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When humans serve as inadvertent intermediate hosts for Echinococcus multilocularis, disease (alveolar
echinococcosis [AE]) may result from the expanding parasite metacestode in visceral organs, mostly in the
liver. Benzimidazole carbamate derivatives such as mebendazole and albendazole are used for chemothera-
peutic treatment of AE. However, these treatments are, in most cases, parasitistatic rather than parasiticidal.
As treatment is discontinued, a recurrence of parasite growth has been observed in many AE patients with
nonradical resections. The only curative treatment for AE is radical surgical resection of the parasite tissue
and support by chemotherapy. As there is a need for new treatment options for AE, the in vitro efficacy of
nitazoxanide (NTZ), a broad-spectrum drug used against intestinal parasites and bacteria, was investigated.
We showed that in vitro treatment of E. multilocularis metacestodes with NTZ induced high levels of alkaline
phosphatase activity in the medium. Concurrently, distinct morphological and ultrastructural alterations were
detected. Most significantly, two distinct types of alterations were observed as soon as after 3 h of NTZ
treatment. At first, the drug induced a peripheral output of membranous vesicles from the tegumental
membrane into the laminated layer. Simultaneously, germinal layer-associated undifferentiated cells produced
large vacuoles filled with lipid-like and often electron-dense membranous segments. Other alterations were
observed at later time points, including vacuolization of the germinal layer, accumulation of lipid droplets, and
lastly, loss of microtriches and separation of the laminated and germinal layers. The pattern of damage
induced by NTZ was different from the alterations earlier observed in albendazole sulfoxide-treated vesicles.
The nonviability of NTZ-treated metacestodes was confirmed through bioassay, i.e., inoculation of treated and
untreated parasites into mice. These experiments demonstrate the in vitro parasiticidal effect of NTZ on E.

multilocularis metacestodes.

Alveolar echinococcosis (AE) is caused by the metacestode
(larval) stage of Echinococcus multilocularis and is a rare but
life-threatening disease. The reported incidence rate per year
is 0.02 to 1.4/100,000 population (7, 8). The geographical dis-
tribution of E. multilocularis is confined to Palearctic regions of
the northern hemisphere extending from central Europe
throughout northern and central Eurasia to the Far East, in-
cluding Japan, and to North America (Alaska, Canada, and the
northern and central United States). In central Europe, recent
surveys on E. multilocularis infection in red foxes have revealed
that the parasite has a much wider geographical distribution
than previously reported. The prevalences of E. multilocularis
in red foxes differ extensively within and between areas of
endemicity, from about 1% to over 60% (5, 8).

The adult worm exists as an enteric parasite in the fox and a
few other carnivores, such as the wolf, cat, and dog. Parasite
eggs are shed into the environment with the feces of tape-
worm-infected canids. The eggs contain an oncosphere, which
upon ingestion by a suitable intermediate host and subsequent
passage through the stomach and intestine get activated, pen-
etrate the mucosa, enter the blood and lymphatic vessels, and
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end up in the liver. Oncospheres then encyst in the liver pa-
renchyma and develop over time to form mature metacestodes,
which exhibit typical features such as tumor-like proliferation
and occasionally metastatic formation into other organs (20).

Mice and other small mammals act as natural intermediate
hosts for E. multilocularis, while humans accidentally acquire
AE, also by ingesting viable parasite eggs. Detection of AE
lesions at an early stage may allow its radical resection like that
performed in tumor surgery. Depending on the postsurgical
status, chemotherapy must be provided for at least 2 years and
may be up to lifelong. The antiparasitic drugs presently used
include mebendazole and albendazole. Both may effectively
stop the growth of the parasite, but they do not appear to be
parasiticidal in vivo. This is the reason why many patients must
inevitably take the drugs on a lifelong basis to prevent recur-
rences of AE (8).

As a consequence, the development of new means of treat-
ment of AE is anticipated. In vitro culture of E. multilocularis
metacestodes allows growth and maintenance of infective par-
asites under standardized conditions (12, 13), and detection of
increased alkaline phosphatase (EmAP) activity in the culture
supernatant was shown to correlate with a progressive destruc-
tive effect of drug treatment (28). Thus, this model was used to
assess the parasiticidal activities of several drugs, including
nitazoxanide (NTZ).

NTZ [2-acetolyloxy-N-(5-nitro 2-thiazolyl) benzamide] was
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FIG. 1. Time course experiment demonstrating elevated EmAP activity in culture supernatants of E. multilocularis metacestodes treated with
1(+),5 (@), and 10 (*) pg of NTZ/ml or 10 pg of ABZSO/ml (X). Controls include RPMI 1640 medium alone without parasites (designated
medium) (4 ), RPMI 1640 medium plus metacestodes (control) (m), or RPMI 1640 medium plus metacestodes plus the corresponding amount
(0.1%) of DMSO (A). Note the increase in EmAP levels starting at day 4 in cultures treated with 5 and 10 pg of NTZ/ml.

originally developed as a veterinary antihelminthic and was
first described in 1984 as a human cestocidal drug (26). To
date, NTZ is known as a drug with a broad spectrum of activity
against a wide variety of intestinal parasites and enteric bac-
teria infecting animals and humans. NTZ has become widely
used specifically for the treatment of chronic diarrhea in im-
munocompromised patients (e.g., patients with AIDS) (1, 2, 9,
10, 21-24). In addition, clinical studies suggest that NTZ is
effective for treatment of human fascioliasis (18, 25).

In this study we report on the in vitro efficacy of NTZ against
E. multilocularis metacestodes and demonstrate the powerful
parasiticidal effect of this drug using the EmAP assay, scanning
electron microscopy (SEM), transmission electron microscopy
(TEM), and reinoculation of metacestodes treated in vitro into
mice.

MATERIALS AND METHODS

Biochemicals and drugs. If not otherwise stated, all tissue culture media were
purchased from Gibco-BRL (Zurich, Switzerland), and biochemical reagents
were from Sigma (St. Louis, Mo.). The NTZ used in this study was obtained from
Pharmacia Animal Health, Kalamazoo, Mich. Tizoxanide (TIZ) and TIZ gluc-
uronide (TIZ gluc) were obtained from Romark Laboratories, Tampa, Fla.
Albendazole sulfoxide (ABZSO) was kindly provided by R. J. Horton, SmithK-
line Beecham, London, United Kingdom.

In vitro culture of E. multilocularis metacestodes. In vitro cultivation of E.
multilocularis metacestodes was carried out as described previously (15-17).
Briefly, gerbils (Meriones unguiculatus) were infected intraperitoneally with E.
multilocularis clone KF5 and isolate IM280. After 1 to 2 months, the animals
were euthanized and the parasite tissue was recovered from the peritoneal cavity
under aseptic conditions. The tissue pieces were cut into small tissue blocks
(volume, 0.5 cm?), which were washed twice in Hanks balanced salt solution. Two
pieces of tissue were placed in 75 ml of culture medium (RPMI 1640 containing
12 mM HEPES, 2 mM glutamine, 200 U of penicillin/ml, 200 pg of streptomycin/
ml, 0.50 pg of amphotericin B/ml) supplemented with 10% fetal calf serum and

phenol red. Tissue blocks were kept in tightly closed culture flasks (200 ml)
placed in an upright position in an incubator at 37°C with 5% CO, with medium
changes every 2 to 4 days.

Drug treatments and recovery of medium supernatants. Free-floating vesicles
with diameters of 1 to 5 mm were harvested after 3 to 4 weeks of culture. The
time of vesicle collection was selected in order to obtain actively growing and
proliferating parasites. The metacestodes were pooled, washed three times in
sterile water, and again divided into separate cultures with approximately 50
vesicles in 15 ml of culture medium lacking fetal calf serum and phenol red. NTZ,
TIZ, TIZ gluc, and ABZSO were prepared as stock solutions of 10 mg/ml in
dimethyl sulfoxide (DMSO). These reagents were added to the cultures, yielding
final concentrations of 1, 5, and 10 wg/ml. For each experiment, the appropriate
controls included (i) a culture containing an equal amount of DMSO and (ii) a
culture in culture medium alone. The parasites were incubated at 37°C with 5%
CO,. After defined time points, as indicated in Fig. 1, 300 wl of the culture
supernatant was collected and centrifuged at 10,000 X g for 30 min at 4°C, and
the supernatant was recovered and stored at —20°C prior to measurement of
EmAP activity.

Determination of EmAP activity. The procedure described by Stettler et al.
(28) was used for the quantitative assessment of EmAP activity. Briefly, 30 pul
from each culture supernatant was mixed with 170 pl of alkaline phosphatase
enzyme-linked immunosorbent assay (ELISA) substrate buffer (0.5 M ethanol-
amine, 0.5 mM MgCl, [pH 9.8]) containing p-nitrophenyl phosphate (1 mg/ml).
A total of 200 pl of each sample was pipetted into the wells of a 96-well ELISA
plate, and the plate contents were incubated for 30 min at 37°C. A 4,5 values were
read on a Dynatech MR7000 ELISA reader.

SEM and TEM. Metacestodes cultured in vitro were processed as described by
Hemphill and Croft (14). Briefly, freshly isolated vesicles were gently broken up
by using a pipette and were fixed in 2.5% glutaraldehyde in 100 mM phosphate
buffer for 2 h at room temperature, followed by postfixation in 2% OsO, in
phosphate buffer. The samples were extensively washed in distilled water and
dehydrated in ethanol. For SEM analysis, the specimens were dried by sublima-
tion in Peldri IT (Plano GmbH, Marburg, Germany), placed onto glass coverslips,
sputter coated with gold, and inspected on a JEOL 840 scanning electron mi-
croscope operating at 25 kV. For TEM, the vesicles were fixed as described
above. The samples were then extensively washed in distilled water and incu-
bated in 1% uranyl acetate for 30 min at 4°C, followed by several washes in water.
They were dehydrated in a graded series of ethanol concentrations and subse-
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quently embedded in Epon 812 (14). Polymerization of the resin was carried out
at 65°C overnight. Sections were cut on a Reichert and Jung ultramicrotome and
were loaded onto 300-mesh copper grids (Plano GmbH). Staining with uranyl
acetate and lead citrate was performed as described previously (14).
Assessment of metacestode viability by bioassay in C57BL/6 mice. In order to
investigate drug-treated metacestodes for viability or nonviability, female
C57BL/6 mice (seven animals per group; age, 8 weeks; body weight, 20 + 5 g)
were infected by intraperitoneal injection with three to five drug-treated vesicles.
Before inoculation the vesicles had been treated for 14 days in vitro with either
NTZ (group 1) or ABZSO (group 2) dissolved in DMSO or with DMSO alone
(group 3) as a control. The drug concentration in the medium was 10 pg/ml for
both NTZ and ABZSO. Animals were housed in a temperature-controlled light-
cycle room. At 5 months postinoculation the mice were euthanized with CO, and
the parasite tissue was inspected by light microscopy and TEM (see above).

RESULTS

Increase in EmAP activity in culture supernatants of drug-
treated E. multilocularis metacestodes. We investigated the
EmAP activity in culture supernatants at different time points
following the addition of NTZ, TIZ, TIZ gluc, or ABZSO into
the culture medium. Time course experiments (as shown in
Fig. 1) demonstrated that the EmAP activity in the culture
supernatants of NTZ-treated parasites was immediately and
dramatically enhanced compared to that in the corresponding
supernatants of control cultures. The results obtained for TIZ
and TIZ gluc were essentially identical (data not shown). After
12 to 14 days of in vitro culture, distinct increases in EmAP
activity were also observed in the supernatants of ABZSO-
treated cultures and in the medium supernatants of control
vesicles, although to a much lower extent. These experiments
were repeated six times, and all provided essentially identical
results.

Morphological and ultrastructural alterations induced by
drug treatment investigated by SEM and TEM. In order to
correlate this dramatic increase in EmAP activity in the culture
supernatants of NTZ-treated parasites with alterations of par-
asite morphology, both control and drug-treated parasites were
examined by SEM. Nontreated control metacestodes exhibited
an intact germinal layer, with a multitude of different, mor-
phologically intact cell types (Fig. 2A and B). In contrast, after
4 days of in vitro NTZ treatment, the germinal layer of the
parasites had lost its characteristic multicellular structure and
was largely disintegrated in many areas, and only a fraction of
the metacestode tissue appeared to be still attached to the
interior surface of the acellular laminated layer (Fig. 2C). At
day 7 of treatment with NTZ, in many areas, only cellular
debris of the former germinal layer could be seen (Fig. 2D).

The ultrastructure of vesicle walls of metacestodes cultivated
in vitro has been described previously (12, 13). The external
surface of the parasite larvae is comprised of an acellular,
heavily glycosylated, laminated layer which surrounds the en-
tire parasite (20). Attached to the interior surface of the lam-
inated layer is the tegument, a syncytial parasite tissue with
numerous microtriches that protrude into the laminated layer
and that thus significantly enhance the resorbing surface of the
parasite. More toward the interior, the tegument is replaced by
the germinal layer, which contains a number of different cell
types such as muscle cells, connective tissue, and glycogen
storage cells. In actively proliferating vesicles a large number
of undifferentiated cells each with a large nucleus and nucle-
olus is found. Control and DMSO-treated cultures did not
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exhibit any ultrastructural alterations of parasite tissue during
the entire incubation period of 14 days (Fig. 3A and B).

The first signs of tissue alterations due to NTZ treatment
were already seen after 3 h of treatment (Fig. 3C and D). On
the one hand, these alterations concerned the undifferentiated
cells, the cytoplasms of which contained large vacuoles filled
with electron-dense bodies, granular particles, membrane-like
leaflets, and small vesicles (Fig. 3C). These vacuoles occupied
a large portion of the cytoplasms of these cells. On the other
hand, alterations also concerned the distal portion of the teg-
ument, where a distinct increased concentration of small ves-
icles, apparently budding off from the tegumental membrane,
was observed (Fig. 3D). This process of membrane budding
was a lot more apparent in metacestodes fixed and processed
after 1 day of NTZ treatment (Fig. 3E). At this time point
vesicles and larger membrane leaflets were released from both
the tegumental base and the tips of the microtriches and were
deposited into the matrix of the laminated layer.

At day 4 of NTZ treatment, significant reductions in the
relative numbers and lengths of the microtriches became evi-
dent (Fig. 4A). However, in areas where microtriches were still
present, the matrix of the laminated layer was completely in-
filtrated with small vesicles a few nanometers in diameter (Fig.
4B). Alterations which then became more apparent in the
tissue of the germinal layer included increased vacuolization,
caused largely by the loss of cell-cell contacts, and the forma-
tion of large lipid droplets. After 6 days, NTZ treatment re-
sulted in the formation of aberrant, rounded mitochondria
which had abnormally increased in size, and the cellular disin-
tegration process had advanced, rendering the tissue largely
necrotic. Microtriches disappeared, and in many areas separa-
tion of the laminated layer and the tegument had taken place.
Thus, NTZ treatment resulted in complete necrosis of the
germinal layer-associated tissue within 6 days of treatment
(Fig. 4C and D). No further changes became evident after this
time point until day 14, when the experiment was terminated.
Treatments of vesicles with TIZ and TIZ gluc yielded essen-
tially identical results (data not shown).

Viability assays with C57BL/6 mice. Vesicles were treated in
vitro with either NTZ and ABZSO or were incubated in
DMSO-containing medium (controls) for 14 days, and mice
were infected with this material by intraperitoneal injection.
Infected mice were killed after 5 months and investigated for
the occurrence of viable metacestodes, and parasites were ex-
amined by light and electron microscopy (Fig. 5). The criteria
for cyst viability assessment of implanted drug-treated meta-
cestodes after recovery included features such as cyst turgidity,
as well as the presence of a germinal layer which was visible by
histological examination.

Intact parasite vesicles were recovered from the peritoneal
cavities from six of seven mice that had received DMSO-
treated control metacestodes. All of the vesicles were up to 3
mm in diameter. One of these metacestodes was partially en-
capsulated in connective tissue, but it was later shown by his-
tological and ultrastructural examination to contain an intact,
apparently viable germinal layer, with microtriches protruding
well into the laminated layer (Fig. 5SA and B). In contrast, in all
seven mice that had received NTZ-treated metacestodes, only
small (diameters, 1 to 2 mm) compact nodules were found.
Histology and TEM failed to detect any of the classical fea-
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FIG. 2. SEM of nontreated (A and B) or NTZ-treated (C and D) E. multilocularis metacestodes. (A and B) Control metacestodes cultured in
vitro in the presence of DMSO (1:1,000) but in the absence of any drugs. Note that most cells exhibit an intact morphology. LL, laminated layer;
GL, germinal layer. (C and D) Metacestodes cultured in vitro in the presence of 10 wg of NTZ/ml for 4 days (C) and 7 days (D). Substantial
portions of the germinal layer already show massive signs of cellular destruction after 4 days of drug treatment but more clearly show massive signs
of cellular destruction after 7 days of drug treatment and are detached from the laminated layer. Bars, 800 wm (A), 280 wm (B), 240 pm (D), and
320 pm (E). Similar results were obtained for parasites treated with 5 pg of NTZ/ml or TIZ and TIZ gluc (data not shown).

tures of viable E. multilocularis tissue, with the exception of the
acellular laminated layer, which was still present and com-
pletely encapsulated by host tissue (Fig. 5C and D). Six of
seven mice infected with ABZSO-treated metacestodes con-
tained both viable and nonviable encapsulated parasite tissue,
sometimes within the same animal: in two mice, only viable
metacestodes had been produced, in two mice only small nod-
ules containing an encapsulated laminated layer were recov-
ered, and in another two animals, both viable and nonviable
parasites were found (data not shown).

DISCUSSION

The in vitro model for the culture of E. multilocularis meta-
cestodes, in association with measurement of EmAP activity in
culture supernatants (28), was used to perform first-round
assays of drug activity. The goal of this project was to identify
novel candidate drugs for the development of a future treat-

ment of AE which would prospectively help patients suffering
from this disease to undergo improved chemotherapy (15). In
this study we investigated NTZ and its human metabolites, TIZ
and TIZ gluc; and our results documented the parasiticidal
effects of NTZ and its metabolic products during in vitro drug
treatment, as assessed by measurements of EmAP activity,
histology and electron microscopy, and viability tests with
mice.

NTZ, a 5-nitrothiazole analogue, was shown earlier to ex-
hibit structural similarities to the benzimidazole antihelminth-
ics such as albendazole and its metabolic derivatives ABZSO
and albendazole sulfone, with a 5-nitrothiazole ring substitut-
ing for the benzimidazole ring. However, while the benzimid-
azole derivatives apparently bind to beta-tubulin and prevent
the uptake of glucose by disrupting cellular microtubular struc-
tures (3, 11), the mode of action of NTZ is postulated to be
different. In anaerobic bacteria as well as in the intestinal
protozoan parasite Cryptosporidium, NTZ is reduced to a toxic



VoL. 47, 2003 EFFECT OF NITAZOXANIDE AGAINST E. MULTILOCULARIS 471

E"‘s AT A

FIG. 3. TEM of E. multilocularis metacestode tissue after 14 days of in vitro culture in the presence of DMSO (A and B) and in the presence
of NTZ for 3 h (C and D) and 24 h (E). (A) Note the distinct features of the metacestode tissue such as the acellular laminated layer (LL), the
tegument (TE), and the germinal layer (GL) which comprises a whole range of different cell types such as muscle cells (mu), glycogen storage cells
(gsc), connective tissue, and undifferentiated cells (uc) with a large nucleus and nucleolus. (B) A higher magnification of intact microtriches (Mt)
which protrude well into the laminated layer. After 3 h of NTZ exposure (C), large vacuolar bodies are found in undifferentiated cells (arrows),
as well as infiltration of the laminated layer with small vesicles budding from the tegumental membrane, marked with arrows (D). (E) Increased
infiltration of the laminated layer after 24 h of NTZ treatment with vesiculated bodies originating from the tegumental membrane (vertical arrows)
and with membrane leaflets budding off from the microtriches (horizontal arrows). Bars, 2.5 pm (A), 0.8 um (B), 3.4 um (C), 1.1 pm (D), and
0.5 pm (E).
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FIG. 4. TEM of E. multilocularis metacestode tissue fixed at 4 to 6 days of NTZ treatment. (A) Four days of NTZ exposure results in partial
loss of microtriches (arrow), increased vacuolization (vac), loss of cell-cell contacts, and accumulation of lipid droplets (lip) within the germinal
layer. (B) High density of small vesicular bodies within the laminated layer of NZT-treated metacestodes after 4 days of NTZ treatment.
(C) Necrotic parasite tissue after 6 days. Note the large amount of cellular debris, the complete absence of microtriches, and the separation of the
laminated layer and the tegument (arrow). (D) The white arrows point to rounded mitochondria. Bars, 3 pm (A), 1.7 pm (B), 4.1 pm (C), and
3.9 um (D). GL, germinal layer; TE, tegument; LL, laminated layer; Mt, microtriches.

radical when the 5-nitro group on the nitroheterocyclic ring
reacts with the pyruvate ferredoxin oxidoreductase enzyme (4,
10, 27). Nothing is known about a possible mode of action of
NTZ against helminths; however, the enzymes of anaerobic
electron transport could also be considered potential targets.

In our experiments, measurements of EmAP activity in cul-
ture supernatants indicated distinct differences between NTZ
and ABZSO. Treatment of metacestodes with NTZ at 5 and 10
pg/ml yielded a relatively fast increase in EmAP activity, with
maximum levels being achieved as soon as after 5 days of

treatment and remaining relatively constant for another 9 days,
while the drug appeared to be largely ineffective at 1 pg/ml. In
comparison, ABZSO treatment (at 10 pg/ml) led to a slower
but continuous and steady increase in EmAP activity within a
period of 14 days.

A comparison of the progressive destruction of parasite tis-
sue after NTZ treatment (this study) with the alterations im-
posed on the parasite after ABZSO treatment, as investigated
by Ingold et al. (17), shows that distinct differences are obvious
with regard to the morphology and ultrastructural character-
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FIG. 5. Light microscopy (A and C) and corresponding TEM (B and D) of tissue recovered from mice which had been infected with
DMSO-treated metacestodes (A and B) or NTZ-treated metacestodes (C and D). Note the presence of viable parasite in panel A, and a region
similar to the one framed in panel A is shown by TEM in panel B. (C) The laminated layer is completely encapsulated by host tissue, and a region
similar to the one framed in panel C is shown by TEM in panel D. Note that no germinal layer is visible in tissue recovered from mice infected
with NTZ-treated metacestodes. Bars, 120 um (A), 4.2 pm (B), 60 pm (C), and 1.2 um (D). GL, germinal layer; TE, tegument; LL, laminated

layer; H, host tissue.

istics of drug-induced alterations, and this also points toward
completely different modes of action of albendazole and NTZ.
ABZSO and albendazole sulfone treatment of E. multilocularis
metacestodes was shown to lead, as soon as after 6 h of treat-
ment, to a shortening and distortion of the microtriches, fol-
lowed by other alterations including vacuolization of the ger-
minal layer, aberrant mitochondria, lipid droplets, inclusion
bodies, and loss of cell-cell contacts within 6 to 10 days (17). In
contrast, NTZ treatment led first to a marked release of small
vesicles from the tegument into the laminated layer and the
formation of large cytoplasmic vacuoles in undifferentiated
cells, both of which started as soon as 3 h of NTZ treatment.
The infiltration of the laminated layer with small vesicles per-
sisted and was still evident at day 4 of NTZ treatment and was
accompanied by progressive changes within the germinal layer.

Differences between NTZ- and ABZSO-treated metaces-
todes were also noted following inoculation of drug-treated
vesicles into mice. While no viable parasite could be recovered
from mice injected with NTZ-treated vesicles, a fraction of the
ABZSO-treated vesicles still appeared to be viable, since they
could be recovered from mice as intact metacestodes. Thus, in
vitro, NTZ exhibits a higher parasiticidal activity against E.
multilocularis metacestodes.

The high parasiticidal efficacy of NTZ is not surprising, as
this compound was shown to exhibit an uniquely wide spec-

trum of antiparasitic and antimicrobial activities (1, 6, 10, 11,
18, 19, 21-27, 30). In vivo pharmacokinetic studies have shown
that NTZ is substantially absorbed following oral administra-
tion and that it is rapidly hydrolyzed to TIZ, which is exten-
sively bound to plasma albumin (2, 29). The final aim of our
studies will be to investigate the efficacy of NTZ and its deriv-
atives against metacestodes of E. multilocularis developing in
the human liver or other visceral organs. In conclusion, we
have demonstrated here the in vitro efficacy and parasiticidal
activity of NTZ against E. multilocularis metacestodes. In a
next step, we will investigate the efficacies of NTZ and its
derivatives in an animal system in which the active chemical
compound must reach the infected organ and the parasite
tissue in a sufficiently high concentration.

ACKNOWLEDGMENTS

Many thanks are addressed to Norbert Miiller for many pieces of
advice and for critical reading of the manuscript. We also thank Maja
Suter and Toni Wyler (Institute of Veterinary Pathology and Institute
of Zoology, University of Berne, respectively), as well as Phillippe
Tregenna-Piggott and Beatrice Frey (Department of Chemistry and
Biochemistry, University of Berne) for access to their electron micros-
copy facilities. Peter Deplazes and Hansueli Ochs (Institute of Para-
sitology, Zurich, Switzerland) are thanked for maintenance of E. mul-
tilocularis KF5 and isolate IM280 in vivo.



474 STETTLER ET AL.

We gratefully acknowledge the financial support of the Swiss Na-
tional Science Foundation (3100-063615.00), the Stanley Thomas
Johnson Foundation, the Novartis Research Foundation, and the Stif-
tung zur Forderung der Wissenschaftlichen Forschung der Universitit
Berne.

Marianne Stettler and Renate Fink contributed equally to this work.

REFERENCES

. Abboud, P., V. Lemee, G. Gargala, P. Brasseur, J. J. Ballet, F. Borsa-Lebas,
F. Caron, and L. Favennec. 2001. Successful treatment of metronidazole-
and albendazole-resistant giardiasis with nitazoxanide in a patient with ac-
quired immunodeficiency syndrome. Clin. Infect. Dis. 32:1792-1794.

2. Broekhuysen, J., A. Stockis, R. L. Lins, J. De Graeve, and J. F. Rossignol.
2000. Nitazoxanide: pharmacokinetics and metabolism in man. Int. J. Clin.
Pharmacol. Ther. 38:387-394.

3. Casado, N., J. Perrez-Serrano, G. Denegri, and F. Rodriguez-Caabeiro.
1996. Development of a chemotherapeutic model for the in vitro screening
of drugs against Echinococcus granulosus cysts: the effects of an albendazole-
albendazolesulphoxide combination. Int. J. Parasitol. 26:59-65.

. Coombs, G. H., and S. Miiller. 2002. Recent advances in the search for new
anti-coccidial drugs. Int. J. Parasitol. 32:497-508.

. Deplazes, P., and J. Eckert. 2001. Veterinary aspects of alveolar echinococ-
cosis—a zoonosis of public health significance. Vet. Parasitol. 98:65-87.

. Dubreuil, L., I. Houcke, Y. Mouton, and J. F. Rossignol. 1996. In vitro
evaluation of activities of nitazoxanide and tizoxanide against anaerobes and
aerobic organisms. Antimicrob. Agents Chemother. 40:2266-2270.

. Eckert, J., and P. Deplazes. 1999. Alveolar echinococcosis in humans: the
current situation in central Europe and the need for countermeasures. Para-
sitol. Today 15:315-319.

. Eckert, J., F. J. Conraths, and K. Tackmann. 2000. Echinococcosis—an
emerging or re-emerging zoonosis. Int. J. Parasitol. 30:1283-1294.

. Gargala, G., A. Delaunay, X. Li, P. Brasseur, L. Favennec, and J. J. Ballet.
2000. Efficacy of nitazoxanide, tizoxanide and tizoxanide glucuronide against
Cryptosporidium parvum development in sporozoite-infected HCT-8 entero-
cytic cells. J. Antimicrob. Chemother. 46:57-60.

10. Gilles, H. M., and P. S. Hoffman. 2002. Treatment of intestinal parasitic

infections: a review of nitazoxanide. Trends Parasitol. 18:95-97.

11. Heath, D. D., M. J. Christie, and R. A. F. Chevis. 1975. The lethal effect of
mebendazole on secondary Echinococcus granulosus cysticerci and Taenia
pisiformis and tetrahydria of Mesocestoides corti. Parasitology 70:273-285.

12. Hemphill, A., and B. Gottstein. 1995. Immunology and morphology studies
on the proliferation of in vitro cultivated Echinococcus multilocularis meta-
cestodes. Parasitol. Res. 81:605-614.

13. Hemphill, A., and B. Gottstein. 1996. In vitro cultivation and proliferation of
Echinococcus multilocularis metacestode, p. 79-84. In J. Urchino and N.
Sato (ed.), Alveolar echinococcosis, strategy for eradication of alveolar echi-
nococcosis of the liver. Fuji Shoin, Sapporo, Japan.

14. Hemphill, A., and S. L. Croft. 1997. Electron microscopy in parasitology, p.
227- 268. In M. Rogan (ed.), Analytical parasitology. Springer-Verlag, Hei-
delberg, Germany.

15. Hemphill, A., M. Stettler, M. Walker, M. Siles-Lucas, R. Fink, and B.

Gottstein. 2002. Culture of Echinococcus multilocularis metacestodes: a

valuable alternative to animal experimentation. Trends Parasitol. 18:445-

451.

—_

o~

wn

[=2

~

oo

Nel

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

ANTIMICROB. AGENTS CHEMOTHER.

Ingold, K., R. L. Rausch, W. J. Dai, B. Gottstein, and A. Hemphill. 2001.
Characterization of the laminated layer of in vitro cultivated Echinococcus
vogeli metacestodes. J. Parasitol. 87:55-64.

. Ingold, K., P. Bigler, W. Thormann, T. Cavaliero, B. Gottstein, and A.

Hemphill. 1999. Efficacies of albendazole sulfoxide and albendazole sulfone
against in vitro cultivated Echinococcus multilocularis metacestodes. Antimi-
crob. Agents Chemother. 43:1052-1061.

Kabil, S. M., E. E. Ashry, and N. K. Ashraf. 2000. An open-label clinical
study of nitazoxanide in the treatment of human fascioliasis. Curr. Ther. Res.
61:339-345.

McVay, C., and R. D. Rolfe. 2000. In vitro and in vivo activities of nitazox-
anide against Clostridium difficile. Antimicrob. Agents Chemother. 44:2254—
2258.

Mehlhorn, H., J. Eckert, and R. C. A. Thompson. 1983. Proliferation and
metastases formation of larval Echinococcus multilocularis. T1. Ultrastruc-
tural investigations. Z. Parasitenkd. 69:749-763.

Romero Cabello, R., L. Robert Guerrero, M. del Rocio Muiioz Garcia, and
A. Geyne Cruz. 1997. Nitazoxanide for the treatment of intestinal protozoan
and helminthic infections in Mexico. Trans. R. Soc. Trop. Med. Hyg. 91:
701-703.

Rossignol, J. F., H. Hidalgo, F. Feregrino, F. Highera, W. H. Gomez, J. L.
Romero, J. Padierna, A. Geyne, and M. S. Ayers. 1998. A double-blind
placebo-controlled study of nitazoxanide in the treatment of cryptosporidial
diarrhea in AIDS patients in Mexico. Trans. R. Soc. Trop. Med. Hyg. 92:
663-666.

Rossignol, J. F., A. Ayoub, and M. Ayers. 2001. Treatment of diarrhea caused
by C. parvum: a randomized, double-blind, placebo-controlled study of ni-
tazoxanide. J. Infect. Dis. 184:103-106.

Rossignol, J. F., A. Ayoub, and M. Ayers. 2001. Treatment of diarrhea caused
by Giardia intestinalis and Entamoeba histolytica or E. dispar: a randomized,
double-blind, placebo-controlled study of nitazoxanide. J. Infect. Dis. 184:
381-384.

Rossignol, J. F., H. Abaza, and H. Friedman. 1998. Successful treatment of
human fascioliasis with nitazoxanide. Trans. R. Soc. Trop. Med. Hyg. 92:
103-104.

Rossignol, J. F., and H. Maisonneuve. 1984. Nitazoxanide in the treatment
of Taenia saginata and Hymenolepis nana. Am. J. Trop. Med. Hyg. 33:511-
512.

Sisson, G., A. Goodwin, A. Raudonikiene, N. J. Hughes, A. K. Mukho-
padhyay, D. E. Berg, and P. S. Hoffman. 2002. Enzyme associated with
reductive activation and action of nitazoxanide, nitrofurans, and metronida-
zole in Helicobacter pylori. Antimicrob. Agents Chemother. 46:2116-2123.
Stettler, M., M. Siles-Lucas, E. Sarciron, P. Lawton, B. Gottstein, and A.
Hemphill. 2001. Echinococcus multilocularis alkaline phosphatase as a
marker for metacestode damage induced by in vitro drug treatment with
albendazole sulfoxide and albendazole sulfone. Antimicrob. Agents Che-
mother. 45:2256-2262.

Stockis, A., X. Deroubaix, R. Lins, P. Calderon, and J. F. Rossignol. 1996.
Pharmacokinetics of nitazoxanide after single oral dose administration in 6
healthy volunteers. Int. J. Clin. Pharmacol. Ther. 34:349-351.

Vatistas, N., C. Fenger, K. Palma, and R. Sifferman. 1999. Initial experiences
with the use of nitazoxanide in the treatment of equine protozoal encepha-
litis in Northern California. Equine Pract. 21:18-21.



