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Two cases of alveolar echinococcosis (AE) with multiple-organ involvement (the liver, lungs, and bone)
were monitored by imaging and serology for 20 years. Resection of the bone lesion was complete in one case
but incomplete in the other case. Albendazole treatment was markedly to moderately effective against
hepatic and pulmonary AE lesions in both cases, whereas it had almost no effect against the bone lesion
in one case. The results of the serological tests with recombinant Em18 antigen coincided with the clinical
findings in each case. An enzyme-linked immunosorbent assay for the detection of immunoglobulin G
(IgG) responses, especially IgG4 responses, is expected to be a real-time indicator of the dynamics of

active AE.

Alveolar echinococcosis (AE), caused by the fox tapeworm,
Echinococcus multilocularis, is one of the neglected, emerging,
or reemerging infectious diseases listed by WHO with cystic-
ercosis, rabies, brucellosis, etc., and is often misdiagnosed as
hepatocellular carcinoma (4, 17). It is one of the most lethal
parasitic infections, and areas contaminated with this parasite
are becoming wider and wider in the majority of the Northern
Hemisphere, other than tropical and subtropical areas (10, 11,
19, 20, 24). When local people living in contaminated areas
accidentally ingest eggs of this parasite expelled from foxes and
dogs, the embryos develop into metacestodes, so-called alveo-
lar echinococcus, by asexual proliferation, mainly in the liver
(in more than 97% of cases of AE). Infected persons become
symptomatic, usually 10 to 20 years later. Patients with active
lesions are estimated to die within 15 years after the initial
appearance of symptoms, whereas cases with only abortive or
inactive AE lesions are rarely found (10, 12, 19, 25). Calcifi-
cation occurs either at the early stage and requires no treat-
ment (abortive or inactive cases) or at the late stage (the
majority of advanced AE cases). Early diagnosis with early
treatment, mainly by surgery, has strongly been recommended,
since complete excision is so far the only curative treatment
(19).

Therefore, the development of sensitive and specific diag-
nostic tools is crucial. Imaging tools that use ultrasonography,
computed tomography (CT), and magnetic resonance imaging
have been applied for the diagnosis and monitoring of the
progression of AE (19). Most recently, positron emission
tomography has also been introduced for the detection and
characterization of the active lesions (3).

Serology for the detection of specific antibody responses was
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developed independently by several groups in Germany, Swit-
zerland, Australia, and Japan by characterization with antigens
EM10, Em2/III, EM4, and Em18, respectively (24). It later
became evident that all of these were the same ezrin-like pro-
tein encoded by elp gene, which has a high degree of homology
with human ezrin-radexin-moesin (ERM) (2, 10, 22). It is very
interesting that specific diagnostic antigen candidates have a
very high degree of homology with the host protein (ERM),
and AE is a typical chronic disease. Among these four anti-
gens, Em18 is the smallest component of the ezrin-like protein
and is degenerated by a cysteine protease(s), but it has the
lowest degree of homology with ERM (10, 22). Therefore,
serology by the use of Em1S8, especially recombinant Em18
(recEm18), is expected to show the lowest level of cross-reac-
tivity with human components (1, 5, 7, 8, 10, 13, 17, 22, 24, 25,
28). Furthermore, it has been shown that a positive result by
serology with Em18 is a good indicator of active AE, and
immunoglobulin G4 (IgG4) is the predominant subclass in-
volved (9, 12).

In this report, we describe two AE cases with lesions in the
liver, lungs, and bone who were admitted for surgery of the
bone lesion but who showed completely different clinical and
serological outcomes after 20 years of monitoring, until the
end of 2008. Data on the IgG responses of case patients 1 and
2 detected before 2000 were briefly reported by Fujimoto et al.
(5), who designated these patients cases 6 and 7, respectively.
In this study, we applied a recEm18-specific enzyme-linked
immunosorbent assay (recEm18-ELISA) to the analysis of the
serological dynamics of the responses to IgG4, IgGl, IgG
(Fab), IgG (H+L), and IgG recognized by recombinant pro-
tein G to evaluate which one is the best for monitoring of the
progression of AE.

MATERIALS AND METHODS

Serology for the detection of antibodies specific to Em18, the best diagnostic
antigen for the detection of active AE, was applied for the monitoring of these
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FIG. 1. Imaging figures of case 1 (A to C) and case 2 (D to G). (A) Several nodular densities demonstrated by a chest X-ray tomogram (arrows).
(B) Osteolytic destruction of the right lower lumbar vertebrae resulting from AE invasion of the pelvis (arrows), demonstrated by X ray 143 months
after ABZ chemotherapy (September 2007). (C) Reduction in size of hepatic AE foci with calcification (arrows), demonstrated 130 months after
ABZ chemotherapy (July 2000). (D) Chest CT scan demonstrating a mass with a heterogeneous density (arrowheads) at the left medial head of
the clavicle. (E) CT scan image obtained 81 months after radical resection of the bone AE and ABZ chemotherapy (December 1999). A defect
after complete removal of the lesion without relapse is demonstrated (arrow). (F) Chest CT scan image demonstrating multiple nodular densities
of pulmonary AE (the arrow points to one of the lesions). (G) Chest CT scan image demonstrating multiple nodular densities with few changes
81 months after the time of diagnosis (December 1999) (the arrow points to one of the lesions).

cases (12, 25). The recEm18-ELISA was applied to the analysis of the dynamics
of the antibody titers throughout the treatment (22, 25). The serum samples used
for the ELISA for either total IgG, IgG1, or IgG4 were used at a 1/200 dilution,
whereas those used for immunoblotting (IB) were used at a 1/50 dilution (9, 12).
Final ELISAs by the use three different tools were carried out in 2008 under the
same conditions to show the dynamic changes throughout the follow-up studies.
Five secondary antibodies were used for these ELISAs: horseradish peroxidase-
recombinant protein G (Zymed Laboratories Inc.), horseradish peroxidase-mono-
clonal anti-human IgG1 and IgG4 (Zymed Laboratories Inc.), and peroxidase-
conjugated goat IgG fraction to human IgG (Fab) and IgG (H+L) (Cappel).

RESULTS

Clinical follow-up. (i) Case 1. A 39-year-old woman was
admitted to Asahikawa Medical College Hospital (AMCH) in
August 1989. She lived in the eastern part of Hokkaido, known
as the area of Japan where AE is the most endemic. On
admission, she had a painful tumor in the right buttock with
pus oozing through a fistula. Initially, beginning in September
1987, she felt only a dull pain in the right buttock, but she had
a lump about the size of her fist afterwards. Even though the
softened part of the lesion had been incised and drained during
a previous hospitalization in April 1988, intractable pyorrhea
followed. She underwent curettage of the sequestrum for

chronic suppurative osteomyelitis of the ileum in July of the
same year. She was then given antitubercular drugs owing to a
misdiagnosis of tuberculous osteomyelitis, without effect. An-
other curettage of the sequestrum was performed in November
1988, but she was not cured of the persistent pyorrhea. For that
reason, she was transferred to AMCH for a close examination
of the refractory bone infection. Histological findings specific
to AE were disclosed by microscopic examination of a biopsy
specimen obtained at the time of the previous surgery. Multi-
ple AE lesions were consequently detected in the liver (data
not shown) and the lungs (Fig. 1A) by imaging diagnosis.
Laparoscopy and a direct-vision hepatic biopsy revealed the
endoscopic and histopathological picture of AE. She was fi-
nally diagnosed with AE involving the right ileum, the liver,
and the lungs. As radical surgery of all the involved organs was
considered impossible, administration of albendazole (ABZ;
400 mg orally twice daily) started on 18 October 1989 (6, 18,
23, 27). Continuous medication was opted for because of the
severe condition of her illness, even though the intermittent
administration of ABZ (a 28-day cycle followed by a 14-day
ABZ-free interval) is the recommended regimen. The pro-
longed drainage stopped 6 weeks after the start of chemother-
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apy. She underwent radical curettage of the sequestrum and
bone grafting for the right ileum AE on 19 December 1989. As
her clinical course was good for 3 years after the operation, she
was not treated with ABZ from March 1993 to March 1994.
However, the ileum AE recurred after the stop of chemother-
apy, and ABZ chemotherapy was resumed, followed by a sec-
ond operation. She underwent a third operation for AE inva-
sion of the fifth lumbar vertebra in October 1999, and the dose
of ABZ was increased to 600 mg. The dose of ABZ was
returned to 400 mg due to mild liver dysfunction in September
2000, and intermittent medication was chosen 1 year later.
Although pain in the right leg developed with the gradual
progression of the bone AE, it subsided for several months
with the use of continuous medication. She has so far needed
surgical treatment four times and gradual increases in the dose
of ABZ. Despite the combined medical and surgical treatment,
the bone AE has hardly been controlled (Fig. 1B). Further-
more, she complained of bloody sputum in January 2005, and
diagnostic imaging revealed the recurrence of pulmonary AE.
However, this respiratory symptom was controlled by use of an
increased dose of ABZ (1,000 mg daily), which had no marked
adverse effects. In contrast, the hepatic AE remained in com-
plete remission (Fig. 1C) and has not recurred.

(ii) Case 2. A 41-year-old woman living in the central part of
Hokkaido felt a pain in her upper left chest at the end of July
1991. She was first diagnosed with sternoclavicular joint arthri-
tis and shoulder periarthritis at AMCH on 14 August 1991. A
tumor of 50 by 60 mm in the sternoclavicular joint was found
by physical examination on 19 September 1991 (Fig. 1D). The
pain disappeared when the tumor became large, and this was
accompanied by central necrosis. A cytological examination
and bacterial culture of an aspirate were performed on 13
February 1992. However, there were neither malignant cells
nor bacterial growth. An open biopsy was performed on 12
February 1993, and a histopathological diagnosis of AE was
made by microscopic examination. Multiple AE lesions in both
the liver and the lungs (Fig. 1F) were subsequently detected by
imaging diagnosis. She was diagnosed with AE with multiorgan
involvement (the liver, the lung, and the clavicle) after 20
months of upper chest pain. She underwent radical resection of
the left clavicular AE lesion (Fig. 1E). In addition, AE involve-
ment of the liver was confirmed by laparoscopy and ultra-
sound-guided liver biopsy (data not shown). Chemotherapy
with ABZ against AE of the liver and lungs started on 1 April
1993. After a remarkable reduction in the size of the hepatic
AE lesion was detected by CT after 1 year with this chemo-
therapy, we recommended that the ABZ treatment be stopped
and that the AE lesions be monitored. The hepatic AE re-
mained in complete remission. However, the lung lesions may
still have been viable and growing, as determined by CT on 4
January 1996 (data not shown). As summarized in serological
follow-up studies (Fig. 2B), serology still indicated weakly pos-
itive results. We therefore resumed ABZ treatment from
March 1996, and no exacerbation of AE lesions either in the
lungs (Fig. 1G) or in the liver (data not shown) was detected by
diagnostic imaging after that.

Serological follow-up. The clinical background information
and serological data obtained by recEm18-ELISA are shown in
Fig. 2. The antibody response to recEm18 showed highly dy-
namic and variable changes over 20 years, until October 2008,
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for case 1, who was referred to as case 7 before 2000 in the
work of Fujimoto and others (5) (Fig. 2A). There was a certain
correlation between the ELISA results and her clinical course
mentioned above. The ELISA values remained positive after
palliative surgeries of the iliac lesion and rose during the ad-
vanced stages of the disease, especially after 2000. We noticed
a rise in the ELISA values after the third operation, and in
October 2000, she complained of pain in the right hip and a
relapse of the right iliac AE was found. It was supposed that
the rise in the ELISA values mainly originated at the focus of
the infection, because the increased ELISA values remained
after the imperfect operation and because a relapse or the
development of new AE lesions in other organs was not ob-
served. In this study, we carried out ELISA for the detection of
IgG4 and IgGl (data not shown) as well as total IgG using
several secondary antibodies, including recombinant protein
G, anti-IgG (Fab), and anti-IgG (H+L). As shown in Fig. 2, it
was clear that the ELISA values for the detection of antibodies
specific to recEm18 by the use of recombinant protein G,
anti-human IgG (Fab), and anti-human IgG4 were highly re-
liable for monitoring of the clinical courses. There were no
critical differences in the antibody responses when anti-human
IgG (Fab) and anti-human IgG4 were used. As the IgG1 re-
sponses were rather weak in these two cases and the IgG
response that was detectable with anti-human IgG (H+L)
showed highly nonspecific background responses, these results
were not included in Fig. 2 and are not useful for the moni-
toring of progression of the disease (data not shown). Among
these five tools, the detection of IgG4 was expected to be the
most sensitive for follow-up studies.

When we applied the recEm18-ELISA to case 2 (Fig. 2B), a
drastic drop in antibody titers was confirmed within 4 years
before 2000 (5). In this study, we monitored the patients until
October 2008. The IgG response still appeared to be positive
until 2000. However, when we checked the 1gG4 response, it
was negative at that time and remained negative until October
2008. The result of the IgG-ELISA became negative by 2003
and remained negative until October 2008. All clinical findings,
including those obtained by ultrasonography and magnetic res-
onance imaging, also supported a diagnosis of a complete cure,
which corresponded to the serological data in this case.

DISCUSSION

The inoperable parasitic lesion of the bone in case 1 pro-
gressed even after continuous chemotherapy for 20 years, start-
ing in 1989. This is because of the inoperable residual lesion in
the bone. In contrast, case 2 is expected to have been cured
after complete surgical removal of the lesion in the bone.
Chemotherapy with ABZ appeared to be markedly to moder-
ately effective against hepatic and pulmonary AE in these two
cases. In contrast, more prolonged treatment may be required
for AE at sites such as bone and the brain, as clearly described
in the summary of product characteristics by SmithKline
Beecham. The proportion of surgically resectable cases of AE
was 40% or less, and the mortality rate within 10 years for
patients with nonresectable cases was 90% in about 1980 (23).
Therefore, the prognoses for these two AE patients with mul-
tiorgan involvement were presumed to be very poor, but they
have survived over a long period of time. These outcomes are
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FIG. 2. Antibody responses to recombinant Em18 over the course of follow-up of the two AE cases. Four different secondary antibodies
(anti-human IgG [Fab], anti-human IgG [H+L], anti-human IgG1, and anti-human IgG4) and recombinant protein G (Pro G) were applied for
these follow-up studies. The data for the IgG (H+L) and IgG1 responses are not included.

very encouraging for patients needing long-term ABZ chemo-
therapy for the treatment of severe AE.

WHO has recommended combined imaging and serology
for the diagnosis of AE and cystic echinococcosis (19). Im-
aging diagnosis of AE is comparatively easy in cases with
distinctive findings, such as calcification and cavitations of
lesions in patients with advanced AE, especially in areas of
endemicity, although it is not always possible to make a
conclusive specific diagnosis from imaging figures only. The
addition of highly specific serology is strongly recom-
mended. The use of Em2P'"S-ELISA, recEm18-1B, and/or
recEm18-ELISA, as well as several other ELISAs, has been
recommended by WHO (19). However, a recent compara-
tive analysis of the recEm10-ELISA, Em2P"s-ELISA, and
recEm18-ELISA for monitoring of the progression of dif-

ferent pathological types of AE by the WHO criteria (14, 16,
25) revealed that the recEm18-ELISA exclusively showed
strongly dynamic changes, including negative results for
cured cases (25). The sensitivity of either recEm18-ELISA
or RecEm1-IB was superior to that of other serological
tools, including the Em2P"*s-ELISA (1, 10, 25). Similar data
were observed before and after liver transplantation for AE
cases in France (S. Bresson-Hadni and A. Ito, unpublished
data) and follow-up studies of hepatic AE cases with radical
resections in Japan (5; H. Akabane and A. Ito, unpublished
data). The most remarkable picture provided by the re-
cEm18-ELISA is that the real-time increases in ELISA val-
ues correlated with relapses. As serology by either Em18-1B
or Em18-ELISA was highly useful for the detection of ap-
proximately 95% of active AE cases (1, 10, 12, 21, 25), it is
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further notable that the results becomes negative after a
complete cure (5, 12, 13, 25; J. F. Wilson, P. M. Schantz, and
A. Tto, unpublished data). After curative surgery, the results
may become negative within a half year (Akabane and Ito,
unpublished). Therefore, it is strongly recommended that
the recEm18-ELISA by applied, especially for the detection
of IgG4, for monitoring of the progression of AE. Several
reports have stressed the usefulness of the detection of IgG4
(12, 26), as serum samples that gave optical density values at
405 nm that were greater than the mean * 3 standard
deviations were considered to be seropositive, Although
IgG4 responses became negative a little bit faster than the
IgG (Fab) responses (Fig. 2B), we consider that there is no
crucial difference between the detection of IgG4 and IgG
(Fab).

In order to detect the antibody response for outpatients or
screening of patients in areas where AE is endemic, as well as
inpatients, a rapid immunochromatographic test (ICT) which
does not need any special facilities or experienced personnel
has already been developed by the use of recEm18 (21). The
disease in the two AE cases described here was also confirmed
by ICT (data not shown). A commercially available ICT kit is
ready from Adtec Inc. (Usashi, Oita, Japan). A quantitative
ICT is under development for monitoring of the progression of
AE (Y. Sako et al., unpublished data).

Although ABZ is still the preferred chemotherapeutic
agent for the treatment of AE, continuous dosing may be
essential (15), since some resistance to ABZ appeared to
develop after the cessation of ABZ treatment (19). As dem-
onstrated in this study, Em18 serology is a good marker for
the presence of active AE lesions and inactive or abortive
AE cases, as well as for the detection of seronegativity in
cured AE cases after radical surgery. However, ABZ does
not usually have a clear metacestocidal effect in vivo or
clinically (15), and an indication of inactive or abortive AE
does not always mean a complete cure (Bresson-Hadni and
Ito, unpublished). Without direct evidence that an AE le-
sion is dead or completely calcified and has no germinal
layer through histopathological examination of biopsy spec-
imens or radical resection of whole lesions, it is still difficult
to recommend when chemotherapy for AE cases should be
stopped. Standards for the time of cessation of ABZ treat-
ment remain unresolved, and the development of metaces-
tocidal drugs is still needed.
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