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 INTRODUCTION

THE LARVAL STAGE of the fox tapeworm Echinococcus
multilocularis (EM), a parasite prevalent in the Northern

Hemisphere, is the causative agent of human alveolar
echinococcosis, which is considered to be the most lethal
helminthic infection in humans.1 Traditional radiological
imaging methods can be used to diagnose the infection
and inflammatory processes by detecting the results of
anatomical changes, but in the early phase of the disease,
anatomical changes may be insufficient for the diagnosis.
In addition, it can be difficult to differentiate active dis-
ease from successfully treated processes or postopera-
tive changes. Furthermore, radiological methods usually
image a body region, not the whole body.2

The ability of 67Ga scintigraphy to detect the lesions
of Echinococcus multilocularis infection: Preliminary results
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Aim: To assess the ability of 67Ga scintigraphy to detect the lesions of Echinococcus multilocularis
(EM) infection. Materials and Methods: An animal model of EM infection was developed. The
infected tissues taken from stock infection were placed into the abdominal cavity of uninfected
animals operatively. The success of implantation was controlled 20–25 days after implantation.
Five infected and 2 healthy animals were studied. All of the animals were examined by ultrasound
before the scintigraphic evaluation. After the injection of 7.4 MBq (200 µCi) 67Ga citrate
intravenously, static images from the whole anterior thorax and abdomen were obtained at 24, 48
and 72 hours. Visual and semiquantitative analyses were performed. In semiquantitative analysis,
an irregular region of interest was drawn over the thorax as the background, excluding the heart and
a second region of interest was drawn over the abdomen, excluding the liver and spleen. Abdomen/
background ratios were calculated using the mean counts. Results: In the visual evaluation, it was
noticed that there was considerably increased 67Ga uptake in the abdomens of the infected animals.
In infected animals, mean abdomen/background ratios at 48 and 72 hours (3.76 ± 1.04, 4.13 ± 0.72,
respectively) were increased compared with mean abdomen/background ratios at 24 hours (2.94 ±
0.77). These increases in abdomen/background ratios were statistically significant at 72 hours (p =
0.04). Between the infected animals and control group, mean abdomen/background ratios were
compared, and statistically significant differences were found in the images obtained at 48 and 72
hours. Conclusion: Imaging at 72 hours seems to be more suitable imaging time for the diagnosis
of alveolar echinococcosis. 67Ga scintigraphy may successfully demonstrate the lesions of EM
infection localized intraperitoneally. The method of 67Ga scintigraphy is useful because it is simple,
non-invasive and relatively safe.
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Scintigraphic methods have been used for some para-
sitary diseases such as Schistosoma mansoni colitis,3

Fasciola hepatica,4 cyst infection,5 unusual localization
of Echinococcus granulosus.6,7 Gallium-67-citrate lo-
calizes at the site of inflammation as a result of binding
to bacterial siderophores, macrophage ferritin, and
polimorphonuclear lactoferrin with increased blood flow
and vascular permeability of the capillaries.2,8 Although
67Ga was the first evaluated agent in tumor-scanning, its
value for detection of inflammations and infections was
also recognized.9 After intravenous administration, over
90% of 67Ga binds to iron-binding serum proteins such as,
transferrin, ferritin and lactoferrin which results in the
localization of inflammation.2,9

There have been some difficulties in the diagnosis of
early phase alveolar echinococcosis and differentiating
active from inactive disease. In a recent study,10 pericystic
metabolic activity in alveolar echinococcosis was suc-
cessfully shown by positron emission tomography (PET).
[18F]fluorodeoxyglucose (FDG) was localized in inflam-
mation, so FDG PET may differentiate active infected
tissue from dead parasitic tissue. 67Ga, similarly to FDG,
may localize in inflammation and demonstrate active
infected tissue.

The aim of this study was to assess the ability to detect
the lesions of EM infection using 67Ga scintigraphy.

MATERIALS AND METHODS

Experimental Design
EM metacestodes were taken from stock infection and
grafted into a gerbil intraperitoneally. The gerbil was
examined by palpation of the masses, then ultrasonogra-
phy and scintigraphy 20–25 days after the implantation,
after which the gerbil was sacrificed. The EM vesicles
were sampled, examined histopathologically, and pro-
cessed to prepare implantation material for the next ex-
periment.11

Five healthy female, 8–12-week-old, Meriones un-
guiculatus (species approximately 60–70 g) were cho-
sen for the study, as they are known to be susceptible to
EM infection. The exclusion criterion from the research
was determined to be the presence of an infection or
systemic reaction to the implanted vesicles. Two healthy,
8–12-week-old, Meriones unguiculatus (approximately
60–70 g weight) were also included as a control group.

For protecting the personnel from alveolar echinococ-
cosis infection, sterile gloves were used with protective
masks for the face and eyes to avoid any danger in case of
splashing in the sterile conditions of the security chamber.

All the experiments in this study were carried out in
compliance with the relevant national laws relating to the
conduct of animal experimentation. Additionally, the
study was approved by the local Ethics Committee of the
Experimental Studies at Dokuz Eylül University, School
of Medicine.

Ultrasonography
All of the animals were examined by ultrasound before the
scintigraphic studies. Abdominal ultrasonographic ex-
aminations were performed for the infected animals to
demonstrate intraabdominal lesions on day 20–25 after
implantation with a linear probe (5–12 MHz, ATL-HDI
5000, Bothell, Washington, USA) with the superficial
imaging algorithm.

Scintigraphy
Scintigraphic examinations were performed just after the
ultrasonographic examinations (20–25 days after the
implantation). After the injection of 7.4 MBq (200 µCi)
67Ga citrate intravenously via the femoral vein, static
images from whole anterior thorax and abdomen were
obtained at 24, 48 and 72 hours post injection (256 × 256
matrices, 2 zoom, 30 min/per each) by using a medium
energy collimator with the XR/T gamma camera (General
Electric, St. Albans, UK).

Visual and semiquantitative evaluations were per-
formed. Three independent nuclear medicine specialists
evaluated the scintigraphies visually, and semiquantitative
analysis of the 67Ga images of all the animals was per-
formed. In visual evaluation, first normal 67Ga uptake
pattern was demonstrated in healthy Mongolian gerbils
(Meriones unguiculatus). After that 67Ga uptake in in-
fected animals was evaluated visually, and the findings
were correlated with the ultrasonographic examinations.

In semiquantitative analysis, because the lesions of EM
infection were localized intraperitoneally, a region of
interest was drawn over the abdomen, excluding the liver
and spleen and a second region of interest was drawn over
the thorax as the background, excluding the heart. By this
method, abdomen/background ratios were calculated us-
ing mean counts at 24, 48 and 72 hours images to demon-
strate 67Ga uptake in EM lesions localized intraperito-
neally.

Histopathology
After the imaging at the Nuclear Medicine department,
the radioactive animals were anesthetized with ether, and
sacrificed by cervical dislocation. An abdominal incision
of 2–3 cm was performed in the midline, and the animals
were examined to confirm the parasitic infection macro-
scopically and microscopically. The preparations which
were prepared from the infected material were examined
histopathologically under a light microscope, and vesicles
of EM and protoscolex formations were identified. In this
way, the presence of infection is justified by the golden
standard method. Later, an equal volume of physiological
saline is added to the isolated material to prepare the
inoculation material.

Statistical Analyses
All results were expressed as mean ± SD. Data sets
obtained from infected animals and control group at the
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24, 48 and 72 hours were compared by analysis of vari-
ance (ANOVA) using SPSS 11.0 for Windows to inves-
tigate whether there was any differences in abdomen/
background ratios between infected animals and control
group. For infected animals, the differences in abdomen/
background ratios between 24, 48 and 72 hours were
studied to show the most suitable imaging time for EM
infection. A p-value less than 0.05 was considered statis-
tically significant.

RESULTS

The diagnosis of EM infection was demonstrated histo-
pathologically in all animals.

The sonographic examinations of the infected animals
revealed lobulated, heterogeneous cystic intraabdominal
masses. There were echogenic solid areas with hypoechoic
and anechoic cystic areas within the lesions. In most of the
infected animals, the lesions occupied almost the entire
intraabdominal cavity (the average size of the lesions was
2.2 ± 0.6 × 1.6 ± 0.5 × 2.8 ± 0.5 cm). There was no sign of
solid abdominal organ infiltration or invasion on sono-
graphic examinations of the infected animals, and the
liver appeared normal in all animals. Sonographic exami-
nations of the animals in the control group were normal.

In visual evaluation, it was noticed that there was
considerably increased and irregular 67Ga uptake in the
intraperitoneal lesions of the infected animals (Fig. 1).

To investigate the optimal imaging time, intensity of

67Ga uptake at 24, 48 and 72 hours was compared for
infected animals. Mean abdomen/background ratios at 48
and 72 hours (3.76 ± 1.04, 4.13 ± 0.72, respectively) were
increased compared with mean abdomen/background ra-
tios at 24 hours (2.94 ± 0.77). These increases in abdomen/
background ratios were statistically significant at 72 hours
(p = 0.04), but statistical significance was not found for 48
hours.

For infected animals and control group, mean abdo-
men/background ratios at 24, 48 and 72  hours were given
in Table 1. When comparing mean abdomen/background
ratios between the infected animals and control group,
statistically significant differences were found in the
images obtained at 48 and 72 hours.

DISCUSSION

There have been some reports demonstrating that 67Ga
scintigraphy may be useful in some parasitary disease. It
has been previously reported that Schistosoma mansoni
colitis is diagnosed with persistent colonic activity on
67Ga scintigraphy.3 In addition, some scintigraphic meth-
ods have been used in the diagnosis of different parasite
diseases such as Fasciola hepatica,13 and unusual local-
ization of Echinococcus granulosus.6,7

EM is the causative parasite of alveolar echinococco-
sis, and it is different from Echinococcus granulosus, the
causative parasite of hydatid disease. In contrast to Echi-
nococcus granulosus, the larvae of EM grow indefinitely;
they produce liver necrosis and induce a major granulo-
matous reaction. The disease caused by EM may involve
not only the liver but also other organs such as the lungs,
brain, and spleen.13 In the diagnosis of EM infection,
serological and radiological methods are used.12,14 How-
ever, serologically there may be cross reaction between
EM and Echinococcus granulosus.14 Imaging findings in
hydatid disease caused by Echinococcus granulosus are
well documented in the literature, but the radiological
features of alveolar echinococcosis are nonspecific.12

Fig. 1   A) 67Ga uptake of a healthy (uninfected) Meriones unguiculatus at 24th, 48th and 72nd-hours
post injection. Liver uptake is seen (arrowhead). B) 67Ga uptake of a Meriones unguiculatus infected
with EM at 24th, 48th and 72nd-hours post injection. Liver (arrowhead) and pathologic 67Ga uptake
(arrows) are shown. Marked prominent abdominal uptake is seen at 24, 48 and 72 hours.

Table 1   Abdomen/background ratios of 67Ga for the infected
and control groups at 24, 48 and 72 hours

Imaging time Abdomen/background ratios
p-values

(hours) Infected group Control group

24 2.94 ± 0.77 1.62 ± 0.09 Not significant
48 3.76 ± 1.04 1.77 ± 0.24 0.02
72 4.13 ± 0.72 1.77 ± 0.24 0.01

  p ≤ 0.05 was accepted as statistically significant.
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Additionally, radiologically the disease may be misdiag-
nosed as carcinoma of the liver since it yields a massy
appearance.12 Difficulties also exist in differentiating
active from inactive disease.

Further techniques such as scintigraphy may be useful
for evaluating the extent of the diagnosis of EM infection.
67Ga is taken up particularly in the liver, less in the spleen,
bone marrow, skeleton, nasal mucosa, lachrymal and
salivary glands, external genitalia and lactating breasts.15

Most of these organs may be involved in alveolar echino-
coccosis. Though increased 67Ga uptake may not differ-
entiate cancer from inflammation, 67Ga scintigraphy may
be beneficial in the diagnosis of metabolically active
alveolar echinococcosis in the liver.

Reuter et al. demonstrated that FDG PET may have a
role in the response to therapy in patients with EM
infections.10 We demonstrated intraperitoneally localized
EM infection using 67Ga scintigraphy in our study. Though
liver localization of EM may be a limitation for 67Ga
scintigraphy, the majority of patients with EM will be
diagnosed with large masses even in the earlier period of
disease because of the lack of overt clinical symptoms.
The masses in liver were rather large (minimum mass in
diameter with 2.5 × 1.8 cm, maximum: 8 × 5 cm) in a
recent PET study.10 The physiological 67Ga uptake in
liver may interfere with the evaluation of liver lesions but
in EM infection liver lesions were very large masses, so
67Ga scintigraphy may localize such large lesions due to
their metabolic activity, even when the lesions are local-
ized in liver. According to our knowledge, there is no
study about alveolar echinococcosis (and/or also hydatid
disease) and 67Ga scintigraphy in the literature.

Furthermore the statistically significant differences
found between the infected animals and control group in
the images obtained at 48 and 72 hours reveal objective
data of the disease. In infected animal group, imaging at
72 hours is seems to be the most suitable imaging time
when 67Ga scintigraphy is used to investigate alveolar
echinococcosis.

In this experimental study, the lesions of EM infection
were successfully demonstrated by 67Ga scintigraphy.
The irregular increased 67Ga uptake was consistent with
the sonographic evaluation. Both the limited number of
animals and lack of the clinical experience in patients
infected with EM are the limitations of our study.

In conclusion, we have documented that 67Ga scintig-
raphy could successfully demonstrate the lesions of EM,
the causative parasite of alveolar echinococcosis disease.
The method of scintigraphy with 67Ga is useful because it
is simple, noninvasive and relatively safe. There is a need
for studies both to investigate the diagnostic value of 67Ga
scintigraphy in EM infection localized in liver and assess
the therapy response of EM infection. When PET study is

not available, 67Ga scintigraphy may be an alternative
imaging modality to FDG PET in the diagnosis and follow
up of EM infection.
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