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lndium-111 leukocyte scanning has evolved into a practical and highly accurate method for
the identification of infectious and inflammatory processes. The most commonly used agent
for labeling leukocytes has been [111ln]oxine.We have investigated a newer agent, 2-
mercaptopyndine-A/-oxide(Merc) at our institution which unlike oxine, allows us to label
leukocytes in plasma, using a simple kit procedure. Of the 92 consecutive patients referred
for detection or localization of an infectious process, autologous leukocytes of 55 patients
were labeled with [111ln]Merc,while those of the remaining 37 patients were labeled with
[111ln]oxine.The sensitivities for Merc and oxine procedures were 87% and 92%,

respectively, while the respective specificities were 100% and 92%. We conclude that the
[111ln]Merc-labeledleukocytes are equally effective as |1"ln|oxine-labeled leukocytes in
detecting infectious processes. The use of [111ln]Mercis advantageous over [111ln]oxinefor

white blood cell labeling because of its easier preparation.
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rver the past few years, indium-111 ('"In) oxine-

labeled leukocytes have been used extensively for the
detection and localization of infectious and inflamma
tory processes in humans (7). Labeling with oxine
requires that the white blood cells be removed and
washed free from plasma because of the high affinity of
"'In to plasma transferrin. The removal of plasma

increases cell manipulation and decreases the cell pro
tection and viability. Labeling leukocytes in plasma is
therefore desirable (2). We have developed a new agent
namely indium-111-2-mercaptopy ridine-A^oxide
(Merc) that allows us to label leukocytes in plasma by
a kit procedure (3). Since the plasma is not removed
during preparation, the procedure requires fewer steps
as compared to ['"Injoxine cell labeling and preserves

cell viability. This study was undertaken in order to
compare the results of leukocyte scanning using autolo
gous leukocytes labeled with ['"In]Merc and ['"In]

oxine.
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MATERIALS AND METHODS

Cell Separation and Labeling Technique
Indium-111 Merc leukocytes were prepared using the

method of Thakur et al. (3). Approximately 30 ml of whole
blood were collected in a syringe containing 300 IU heparin.
This was placed in a laminar flow hood for 1 hr, to allow the
erythrocytes to sediment and the leukocytes to concentrate in
the supernatant plasma. The supernatant was separated, cen-

trifuged at 450 g for 5 min and the leukocyte button was
suspended in 0.5 ml of plasma. These were then incubated for
5 min at 22Â°Cwith 20 tig, of Na-Merc (1 mg/ml) in 0.05A/

phosphate buffer at pH 7.4 and transferred to a sterile test
tube containing 0.5 mCi "'In* in 0.25A/ citrate buffer, pH

6.0. After incubation for 20 min at room temperature, cells
were centrifuged and supernatant removed. The cell button
was then washed with 0.5 ml of plasma and suspended in 4
ml of fresh plasma. The activity within the supernatant and
cell suspension was measured in a calibrated ionization cham
ber and the labeling efficiency was calculated. The labeled
leukocytes were then reinjected into the patient. The average
binding efficiency was 62 Â±13%.

Indium-Ill oxine leukocytes were also prepared by the

method of Thakur (4). In this preparation, autologous leuko
cytes from heparinized blood were isolated using the sedimen
tation technique similar to that used in the Merc labeling
procedure except that cells were washed free of plasma with
isotonic phosphate buffered saline (PBS) pH 7.4 and were
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ANTERIOR

FIGURE 1
Normal [111ln]Merc leukocyte scan.

resuspended in 4 ml of PBS. Cells were then incubated with
-500 i/Ci of ['"Injoxine* for 15 min (22Â°),centrifuged (450 g

x 5 min), and radioactivity associated with the cells and
supernatant was measured. The average cell-labeling efficiency

was 85 Â±11%. Labeled cells were resuspended in 4 ml of
autologous plasma for injection.

Imaging Technique
AH patients were scanned 18 to 24 hr after injection of the

labeled leukocytes and five of 92 patients were also imaged at
4 hr following injection. Images were obtained using a LFOV
camera with a medium-energy collimator, at a minimum of

200,000 counts per view. Twenty percent windows were set
on the 174 keV and 247 keV photopeaks of "'In. Routinely,

images of the neck, chest, abdomen, and pelvis were obtained
(Fig. 1), and if clinically warranted, the extremities were
imaged as well.

Patient Population
A total of 92 consecutive patients (51 males, 41 females)

suspected of harboring an occult infectious process were eval
uated. Their ages ranged from 3 to 81 yr. The Merc compound
was used in 55 patients, while oxine was employed in the
remaining 37. Scan interpretation was done without knowl
edge of the type of agent used for leukocyte labeling.

In each case, the diagnosis was confirmed retrospectively
by review of each patient's chart or medical record, with

regard to subsequent clinical course, correlation with ultra
sound, CT scanning, or other radiological studies. In addition,
surgical, pathological, or autopsy reports were evaluated when
available. A definitive diagnosis (i.e., infectious condition
versus no infectious condition) was established in 84 of the 92
patients referred. The remaining eight cases were considered
indeterminate because follow-up was not possible.

RESULTS

Of the 55 patients in whom the Merc compound was
employed, 20 demonstrated positive scans and were
subsequently proven to have an infectious process (Figs.
2-4). There were 29 true negative cases, as well as three
false-negative examinations. The latter included

chronic osteomyelitis, pneumocystic pneumonia, and
chronic pyelonephritis. There were no false-positive

scans. Three of the cases were classified as indetermi
nate because of inadequate follow-up. Four patients

were scanned both at 4 and 24 hr after injection. Two
of these patients had true-positive scans, demonstrating

pyelonephritis. Abnormal renal uptake was present on
both the 4-hr and 24-hr images, but more apparent on
the latter. The other two patients both had true-negative

examinations.
Oxine-labeled leukocytes were utilized in 37 patients.

Of these, an infectious process was demonstrated in 12
of 13 patients. One patient with a negative scan was
found to have a lesser sac abscess, proven at surgery.
This patient was scanned at 4 and 24 hr after injection,
and both scans were false-negative. There were 17 true-
negative cases and two false-positive cases. One of the
false-positive cases was most probably due to early

heterotopic bone formation in a quadriplegic patient.
The other false-positive scan demonstrated increased
activity in the nasopharyngeal area. However, otorhin-

olaryngoscopic examination of the patient was unre
markable. Five cases were indeterminate, again because
of lack of follow-up.

ANTERIOR

FIGURE 2
42-yr-old man with abdominal pain and E. coli sepsis,
whose [111ln]Merc leukocyte scan demonstrates activity

within the lower mid abdomen (arrow) and pelvis (arrow
head), proven at surgery to represent an abdominal and
pelvic abscess, respectively.
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POSTERIOR

FIGURE 3
69-yr-old woman complaining of fever, left flank pain, and
dysuria. [111ln]Merc leukocyte scan demonstrates abnor

mal activity in left kidney (arrow). At surgery, an inflamed
left kidney was removed. Final diagnosis: chronic calculous
pyelonephritis.

R

A statistical comparison of the two agents is provided
in Table I. Although the cell labeling efficiency for
Merc is lower than that for oxine, (62 Â±13% and 85 Â±
11%, respectively), there was no significant difference
in overall accuracy. Coleman et al. also observed that
low white cell labeling efficiencies did not reduce sen
sitivity and accuracy (5).

DISCUSSION

Indium-111 leukocyte scintigraphy has gained wide
acceptance for use in abscess and infectious process
detection. Cells labeled with oxine were employed ini
tially (/). The '"In from the oxine chelate binds to

transferrin in plasma. This necessitates the removal of
plasma from the leukocytes during the labeling process.
However, due to evidence that plasma protects the
white blood cells, its removal is undesirable and could
result in their physical or physiological impairment (2).
Because of this, many investigators have employed
other agents such as ["'In]acetylacetone (6) and trop-
olone ( 7-70). Some authors, however, have found trop-
olone to decrease the chemotactic properties of the
leukocytes (77) and to be more toxic to the cell than
oxine (72).

Indium-111-2-Mercaptopyridine-Af-oxide is a new
lipid-soluble compound which allows efficient labeling
of leukocytes in plasma by a kit procedure (3). The
results indicate that there is no significant difference in

ANTERIOR

FIGURE 4
55-yr-old renal transplant recipient with fevers and persis
tent cough. [111ln]Merc leukocyte scan demonstrates bilat

eral lung uptake, with focally increased activity within the
right mid-lung field. A biopsy specimen during thoracotomy
revealed cytomegalovirus pneumonitis.

the sensitivity or accuracy between the two compounds
(p = 0.3).

Four patients of the group studied with Merc and
one patient of the oxine group were scanned at 4 hr
after injection in addition to the routine image obtained
on the following day. The results were similar at both
time intervals with both groups.

A total of 24 patients in our series were also evaluated
with ultrasound and computed tomographic (CT) scan
ning. Of these, four had true-positive radiolabeled leu
kocyte scans, but false-negative CT and ultrasound
examinations. The ['"Injoxine leukocyte scan of one

patient demonstrated abnormal activity within the ab
domen, later proven at surgery to represent a mesenteric

440 Intenzo, Desai, Thakur et al The Journal of Nuclear Medicine



TABLE 1
Statistical Analysis: Merc Versus Oxine-WBCs

Sensitivity Specificity PPV* NPVt ACC*

Oxine n =32Merc
n =52Total
n = 849287901008610094919194

* Positive predictive value,

t Negative predictive value.
$ Accuracy.

abscess. The ['"InjMerc WBC scan of another patient

revealed abnormal pelvic activity, also surgically proven
to be an abscess. The CT scans and ultrasounds of both
patients were negative. In addition, two patients pre
senting with fever and flank pain were referred to our
department for indium abscess scanning. Scans were
obtained with the Merc compound and revealed renal
uptake of the radiolabeled white blood cells. One pa
tient, a renal transplant recipient, was treated for a
urinary tract infection and subsequently improved (her
ultrasound and CT scan were both normal prior to
therapy). The second patient's CT scan was also normal,

and her ultrasound was unremarkable except for renal
calculi. A laparotomy was then performed, which dem
onstrated an inflamed left kidney. These two cases of
pyelonephritis illustrate the advantage of an imaging
modality that reflects a physiological process (i.e., leu
kocyte localization within an infectious focus) over
those that are based simply on anatomic abnormalities.

When leukocytes are labeled with '"In compounds,

some lymphocytes are also inadvertently labeled. Al
though theoretically this could result in their malignant
transformation these lymphocytes are killed by the
radiation exposure, and therefore there is no potential
long-term risk (13).

In summary, there is no significant difference in the
ability of Merc- and oxine-labeled ["'In]leukocytes to

detect and localize within abscesses and other infectious
processes. Due to the ease of preparation of [" 'InJMerc-
labeled leukocytes compared with that of ["'In]oxine-

labeled leukocytes, Merc should be the preferable com
pound for routine clinical use.

NOTES
' Indium-111 chloride (50 m Ci/ml 0.01M HCL) was ob

tained either from Medi-Physics, Inc., Richmond, CA or from
Atomic Energy Canada.

f Medi-Physics, Inc., Richmond, CA.

ACKNOWLEDGMENTS

The authors thank Ms. Sandy McKenney and Mrs. Kathy
Tatum for their technical assistance and Mrs. Dana Ramos
for typing the manuscript.

REFERENCES

1. Coleman RE, Welch DM, Baker WJ, et al. Clinical
experience using indium-111-labeled leukocytes. In:
Thakur ML, Gottschalk A, eds. Indium-111 labeled
neutrophils, platelets and lymphocytes. New York:
Trivirum, 1980:103-118.

2. Talstad I. Protection of blood cells by plasma protein.
ActaMedScandl97l; 190:145-148.

3. Thakur ML, McKenney SL, Park CH. Evaluation of
indium-111-mercaptopyridine-N-oxide for labeling
leukocytes in plasma: a kit preparation. J NucÃMed
1985:26:518-523.

4. Thakur ML, Lavender JP, Arnot RN, et al. Indium-
111-labeled autologous leukocytes in man. J NucÃMed
1977; 18:1014-1021.

5. Coleman RE, Welch DM, Baker WJ, et al. Clinical
experience using indium-111-labeled leukocytes. In:
Thakur ML, Gottschalk A, eds. Indium-111 neutro
phils, platelets, and lymphocytes. New York: Trivi
rum, 1980:103-122.

6. Sinn H, Silvester DJ. Simplified cell labelling with
indium-111 acetylacetone. Br J Radiai 1979; 52:758-
759.

7. Danpure HJ, Osman S, Brady F. The labeling of blood
cells in plasma with In-111-tropolonate. Br J Radio!
1982; 55:247-249.

8. Burke JET, Roath S, Ackery D, et al. The comparison
of 8-hydroxyquinoline, tropolone, and acetylacetone
as mediators in the labeling of polymorphonuclear
leukocytes with indium-111 : a functional study. Eur
J NucÃMed 1982; 7:73-76.

9. Peters AM, Saverymuttu SH, Reavy HJ, et al. Imaging
of inflammation with indium-111 tropolonate labeled
leukocytes. J NucÃMed 1983; 24:39-44.

10. Datz FL, Bedont RA, Baker WL, et al. No difference
in sensitivity for occult infection between tropolone-
and oxine-labeled indium-111 leukocytes. J NucÃMed
1985; 26:469-473.

11. Gunter KP, Lukens JN, Clanton JA, et al. Neutrophil
labeling with indium-111: tropolone vs. oxine. Ra
diology 1983; 149:563-566.

12. Hall CE, Gunson BK, Hawkes JR. Indium-tropolone
for cell labelingâ€”a questionable advance? [Abstract].
Haemostasis 1982; 12:193.

13. Thakur ML, McAfee JG. The significance of chro
mosomal aberrations in indium-111-labeled lympho
cytes. J NucÃMed 1984; 25:922-927.

Volume 28 â€¢Number 4 â€¢April 1987 441


