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Viability of eggs, filariform larvae and adults of
Strongyloides venezuelensis (Nematoda: Strongyloidea)
maintained in vitro
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Abstract: The present study was performed to check the viability of eggs, filariform
larvae and adults of Strongyloides venezuelensis exposed to various conditions for an in
vitro maintenance. The eggs in the feces remained viable for about 25 days at 4°C and 15
days at room temperature. However, the isolated eggs in sterile saline lost their viability
within 24 hr at 4°C. The eggs in morula stage were very sensitive to air drying and rapidly
lost their viability (< 12 hr). Filariform larvae survived for a maximum period of 45 days in
fecal suspension and 28 days in 0.12% nutrient broth in polyvinyl culture bags
maintained at 20°C. On the other hand, those isolated from nutrient broth cultures
survived for a maximum period of 32 days In tap water and 22 days in sterile saline at
20°C. The mature adult worms obtained from experimentally infected rats survived
mazximally for 9 days in serum supplemented (10% rat-serum) 0.12% nutrient broth and 4
days in serum free nutrient broth at 37°C while the culture media were changed at an
alternate day. The adult female worms deposited fertile eggs in serum supplemented and
serum free nutrient broth cultures, however, the hatched larvae (L;) were not able to
develop to the filariform stage in the culture media and found to die within 24 hr of
maintenance. The present findings on an in vitro maintenance of different stages of S.
venezuelensis may provide useful information for biological and biochemical studies with
Strongyloides species.
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INTRODUCTION

Strongyloides venezuelensis (Brumpt, 1934),
an intestinal nematode of rat, has recently
been used as a suitable parasite model for
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biological and biochemical studies (Sato and
Toma, 1990; Tsuji et al., 1993; Tsuji and
Fujisaki, 1994). Investigations involving an in
Litro cultivation and/or maintenance of free-
living and parasitic filariform larvae, juveniles
and adults from experimentally infected rats
generally employ various kinds of synthetic
media supplemented with or without
mammalian serum (Ito and Komiya, 1955;
Douvres and Malakatis, 1977; Bonner, 1979;
Fenglin et al., 1979; McDiarmid and Matthews,
1982; Tsuji and Fujisaki, 1994; Call et al.,
1995). In most cases, such culture systems
are complex with multi-steps and require a
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media change at certain interval to provide an
optimal environment for further development
and/or maintenance. Recently, we have
devised a culture method using nutrient broth
for the cultivation of S. venezuelensis free-
living filariform larvae (L) from eggs, which is
free from mammalian serum. and simple in its
composition and handling (Baek et al, 1998).
A large numbers of Ly have been found fo
develop in the polyvinyl bags containing
culture medium and survive for an extended
period therein without further change of the
medium.

The present study was conducted to
determine the optimal conditions (e.g., culture
media, temperature, etc.) for an in vitro
maintenance of S. venezuelensis in different
stages such as eggs, Ly and adults, which may
facilitate the screening of wormicidal
chemicals and anthelmintics, and biological
studies with Strongyloides species. An attempt
was also made to report the morphological
development of eggs towards maturation and
embryonation, which, at particular stage, may
influence the maintenance/viable period of

eggs.
MATERIALS AND METHODS

Collection of eggs and filariform larvae
In vivo maintenance of S. venezuelensis in
Sprague-Dawley (SD) rats, collection of eggs
from the infected-rat feces (IRF) and culture of
L, were undertaken by the method of Baek et
al. (1998).

Morphology and viability of eggds

Eight-week-old SD male rats previously
infected with 10,000 L; were killed by overdose
ether anesthesia on day 7 post-infection (PI).
Anterior 10 cm of the small intestine was
opened longitudinally and the mucous
membranes were scraped with a surgical
blade. The mucosal scrapings were placed in a
petri dish containing sterile saline (SS) pre-
heated to 37°C and shaken gently for 10 min
to allow adult worms to migrate out of the
mucosa. The adults were examined under a
light microscope for eggs in the primary stage
of development in the ovary and measured in
situ. The eggs in different cell division stages

were collected from the uterus by crushing the
worms in SS. The mucosal scrapings were
carefully examined for the presence of eggs
deposited in a strand. The eggs were also
collected from both the intestinal contents and
freshly passed feces by flotation method. The
latter were incubated at 25°C according to the
methods described by Baek et al (1998) until
the embryo fully developed. The embryonated
eggs and newly hatched larvae were collected.
Morphological characteristics of eggs were
observed in the primary stage in the ovary,
immature and mature stages in the uterus,
deposited eggs in the intestinal mucosa, in the
intestinal lumen, and in freshly passed feces.
Eggs isolated from freshly passed IRF
suspended in $S (approximately 10 eggs/ml)
in 15 ml Falcon conical tube (Becton Dickin-
son Company, USA) as well as freshly passed
IRF (5 g feces/tube) were stored at 0°C, 4°C
and room temperature. The preserved samples
in each conditions were transferred to a petri
dish with $S incubated at 25°C for 48 hr to
observe the hatch rate. Additionally, the fecal
sample of 0.5 g was placed in 10 x 12 cm
polyvinyl culture bag (PB} containing 10 ml 55
and incubated as above. The isolated eggs in
SS as well as the IRF were exposed to air
drying by transferring a small volume of the
samples to a petri dish and left for 12 hr at
room temperature. Upon complete drying, the
samples were incubated in SS similarly as
mentioned above to assess the effect of drying
on egg hatch rate. The end point of the viable
period of the isolated eggs/IRF was determined
when the eggs did not hatch on incubation
and became degenerated. ‘

Viability of filariform larvae

The viability of the Ly in PB was assessed by
maintaining them at 4°C, 10°C, 15°C, 20°C,
25°C and 37°C. Two types of culture media
were prepared: (i) 0.12% nutrient broth and (ii)
fecal suspension (0.2 g freshly passed un-
infected rat feces in 10 ml SS/PB). A numbers
of PBs containing each culture media
separately were inoculated with 15,000 edgs
and incubated at 25°C for the development of
L, as described by Baek et al. (1998). As soon
as the Ly developed in the PBs (usually on day
4 post-incubation). they were shifted to



different temperatures as mentioned above
and maintained. The PBs were examined daily
under a light microscope to check the viability
of the Ly, which was recorded until the larvae
lost motility. The viability of the isolated L
from the PBs was examined by maintaining
them in tap water and in SS. The L; were
isolated from nutrient broth cultures on day 5
post-cultivation by Baermann method, washed
five-times in S5 containing antibacterial
(penicillin G potassium salt 500 units/ml,
streptomycin sulphate 500 units/ml) and anti-
fungal agents (amphotericin B 2 pg/ml)
obtained from Sigma, by centrifugation at
1.500 rpm for 7 min. The larval suspensions,
approximately 5,000 L; in 0.5 ml 38, were
placed in 15 ml conical tube containing 5 ml
tap water and S8, respectively. Both types of
culture tubes were maintained at above
mentioned temperatures,

Collection of non-immune rat sera
Sera were collected from 6-8 week-old
parasite-free SD male rats and stored at —-20°C
until used. They were inactivated by heating at
56°C for 35 min and used as supplements in
nutrient broth for the maintenance of adults
recovered from experimentally infected rats.

Collection of adult worms

Adult worms were collected from SD rats
infected with 20,000 L;. The small intestine of
rats was dissected out, opened longitudinally
and incubated in S5 at 37°C for 3 hr in a
Baermann device using two-folds gauze. The
worms capable of migrating through the gauze
and having settled at the bottom of the
apparatus were collected and washed five-
times in 8S containing antibacterial and
antifungal agents by centrifugation at 1,000
rpm for 7 min. Approximately 30% of the Ly
were recovered as adults on day 7 PI. Finally,
500 adults were suspended in 0.5 ml $8 and
used as an inoculum.

Viability of adult worms
To determine the viability of adult worms,
three different types of culture media were
prepared as follows: (i) autoclaved 0.12%
nutrient broth, (i) 0.12% nutrient broth plus
inactivated rat sera to a final concentration of
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10%, and (iii) fecal suspension (5% freshly
passed uninfected rat feces in $8). Anti-
bacterial and antifungal agents to an half-
concentration were added to all culture media.
An inoculum of adult worms was placed in 15
ml conical tube containing 5 ml culture media.
The culture tubes were then maintained at
different temperatures viz. 4°C, 10°C, 20°C,
25°C and 37°C without further exchange of the
media. The viability of adults was monitored at
24 hr interval. In another setting, culture
media were changed at an alternate day and
monitored as mentioned above. The numbers
of eggs deposited by parasitic females per day
in culture tube were counted in order to
assess the egg-laying capacity of S. venezuel-
ensis in vitro.

RESULTS

Morphological characteristics of eggs

Eggs of S. venezuelensis in the primary stage
of development in the ovary of a parasitic
female were oval to rectangular in shape,
covered with a thin layer of envelope, and
measured 32.59 + 4.69 x 24.21 + 1.52 ym
(Fig. 1). Those in the uterus of parasitic
females in various developmental stages were
elongated oval or elliptical in shape, covered
with a thin layer of egg-shell containing 2-32
germinal cells, and measured 51.75 + 4.26 X
22.45 x 1.86 um (Fig. 2). The female worms in
the intestinal villi, layed mature eggs in a
strand (Fig. 3). A single egg-strand was found
to contain 3-15 eggs. The eggs obtained from
the intestinal contents of rats measured 52.35
+ 2.43 X 25.30 = 1.08 ym. Further develop-
ment of eggs occurred in the intestinal tract
during their passage towards the rectum at
which stage the germinal cells developed to a
blastular or morula stage embryo. The eggs
excreted in fresh feces were in morula or
tadpole stage of embryonic development and
measured 53.00 £ 3.50 x 25.75 = 3.15 ym
(Fig. 4). The fully embryonated eggs containing
a motile ‘S-shaped’ larva measured 52.63 =
2.69 x 27.88 = 1.72 ym (Fig. 5), and the newly
hatched larvae were 176.78 £ 15.35 um x
14.34 + 1.87 pym in body size (Fig. 6).
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Viability of eggs exposed to various
conditions
Eggs in IRF survived for a maximum period
of 25 days at 4°C and 15 days at room
temperature, respectively (Table 1). The
isolated eggs suspended in SS did not hatch at
0°C and at 4°C, and lost viability within 24 hr,
while a few eggs (5%) hatched at room
temperature and survived only for 24 hr. The
isolated eggs as well as those in the IRF lost
viability rapidly (=< 12 hr) when exposed to air
drying at room temperature.

Viability of larvae

Filariform larvae of S. venezuelensis survived
for a maximum period of 45 days in fecal
suspension and 28 days in 0.12% nutrient
broth in PB at 20°C, respectively (Table 2). On
the other hand, the viable period of the Lj in
both type of culture media in PB was 2 days at
4°C and at 37°C. In contrast, the isolated L,
survived maximally for 32 days in tap water
and 22 days in $S maintained at 20°C, and
minimally for 1-2 days at 4°C and at 37°C

(Table 2).

Morphology of larvae

The dead larvae in the PBs and those in tap
water and SS were easily distin-guished from
the alive by the absence of free movement/
motility. Their body were relaxed and straight
with degeneration of buccal capsule,
esophageal-intestinal junction, intestinal tract
and anus (Fig. 7). In addition, the dead larvae
did not coil their body when a drop of 10%
formalin was added while the alive did (Fig. 8).
The alive larvae showed an intact buccal
capsule, digestive tract and anus.

Viability of adult worms

The highest survival period of the mature
adults was 9 days in serum supplemented
nutrient broth and 4 days in serum free
nutrient broth at 37°C with exchange of the
culture media at an alternate day (Table 3).
However, they did not survive at 4°C and 10°C
irrespective of the culture media (Table 3). The
lowest viable period (< 24 hr) was observed in
fecal suspension irrespective of temperatures

Table 1. Viability of S. venezuelensis eggs exposed to different temperatures and air drying at room

temperature

Viability of eggs

Temperature (°C})

Isolated eggs in sterile saline

Infecled [eces

0
4
Room temp. (25°C)
Air drying at room temp.

(AP

1/

24 hr 24 hr
24 hr 25 days
24 hr 15 days
12 hr = 12 hr

Table 2. Viability of filariform larvae of $. venezuelensis maintained in various culture media at different

temperatures

Viability (days) of larvae in

Temperature (°C)

NBa FSb) TWe S5l
4 2 2 1 1
10 7 15 3
15 25 30 18 12
20 28 45 32 22
25 7 10 12 8
37 2 2 2 2

anutrient broth: Yfecal suspension; ctap water; dsterile saline.
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Fig. 1. Eggs of S. venezuelensis (arrow) in the primary stage of development in the ovary of a parasitic
female (x 600). Fig. 2. Eggs (arrow) in different developmental stages in the uterus of a parasitic female
(X 300). Fig. 3. An egg-strand isolated from mucosal scrapings (X 300). Fig, 4. An egg collected from
freshly passed feces. Bar = 10 um. Fig. 5. An embryonated egg. Bar = 10 ym. Fig. 6. A newly hatched
larva of S. venezuelensis. Bar = 10 ym. Fig. 7. A free-living filariform larva recovered from the polyvinyl
culture bag after death. Bar = 100 um. Fig. 8. A free-living filariform larva recovered from the polyvinyl
culture bag before death (fixed in 10% formalin). Bar = 50 ym. Fig. 9. A mature parasitic female
maintained in serum supplemented nutrient broth at 37°C. Note the eggs in the uterus (arrow). Bar =
200 pm.

used for maintenance. The female worms worm by 48 hr) in serum supplemented and
deposited fertile eggs (3.34 + 0.72 eggs per serum free nutrient broth cultures, those
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Table 3. Viability of S. venezuelensis adult worms in nutrient broth and fecal suspension maintained at

different temperatures

Viability of adult worms (days)

Temperature

0) Media not changed Media changed at an alternate day

NBa NBSb) FS¢) NB NES FS

4 <1 <1 <1 ndd nd nd

10 <1 <1 <1 nd nd nd

20 3 3 <1 4 5 nd

25 3 4 <1 4 5 nd

37 3 5 <1 4 9 nd

almutrient broth: blserum supplemented nutrient broth; 9fecal suspension; dnot done

maintained at 20°C, 25°C and 37°C for the
first two days only (Fig. 9). However, the newly
hatched larvae were not able to develop to the
L, stage in the culture media and were found
to die within 24 hr of maintenance.

DISCUSSION

There have been numerous reports on the
development of an in vitro culture techniques
for parasitic helminths to obtain excretory/
secretory products of parasites (Healer et al.,
1991), to screen the effects of anthelmintics
(Rew et al.. 1986), to evaluate nutritional
requirements of larvae (Urban et al., 1984),
and to determine biochemical changes
associated with parasite development (Gamble
and Mansfield, 1996). An in vive maintenance
of adult stage parasites for experimental
investigation requires a serial passage in
susceptible laboratory animals, which is not
only an expensive work but also a time
consuming one. Therefore, the present study
was designed to develop a simple in vitro
culture system free from mammalian serum
for maintenance of Ly and adult worms as well
as to develop the technique(s) for extending
the viability/longevity of the parasite and eggs
on preservation, which ultimately reduce the
frequency of serial passage and/or can meet
up the necessity of in vivo maintenance of the
adult parasites.

In many parasitic nematodes including S.
venezuelensis, eggs are layed to the external
environment through feces, and under optimal
conditions (e.g., temperature, humidity, etc.)
they develop to the L, stage which can invade

the definitive hosts. The eggs of 5.
venezuelensis are produced through folliculo-
genesis in the ovary of a parasitic female, enter
into the uterus where they undergo repeated
cell division producing mature eggs, and
expelled onto the villi epithelium of the small
intestine. During passage in the intestinal
tract, eggs developed to blastular or morula
stage embryo covered with a thin shell, and
excreted in the host feces, which corresponds
with the findings of previous authors (Little,
1966; Hasegawa et al., 1988; Taira et al.,
1994).

Isolated eggs of S. venezuelensis showed a
lower viability when suspended in S5 and. on
the contrary, they were highly viable in the IRF
stored at 4°C and at room temperature. This
result strongly suggests that the viability of
nematode eggs depends on the physiological
status of the eggs and/or the environmental
factors such as temperature, type of media,
etc. This study also demonstrated that a lower
temperature (4°C) served as an optimum
condition for maintenance of eggs in the IRF
but not for the isolated eggs. The latter could
not survive even in a lower concentration of
formalin (0.05%) and lost viability rapidly (< 24
hr) when stored at 4°C (data not shown).
However, a longer viability (over one year) of
infective eggs of Ascaris suum has been
observed in 0.1% formalin at 4°C (Douvres and
Urban, 1983). An egg of A. suwm containing an
infective-stage larva (L) is covered with a thick
egg-shell, which may help the egg resist the
effect of formalin in lower concentration, and
larval metabolic activity at 4°C is diminished
in the presence of formalin and thus gain



longer viability. By contrast, S. venezuelensis
egg containing a morula stage embryo (i.e.,
early stage embryo) is covered with a very thin
egg-shell, which is not appropriate for egg
protection from formalin, and therefore the egg
die rapidly. These findings suggest that
morphological characteristics of nematode
eggs such as thickness of egg-shell, stage of
embryo within an egg may play an important
role in viability of eggs exposed to a physical or
chemical environment. Eggs of S. venezuel-
ensis were found very sensitive to air drying
and degenerated rapidly. Based on the present
findings, therefore, it is assumed that the
viability of S. venezuelensis egdgs at each stage
of development is variable when exposed to
different conditions (e.g., temperatures,
moistures, drying, chemicals) on preservation.
The viability of Ly in both types of PBs was
found highest at 20°C and lowest at 4°C and
at 37°C. Interestingly, it was greatly increased
when a suspension of freshly passed
uninfected rat feces in SS was used in the PBs
instead of 0.12% nutrient broth medium and
maintained at the same incubation
temperature. The longer viability of the Lj in
fecal suspension is thought to be due to the
presence of enormous populations of microbial
species in rat feces which might serve as
nutrients for the L. It is known that the free-
living stage of many species of parasitic
nematodes hatchs and develops in host feces
during which stage they are microbivorous
(Weinstein, 1996). In our previous paper, we
have reported that incubation temperature as
well as concen-tration of nutrient broth
significantly influence the growth and
development of the S. venezuelensis filariform
larvae (Baek et al.., 1998). The isolated L4
survived signifi-cantly for a longer period in
tap water (32 days) than in SS (22 days)
maintained at 20°C. Increased viability of the
isolated Ly in tap water is attributed to the
presence of numerous microbial organisms
and/or organic substances in tap water. A
shorter viability (two days) of Ly in both PBs
and in tap water/SS at 37°C contradicts with
the findings of Tsuji and Fujisaki (1994) who
maintained the L, for a week in Dulbecco’s
modified Eagle’s medium (DMEM, Gibco, USA)
at 25°C and at 37°C. The reason for such
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difference in viability of Ly is supposed to be
due to the absence of adequate nutritional
components in culture media used in this
study. The L; were viable for two days at 4°C,
however, those of other gastrointestinal
nematodes such as Ostertagia ostertagi,
Trichostrongylus axei and Qesophagostormum
radiatum have been shown to survive for over
45 days in tap water at 5°C (Douvres, 1979 &
1983; Douvres and Malakatis, 1977). An
increased viability of microfilariae of
Onchocerca gutturosa has also been observed
at lower temperatures (4°C and 11°C) than
37°C in Tyrode's solution supplemented with
20% human serum (McDiarmid and Matthews,
1982). Taken together, it is suggested that the
viability of the L; maintained in vitro is highly
variable depending on parasite species, micro-
environment where the larvae naturally grow
and develop (e.g., microfilariae in insect vector
and in definitive host), nutritional components
of the culture media and temperatures.

An in vitro maintenance of L, either in PBs
or in tap water/SS could give us the oppor-
tunity of at least reducing the frequency of
serial passage (biological passage) for in vivo
maintenance of adults which requires infinite
labor and great expense. Moreover, in vitro
maintenance of Ly as bio-bar/bicassay system
could facilitate the screening tests for new
chemical products, anthelmintics (Jenkins,
1982) and pesticides (Patel and Wright, 1996).

The adult worms did not survive at lower
temperatures (4°C and 10°C) irrespective of
the culture media used in this study. This
might be due to the impairment of metabolic
activity of the adults in culture media
maintained at lower temperatures. This
investigation revealed that supplements of rat
serum to nutrient broth and application of
fresh culture media at an alternate day in
association with the increasing culture
temperature (37°C) could extend the viable
period at least to double (9 days) than in
serum free nutrient broth (4 days). Some
undefined media supplemented with dog
serum have been used to maintain in vivo
derived Ancylostoma caninum and A.
duodenale juveniles and adults for over 1
month (Fenglin et al., 1979). The results of the
present study suggest that mature adult S.
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venezuelensis recovered from experimentally
infected rats is able to produce fertile eggs in
vitro in serum supplemented and serum free
nutrient broth cultures maintained at 20°C,
25°C and 37°C, but the larvae do not develop
further in those culture media. Although Tsuji
and Fujisaki (1994) reported for the first time
to culture parasitic stage of S. venezuelensis
from L5 in a chemically defined media,
however, there has been no report so far on
the cultivation of adult 8. venezuelensis in
vitro,

The present study on an in vitro main-
tenance of 5. venezuelensis in different stages
reveals that eggs can be maintained as long as
25 days at 4°C, L; in culture bags for 45 days
at 20°C and adult worms in serum supple-
mented nutrient broth for 9 days at 37°C. Our
results provide the useful information on the
maintenance of parasite as bio-bar system, for
screening wormicidal chemicals and anthel-
mintics, and for biological studies with
Strongyloides species.
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