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Laboratory cycling of G. spinigerum was set up using cats, cyclops and mice as the
definitive, first intermediate and second intermediate hosts respectively. Third stage larvae (L )
were maintained metabolically active in vitro for an extended period in Earle’s basal medmm
(EME); they appeared most active during the first 4-6 days in culture. The survival period could
be enhanced when BME was supplemented with human serum although similar effects could be
achieved with albumin. Another sera or macromolecular components (S) have been suggested to
maintain the larvae in vitro. The excretory-secretory (ES) products released metabolically from
the worms in BME were detected and showed high activity at day 4. These culturing fluids also
reacted with anisera in enzyme-immunoassay, and such in vitro cultivation system may be utilised
to produce large quantities of ES products which may express the potential or functional antigen
Jfor Gnathostomiasis.
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Gnathostomiasis caused by Gnathosto-
ma spinigerum is one of the disease fre-
quently reported in Southeast Asian coun-
tries including Phillippines, Indonesia,
Vietnam, Cambodia, Loas, Burma, Malaysia
and Thailand. It has been estimated that
the highest incidence ‘of human gnathos-
tomiasis is found in Thailand."” Although
the disease is of medical concern and a
public health problem, little is currently
known about the biology of the parasite,
the specific diagnosis and treatment of
the disease except the parasitic life cycle.(z)
A considerable limitation in the investigative
process is the problem of maintaining the
parasitic cycle in the laboratory.

The classical approach to the pre-
paration of many parasitic diagnostic
antigens using crude worm extracts including
those of Gnathostoma has been causing
problems of underestimation.®® Such anti-
gens exhibit high contents of non-reactive
or cross reactive components. Many ex-
tensive investigations have therefore been
focused at present on the soluble exoantigen
which is biologically less complex. These
metabolic products which are actively
released from the worm have high potential
antigens and are more involved in the
disease process.(s)

Future investigations on the antigeni-
city of metabolic products, should be in
the direction of obtaining these. We de-
monstrated a laboratory method of maintain
the Gnathostoma life cycle and the in vitro
conditions which would lead to the avai-
Jlability of the excretory-secretory (ES)
products of third stage G. spinigerum larvae
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Meterial and Methods
Laboratory cycling of Gnathostoma spini-
gerum

G. spinigerum was maintained in the
laboratory by cycling in cats, cyclops and
mice. In brief, the cats used as definitive
hosts were infected by skin penetration
with advanced third stage larvae* described
by Daengsvang et al©®, Approximately 8
months after infection, fertilized eggs were
found in the stool and were concentrated
by floatation in a saturated sodium chloride
solution. The excess sodium chloride in
the eggs suspension was washed out.

First stage larvae were hatched during
the first 5-10 days by placing the eggs in
a petri-dish partially submerged in distilled
water and maintained at room temperature.
The cyclops used as first intermediate
hosts were the four species described by
Sooksri(?. They were obtained from a
natural pond in Bangkok. The first stage
larvae would be ingested by the cyclops
after being kept together in a beaker con-
taining distilled water and placed at room
temperature. During the first 1-10 days of
infection, the larvae in the body cavity
of the cyclops would develope into early
third stage larvae.

The procedure for infecting the mice
with the fully developed larvae in cyclops
was by using a gastric tube and force
feeding. Each 3 months old mouse was
fed with approximately 10 infected cyclops,
with about 30-40 developed larvae. Under
these conditions, the larvae migrated to
the liver and were found to be advanced
third stage mostly on day 15-30; later the
infection was established in muscle and

*(These larvae were originally obtained from the Faculty of Tropical Medicine of Mahidol University.)
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various organs. Some mice died during
the 15-20 days and the larvae harvested
from their livers were fed to other normal
mice. After months of infection, all of
the surviving mice were used as stock of
advanced third stage larvae.

Method of collecting third-stage larvae
The infected mice were killed by ether
anesthesis. The larvae were dissected from
cysts in various organs by compressing
the tissue between two glass plates under
the dissecting microscope. All larvae were
decontaminated by soaking and washing
3 times in Hank’s balanced salt solution
(HBSS) containing 800 I.U.penicillin, 800
ug streptomycin and 2 ug fungizone per
ml. The larvae were left in contact with
the antibiotics for a total of 60 mins.

In vitro cultivation method

The intact and actively motile larvae
were selected and transferred to sterile
disposable plastic multidish culture plates
(Nuclon 146485, Nunc, Kamstrup, Denmark.)
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with sterile lids, containing Earle’s basal
medium (BME, Earle, 1966; GIBGO,
Grand Island, New York, U.S.A.). Medium
has been stated to consit of Earle’s salts,
vitamin, glucose, amino acids and L-glutamine,
without sodium bicarbonate and phenol
red.

In the experiment, 10-12 larvae were
suspended in 1.5 mi. of medium per well.
All media contained penicillin and strep-
tomycin at final concentrations of 200
I.U./ml and 200 ug/ml, respectively. In-
cubation was carried out at 37° C in a
humidified incubator with 5% CO2 replaced
by fresh culture medium every 48 hrs.
The larvae were observed daily under the
dissecting microscope and those which had
lost mobility and movement of the body
and head-bulb were removed to minimize
the possibility of contaminating the ES
products with materials released from dying
worms. These products in the culture -
media were monitored by their changing
optical density at 280 nm.
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FIGURE The kinetic of metabolic activity of L, G. spinigerum, 10-12 worms were culture
in 1.5 ml of BME and incubate at 37 C 5% CO, atmosphere. The medium was
replaced at interval and its optical density at 280 nm was determined, using

uncultured BME as blank.
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Collection and antigen detection of ES
products.

The fluid containing the larvae meta-
bolic products were pooled, centrifuged
at 2,000 rpm for 20 min to remove inso-
luble debris, and concentrated by ultra-
filtration using a Diaflow membrane PM-10
(Amicon, Lexington, Mass, U.S.A.). These
concentrated products were freed from the
medium and reconcentrated after adding
a large volume of normal saline. The pro-
tein contents of ES products were de-
termined by the Folin-Ciocalteau method
(Lowry et al., 1951).

The antigen in ES products was
detected by an enzyme immuno-assay(?
(Voller et al. 1976), using the sera of
patients with migratory swelling of cu-
taneous gnathostomiasis or from whom
worms had been removed.

Results
ES production in BME media

The kinetics of ES production in
BME media is shown in Figure. The optical
density of the medium reached a peak
during the first few days of incubation.
It declined thereafter to a constant low
activity for a period of time. The optical
density was undetectable in the late phase
of cultivation, when the larvae were not
as active as in the early phase. However,
the worms still survived because of the
movement of lips. The high metabolic
activity and the majority of proteins re-
leased during the early phase seemed to
coincide with their environmental-adap-
tative activity. In the concentrated ES
products, antigen could be detected by
an enzyme-immuno assay with sera from
Gnathostoma infected patients.
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Survival of L, in different culture media

The results (Table) showed that the
survival times of larvae in BME medium
were similar to those in HBSS but the
optical density at the preliminary determi-
nation by using their uncultured-matched
medium as blank, was higher in BME. In
addition, the worms looked more active
and the ability of the head-bulb and body
to move appeared more quickly in BME.
Moreover, the survival time of larvae in
supplemented medium was longer than in
the unsupplemented.

When 5% and 15% of heat inacti-
vated (56 C 30 min) normal human serum
were supplemented to the BME media,
the mean survival period could be signi-
ficantly increased to 54.66 and 55.09 days
respectively. In this condition, some larvae
remained alive for as long as two and
a half months. It is possible that the en-
richments are essential for worm survival
in vitro. Similarly, the medium supple-
mented with purified bovine serum albu-
min (BSA, E. Merck, Rahway, Germany)
showed that BSA was also effective in
prolonging worm survival. Although the
results presented in the Table indicate
that the mean survival period in the media
with 7.5 mg/ml BSA supplement was
somewhat shorter than that with 2.5 mg/
ml BSA supplement, it had no significantly
different effect on worm survival.

Discussion

We show a possible method of cycling
G.spinigerum in the laboratory. These
detailed methods followed those of Daeng-
svang{1®) Such system may be useful in
the study of various aspects of the host-
parasite relationship including immune
responses. In our experiment, the L, that
were harvested from the experimentally
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infected mice could be mintained metabo-
lically active in vitro for an extended period
of time under the appropriate conditions.
The ability of worms to survive could be
enhanced when the well-defined BME
medium was supplemented with some en-
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richment components, i.e., normal serum.
The enrichment effect of serum could be
partially replaced by a purified fraction
of serum macromolecule, i.e., serum al-
bumin.

Table Survival of L, G.spinigerum maintained in vitro

. . No. of Day of survival
Medium* Supplemented with WOrmS Range Mean < SE
NSS - 10 9-28 17.60 + 6.63
HBSS - 21 20-60 34.14 + 10.14
BME - 90 19-62 36.41 + 9.99
BME 5% Normal human serurf} 12 26-58 54.66 £ 9.05t
BME 15% Normal human serunt 21 26-76 55.09 + 10.05t
BME 2.5 mg/ml Bovine serum
albumin 10 29-46 43.50 + 5.19tt
BME 7.5 mg/ml Bovine serum
albumin 11 31-48 41.18 + 4.28tt

* Medium was changed every 48 hr.
A Serum was heated at 56 C 30 min

t Significantly different from unsupplemented BME (P-value < 0.001)
tt Significantly different from unsupplemented BME (P-value < 0.05)

Nevertheless, the final concentration of
BSA used, although higher than that found
in normal serum, led to an inferior en-
hancement than with whole serum. There
may be some other required component
(s) in serum. Moreover, all L; under our
cultivation conditions did not undergo
any morphological changes of their lips,
head-bulb and body.

ES products showed enzyme-immuno
reaction with serum from patients with
Gnathostoma infection. These assays were
tested with 8 patients (Data not shown)
whose stool examinations were negative

for other parasites. Six of them had cli-
nical signs and symtoms of cutaneous
gnathostomiasis and two had worms re-
moved from their skin. Interestingly, one
of these two, who had a worm removed
from her skin 4 weeks after she had eaten
uncooked and fermented fish, ‘‘Som-Fak’’,
showed negative intradermal reaction to
somatic L, crude antigen while the enzyme-
immuno reaction with ES was many times
more bositive than the normal activity.
Our in vitro cultivation system may
assist furthur research on Gnathostoma
and can possibly be used to produce large
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quantities of ES products which may ex-
press the potential or functional antigen
for serodiagnosis as well as for vaccine
production. In addition, the system may
also be employed for the in vitro detection
of potential anthelmintic drugs in the
treatment of Gnathosotma infection.
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