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Technical Bulletin No, 437 November 1934
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INTRODUCTION

In view of the fact that several observers, motably Perroncito
(19),* Reisinger (22}, and Marotel (76), have shown, on the basis of
clinical studies, that Strongyloides is pathogenie for pigs, the writer
undertook a study of the life cycle and behavior of the infective
larvae of S. ransomd, the species of common occurrence in pigs in
the United States, for the purpose of discovering facts that might
be of value in connection,with the control of this parasite. Schwartz
and Alicata (£5) have already briefly described some of tihe essen-
tial features in the preparasitic life history of 8. ransomi, How-
ever, these writers were primarily concerned in establishing the
validity of 8. ransomi as & new species, and their observations

i Itplle pumbers in parenitbeses refer to Lilerature Cited, p. 239.
78554 °—384——1




a3 TECHXICAL BULLETIN 437, U.8. DEPT. OF AGRICULTURE

on the life cyele were only incidental to the main thesis of their
aper. In the course of the writer’s study, numerous additional
getails conzerning the preparasitic development of 8. ransomi and
many facts relating to the development of the parasite in its host
have been brought to light which, together with the data alveady
supplied by Schwartz and Alicata, make possible the presentation
of a virtunully complete nccount of the tife listory of thig species.

SCOPE AND METHODS OF INVESTIGATION

The investigation reported in this bulletin was conducted at Belts-
ville, Md., from October 1932 to May 1933. The program of the
work was as follows: (1) The intermediate stages in the heteroge-
neous preparasitic development of Strongyloides ransomi were
studied in feces and charcoal cultures and in water cultures to which
helminthologically sterile fecal extract was added at the time the
larvae issued fromn the egas; (2) the effects of various environmental
conditions on the survival of infective larvae were determined;
{3) tho reactions of the infective Iarvae to stimuli and environment
were observed; (4) the modes of infection were established experi-
mentally; and (5) the development of the parasite and the clinical
symptoms produced in pigs, the normal hosts, and in other hosts
were studied.

Larvae for all experimental purposes were obtained from cultures
prepared from feces passed by pigs which harbored no parasites
other than S. »ansomi. All cultures were incubated at room tem-
perature {20° fo 24° C.). With two exceptions, the pigs used for
oral and skin-infection experiments were raised parasite free. Al
experimental animals were kept in individual cages under condi-
tions of strict sanitation designed to preveni extrancous infection
or reinfection with S. ransemi or other worm parasites. A ther-
mostatically controlled electric refrigerator was used for experi-
ments involving low temperatures. The DBaermann isolation
apparatus was routinely used for the purpose of obtaining larvae
from cultures, and the failure to obtain larvae from a culture by
means of this apparatus was accepted as indicative of the absence
of living larvae in the culture, The Baermann apparatus was also
used for the isolation of parasitic larvae from organs and tissues.

PREPARASITIC DEVELOPMENT OF STRONGYLCIDES RANSOMI
MODES OF DEVELOFPMENT

Schwartz and Alicata have shown that both the direct und indivect
modes of development oceur in the life cyele of Strongyloides ran-
somi, as they do in the life cycle of other species of the wenus Stron-
gylnides. Sandground (24). who studied the quantitative relation-
ship between direct and indirect development in species of Stron-
gyloides from different hosts, showed thig relationship to be suhject to
constant changes. The writer has observed that cultures consisting
of a mixture of animal chiurcoal and feces from young pigs harboring
8. ransomi often showed predominantly direct development early in
the history of an infestation and Iater, as the infestation wuaned,
usually showed mainly indirect development. Both modes ¢f devel-
opment usually occur in a single fecal culture. However, records of
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two cultures, prepared from the feces of two infested digs, indicate
that only unisexual adults of 8. ransoms were present about 48 hours
after the cultures had been prepared. Schwartz and Alicata found
that the nuinber of males present in 48-hour cultures was small com-
pared with the number of females. The writer has found this to be
the usual occurrence in cultures, In a few cultures no males were
seen, whereas in one 50-hour culture 79 males and only 40 females
were found. Hence it appears that cultures prepared from feces con-
taining eggs of 8. ransomi may exhibit practically every possible
relationship between the twn modes of development and that the pro-
portic!;n of males to females, when indirect development occurs, is
variable,

LEVELOPMENT OF INFECTIVE LARVAE FROM EGGS OF THME PARASITIC FEMALE
BGES

Schwartz and Alicata have described the size and morphology of
egas of Strongyloides vansomi which are passed in the feces of
infested pigs. They state that the eggs are from 45u to 854 long and
from 26, to 35x wide. Oceasionally, egas slightly longer or wider
than mdicated above have been found by the writer. The eggs are
embryonated when oviposited,

The time required for larvae to hatch from the eges eliminated
with the feces of infested pigs is variable. Young larvae were found
in the water used to flush the small intestine of infested animals at
post-mortem examination about 4 hours after the water and intes-
tinal contents were mixed. The vast majority of eggs in fecal or
water cultures hatch in from 12 to 18 hours at roomn temperature

(20° to 24° C.).

FIRST-5TAGE LARVAE

Newly hatehed “ rhabditiform  larvae arve from 220 {0 240 long.
Just after hatching most larvae show a separation of the cuticle
at the anterior end. which is early evidence of the approach of the
first molt (fig. 1, A and B). A newly hatched larva, cultured in
water, showed the following size relationships: Length, 280, width
in region of esophageal bull, 18u; length of pharynx, 3.5x; disiance
fron: nerve ring to anterior end, 58u; length of esophagus, 69x;
length of wenital primordium, 10.5p; length of tail, 39, In Erst-stage
larvae, a short regwion of the esophagus immediately posterior to the
pharyax or mouth cavity differs in structure from the remainder of
the corpus. The genital primordium, which appears to contain
two small cirenlar germinal celis. is slightly anterior of the mid-
point between the anus and the junction of the esophagus and intes-
tine. It remains small throughout the first stage, retains its charac-
teristic oval shape, and at the time of the frst molt is from 104 to
1op long.

As the first-stage larvae grow. their morphology is not perceptibly
modified. Increasing evidence of the separation of the cuticle from
the body of the larva is noted in the course of the first 12 hours of
its existence. The cuticle first loosens from the body in the head and
tail regions (fig. 1, ("}, Usually complete separation of the cuticle
occurs when the larvae are from 2754 to 825u long (fig, 1, D),
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Figoes t,—Various atages in_the development of strongyliform loreec of Birongyloides
ranspmi (direct eycle) 1 4, Pirst-ntage hirva (newly latched) ; B, anterior end of Arst-
stage larva ; ©, posterior end of first-stage larva; D, larva in first ecdysin; B, poeterior
end of recond-gtage lurva, showing early phase ol zecond eedysis; J, posterior end of
gecond-stage larye, showlnfi bugds at tip of tall; G and H, anterior ende of second-
ptage larvae; I, larve in late plase of second ecdysls,
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The first mol¢ oceurs from 12 to 18 hours after the larvae hatch.
The casting of the sheath was observed in g larvae only 290u long,
but as a rule, larvae about 393, long have not yet molted. At the
time the cuticle is cast, the larvae again show evidence in the head
region of the cpproach of snother molt.

BECOND-STAGE LARVAE

Immediately following the first molt, second-stage Inrvae are not
distingnishable from first-stage larvae by any definite structural dif-
ferences except for the absence of apprecinble separation of the
cuticle in the former. However, in 36-hour cultures, larvae were
found undergoing transition to the so-called © filariform ¥, more
properly, strongyliform, state. The writer’s observations on the
marphological changes during the second ecdysis, by virtue of
which the larvae assuine the strongyliform characteristics, are essen-
tially similar to those of Lenckart (12} on larvae of Strongyloides
steveoralls.

When the larvae have reached a length of from 3754 to 400u, the
tail has increased considerably in length and fineness, and the second
enticle has already become separated to some extent from the bod
m the head and tail regions. A larva 420u long exhibited the first
transitional step in the process of the formation of the tail charge
teristic of third-stage or strongyliform larvae. A shorter, blunt,
slightly oblique tail 1s formed through the separation and disintegra-
tion of the fine filamentons tip (fig. 1, £). ~ Subsequently two very
small lateral oval processes or buds appear at the tip of this newly
formed tail (fig. 1, F'); later these fuse completely with the basic
tail process to forin the characteristic notched tail. Sandground’s
observation {22) based on a study of the development of several
species of Strongyloides, to the effect that €% * % ¢h notch in
the tail is formed by the rupture of the tail at the time that the
filaviform larvae emerged from the old cuticula * * %7 has not
been confirmed by the writer.

Ordinarily the esophagus begins to lengthen and lose its rhabditi-
form ¥ character before the changes in the morphology of the tip of
the tail are completed. Some larvae in which the tail is already
notched still retain the esophagesl valve and show no conspicuous in-
crease n the length of the esophagus. However, before the second
molt is completed, the esophagus nitains a completely strongyliform
stracture. Complicated changes appear in the structure of the buceal
cavity and head. These changes resnlt in the loss of the mouth-
cavity characteristic of first-sfage and early second-stage larvae.
The head structure of larvae which were undergoing the transition
to the strongyliform stage is illustrated in fgure 1, & and #. Dur-
ing the second stage the genital primordium is not noticeably modi-
fied in structure except for a more pronounced slenderness; it is
| from 10u to 17u long when the transitional changes described above
are completed,

The size attained by the larvae during the second stage is variable
and depends to some degree on environmental conditions during the
period of feeding and growth. Ordinarily larvae from 450, to 550
} long buve completed their development to the strongyliform stage,
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and the second molt (fie. 1, /) occurs in the manner usual among
larval nematodes. In charcoal and feces cultures, the kind used
thronghout this investigation for the most part, the second molt may
oceur at room temperature in less than 48 hours after the prepara-
tion of the cultures.

THIRD-ETAGE OR INFECTIVE BTRONGYLIFOEM LARVAE

Schwartz and Alicata have given a description and fizure of the
strongyliform larva of Strongyloides ransomi, and it is unneces-
sary, therefore, to redescribe this siage. In the writer's experience,
larvae obtained from egos cultured in water, a procedure which was
occasionally followed. tend te be smaller than thoese which develop
in feces and charcoul cultures. From both sources. strongyvliform
larvae less than 500 long have been frequently obtained. The geni-
tal primordium of third-stage larvae varies from 10p to 17x in
length, usnally from 12x to 1du.

DEVELOPMENT OF FREE-LIVING UNISEXUAL ADULTS FROM EGGS OF THE
PARASITIC FEMALE

FIRST-BTAGE LARVAE

The time required for the larvae to hateh from the eggs at room
temperature has been given previously. Newly hatched Inrvae of
this cycle are from 220u to 250k long and are distinguishable from
first-stage larvae of the direct cyele, already described, enly by
the fact that the former possess a larger genital primordiuni.
within which, particularly as growth proceeds. several rounded cells
arve visible (fig. 2. A). In four young first-stage larvae 280u. 240y,
950u, and 265p Jong. the genital primordinm was 17u. 1555, 20u. and
23u long. respectively. A newly hatehed Tarva showed the following
typicai size relationships: Length. 255p; width in region of esopha-
geul bulb, 16x; distance from nerve ring to anterior end, 50z length
of esophagus, Tou; length of genital primordium, 19.5px: length of
tail, 50p.

The larvae show evidence of the impending first molt imnediately
after hatching, when it is alrewdy possible to discern the separation
of the cuticle from the body of the larva in the head region. The
separation of the cuticle progresses as the larvae grow. and is next
observed in the tail region. When the larvae have attained u length
of from 800p to 350u. the separation of the cuticle is usually com-
plete and the genital primordium. which has become irregularly
elongate oval in outline, has reached a length of from 21x to 26p
(fig. 2. B).

First-stage larvae were observed in the act of casting the first cuti-
¢le when they were from 300u to 3504 long. It was noted. however.
that some larvae slightly more than 3504 long had not yet cast their
sheaths. although the cuticle was completely separated fram the
body. The first molt occurs about 10 hours after the larvae hatch.

KSECNXD-5TAGE LARVAE

Since the molting und development of an individual larva were
not followed in sequence from the first stage to the free-living adult
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Morr 2.—Varvious stages In the doevelapment  to frec-Hving  unbsexanl azdolty of

Strangyloides runsomi: 4, Pirst-stage larva (newly hatcied) ; B, lnrve in st eedysds g
C, second molt; D, third molt: 2, Mirva in vAFly fourth stage] &, Wrea (female) In
fourth ealysis; . posiorior end of male laevy In fouvth eedysls: H, anterior end of
made dnrvar Iy Tourth vedysis; 4, femnle Inpvu wndergoing foursh moil 3 o, wale larva
uidergoing fourth moll | K, nnterier snd of pdult forunle,
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state, separation into “ rhabditiform ” second and third stages is based
on the fact that larvae isolated from cultures about 24 to 36 hours
old and which were observed in the act of casting their sheaths, are
of two groups so far as size and the deﬁree of development of the
genital primordium are concerned. A final molt occurs when the
udrva.e have attained sexual characters, following which they become
adults.

Lurvae which have been tentatively determined as of the second
stage showed the following size relationship=a: Length, 3004 to 450,
width of body in region of esophageal bulb, 20p to 25u; length of
esophagus, T to 100y ; length of genital primordium, 25u to T0u;
length of tail, 60x to 78u. Except for the continned growth and
elongation of the genital primordium and the multiplication of the
cells within it, the morphology is not noticeably modified during this
stage. Larvae about 375x long usually afford very slight evidence
of the separation of the newly formed cuticle from the %ody; lurvae
from 400k to 450 long usually show complete separation of the
cuticle. Larvae from 415x to 435x long were found which had
already molted and to which the cast-off sheath still adhered in the
tail region (fig. 2, ¢'). The second molt veeurs from 22 to 24 hours
after the larvae hateh,

THIRD-5TAGE LARYAH

The only morphological chanyes wlich oceur as further growth
proceeds are confined to the genital primordium.

So far as was determined, larvae which have been referred to the
third stage did not show sex differentiation. Apparently the genital
primordium of larvae which later transform into males develops
fess rapidly than thut of individuals which later become femuales.
Larvae referred to this stage showed the following size relation-
ships: Length, 420p to 550u; width of body in region of esophageal
bulb, 25u to 31u; distance from nerve ring to anterior end, T0x to
90u; length of esophagus, 92x to 110x; length of genital primordium,
G0 to 160x; length of tail, 70un to 80p. Larvae from 480 to
550u long which had already molted were found. The cast-off cuticle
stili adhered to the bodies of these larvae (fig. 2, 22), and the genital
primordium had reached u length of from 60p to 15Cu.

FOURTH-STAGE LARVAE

During the fourth, or final, st.(f;e of their development the larvae
i

assume the morphology of the adults of the two sexes. A larva in
an early phase of the final stage is illustrated in figure 2, £. The
renital” primordium has become slightly reflected anterlorly and
posteriorly. As will be noted in the figure, the structure of the head
simulates the condition found in adults. The smallest specimen in
which the formation of the musenlature of the vagina and the slit
of the vulva was indicated wus 300p long. The formation of the
volva and growth of the ovaries and uterus, as well as the formation
of the testis und spicular apparatus of the male, may be followed
in detail during this stage. The cuticle, which can first be observed
as separate from the body of the larva at the head end, can also bo
distinctly seen in the Vllﬁ’i’lr region of female larvae from 600y to
700 long. Fewnale larvae T50u long usually show more or less com-
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plete separation of the cuticle (fig, 2, ). The anterior and pos-
terior extremities of 2 male larva enveloped in its sheath, just
preceding the final molt, are illustrated in figure 2, @ and H. .
Female larvae from 750u to 875x long were observed in the act of
casting the fourth-stage cuticle (fig. 2, 7). At this stage the uterus
does not contain eggs.  The ovaries appear to be completely formed,
Male larvae about 750x long were scen casting the sheath of the final
Jfgolt. 'E];he spicalar apparatus is completely formed at this time
g 2, J).

AIILT MALES AND FEMALES

Adults were found in cultures maintained at room temperature
after incubation for from 36 to 48 hours. A deseription of the
adults is unnecessary, since Schwartz and Alicata have described
and figured both sexes. Figure 2, K illustrates the structure of the
anterior end of a female in more detail than is shown in the figures
of these authors, Schwartz and Alicata state that the spicules of
“ rhabditiform ” males of 5. ransomi are from 26u to 29 long. These
authors measured the length of the spicules in a straight line from
tip to tip. The spicules of six male specimens, which the writer
measured along the arc of their curvature by means of the
method of projection, were 36u, 87.5u, 39.5x, 87.54, 36p und 354
long, respectively.

DEVELOPMENT OF INFECTIVE LARVAE FROM EGGS OF THE FREE-LIVING FEMALE
EGGS

Tully formed eggs, measured while still in the uterus of free-
living females, were from 39, to 50p long and from 27u to 32, wide.

Ordinarily, the eggs did not contain a vermiform embryo when they
passed out of the vagina of the female.

Larvae hatched from the eggs in water in about 12 hours. In some
cases eggs which were within the uteri of dead female worms had
hatched, and the liberated larvae were seen feeding within the body
of the disintegrating mother worm. This phenomenon was not
observed in living females during the active egg-producing period.

FIRST-ETAGE LABVAE

The first-stage larvae (fig. 3, A) are morphologically similar to
those of the direct cycle of development. The separation of the cuti-
cle (fig. 3, & and ') also progresses as was described in the case of
first-stage larvae of this cycle of development. No noticealle nmorpha-
logical changes precede the first molt. The genital primordium re-
mains small and is from 10x to 12.5. long when the first molt oceurs.
As long as 48 hours may be required for the larvae to molt in water,
partictﬁarly when food is not abundant. Larvae from 310u to 340
long which had already molted were noted. The cast-off cuticle still
adhered to these larvae (fig. 3, D).

EECOND-BTAGE LARVAE

The transition to strongyliform larvae, which occurs during the
second stage, takes place in the same manner as has been deseribed
in the case of larvae of direct, or homogonic, development. The
larvae are from 400u to 450 long when they begin to undergo this

73554°—34—2
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FioorE 3.—Varlous milages in the devclomoent of stronpyliform larvae of Sfroagyloides
ransemi {Indireet oycle) @ A, First-gtage larva (newly hatched}; B, posterlor snd of
firat-stage lurvae durlng enrly frat eedyads; @, anterlor end of firet-stage Jarva: D,
second-stage larva immedintely foliowiug first ‘meit; /M, posterlor eod of second-gtuge
larva showing disintegration of tip of tall; F, pusterlor end of ¢ more advaneed
gecond-gtage lorve ; O, anterior end of sccand-sfnge Inrva durlng sccond ecdysls; H,
strongyliform larve undergolog secomtd molt,
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transition (fig. 8, 7, F, and &). When the complete strongyliform
morphology has been attauined, the second molt occurs. In water
culture the Iarvae tend to be somewhat dwarfed in size. A larva
only 460u long wus observed in the act of shedding the skin in this
medium (fig. 3, ).

THIRD-STAGE OR INFEOTIVE LARVAE

The strongyliform larvae of the indirect cycle of development are
morphologically indistinguishable from those which develop directly
from the eggs of the parasitic female. Incubation of feces cultures
at room temperature for from 6 to 8 days is ovdinarily necessary
before all the larvae of the indirect eycle of development attain the
infective state. Infective larvae obtained from the cgas of free-
living females cultured in water required from 48 to 60 hours for
their development.

PATHS OF ENTRY OF INFECTIVE LARVAE INTO HOST

The ability of infective larvae of several species of Strongyloides
to penetrate the skin of normal and other hosts has been repeatedly
demanstrated and is so well known to parasitologists that a review
of the extensive literature on this subject is unnecessary. That
infection may oceur by the oral ronte is also well known. Fiille-
bern (2), however, has reported that when larvae of 8. stereoralis
are administered to dogs by month the vast majority of the larvae
ave killed by the digestive juices, and that infection occurs only by
virtue of the fact that a few of the larvac bore into the stomach wall,
pass to the lungs by way of the portal system, and return by way of
the traches and esophagus to the intestine where they develop to
maturity. Ménnig (17) has reported, on the other hand, that sheep
normally become infected with S. papillosus by the oral route and
that infective larvae of this species are rather poor skin penetrators,
Monnig states also that larvae administered by month apparently
do not migrate to the lungs. Beeause of the wide diffevence of
opinion which exists as to the facility with which Strongyloides
larvae of different species penetrate the skin or establish themselves
in the intestine following ingestion, it seemed appropriate to investi-
aate the facts with reference to &. r7ansomi. In view of the facts
Bronght to light also by Looss (72) and Fiilleborn (2) concerning the
migration of Ntrongyloides larvae following percutaneous infection,
the lungs of all experimental animals so infected were examined,

PENETRATION OF SKIN

In nccordance with the technic deseribed by Goodey (7), the
freshly excised skin of a 3-day-old rat was stretehed, hair npward,
on a_circular cork ring floated in o small glass dish containing
physiologic saline solution wartned to a temperatare of 37° C., and
maintained at this temperature in the incubator. A drop of water
containing 400 infective larvae was placed on the rat skin. The
water evaporated completely in 15 minutes; 1 hour thereafter the salt
solution was removed, centrifuged, and examined. Three larvae were
found in it. Sections of the skin prepured in the usual manner were
microscopicully exmmined for larvae with negative results.
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A second experiment was performed in the same manner. Forty-
five minutes were required for the evaporation of the drop of water,
which contained 950 larvae. One-half hour later the salt solution
was examined and 3 larvae were found in it. The arca of skin upon
which the larvae had been placed was fixed in hot 70-percent alcohol.
The epithelial layer was mechanically removed and cleared in an
alcohoi-phenol mixture. Microscopic examination showed numerous
larvae lying in a horizontal position on the surface of the skin,
but none appeared to have penetrated. The dermal layer was stained
and sectioned; examination failed to reveal the presence of larvae
in this layer.

Thug less than 1 percent of the larvae placed on rat skin in
these two experiments were subsequently found in the salt solution,
and none were found in the skin sections examined inicroscopically.

Infective larvae suspended in a few drops of water were applied
to the skin of 5 pigs, 1 rabbit, and 2 guinea pigs. Adfter the water
had evaporated from the skin, a period of drying, which ranged
from 10 to 180 minutes, was allowed. Usually the ekin area was
then washed with water or soap and water and was wiped off with
absorbent cotton. In most cases T0-percent aleohol was also used to
wash the skin. After the skin ares had been washed, a further period
of drying was allowed before the animal was returned to its cage.
Control animals were not used, since fecal examinations or post-
mortem findings were deemed adequate proof. under the conditions
of the experiments, as to the occurrence or nonoceurrence of pene-
tration. In the case of the pigs, the preliminury feral examinations
were made by a modification of the Lane technic. Following is an
account of the experiments involying the rabbit and the guinea pigs:

Since natural infestations with Strongyleides do not oceur in
laboratofy-raised rabbits, a prelimninary examination of the feces of
rabbit 2 was omitted. On May 4, 6, and 10, respectively, n few drops
of water, in which a very large number of infective larvae of S. ran-
somi were suspended, were placed on separate shaved areas of the
skin of this animal. On May 13 the rabbit was killed, The con-
tents of the small intestine were flushed ount with warm water, and
several adults and numerous larvae of S. ransomi were recovered.
The larvae ranged from 525 to 2.5 mm in length. The lungs were
cut up and placed in the Baermann apparatus, Twenty strongyliform
larvae of S. ransomi were recovered from these organs in this way.

A large number of larvae suspended in a small quantity of water
were placed vn a shaved area of the skin of guinea pig 1 on April
29, The animal was killed on May 1, and this area of skin was
excised and examined, Several living larvae were found in the skin
and subcutancous tissue. In a similar manner. large numbers of
infective larvae were applied to the skin of guinea pig 2 on May
3 and 5. The animal was killed on May 8, and several living larvae
were found in the sgkin and subcutaneous tissue which was excised
from the areas where larvue had been applied. No larvae were
recovered from the lungs or small intestine of either of these two
guinea pigs.




TaBLe 1.—Results of skin-penetration experiments with Strongyloides ransomi larvae on 5 pigs

Results of post-mortem examination of —~
Dats of Ante-mortem Dgrlgtot Date of P
Results of preliminary fecal | applica- evidence of in- anpear- |  Post-
examinations by modifica- | tion of fection (micro- | 32D88% | mortem
tion of Lane technic larvae to scgg:]e &x&mml;n- e%gs in &\zgx;uma- Small intestine Lungs
eces .

Few Strongyloides eggs pres- Increase in egg ) Several mature and immature adults; | No larvae.
ent. 9 count. gggerlal strongyliform larvae 500z to
)k long.

0
Negative to repeated exami- . . Eggs found 2_.. Several adults; numerous larvae 550 to | Several strongyliform larvae.
nations. ; 2.5 mm long.

No adults found, but nurmerous eggs | Several strongyliform larvae;
l1)1't=,sen1:; several Iarvae 500u to 2.5 mm 1 from trachea.
ong.

ERE5E

L

et bk bk o Bt

SE

No adults or larvae 1strongyliform larva.

34,
24,

1 Undetermined.

2 Feces examined by the salt flotation method.

3 Feces examined by a modification of the Lane technic.
4 This animal was not killed during the experiment. See data in table 2.

% This pig was killed on the fourth day following the first application of larvae to the skin.
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The results of the experiments involving the five pigs are given
in table 1. The data in the table are supplemented by figure 4,
which is a graphic presentation of egg counts obtained on samples
of feces from one of the pigs, no. 2-A.

3.000 1 ! l T T

LARVAE PLAGED ON THE SNIN

14 GO0 LARVAE
(NOVEMBER 1]
18,500 LARVAE
{ DECEMBER 3)
5,000 LARVAE

[DEGCEMBER 22}
8,500 LARVAE

{DECEMBER 30

£665 PER GRAM OF FECES

] A_ i 4 !

22 1 n 21 1 1" =

OCTOBER NOVEMBER DECEMAER

Ficuee 4-—Egg counts ohtoined on samples of foces from pig 2-A exposed to infec-
tion, us indiepted, during the perind October 20 to December 30.

The deta given show that infective larvae of 8. ramsomi were
capable of penetrating the skin of pigs and a rabbit, and that intes-
tinal infestations resulted from the percutanecus entry of the larvae
in all cases except that of pig 6, in which animal one larva was found
in the lungs. The larvae also penetrated beneath the skin of two
guinea pigs, but had not reached the lungs or intestine of gulnea pig
2, 5 days after the first infection.

INFECTION BY ORAL ROUTE

Experiments on infection by the oral route involved 5 pigs, I of
which was a control, and 1 rabbit. An account of the experiment
with the rabbit follows:

Rabbit 1, 8 laboratory-raised animal, was given large oral doses of
infective larvae of Strongyloides ransomi on April 27 and 29. On
post-mortem examination May 3, the sixth day following the first
administration of larvae, the animal was found to harbor adult and
larval 8. ransomi in its small intestine. The lungs were finely cut
up with a scissors. Examination by means of the Baermann appa-
ratus did not reveal the presence of larvae,

The experiments involving the pigs are summarized in table 2.
Pig 5 is the same animal which was subjected to a single percutaneous




TABLE 2.—Results of adrministering Strongyloides ransomi lartae orally to. pigs

-inort amination of—
Date of Date of | Date of Results of post-inortem ex :

Results _of prelimi- | adminis- :
T cami 5 . Ante-mortém evidence of infec- | first ap- post-
nary fecal exami- | trations L:}raae tior (micropscopie examina- | pearance { mortem

nations. by - Lane | of infec- . M < .
technic or egg count | tive tion of feces) ofegesin extgg:]na— Small intestine Lungs

~larvae

Weeks
22 })cc. 21 5,000 | Note; egg count remained zero. : 1 adult No larvae found.
an. 5._.
Jan.9___
Jan. 17..
Jan. 19.__
Jan. 20._
) 0| None 2. Q)
Mar. 15 Mar. 22.{ (1) -
d Mar, 21.| Apr. 11__| 12 adults ..
Apr. 13._| Apr. 30..| More than 250 adults

1 Aniral not killed.

2This animal was a control; consequently, nolarvae were administered,
2 Feces exnmined by the salt flotation method.

4 Not examined.
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infection. Although the feces of this pig were positive for eggs of
S. ransomi on the eighth day following infection by the percutaneous
route, subsequent examinations failed to reveal ihe presence of eggs
in the feces. Pig 1-A had been given by mouth 5,600 larvae of 8.
papillosus on October 25 of the preceding year, and 9,500 larvae of
this species were placed on its skin on October 26. During the fol-
lowing 8 weeks, 20 egg counts on the feces of this pig were made, no
egoas being found. However, the failure of 3. papillosus to develop
in this animal, as judged by the subsequent failure to find eggs by
the Stoll egg-counting method, is rendered inconclusive by the fact
that the egg production remained zero despite repeated feedings of
infective larvae of S. ransoms.

The data given indicate that the four pigs to which larvae were fed
and the rabbit acquired infestation following the administration by
the oral route of infescive larvae of 8. ransomi, &s indicated by the
appearance of eggs 1n the feces or by the post-mortem finding of
adults of this species. Eggs appeared in the feces of pigs 3-B and
9-B on the sixth and seventh days, respectively, following the feed-
ing of larvae. Pig 1-A was almost entirely resistant to infestation.
Eggs appeared in the feces of pig 5 on the seventh day after infee-
tion. The feces of the control pig 1-B were repeatedly examined
and remained negative for helminth eggs.

DEVELOPMENT OF STRONGYLOIDES RANSOMI IN NORMAL AND
OTHER HOSTS

IN LUNGS AND SKIN

Larvae were recovered from the lungs of pigs 8, 4, and 6 and
rabbit 2. The dates of percutancous administrations of larvae to
these animals and the dates of the respective necropsies have been
previously given. The larvae from the lungs were morphologically
similar to infective third-stage larvae except for slightly greater
thickness, greater length and width of the genital primordium,
slightly more pronounced striation of the cuticle, and the greater
prominence of the nerve ring and its associated structures (fig. 5. A).
Mensurements obtained from 2 larvae from the Jungs and 1 from the
traches of pig 4 appear in tuble 3. The tails of all larvae obl ‘ned
from the lungs were notched as in preparasitic third-stage larvae.
None of the lurvae from the lungs of the pigs or rabbit were under-
going a molt or showed any evidence of the approach of a molt.

MARLE 3. Principal measurements {in microns) o ropresentative parasitic
» - . I3 - 1
Inrvac of Rtrongyloides ransomi found in pigs and a rabbit

Pigy

Habbit
Measurement intestine

Intestine {f lnrvae) (2lnrvae)

Length E 1701 775 | 2,650
f b

Width in region of esophMEUS. cor o ean —uves 2 2 48
Vistoges rom nerve ring Lo unterior ened L. ;=) 112 47
Length of esophagu N7 F 345 24
Length of penital primordium 0 F 14 5 3 IR
Length of tail E ¥ ] 3} X I 70
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Some of the larvae removed from the skin and stibcutaneous tissue
of guinea pig 2, 5 days after the animal was subjected to a per-
cutaneous infection, had become slightly modified in morphology as
compared with free-living infective third-stage larvae. The genital
primordium had increased in size, particularly in width, and the
Iarvae resembled those found in the lungs of pigs. None of the
larvge from the skin of this guines pig, removed B and 5 days,
respectively, after 2 infections, nor from the skin of guinea pig 1,
2 days after infection, were undergoing a molt or showed evidence of
the approach of a molt.

IN EMALL INTESTINE

The smallest and morphologically least advanced larvac (fig. 5, B}
recovered from the small intestines of the ahbove-mentionad pigs and
rabbit and also from the intestine of Pig 2-A were indistinguish-
able from the larvac obtained from the lungs. The tail presented
the notched appearance characteristic of third-stage larvae. Four
of the smallest larvae found in the intestines of percutanecusly in-
fected pigs showed the size relationships given in table 8. In speci-
mens of about this size, the distance from the genital primordium to
the anus was found to be noticeably greater than the distance from
the primordium to the bulb of the esophagus. About four cells were
visible in the primordium at this stage. Morphelogically similar
larvae were found in the small intestine of rabbit 1, which was given
infective larvae by mouth 4 and days, vespectively, previous to
necropsy.

The structure of a somewhat larger larva from the intestine of
rabbit 2 indicated that the Arst changes which appear, as growth
takes place, are a further increase in the size of the genital pri-
mordium and a multiplication of the number of cells within if.
Measurements obtained from this iarva are given in the next to the
last column of table 3. It is noteworthy that the tail of this larva
was still notched at the tip, A slightly larger larva was found in
which the tail was beginning to andergo the transition in shape from
2. notched tip to the rounded tip found in more advanced larvae.
Slight separation of the cuticle had occurred at the tip of the tail
and the tip of the sheath was definitely notched, the loss of the
notched-tail termination evidently oceurring at the very commence-
ment of the final ecdysis.

Numerous larvae from 900x to 2.5 mm long were removed from
the intestines of pigs and rabbits following either percutaneous or
oral entry of the larvae. Larvae about 1 nmm long exhibited the
beginning of the formation of the vulva and vagina, The genitul
primordium was seen, in lateral view, to have extended both poste-
riorly and anteriorly from the primordium of the vulva, and was
also visible anteriorly in u position dorsal to the intestine (ﬁg. 5, 0).
The formation of the vulva is well indicated before the ovaries are
recognizable as such. Larvae about 1.5 mm long showed the reflec-
tion of the primordium anteriorly und posteriorly (fg. 5, D). Al
larvae falling within the size range mentioned above exhibited a
progressive sepuration of the cuticle from the body. Espeeial
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Figunp 5.—Various stages in the {p:lmsltlc development of Strongiloldes ransomi: A,

Stropgrliform lerva from lutgs of o plir about 3 days after perenlanecds intretion; B,
fnrve from small intestine of pig about 4 dnys after pereutanecus infection; ¢, larva
from iptentine of plg durlng eafly Onal ccdysis; I vulvar reglon of more advanced
jurvz from lnfestine of phg; & to [, posterier onds of larvae during finnl ecdysis,
showlog varlation lp shupe of tip of sheath; J, preadult femsle from iptestioe of
rabbit 6 duys after percdtapecus infection, undergoliy fuad molt; K, posterior end
of cust sbenth of final maolt,
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attention was given to a study of the shape of the posterior tip of
the sheath, and although much variation was noted, owing possibly
to some extent to the pressure of the coverslip but alse unguestion-
ably to normal variation, the tip was found to be definitely notched
in many instances. In some cases the tip of the sheath appeared
to terminate in three processes or evaginations, wheress in other
specimens it tapered to a rather sharp point. The variations found
are illustrated in figure 5, £ to 7, In all these larvac the shape of
the tzil resembleqd that of the aduit female.

Larvae which had attained a length of aboet 2.5 mm were found
to have attained the morphology of the adult female. Individuals
of this size were found which were enveloped in the sheath of the
final molt or to which the cast-off cuticle still adhered. A larva
(fig, 5. /) from the intestine of rabbit 1, which was in the act of
casting the final cuticle, had the measurements shown in the lagt
column of table 3. Additional measarements of this lurva were:
Distance from vulva to unterior end, 1.6604; distance from vulva
to posterior end, 938u; width in region of vulva, 48, The posterior
tip of the sheath of this specimen was notched, as illustrated in
figure 5, X,

DISCUSSION OF PREPARASITIC AND PARASITIC DEVELOPMENT OF
STRONGYLOIDES RANSOMI

The writer’s cbservations, indicating that two molts occur in the
development of strongyliform infective larvae from the eggs of
parasitic or “ rhabditiforiu ™ females of Strongyloides PURSONL, Are in
agreement with these of Louss (74, 75), who, for certain other

species of Strongyloides, including S. stercoralis, reported two molts
in the course of the development of filariform (1e.. strongyliform)
larvae of the direct and indirect cycles. The writer’s results ave ab
variance with the reports of Grassi and Purona (8) s Perroncito (/8),
Leucloart (/2). Grasst and Segrd (9), Golgi and Monti (5),
Zinn (27), Leichtenstern (77). Gonder (6). and Kreis (70), whoe
mention only one molt during the course of the development of

filariform larvae of N. stercoralis nnd other species,  Four molts
have been_deseribed by the writer in the course of the development
of * rhabditiform ™ unisexnal adults from the cggs of the parasitic
female vf N vgnsomi. This is in disagreement with the findings of
Looss (15} and other investigators of the life history of S. sfercoralis,
all of whom observed only one molt {(i.e., the final molt} in the
development of free-living adults,

Third-stage larvae of 8. ransomi which gain entry to the body of
the host, either through the oral or percutancous route, hinave been
observed to molt once in the intestine of the Lost animal. This molt
vecnrs about 6 days after infection, when the Jarvae have attained
the morphology of the udult female.  Ax hus been mentioned, when
the larvae first arrive in the intestine they differ from free-living
infective Jarvae only in minor particuiars. and stijl possess o notched
tail.  Moreover, the posterior tip of the sheath of molting larvae in
progressive states of development is usually also definitely notched.
These facts are a strong indication that the entire development from
the smallest larvae found in the intestine to the adult form occurs in
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connection with but one molt. It cannot, however, be concluded with
certainty that only one molt occurs during the parasitic development
of 8. ransomd. since it is possible that following percutancous entry
to the host the larvae may molt while they are in the lungs. How-
ever, none of the larvae recovered from the lungs of experimental
animals were molting. None of the larvae removed from beneath the
skin of a guinea pig showed evidence of a molt, despite the fact that
some of these larvae had undergone morphological advancenient com-
parable to that attained by larvae during their passage through the
lungs. In the case of orally infected animals no evidence of the
ocetrrence of an earlier molt was discovered.

In this connection, it is of interest that only one molt in the
course of the parasitic development of Strongyloides was reported
by Looss (75) who, on the basis of observations on the development
of three unnamed species, one of which unquestienably was S.
stercoralis, states that filariform (i.e., stroroyliform) larvae cast
their skins a third time and therebs ussume the adult condition.
Fiilleborn (2), on the other hand, apparently considers that two
molts oceur in the development of S. stercoralis in dogs, the larvae
concerned having been removed by him fromi the trachea of the host.
Although the occurrence of two molés In the lungs seems rather
unusual in the development of an intestinal helmintlh, Fiilleborn’s
discovery that S, sfercoralis can reach sexual maturity in the trachea
of dogs mav explain this finding. Tt is of further interest that
Filleborn (4) found that infective S. stercoralis Jarvae maintained
beneath the skin of rabbits from 6 to 17 days could nttain a structure
comparable to that usnally reached in 3 or 4 days by larvae in the
tracliea, but he presents no information as to whether a melt aceom-
panied the attainment of this maore advanced developmental stage.

While with respect to paths of entry and migration within the
body, it cannot be definitely stated that strongyliform larvae of
K. yansomi do not migrate to the lungs following entry into the body
of the host by the oral route. the available evidence is negative. No
larvae were found in the lungs of a pig and a rabbit to which oral
infections had been given 2 and 4 days. respectively, previous to
autopsy. Significant infestutions were “eadily produced 1n pigs and
rabbits by either the percutaneous or oral route: hence 1t must be
concluded, on the basis of the experiments performed, that hoth
modes of infection take place and are of importance in nature.

EFFECTS OF EKVIRONMENTAL FACTORS ON VIABILITY OF EGGS
AND SURVIVAL OF LARVAE

EFFLECT OF COLD ON EGGS

Treshly prepared cultures from the feces of pigs infested with
Strongyloides ransomi were subjected to low temperatures for various
periods, and the effects were studied in a number of experiments.
The cultures were contained in Petri dishes and following the desired
exposure to cold were examined after they had incubated for a suit-
able time at room temperature fo permit infective larvae to develop
from any eggs which might have been able to withstand the expo-
sure. The amount of meisture in the cultures and the proportion ot
charcoal to feces, when charcoul was employed, were so vegulated as
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to provide optimum conditions for development. In each experi-
ment a contrai culture was used. This was prepared in the same
manner from the same fecal sample us the experimental culture, but
was kept at room temperature. In all cases the control cultures
yielded very large numbers of infective Jarvae when examined afier
incubation for periods of from 7 to 9 days.

The data relating to the cultures which were subjected to low
temperatures are given in table 4.

Tanry 4—Effects of low lemperatitres on vialility of eygs of Strongyloides
ransomi fn fyper of enlturcs indicaied

Duration
of subise-
quenl

Tempera-

ture at i Duration
Nature of culture which cul- | of ex- {ocuba-
ture was | posure tian at

ex|r0sed P47 O

Infectiva .orvaoo
found In cullurg
upon exswmination

° o Luayz
—~4 1o —§ it
-1 to —§
—4 to =8
—ito —8§
—4(p —§
—4 10 —8
20 B
dot .l di0 O
Moist feeas S.. oL ..o LIl 20 G

None.
Do,
Few,
None.
Do,
Fuw,
Nune,
Several.
None,

Lot L TR RN )

! Feees weve 24-hour accumulation from 2 infested nigs in outdoor pen !n Dhacember; no prelofective larvae
prosent,

¥ Foces weye 24-hour gecumulstion fron 1 infesied pig i1 unlinul room at about 24° C; not examined for
preiofectivn Jarvog,

* kresidy vulded feces; no prelnfeelive larvae present.

1 Fresily vnided fozes; not examined for prelnfective lurvae.

The data given in table 4 indicate that two cultures kept at tem-
peratures from —4° to —8° C. for approximately 24 hours yielded
few larvae when examined after subsequent incubation of the cul-
tures for a suitable time at roown temperature. In one case no larvae
were found in a cultire subjected to similar treatment. Each of two
cultures exposed to this range of temperatures for 46 hours failed to
yield larvae subsequently, as did also one culture exposed for 108
hours. Of two cultures exposed for about 48 hours to temperatures
slightly above freezing, only one subsequently yielded infective
larvae. A culture kept at these temperatures for 147 hours did not
yield larvae when examined after incubation at room temperature.
The time required to effect equivalent inhibition or the total suppres-
sion of lurval development by brief exposures to low temperatures
was independent of the composition of the two types of cultures used,

EFFECT OF COLD ON INFECTIVE LARVAE

The effeet of low temperatures on the survival of infective larvae
was studied according to the procedure used by Alicata () with
larvae of Obeliscoides cunmiculi. Larvae were placed upon moist
charcoal contained in small stoppered glass vials which were placed
in an electric refrigerator. One group of vials was kept for various
periods at subfreezing temperatures, whereas a second group was
kept at temperatures slightly above freezing. After a given ex-
posure, the vials were permitted to remain at room temperalure for
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an hour or more before examination was made by repeatedly wash-
ing the charcoal with water and removing the wash water to a sl
dish prepared to facilitate the counts of living and dead larvae.
In this way the vast majority of the larvae placed in the vials were
recovered.

Infective lavvae of Strongyloides ransomi do not lend themselves
well to this type of experimentation, since under optimum condi-
tions deaths continually occur, and the larvae de not live in cultures
at room temperatures much longer than 3 weeks. Thus many of the
larvae placed in similar vials kept at room temperature os controls
died during the experiments. Six experiments were performed at
subfreezing temperatures. A majority of the larvae from the control
vial for experiment 1 were still alive after 190 hours; about 40
percent of the larvae from the control vial for experiment 5 were
alive after 45 hours; and many of the larvae in the two control vials
for experiment 6 were still alive after 262 hours. Contro! vials were
not prepared for experiments 2, 3, and 4. The data pertaining to the
experiments at subfreezing temperatures are summarized in table 3.

maBLE H—Ffferf of subfroezing temperutures on surviral of fufeclive dorvae af
Stromgitaides ransomf

! Duration |

Ve ! up | - . Duration of  subse- - Larvae
Experiinent no. i \“ﬂﬂ : ]‘::l:l‘i“ '.":{f SPURITS. ement rmaintenanee  recovered

. T ; Ry I GLEGUHI ETHerATIrG hilve

e e | e i ——

‘ 1 Nuwrher HHivtrx ] Hanrs | Alinates { foreemt

Tt emmmrm e nman m e 1y frd 17 1 IR 0

1. . e e e - 2 I 5K | 40} ! . ’ [}
2o - .- 11 LIS n! 1: 15 . o
. S, 4 1,000 ; 17 R a
f: S 5 i 1,000 17 a AL
1.. fi, 1, 00 g5 i U e )
1.. T 1,000 n l i ISR 4
& st 1, GM) 5 U 161 [

5. 4, 1, 000 i1 1 a: 14 i}
G.. 10 1,000 12 P i3 180

Examination of table 3 shows that from &8 to 100 percent of the
larvae recovered from the vials after exposure to temperatures from
—4° to —8° C. for periods ranging from 6 to 26 hours were dead.
About 40 hours’ exposure to these temperatures killed all the larvac
recovered from 2 preparations, and $9.6 percent of those from a
third preparation.

Owing 1o the inconsistent behavior of Tarvae maintzined at roow
temperature as controls. a detailed account of the resuits of tests
made at temperatures from 2° to 6° C. is omitted.,  IFrom 12 to 24
percent of the larvae recovered from vials exposed from 61 to 116
hours at this range of temperature showed evidence of life. A few
larvac were feebly active in a preparation exposed lo these
temperatures for 183 hours.

EFFECT OF DIRECT SUNLIGHT ON INFECTIVE LARVAE

To test the effect of direct sunlight, 750 uctive infective Iarvae,
suspended in water, were placed in a shallow dish out of doors on
a brownish buckground in such a way that direct rays of the sun
veached the Larvae without first passing through glass. Under these
conditions the larvae were exposed to December sunlight for 15
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minutes at a temperature of 9° (., Tmmediate examination revealed
most of the larvae to he slightly active. The preparation was sub-
jected fo a further 15 minufes’ exposure to sunlight, making a total
exposure of 30 minutes. TInimedinte examination reveiled that 180
larvae were slightly motile; 134 hours later, during which time the
larvae were kept at room temperature, 50 larvae were feebly motile.
The remaining larvae appeared to be dead.

In a second test, 500 larvae were similarly exposed to sunlight on
the same day at a tempernture of 6° C. for 45 miniites.  Imnediate
exumination showed but 1 larva to be slightly active; 114 howrs
luter, during which time the larvae wore kept at room temperature,
8 larvae exhibited feeble motility. Since the remaining lnrvae did
not revive, it was concluded that they were killed by sunlight,

As u control on the effect of brief exposure to the temperatures
mentioned, a similar glass dish containing larvae suspended in water
was placed in the electrie refrigerator for 30 winutes at 6° €. Iy-
miediate examination showed most of flhe farvae to be inactive.
However, after a briot period at room femperature, it was found
that the vast majority of the larvae regained their normal activity.

Bince in the above experiments a fow larvae survived exposiire to
sunlight for 45 minutes another experiment was later performed.
A water suspension of 250 active larvae wis placed in each of 4
shallow dishes. The larvae contained in 3 of the dishes were
exposed to direct Aprit sunliglht at a temperature of from 929° to
40° C. for the intervals shown in table 6. Wator of this tempera-
tire was added to the dishes from time to time to compensate for
evaporation.  The fourth preparation was kept in the shade in the
laboratory as a control. Wlhen examined atter © hours, the vast
majority of the lurvae in the control dish showed normal activity.

TanLye G—HReosuits of erposiree of 230 Strongploides rausomi borpee to direct
Aprit sunfighd. wt @ temperafure of 25°=30° rr,

Lorvae selive—

Time of exposure {minutes) On imie-

dittie oxani-’
mtion

! hour
futer

Numbrr § Neuwaber
230 pe

] =
EES] KX}
f] Q

From the data presented, it may be concluded that infective larvae
of Strongyloides ransomi exposed to direct sunlight at nenlethgl
temperatures are killed in from 43 to 60 minutes of exposure.

EFFECT OF DESICCATION ON INFECTIVE LARYAE

A drop of water confaining n small munber of active larvae was
placed on each of 11 glass slides. The contents of the slides were
permitted to dry in air at roons temperature, and the instant at
which complete evaporation of the water occurrred, as determined
by examination under a binoculur microscope, was noted. When the
desired air desiceation was accomplished, a drop of water was placed
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on each slide in the area where the larvae were present, and the
subsequent behavior of the larvae was noted, as indieated in tuble 7.
Larvae from twe similarly prepared cultures were used in making
the test.

TasLs T.—Effect of desiccation, in eir {(lemperalure 24° 0.}, oh infective
Strongyioides ransomi lurvue

Larvoe agtlve, nfter addition of waler,

At axplration of—
Period of L expiration o

Culture and siide no. desicention

10 mingles | 39 minutes | 60 minutes

Number Minutes Number Number Number
25 i 11l

o

u

10
i2

1"

7 ovoul

Oﬂﬁﬂ*lﬁ [~E=T=01J

Gcatnenia

1 Heaot appHed to determine vitality of larvoe.

The results given in table T warrant the eanclusion that infective
larvae of Strongyloides ransomi, present on a nonabsorptive surface,
are Killed by 9 or 10 minutes of air drying at room temperature,
TUnder these conditions many larvae are killed or their vitality is
impaired by an exposure of from 3 to 5 minutes,

EFFECT OF CHEMICALS ON INFECTIVE LARYAE

Larvae were transterred, by means of a wire loop, from clusters
present on a Petri-dish lid info a drop of the desired chemical solu-
tion, and viewed through a binocular microscope in order to note
the time when all the larvae became inactive. Under these conditions,
larvas were rendered instantancously inactive in 95- and T0-percent
zlcohol. The drop was greatly diluted with water, but only 2 few
larvae had revived an hour lafer. On other occasions it was noted,
in agreement with the findings of Fiilleborn (2), that a large per-
centage of the larvae, contained in u drop of water, which had been
rendered inactive by their introduetion into TO-percent alcohol,
regained normal activity when the aleohol was greatly diluted.

Tacvae also were introduced into 1-percent copper sulphate solu-
tion. A few were able to survive for 30 minutes or more, but most
of them were killed within 30 minutes.

The majority of larvae introduced into a drop of 1-percent phenol
solution were immediately killed, although & few larvae showed total
cessation of activity only after 9 minutes of exposure to this chemical.
Subsequently the drop was greatly diluted, but none of the larvace
revived during the ensuing 18 hours.

An ordinary cresol disinfectant, in the concentration recommended
for the spraying of outbuildings, killed the larvae quickly. All
larvae ceased movement within $15 minutes after their introduction
into this chemical solution, and none revived during the ensuing
18 hours despite great dilution with water.
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REACTIONS OF INFECTIVE LARVAE TO STIMULI AND ENVIRONMEN'T

REACTION TO HEAT

A number of larvae were placed in water contrined in a shallow
glass dish. A fairly equal distribution of the larvae in the dish was
effected In such a manner that none were visible in a particular field
of a binocular microscope, when the dish was so placed on the
microscope stage that its center wus above the aperture in the center
of the stage. A warmed glass rod was applied to the bottom of the
dish in the center of the field. In a few moments larvae were seen
migrating from the periphery townrd the souree of heat, and a
considerable number soon became concentrated at the point where
the rod had been applied. The experiment was repeated with similar
results,

It muy, therefore, be concluded that infective larvue of Strongy-
foides ransomi are attracted to a source of moderate heat. Larvae
present on 2 glass slide are stimulated to great activity when heat
is applied to the under surface of the slide.  Apparentiy very slight
changes in temperature are detected by the larvae. since the prox-
imity of a finger to a slide iy sufficient quiclly to eause movement of
the larvae present in a drop of water on the slide toward this source
of heat.

REACTION TO STRONG ARTIFICIAL LIGHT

The water contained in a small plass dish was agitated to produce
an equal distribution of about 500 larvae present. The dish was
placed on the stage of a binocular microscope in such u manner that
one-hult of the bottom of the dish wus shaded by a black back-
ground impermesable to light. The same portion of the top and
sides was shaded with black paper. A strong beam of light from
a covered and shaded nicroscope lamp in a dark room was reflected
by the microscope mirror through the unshaded half of the dish.
After 30 minutes’ exposnre to the light, i was found that 115 larvae
we:;{e present inn the unshaded half of the dish and 383 in the shaded
half,

In an essentially similar experiment a 100-watt eleetric lamp was
used as a source of light, Tt was placed in front of and above the
dish, arranged ag before, at a distance of 4 inches from the center of
the latter. Thermometers indicated a differential of Jess than 1° C.
in the temperature at the shaded and unshaded sides of the dish.
The contents of the dish were agitated as before. Rxamination
after 10 minutes’ exposure to the light showed that the vast ma-
Jority of the larvae were present in the shaded half of the dish.
It may. therefore. be concluded that infeetive lurvae of Strongy-
loides ransomi avoid strong artificial light,

REACTION TO DIFFUSE DAYLIGHT

One-half of a Petri dish, including the cover, sides, and bottom,
was painted with two couts of india ink. A large number of infec.
tive Iarvae, rather equally distributed in water, wore put in the dish,
which was so placed on a black background that diffuse daylight
from northern and eastern windows reached it. Two hours lafer
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the majority of the lurvae were present in the unshaded portion of
the dish.

Except for a small circular area in the center of the ecover and
bottom, a Petri dish was entirely painted with two coats of india
ink. A homogeneous suspension of larvae in water was introduced
into the assembled dish, which was so placed on the stage of a
binocular microscope that the central unshaded area of the cover
and bottem was directly above a small aperture in the center of the
stage, This arvangement permitted the pussage of 2 beam of dif-
fuse daylight from the microscope mirror through the small un-
shaded central area of the dish. The approxinnite number of larvae
visible in the low-power field was noted. Tifteen minutes later a
noticeable increase in the number of larvae visible had occurred, and
within 43 minutes the visible larvae were so numerous that they
could not be eounted with accuracy, This experiment was repeated
by substituting a much less concentrated suspension of larvge.
Seventy larvae were visible in the field at the beginning of the ex-
periment. After 30 minutes, the visible larvae were too numerous
to permit an aceurate count. Tt is evident that infective larvae of
Strongyloides ransomi respond positively to diffuse daylight,

REACTION TO EXCLUSION OF AIR

Triilleborn (3) has shown that larvae of Strongyloides stercoralis
are somewhat attracted to oxygen und are repelled by exrbon dioxide.
He showed that larvae rendered inactive through the exclusion ot
oxygen from their envirenment by means of an atmosphere of hy-
dregen revived when air was again made available to them.

A type of behavior, which it is believed may be explained on the
basis of Fiilleborn’s results. has been noted in the case of larvae of
S, ransomd. A culture containing infective lurvae was pleced in the
Baermann apparatus. Abont 18 hours later. a few cubic centimeters
of liquid was withdrawn from the rubber tube of the apparatus inte
a shallow dish. Inactive. apparently dead. larvae were present in the
flnid. After a few minutes” exposure of the liguid to air. a number
of larvae exhibited feeble movements. Air was bubbled through the
ligquid for a Jew moments, and immediately a large percentage of
the larvae began to move about actively.  Apparently the initial
inactivity wag «ue to the exclugion of the oxyoen of the air from the
larvae by the column of water in the Bacrmann apparatus, which
was about 15 inclies deep.

MIGRATION

The lid was removed from a Petri dish which contained a rich
culture of larvae and was replaced by o clean 1id not in contact with
the culture. Within 1 hour the new lid was found to Larbor so
many larvae that they were readily visible to the naked eye. It was
noted on repeated occasions that larvae migrated from within cul-
ture dishes which provided optimuwm fuvorable conditions to the
exposed inside surface of the sides or edges of Petri-dish covers.
where they gathered in macroscopically visible clusters and where
they soen perished as a result of desiceation. Infective larvae of
Strongyloides ransom’ were, therefore, encrgetic migrants under
the conditions described.
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CLINICAY, SYMPTOMS OF PATHOGENIGITY

A specinl study to determine whether intestinnl or pulmonary
lesions result in pigs from infection with Strongyloides ransomi
was not within the scope of the present investization. However,
certain observations, incidental to the experiments performed, were
made in connection with the clinieal symptomatology produced in
the host by this puarasite.

It was noted in the case of pigs 3, 4, and 5 that when larvae wore
placed on the skin there wus almost immediate reddening of the
skin iu the areas where larvae were applied. This reaction took the
form of pimplelike eruptions and often involved the hair follicles.
After several hours, the cruptions usually became pale and vesicular,
In two other pigs no reaction of the skin occurred following the
application of larvae toit. In the case of a rabbit, when larvae were
applied to the skin. there was no pronounced immedinte reaction,
but after several homs reddened. sealy, indarated elevations ap-
peared. In guinea pigs, immeldinie congestion of the skin in aress
where lnrvae were placed was noted. Later indurated clevations
appenred,

A few days after the oral administration of larvie to pigs 1-A,
2-B, and 3-B, Qiarrhea occurred. In pig 3-13, the anus became pro-
lapsed about 10 days after the larvae wore given and following a
period of rather severe diarrhea. In rabbit 1. to which larvae were
administered  orally, marked diarrhea. lassitude, and emacintion
ceenrred. Rabbit 2, infeeted percutancously, was similarly affected,
Pig 5 was given u Iarge oral dose of larvae, und it was noted that,
beginning about 16 days later, the fecal pellets were often heavily
coated with a foul-smelling mucns, suggesting a eatarrhal condition
of the intestine. Abont I week Iater the animal died, and post-
mortent examination revealed the presence in the smmll intestine of
lurge numbers of 5. ransomi. The necropsy showed the animal to
be suffering from a pronounced anemis,

It is believed that infection and parasitism with S, ransoms were
responsible for the conditions whic}m have been described, but other
causes cannot be excluded with absolute certainty. There were,
however, no changes in diet or other factors, and it is diffienlt to ex-
Plain the injury observed as due to anything other than purasitism
with N, ransoms,  The symptoms observed are similar to those noted
by European investigators in pigs infested with Strongyloides.

SUGGESTIONS FOR THE CONTROL OF THE PARASITE

The following suggestions for the control of Strongyloides ransoms
are based on experimental data presented in this bulfetin.

The McLean swine sanitation system developed by workers in the
Bureau of Animal Industry and described by Ruffensperger and
Connelly (20) should be used. Owing to the apidity with which
infective larvae develop directly from the egus of 5. ransomd outside
the host under favorable conditions, it is essential to teep the
farrowing house dry and to remove all litter daily.

In order to take advantuge of the destructive offects of drying
and sunlight upon the infective lurvae, farrowing houses. feading
pens, and watering troughs should be Jocated on well-drained, un-
shaded areas of soil free from vegetation or debris which might




98 TECHNICAT, BULLETIN 437, U.S. DEPT. OF AGRICULTURE

provide shade or moisture. The lot selected should not have been
occupied by swine during the previous 8 months. In sddition, to
prevent infection with other parasites the lot selected should have
had a crop grown on it since its previous occupation by swine, as
recommended by Ransom (27) under the swine sanitation system
for the control of ascarids, and by Spindler (26) for the control of
kitlney worms.

" Since the life span of infective S. ransoms larvae under laboratory
conditions is brief. and presumably would be brief even under fa-
vorable natural conditions, and since the larvae are readily lalled
by subfreezing temperatures, the precautions necessary in tﬁe selec-
tion of a clean pasture to which pigs may be hauled should be
governed in part by these considerations.

SUMMARY AND CONCLUSIONS

Two molts take place in the course of the development from the
egas of the parasitic or free-living females to the infective strongly-
iform larvae of Strongyloides ransond.

Four moltg apparently occur in the course of the development from
the egy of the parssitic femals to the free-living adult stage.

The infective larvae can infect percutaneously and by the oral
rotte; in the former case the larvae go throug{l the lungs. The
la.7ae can penetrate the skin of rabbits and guinea pigs as well as
that of swine. In rabbits the worms have been reared to fertile
maturity.

Only one molt has been observed to occur in the course of the
development of 8. #ansemd in its normal host and in an experimental
host. This molt takes place in the intestine about 6 days after
infection.

The development of infective larvae was prevented by exposure of
cultures for 46 hours to temperatures from —4° to —8° C.; virtuallty
all infective larvae were killed by un exposure of 40 hours at these
temperatures.

Infective larvae are attracted to a somrce of moderate heat, they
avoid strong artificial light, and they are attracted by diffuse duy-
Heht, Dirvect sunlight killed the larvae at nonlethal temperatares
in from 45 to 60 minutes.

Air drying for from 3 to 5 minutes at room temperature is fatal to
many larvae; an exposure of from 9 to 10 minutes destroys all larvae.

A1-prreent solution of copper sulphate or phenol and an ordinary
dilute cresol disinfectant were each destructive to the larvae. Of
these, cresol was the most potent and destructive.

Lack of air renders the larvae inactive; activity is rencwed by some
larvre upon readmission of air within a suitable time.

The larvae migrate actively and may reach situations where,
owing to lack of moisture, they perish.

Skin lesions have been observed following the penetration of the
larvae into experimental hosts; diarrhea, anemia, and general lassi-
tude are symptoms which may accompany intestinal infestation with
8. ransoms,

Measures suggested for the control of S. ransomd infestation in
pigs include thorough sanitation and the selection of a dry. unshaded
area as a permanent lot.
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