato-
metabolic imaging and quantitative evaluation of infec-
tions, to better assess their extent and activity. While
much more study is clearly needed, these initial data
suggest FDG-PET may prove useful in the rapid detec-
tion and management of human infections.
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