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INTRODUC'fION 

In view of the fact that several observers, notably Perroncito 
(19),~ Reisinger (f3f3) , and Marotel (16), have shown, on the basis of 
clinical studies, that Stl'ong!lloide.'{ is pathogenic for pigs, the writer 
undertook a study of the life cycle and behayior of the infective 
larvae of S. 1'ansond, 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 (25) have already briefly described some of l.he essen­
tial features in the preparasitic life history of S. ra11.somi. How­
ever, these writers were primarily concerned in establishing the 
validity of S. .ramsomi as a new species, und their observations 

1 Italic numbers In parentbeses refer to Literature Cited, p. 29. 
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on the life cycle were only incidental to the main thesis of their 
paper. In the course of the writer's study, numerous additional 
details con--:erning the preparasitic development. of S. mn.solni and 
many facts relating to the development of the' parasite in its host 
have been brought to light which~ together with the data already 
supplied by Schwartz and Alicata, make possible the presentatjoll 
of a virtmilly complete account of the life history of this 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 follow.;;: (1) The intermediate stages m the heteroge­
neous preparasitic development of Bh'ongyloides m.1I807ni were 
studied in feces and charcoal cultures and ~n water cnltures to which 
helminthologically sterile fecal extract waS add~'d at the time the 
larvae issued froll1 the eggs; (2) the effects of various envirornnental 
conditions on the survival of infective larvae were determined; 
(3) Lh~ reactions of the infective larvae to stimuli and cn,-ironment 
were observed; (4) the modes of infection were established experi­
mentally; and (5) the deyelopment 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 reces passed by pigs which harbored no parasites 
other than S. mn.somi. All cultures 'were incubated at rooUl tem­
perature (200 to 240 C.). With two exceptions, the pigs used for 
oral and skin-infection experiments were raised parasite free. All 
experimental animals were kept in individual cages under concli­
Hons of strict sanitation designed to l)revent extraneous infection 
or reinfection with 8. mnsO'71d or other 'worm parasites. A ther­
mostatically controlled electric refrigerator was llsed for experi­
ments involving low temperatures. The Baermann isolation 
apparatus was routinely used for the purpose or 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 STRONGYLOIDES RANSOMI 

MODES OF DEVELOPMENT 

Schwartz and Alicata have shown that both the direct :md indirect 
modes of development occur in the life cycle of 8troilgyloidcN ?'al/­

8om,i, as they do in the life cycle of other species of the gf;'nu::; Stl'on­
gylnides. Sanc1grounc1 (:24), who studied t.he quantitatl Y(\ I'f'lntion­
&hip between direct and indirect development in species of StI'O'II­
gyloide8 from different hosts, showed this relationship to be subject to 
constant changes. The writer has observed that cultures consisting 
or a mixture of animal churcoal und :feces from young pigs harborin<T 
S. 1'a71,sorni often showed predominantly direct development early i~ 
the history of an. infestation and later, as the infestation waned, 
usually showed mainly indirect development. Both modes cd' devel­
opment usually occur in a single fecal culture. However, records of 



3 DEVELOPMENT AND BEHAVIOR OF STRONGYLOIDES RANSOl\U 

two cultures, prepared from the feces of two infested pigs, indicate 
that only unisexual adults of S. mnsomi were present about 48 hours 
after the cultures had been prepared. Schwartz and Alicata found 
that the number of mdes present in 48-hour cultures was small com­
pared with the llUmber of females. The writer has found this to be 
the usual OCCUl'l'ellCe 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 fec-es con­
taining eggs of S. mnsoud may exhibit practically every possible 
relationship between the tW(} modes of development and that the pro­
portion of males to females, when indirfet development occurs, is 
variable. 

ro.3VELOPMENT OF INFECTIVE LARVAE FROM EGGS OF THE PARASITIC FEMALE 

EGGS 

Schwartz and Alicata have described the size and morphology of 
eggs of Sf7·on..q,1l1oicles 1'a1u/(I]ni 'which are passed in the feces of 
infested pigs. They state that the eggs are from 45p. to 55p. long and 
from 26,! to 35p. ,,·ide.Occasionally, eggs slightly longer or wider 
than indicated above haw been founel by the writer. The eggs are 
embryonated when ovipositeel. 

'1.'he time required for lalTne to hatch from the eggs eliminated 
,,-ith the feces of infested pigs is Ynriable. Young lanae were fOlmel 
in the wnter used to flnsh Hie 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 fro111 12 to 18 bours at room temperature
(200 to 240 C.). 

FlnST-STAGE LAR\·_.\~; 

Newly hatched" rhabditiform " larvae are from 220p. to 240p. long. 
•Just after hatching most larvae show a separation of the cuticle 
at the anterior elld, 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, 230ft; width 
in region of esophagea.l bulb, 18p.; length of pharynx, 5.5p.; dis~ance 
from nelTe rhlg to anterior end, 55ft; length of esophagus, 69p.; 
length of genital primordium, 10.5ft; length of tail, 39p.. In first-stage 
larme, a short region of the esophagus immediately posterior to the 
pharynx or mouth eavity differs in structure from the remainder of 
the corpus. The genital primordium, which appears to contain 
t,yO small circular germinal cells. is slightly anterior or the mid­
point between the allus and the JUIlction of the esophagus and intes­
tine. It remains small throughout the first stage, retains its charac­
teristic o\"al shape. amI at the time of the first molt is from lOp. to 
Hip. long. 

As the first-stage lalTae grow, their morphology is not perceptibly 
modifie<l. InC'reasing 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, C). Usually complet-e separation of the cuticle 
occurs when the larvae are from 275p. to 325p.long (fig, 1, D), 
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FIGURE l.-Varlous stages in the development of strongyHform larvae of StronU!lloides 
ranso1lli (direct cycle) : .4, First-stage larva (newly hatched) ; B, anterior end of first­
stage larva; a, posterior end of tlrst.-stuge larva; D, lurva in first ecdysis; E, posterior
end of second-stuge lurvu, showing early pbnse of second ecdysis; 1<', posterior end of 
Becond-stage larva, showing buds at tip of toll; G and H, anterior ends of second­
stage larvae; 1, lan-a. In late phase of second ecdysis. 
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The first molt occurs from 12 to 18 hours after the larvae hatch.The casting of the sheath was observed in a larvae only 290p. long,but as a· rule, larvae about 325p. long have not yet molted. At thetime the cuticle is east, the larvae again show evidence in the hea.dregion of the r.ppr()uch of another molt. 

SECOND-STAGE I_ARVAE 

Immediately follow'ing the first molt, second-stage larvae are notdistinguishable from first-stage larvae by any definite structural dif­ferences except for the absence of appreciable separation of thecuticle in the former. However, in 36-hour cultures, larvae werefound undergoing transition to the so-called "filariform ", moreproperly, strongyliform, state. 'rhe writer's observations on themorphological changes during the second ecdysis, by virtue ofwhich the larvae assume the st.rongyliform characteristics, are essen­t.ially similar to those of LellCkal't (193) on larvne of Strongyloides8te}'col'Cllis.
1Vhen the larvae have reached n· length of from 375p. to 400p., thetail has inel'easecl considerably ill length and fineness, and the secondcuticle has already become separated to some extent from the bodyin the head and tail regions. A larya 420p. long exhibited the firsttransitional step in the process of the fOlmation of t!-'e tail charac­teristic of third-stage or strongyliform larvae. A shorter, blunt,slightly oblique tail is fonned through the separation and disintegra­tion of the fine filamentous tip (fig. 1, E). Subsequently two verysmall lateral o\-al processes or buds appeal' at the tip of this newlyformed tail (fig. 1, F); later these fuse completely with the basictail process to form the characteristic notched tail. Sandground'sobservation (93.3) based on a study of the deyelopment of severalspel'ies of Strongyloides, to the effect that" * * * the notch inthe tnil is formed by the ruptUl'e of the tail at the time that thefilariform lai'\"ae emerged from the old eaticula * * *" has notbeen ('onfirmed by the writer,
Ordinarily the esophagus begins to lengthen and lose its" rhabditi­for111 " character before the changes in the morphology of the tip ofthe tail are completed. Some larvae in which the tail is alreadynotched stjU retain the esophageal valve and show no conspicuous in­crease in the length of the esophagus. However, before the secondmolt is cOlllpletpd, the esophagus attains a completely strongyliformstructure, Complicated changes appeal' in the structure of the buccaleavity and heart These changes result in the loss of the mouth­e!Lvity charnct.eristic of first-stage and early second-stage larvae.The head strllcture of larvae which ~were uudergoing the transition~ to the st!'ongylifol'llI stage is illustrated in figure 1, G and H. Dur­ing the secolid stnge the genital primordium is llOt noticeably modi­fied in structure except for a more pronounced slenc1ernes's; it isfrom lOp. to 17p. long when the transitional ehanges described aboyeare completed. .

The. size attained by the larvae during the second stage is variableand depends to some 'degree on environmental conditions during theperiod of feeding and growth. Ordinarily larvae from 450,.,. to 550p.long have completed their development to the strongylifol'lll stage, 
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and the second molt (fig. 1, I) occurs in the manner uSlU~l aJllong 
larval nematodes. In charcoal and feces cultures. the lund used 
throughout this inves6gation for the most part. the second molt may 
occur at room remperature in less than 48 hours after the prepara­
tion of the culturei:i. 

THIRD-STAGE OIt IXFECTIVE STROXGYLIFOIt;\f LAJ(VAE 

Schwartz and Alicatn haye given a description find fip:tlre of the 
strongyliform larva of St1'ongylolil(Js 1'ansomi, and it is unneces­
sary, therefore, to redescribe this stage. In '(he '\Titer's exp(']'i('nce, 
larvae obtained from eggs cultured in water, a proeedure which was 
occasionally followed. tend to be smaller than those ,,~hieh c1e\'e1ol! 
in feces and charcoal cultures. From both sources. stl'ongvlifol'JIl 
larvae less than 500p. long have been frequently obtained. Tlle geni­
tal prinYlra.ium of third-stage larvae varies frolll lOp. to 17p. in 
len~rth, usually from 12p. to 14p.. 

DEVELOPMENT OF FREE-LIVING UNISEXUAL ADULTS FROM EGGS OF 'rHE· 

PARASITIC FEMALE 


FIRST-STAGE LAR\'_-\E 

The time reql1iredfor the larvae to hateh from the eggs at room 
t('mperature has been given previously . Newly hatched lanae of 
this cycle are from 230p. to 250p. long and are distinguishable from 
first-stage lal'Yae of the direct cycle, alr('ady described, only by 
the fact that the former possess a larger genital primordium. 
within which, partiCUlarly as g-rowth proceeds. severnl rOlll1(l~·d cells 
are yisible (fig-. 2~ A). In foul' young first-stng-e lal'Yae 230j.l. 24;,)p., 
250p., and 265p.long. the ge!lital primordium was 17p.. 15.5p.. 20p.. tllHl 
23p. long. respectively. A newly hatched lalTa showed the following 
typical size relationships: Length, 255p.; ,vidth In reg-ion of esopha­
geal bulb. l6p.;. distance from ner\"(' ring to anterior e]1(l, ;'50p.; hmgth 
of esophagus, 75j.l; length of genital primordium. 1D.5p.; length of 
tail, 50p.. 

The larvae show ('vidence of the. impencling first molt iml11ccliat('ly 
nfter hatching, when it is already possible to disc-ern the f;('parntion 
of the cuticle from the body of the lan'a in the h(>ad region. The 
separation of the cutiele prog-resses as the lal'\"ae g-row. and is next 
observed In the tail region. ,Yhen the larvae have attained a leng-th 
of frol11 300p. to 350p.. the separation of the cuticle is usually com­
plete and the g-enital primordium. which has beeome il'l'e~ular1y 
elong-ate oval in outline, has reached n, len/:,rth of from 21p.' to 2Gp. 
(fig. 2. B). 

First-stage lan'a(' wI're obs(>l'\'ed in th(' aet of ellsting the first cuti- ~ 
de when they w{'re from 300p. to 350p. long. It ,,'as 1I0t('d. hO\\"('Yl'r, 
that some larvae slightly n~ore than 350p. long- had not yet cnst thei r 
shpaths. although the ellbcle was completely sppal'nted from the 
b()(ly. The first molt occurs about 10 hours after the larnte hatch. 

SECOXD,ST.\GE LAUVAE 

Since the molting and llevelopment of an inc1iyidual larva ,,'('re 
not followed in sequence from the first stage to the free-Ih'ing adult 
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fourth ecdysis; 0, posl!'rior !'lId of 1Il1l1!' 1lll'I'U in fOil rt II ('cd,I'sls; .II, UII terior ellu ot 
nJlII!, 1111'\'11 In fourth f'ctlysl~; J, ('lilah' Jllrl'll 1I11(1('l'l,;olul; fourth molt; J, mule IlIrvu 
undergoing (ourlh lUolt; K, llnterior 'mu of uuult femule. 
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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 degree of development of the 
crenital primordium are concerned. A final molt occurs when the 
farme have attained sexual characters, following which they become 
adults. 

Lal'Vlw which have been tentatively det.ermined as of the second 
stage showed the following size relationshipq: Length, 300p. to 450p.; 
width of body in region of esophageal bulb, 20p. to 25p.; length of 
esophagus, 75p. to 106p.; length of genital primordium, 25p. to 70p.; 
length of tail, 60ft to/8ft. Except for the continued growth and 
elongation of the genital pri.mordium and the mUltiplication of the 
cells within it, the morphology is not lloticeably modified during this 
stage. Larvae about 375p. long usually afford very slight evidence 
of the separation of the newly formed cuticle from the body; larvae 
from 400p. to 450p. long usually Bhow complete separation of the 
cuticle. Larvae. from 415ft to 435ft long were found which had 
already molted and to which the cast-off sheath still adhered in the 
tail region (fig. 2, 0). The. second llloit occurs from 22 to 24 homs 
aftei: the larvae hatch. 

THllUl-STAGEl r,AltVAF. 

The only morJ!hological changes which occur as further growth 
proceeds are confined to the genital primordium. 

So far as was determined, larvae which have been refel'l'ed to the 
third stage did not show sex differentiation. Apparently the genital 
primordium of larvae which later transform. into males develops 
less rapidly than thut of individuals which later become fenulles. 
Larvae reterred to this stage showed the fOllowing size relation­
ships: Length, 42011 to 550p.; width of bocIy in region of esophageal 
bulb, 25p. to 31/.1.; distance from nerve ring to nnterior end, 70p. to 
90p.; length of esophagus, 92p. to 110p.; length of genital primordium, 
60p. to 160p.; length of tail, 'lOp. to SOp.. Larvae from 480p. to 
MOp. long which had already molted were found. The cast-off cuticle 
still adhered to the bodies of these larvae (fig. 2, D), and the genital 
primordium had reached u length of from 60p. to 150p.. 

FOtrRTH-STAGEl I:.ARVAE 

During fhe fourth, or final, stage of their development the larvae 
assume the morphology of the adults of the two sexes. A larva in 
lin early phase of the final stage is illustrated in figure 2, E. The 
genital primordium has become sli~htly reflected anteriorly and 
posteriorly. As will be noted in the figure, the strueture of the head 
simulates the condition found in adults. The smallest specimen in 
which the formation of the musculature of the vngil1l1 and the slit 
of the vulva was indicated was 500p. long. The formation of the 
vulva and growth of the ovaries and uterus, as well as the formation 
of the testis and spiCUlar apparatus of the !nale, 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 be 
distinctly seen in the vulvar region of female larvae from 600}L to 
'lOOp. long. Female larvae'i50p. long usually show more or less COffi­
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plete sepa,ration of the cuticle (fig. 2, F). The anterior and l?OS­
terior extremities of a male larva enveloped in its sheath, Just 
preceding the final molt, are illustrated in figure 2, G and H. 

Female larvae from 'i50p. to 8'i5p. long were observed in the act of 
casting the fourth-stage cuticle (fig. 2, I). At this stage the uterus 
does not contain eggs. The ovaries appear to be completely formed. 
Male larvae about 750p.long were se~m casting the sheath of the final 
molt. The spicular apparatus is completely formed at this time 
(fig. 2: J). 

AJ)ULT MALES AND FEMALES 

Adults were found in cultures maintained at room temperature 
after incubation for from 36 to 48 hours. A description of the 
adults is unnecessary, since Schwartz and AHcata have described 
and figured both sexes. Figure 2, J( illustrates the structure of the 
anterior end of a female in more detail than is shown in the figures 
of these authors. Schwartz am) Alicata state that the spicules or 
" rhabditiform " males of S_ mns01ni are from 26p. to 29p.long. These 
authors measured the length of the spicules in a straight lme 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 36p., 37.5p., 39.5p., 3'i.5p., 36p., and 35p.
long, respectively. 

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

EGGS 

Fully formed eggs, measured while still in the uterus of f"ee­
living females. were from 39p. to 50p. long and from 27p. to 32p. 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 libe!'Uted 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-STAGE l.ARYAE 

The first-stage larvae (fig_ 3~ A) are morphologically similar to 
those of the direct cycle or development. The separation of the cuti­
cle (fig. 3, Band 0) also progresses as waH described in the case of 
first-stage larvae of this cycle of development. No noticeable morpho­
logical changes precede the first molt. The genital primordium re­
mains small and is from lOp. to 12.5p. long when the first molt occurs. 
As long as 48 hours may be required for the larvae to molt in water, 
particularly when food is not abundant. Larvae from 310p. to MOp. 
long which had already molted were noted. The cast-off cuticle still 
adhered to these larvae (fig. 3, D). 

SEOOND-STAGEl LARVAE 

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

73554°-34-2 
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FIGURE 3,-Yarlous stages In thc de¥clopment of strongyllform lar¥ae of StrolloyloidcR

ransomi (Indirect cyCle): A, Flr~t-8tnj(e Inn'a (newl~; hntched) i B, posterior enel of 
first-stage Inn'a during enrly IIrst ecdyslH; V, nnterlor end of flrst-stnge IlIr\'u: D,
second-stnge Inrvn Immediately (ollowlng first molt; 11, posterior end of Becond-~tagl'
larva showing disintegration of til) ot tnl1; F, posterior end of u more advanced 
sccond-stng!! Inrva; G, anterior end of second-BUlge larvn during second ecdysis i II,
Btrongylltorm larva undergoing second molt, 
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transition (fig. 3, E, P, and G). When the complete strongyliform 
morphology has been attained, the second molt occurs. In water 
culture the larvae tend to be somewhat dwarfed in size. A larva 
only 460p. long was observed in the act of shedding the skin in this 
medium (fig. 3, H). 

THIIU>-ST.\GE OR INFI!lCTIVE l:.A&YAE 

The strongy1iform larvae of the indirect cycle of development are 
morphologically indistinguishable from those which develop directly 
from the eggs of the parnsitic female. Incubation of feces cultures 
at room temperature for from 6 to 8 days is ordinarily necessary 
before all the larvae of the indirect cycle of development attain the 
infective state. Infective larvae obtained from the eggs of free­
living females cultured in wuter 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 Sb'ong1jloide8 
to penetrate' the skin of normal and other hosts has been repeatedly 
demonstrated aNI is so well known to parasitologists that a review 
of the extensive literature on this subject is unnecessary. That 
infection may occnr by the oral route is also well known. Fiille­
born (9), however, has reported that when larvae of S. 8tel'co'l'ali8 
are administered to dogs by month the vast majority of the larvae 
aye ki1Jcd by the digestive juices, and that infection' occurs only by 
Ylrtue of the fact that a. few of the larvae bore into the stomach wall, 
pass to the lungs by way of the portnl system, and return by way of 
the trn.chea. and esophagus to the intestine where they develop to 
maturity. Monnig (1'7) has reported, on the other hand, that sheep 
normally become infected with S. 1}(lpilloSU8 by the oral route and 
that infective larvae of this species are rather poor skin penetrators. 
Monnig states also that larvae administered by mouth apparently 
do not migrate to the lungs. Because of the wide difference of 
opinion which exists as to the facility with which St1'ongyloide8 
larvae of dilferent species penetrate the skin or establish themselves 
in the intestine followillg' ingestion, it seemed appropriate to investi­
crate the facts "with reference to S. 1,(U7,solni. In view of the facts 
bronght to light also by Looss (lJ) and FiilIeborn (2) concerning the 
migration of 8troll.f/yloides larvae following percutaneolls infection, 
the lungs of all eXI)erimental animals so infected were examined. 

PENETRATION 010' SKIN 

In nccordance with the t.<'chnic des('ribed by Goodey (7), the 
rrel'hly excised skin of a 3-day-old rat was stretched, hair upward, 
on It circular cork ring floated in a. small glass dish containing 
physiologic saline Holution warmed to a tell1pel'Uture of 37° C., and 
maintained at this temperature in the incubator. A drop of water 
('ontaining 400 infective larvae was placed on the rnt skin. The 
water e\'aporated C'oll1pletely in 15 minutes; 1 hour thereafter the salt 
solution was remowd, ('entr'ifuged, and examined. Three larvae were 
found in it. Sections cd the skin prepared in the usual manner were 
microscopically examinell 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 honl' later the salt solution 
was examined and 5 larvae were found in it. The area 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 
alcohol-phenol mixture. Microscoric examination showed numerous 
larvae lying in a horizontal posItion on the snrface of the skin. 
but none appeared to have penetrated. The dermal layer was stained 
and sectioned i examination failed to rHeal the presence of larvae 
in this layer. 

Thus less than 1 percent of the larnle placed on r~lt skin in 
these two experiments were subsequently found in t!le, salt solution, 
and none were found in the skin sections examined I1ticroscopically. 

Infective larvae suspended in It few drops of water were applied 
to the skin of 5 pigs, 1 rabbit, and 2 guinea pigs. After the water 
had evaporated from the skin, a perIod of drying, which ranged 
from 10 to 180 minutes, was allowed. rsually the skin area was 
then washed withwat~r or soap and water and was "'iped ofr w'ith 
absorbent cotton. In most cases ,O-percent alcohol ,,·tt;; also used to 
wash the skin. After the skin area had bel'Il washed, a further period 
of drying was allowed before the animal was returned to its cage. 
ContI'ol animals were not used. since fecal examinations or post­
mortem findinl,!s were deemed adequate proof. under the conditions 
of the experiments, as to the occurrence or nonoeCUl'renee of pene­
tration. In the case of the pigs. the preliminary fer'al f>xlullination::i 
were made by a modification of the Lane technic. Following is an 
account of the experiments involving the rabbit and the guinea pigs: 

Since natural infestations 'with Strong/llo'ides do not O(,(,lU' in 
laboratoty-raised rabbitl', a prelil!linary exumination of the feces of 
rabbit 2 was omitted. On May 4, 6, and 10. respectively, a few drops 
of water, in which a yery large number of infective lalTae of S. ran" 
80mi were suspended, were placed on separate shaved areas of the 
skin of this animal. On l\Iuv 13 the rabbit was killed. The con­
tents of the small intestine were flushed out with warm water, and 
several adults and numerous larvae of S. 1'(lIlBOrni were recovered, 
The larvae ranged from 525/L to 2.5 mill ill len:..Y/:h. The lungs were 
cut up and placed in the Baermann apparatus. Twenty strongyliform 
larvae of S. 1'(lIlSOmi were reeovered from these organs in this way. 

A large number of larvae suspended in a small quantity of 'water 
were placed Ull a shaved area of the skin of I,!uinea pig 1 on April 
29. The animal was killed on May 1, and this area of skin was 
excised and examined. Several living larvae wel'e found in the skin 
and subcutaneous tissue. In a similar manner. large numbers of 
infective larvae were applied to the skin of guinea pia 2 on l\Iav 
3 and 5. The animal was killed on May 8, and se,'eral livina larn;e 
'were found in the ,skin and subcutaneous tissue whieh watexcised 
from the areas where lUl'Yae had been applied. Xo larvae were 
recovered from the lungs or small intestine of either of these two 
guinea pigs. 
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TABLE I.-Results of skin-penetration experiments with Strongyloides ransomi larvae on 5 pigs 

Dale oCDateoC Ante-mortem
Results oC J;lreliminary Cecal applica- evidence oC in- first 

Pig no. Age examinations by modiflca- tionoC Larvae Cection (micro- a;Jpear­
appliedtion or Lane technic larvae to ance oCscopic examina­ eggs inskin tion oC Ceces) 

Ceces -
2-A_____ Weel:s Num~tr

20 Few Sironguloides eggs pres­
ent. 

Nov. 11 14,000 Increase in egg (I)
Dec. 9 18, 500 count. 
Dec. 22 5,000

3_______ Dec. 30 8,5008 Negative to repeated cxllmi- Jan. 25 3,000 Eggs found , ___ Feb. 2nations. Mar_ i 25,000
4_______ _____ do ______________________ Mar. 11 38,00010 _____ do.'________Mar. 18 16, 000 Mar. 26

Mar. 20 26,000
Mar. 22 28,000
Mar. 24 19,000
Mar. 25 17,000

5_______ _____do______________________ Mar. 26 10,000
6_______ 10 _____do.'________ _____do ______________________ Mar. 18 16,000 Mar. 2615 None s _________Apr. 24 11,500

Apr. 25 20,000
Apr. 26 34,000
Apr. 27 24,000 

1 Undetermined. 

I Feces examine:! by the salt flotation method. 

• Feces examined by a modification oC the Lane technic. 

• This animal was not killed during the Clperiment. See data in table 2. 

I This pig was killed on the fourth day follOwing the first application of larvae to the skin. 


Results oC post-mortem examination or-DateoC 

post­ ! 

mortem t" 
examin~-

tion Small inIP.stine Lungs g
; 
!<!'l 
8.Jan. 3 Several mature and immature adults; Nolarvne. 

several strongyliform larvae 5001' to l>
6OOl'long. 2f 

t::IMar. 14 Several adults; numerous larvae 5501' to Several strongyliform larvae. 
2.5mmlong. b:l 

i 
~ 

Mar. 27 . No adults Cound, but nuroerous eggs Several strongyliform larvae; 
pre~nt; several larvae 5001' to 2.5 mm 1 Crom trachea.
long. 

oApr. 
(I) 

28 -N(j-aduits-oriarvii,i::::::::::::::::::::: -istroniYiilormiarva:------­ b;j 

m·I ta o 
!<!'l o 
~ 
t" 

~ 
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~ 
~ 
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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. 

LARVAE PLACED ON THE SKIN 
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FIGURE 4.-Egg counts obtained on samples of feces from pig 2-A exposed to infec­
tIon, as jndicated. during the period October 26 to December SO. 

The data given show that infective larvae of S. 1'mnsomi were 
capable of penetrating the skin of pigs and a rabbit, and that intes­
tinal infestations resulted from the percutaneous en.try 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 guinea pig 
2, 5 days after the first infection. 

INFECTION BY URAL ROUTE 

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

Rabbit 1, a laboratory~raised animal, was given large oral doses of 
infective larvae of St1'01l{fyl,oide8 1'ans07ni on April 27 and 29. On 
post-mortem examination May 3, the sixth day following the first 
administration of larvae, the anilllal was found to harbor adult and 
larval S, 'l'W180mi in its small intestine, The lungs were finely cut 
up with a scissors. Examination by means of the Baermannappa­
ratus did not reveal the presence of larvae. 

The experiments involvinO' the pigs are summarized in table 2. 
Pig 5 is the same animal whi<ili was subjected to a single percutaneous 



TA.BLE 2.-RcslIlts of a (II:! inistcrillO Stl·0110ylo;dc.~ ra.llsom;. larvae orallii to 1);OS 

Date oC Results of post-mortem examInation oC,-
Results .0C prelimi­ adminis­ Date oC 

PIg no: Age trations Llln'ae Ante-mortem e\'idence oC Infec­ Date oC 1----------.---- ­ I 
nary fecs.1 exami­ first ap­ post­
nations by Lane oC inCec- Ced tion (micropscollic examina­ pearance mortem ~ 
technic or egg connt th'e tion of feces) of eggs in examioB· ~ SmaJllnte.~t1ne I~ungs t;;flan-ae feces tlon 

!2l 
8 

1-..1._______________ _ "YumberlI'eek3
22 ! No eggs______________ .! Dec.2L :>5,000 None; egg ~mnt remained .ero __ !___ ~ __ •__ _' Jan. 22 __' 1 adult_.__ ._._____________ ••! No larvae found. 

Jan.5 __ _ 11,000 !2l 
Jan.9__ _ t:13,400
Jan. Ii__ 0,000 b:IJan. 10 __ if 700 t;;f 

I-B._____ ..•_.•.. __ 1,0005, _____do_________________ 1~~~~~~:= Pi2-B_._____ •_______ • o5 _____do_________________ l\Iar.15_ None '- ---------____________________ ' :Mar.22_ 1(I) -------,-------...--------- _Eggs Cound , ________________ __________ (1) ____________________________________------------3-B._____ •________ • 2,000 
5______ ....... ____ _ 5,000

5 •____do_____ •__ • ____ •• __ •. _do____ _ _____ do.'_________________________ Mar.21_ Apr. 11._ 12 adults___ .. _______________ , (0).13 •____do_••__ •___________ Apr. 6. __ 23,000 •____do.'_________________________ Apr. 13__ Apr.30__ More than 250 adults________ (0). ~ 
1 Anlmnl not killed. 

2 This anImal was a control; consequently, no larvae were administered. ~ 

3 Feces examined by the salt flotatIOn method. 
• Not examIned. ~ 
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infection. Although the feces of this pig were positive for eggs of 
S. rans01ni on the eighth day following infection by the percutaneous 
route, subsequent examinations failed to reveal the presence of eggs 
in the feces. Pig I-A had been given by mouth 5,600 larvae of S. 
paplllos1ts 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 
eggs being found. However, the failure of S. 'l!.apillos1t8 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 0:1: S. rans07ni. 

The data given .tnc1icatP. that the four pigs to which larvae were fed 
and the rabbit acquired infestation following the administration by 
the oral route of infe!;Live larvae of S. mnsorll!i, as indicated by the 
appearance of eggs 111 the feces or by the post-mortem finding of 
adults of this species. Eggs appeared in the feces of pigs 3-B and 
2-B on the sixth and seventh days, respectively, follvwin~ the feed­
ing of larvae. Pig 1-A was almost entirely resistant to mfestation. 
Eggs appeared in the feces of pig 5 on the seventh day after infec­
tion. The feces of tll(' control pig 1-B were repeatedly examined 
and remained negativo for helminth eggs. 

DEVELOPMENT OF STRONGYLOIDES RANSOMI IN NORMAL AND 
OTHER HOSTS 

IN LUNGS AND SKIN 

Larvae were recovered from the lungs of pigs 3, 4, and 6 and 
rabbit 2. The dates of percutaneous administrations of larvae to 
these animals and the elates of the respecti,-e necropsies have been 
previously given. The larvae from the lungs were morphologically 
similar to mfective third-stage larvae except for slightly greater 
thickness, greater length and width of the genital priinordium, 
slightly more pronounced striation of the cuticle, and the greater 
prominence of the nerve ring anel its associated structures (fig. 5, A). 
Measurements obtained fl'0111 2 larvae fr01l1 the .lungs andl from the 
trachea of pig 4 appear in table 3. The tails of all larvae obi .::1ecl 
from the lungs were notched as in preparnsitic third-stage lar ~'de. 
None of the larvae from the lungs of the pigs or rabbit were under­
going a molt or showed any evidence of the approach of a molt. 

TABLE 3.-Pdllcipal nU',{lsurelllenfs (-in l.'Iicroll.~) of rl.'[lrcsl.'ntatirc llarasitic 
ll/rva.e ot Stroll{!yloides ra".~oml towld. ill, [ligs and· a !'alJlrit 

I'igs 

Rabbit 
Measurement Tra· intestine 

Lungs (2 chea (2Iarvse)Intestine (4 IIln-ne)larvae) (I 
larva) 

Length__._._______ ••• _________ ••••_•• _. _. __ ••• Wi &10 I 555 470 ,';551 483 sao 725 2.600 
Width in region of esopha~us••••-- •• -., .... - •• 20 22 I 26 21 25 18 24 22 48 
Distnnce from nerve ring to anterior end "_"'/ 120 89 91 63 80 93 80 112 247 
Length of esophagus_.___•___•••••••••••• _"'0' 290 2.10 200 Zi7 275 '272 Zi5 34,'; 648 
Length of genital primordium •••••••••_•••••.• 19 17 ~'O 14 28 J7 15 4:1 
Length of tnll.. •••••_••••__••__................ flO -0/. n')• I 58 Ii6 fJ6 63 73 70


1 
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Some of the larvae removed from the skin and subcutaneous tissueof guinea pig 2', 5 days after the animal was subjected to a per­cutaneous infection, had become slightly modified in morphology ascompared with free-living infective third-stage larvae. The genitalprimordium had increased in size,particularly in width, and thelarvae resembled those found in the lungs of pigs. None of thelarvae from the skin of this guinea pig, removed 3 and 5 days,respectively, after .2 infections, nor from the s1."in of guinea pig 1,2 days after infection, were undergoing a molt or showed evidence otthe approach of a molt. 

IN SMALL INTESTINE 

The smallest and morphologically least advanced larvae (fig. 5, B)recovered from the small intestines of the above-mentioned pIgS andl'abbit and also .from the intestine of pig 2-A were indistinguish­able from the larvae obtained from the lungs. The tail presentedthe not-ched appearance characteristic of third-stage larvae. Fourof the smallest larvae found in the intestines of percutaneously in­fected pigs showed the size relationships given in table 3. In speci­mens of about this size, the distance from the genital primordium tothe anus was found to be noticeably greater than the distance fromthe primordium to the bulb of the esophagus. About four cells werevisible in the primordium .at this stage. Morphologically similarJarvae were found in the small intestine of rabbit 1: which was giveninfective larvae by mouth 4 .and G days, respectively, previous tonecropsy.
The structure of a somewhat larger lalTU from the intestine ofrabbit 2 indicated that the first ch!lnges which appeal', as growthtakes place, are a further increase in the size of the genital pri­mordium and a multiplication of the number of cells within it.Measurements oLtained frol11 this larva are given in the next to thelast column of table 3. It is noteworthy that the tail of this larvawas still notched at the tip. A slightly larger larva was found inwhich the tail was begillnill~ to undergo the transition ill shape froma notched tip to the rounded tip found in more advanced larval'.Slight separation of the cuticle had occurred at the tip of the tailand the tip of the sheath was definitely notched, the loss of thenotched-tail termination evidently occurring at the very commence­ment of the final ecdysis. .

Numerous larvae from 900J.L to 2.5 mill long were l'l'1l1oYed fromthe intestines of pigs and I'llbbits following either percutaneous ororal .entry of the. larvae. Larvae about 1 mIll long exhibited thebeginning of the. formation of the vuh'l\, find vagina. 'l'he genitalprimordium was seen, in laieral view, to ]UH'C extended both poste­riorly and anteriorly from the primordium of the vulva; and wasalso visible anteriorly in a position dorsal to the intestine \fig. 5, 0).The formation of the. Yldnt is well indicated before the. ovaries arerecognizable as such. LalTae about 1.5 1111ll long showed the reflec­tion of the primordium anteriorly ancl posteriorly (fig. 5, 1)). Allla,rvae fulling within the size range mentioned above exhibited aprogressive separation of tho cuticle from the body. Espceiul 
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FIGURE) 5.-Varlous stn!,:cs lu th€' parasitic de,,€'lopmcnt of StrQIIlIyl<lid('8 nl7l8omi: A, 
Strongyllform larvn from lun~s of a pi!': about :: ,lays after pcr('utllneou8 Inf'~ction j B, 
larva troIn small Intestine of pig about -I duys nft,-r percutaneous infection; a, larva 
from jnt€'~tjne of pig during early fiulll ecdysis; D \'ul\'ar region of more advanced 
larva frolll Intesl ine of pig; }) to() I, po~terlor emls of lurvul' during tinal el'dy~is.
showing varlntlon .in shupe of tip of sheuth; J, preadult [email' frolll intestine of 
rabbit (j days aft~r pprcutaneOus Infectlou, uudergolng tinal molt; K, posterior eud 
of cast shellth of finul molt. 
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attention was giyen 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 also unquestion­
ably to normal Y!lriation, the tip was found to be definitely notched 
in many instances. In some cases the tip of the sheath appeared 
to terminate in three IH'ocesses Ol' evaginations, whereas in other 
specimens it tapered to a. rather sharp point. The. variations found 
are illustrated in figure 5, E to I. In all these larvae the shape of 
the tail resembled that of the adult female. 

Larvae "which had attained a length of about 2.5 111m "\Yere found 
to ha"e attuined the morphology of the adult female. Individuals 
of this size were found which were em'C'loped ill the sheath of the 
final molt or to which the cast-oft cuticlel still adhered. A la['''lt 
(fig. 5, ,1) from the intestine of rabbit 1, which waR in the act of 
easting the final cuticle, ha.d the measurements shown in the last 
column of tal.:le 3. Additional measurements of this 1arnl were: 
Distance from yulYa to anterior enel, 1,(lGOp.; distance from vulva 
to posterior end, 938p.; width in region of vulYa, 49p.. The posterior 
tip of the sheath of this specimen was notched, as illuRtrated in 
figure 5, K. 

DISCUSSION OF PREPARASITIC AND PARASITIC DEVELOPMENT O~' 
STRONGYLOIDES RANSOM! 

The writer'):; obseryations. indicating fhat two molts o(,cur in the 
development of strongyliform infectiye 1a1'\'ae from the eggs of 
parasitic or" l'habditiforlll :, females of 8t1'OIlr/y{oides 1Yl"Il801ni, are in 
agreement \\"ith those. of Looss (11,., Hi) ~ \yho, for eel'tain other 
species of 8tl'011.('yloides, including 8. 8tr'i'co·l'aih. reported two molts 
in the. COlU'se of the development of filariform (i.e.. st!'onbryliform) 
1aLTae of the direct and inclireC't cycles. The writer's results are at 
Yaria11ce with the reports of Grassi" and Parona (8), Pel'l'oncito (18), 
Lem,kart (12), Gl'lissi and p..gre (lJ), Golgi and Monti (.5), 
Zinn wn~ I,eichtcllstem (11). Gonder (f1), and Kreis (10), who 
mention only one molt during the cOUl'se of the devl'lopment of 
filariform larnle of 8. 8t('1'('ol'({lis anc1 other species. Four molLs 
have been described by the writC'r in the COurse of the development 
of "l'habc1iti:i'o1'lll " unisexnal adults from the (,lggs of the parasitic 
female of 1'-,'. ·1·ml8o/JI.i. This is in di;mgreenlPnt with the findings of 
LOORS (1:;) a11d other il1\'estigators of the life histol'Y of S. 8f(,I'C()I'aJ.i.~, 
all of whom obsel'Yed only one molt (i.e., the final molt) in the 
de,'eJopment of free-living adults. 

Third-stage hnTae of S. I'([I/NOI//; whieh gain lintI')' to thp body of 
the host, either through the OJ'll1 or pel'cutaneolls rOlltp, hll \'e been 
obselTed to molt once in the intestine of the host anilllal. This molt 
o('('urs about (j days n:fte1' ini,(,c.t:iolJ, when the lalTae huye attained 
the morphology of th(, adult femalt'. As has been mentioned, when 
the larYae first a1'ri,'e in thc intestill(' they <1ifl\'r from free-liying 
infective lan'ae only in minor particulars. and still possess u. notched 
tail. 1I10reowr, the post('rioJ: tip of the sheath of molting larvae in 
progressiye states of de,'elopment is usually also definitely notched. 
TheRe. fuds are a strong indication that the entire development from 
the smallest lal'\'ae found in the intestinc to the adult form occurs 1n 
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connection with but one molt. It cannot, however, be conclud0d with 
certainty that only one molt occurs during the parasitic development 
of S. 1'ansolld, Rince it is possible that following percutaneous 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.lanae remond from beneath the 
skin of a. guin~a pig showed evidence of a molt, despite the fact that 
some of these larvae had undergone morphological udyuncement com­
parable to that attained by larvae during their pas.sage through the 
lungs. In the ease of orallyinfectecl animals 110 evidenee of the 
occurrence of an earlier molt was discovQrecl. 

In this connection, it is of interest that only one molt ill the 
course of the parasitic development of Strongyloides was reported 
by Looss (15) who, on t1le basis of obseITations on the dl'yelopment 
of three. unnamed speeil's, one of wllie11 unqu('stionably was S. 
stel'com7is, states that filariform (i.e., stroP1yliform) larvae cast 
their skins a third time and thereby aRsnnH.' the adult condition. 
FiHleborn (;2), on the other hund, apparently eonsidcrs that two 
molts occur in the developn1C'nt of S. SI('l'(,01'oli8 in dogs, the larvae 
concerned having been remoyed by him hom the traehca of the host. 
Although the occurrence of two molts in the lungs seems rather 
unusual in the development of un intestinal helminth, Fiilleborn's 
discovery that 8. st('l'co'}'((lis can reach sexual maturity in the trachea 
of clogs may explain this finding. It is of further interest that 
FUlleborn (4) fonnd that infective S. 8t('l'col'ali8 larvae maintained 
beneath the skill of rabbits from 6 to Ii days could attain a ::;tructure 
comparable to thnt usually reached in 3 or 4 clays by larvae in the 
trachea, but he presents 110 information as to whether a molt accom­
panied the attainment of this more admnced de\'elopmental stagl'. 

,,\Yhile. with respect to paths of entry and migration within the 
body, it eannot be definitely statpd that strongylifonll larvae of 
8. 1'aJ18oml~ do not migrate t{) the lungs :following entry into the body 
of the 110st by the oral rOl1t(' , the available eviclenee is negative. No 
larvae were found in the lungs of a pig and a rabbit to whieh oral 
infections hnd uC't'1l ,!!iven 2 and 4 days, respe(,tj,'ely, previous to 
autopsy. Significant infestations were "eadily proc1uceLl in pigs and 
rabbits by either the percutaneous or oral route; henec it mu::;t be 
concluded, on the basis of the experiments performed, that both 
modes of infection take place and are of importance in nature. 

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

EFFECT OF COLD ON EGGS 

Freshly prepared cultures from the fec'es of pigs infested with 
8t1'ongyloides 1'aJl.som.i. wel'e sub.iect~d to low temperatures for various 
periods, and the efleets were studied in a number of expcriments. 
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. to permit infective larvae to develop 
from any eggs which might have been able to withstand the expo­
sure. The nmount of moistlll'e in the eultures and the proportion of 
charcoal to feces, when charcoal was employed, were so regulated as 
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to provide optimum conditions for development. In each experi­
ment a contrr.l culture was used. This was prepared in the same 
manner from the same fecal sample as the experimental culture, but 
was kept at room temperature. In all cases the control cult.ures 
yi.,Jded very large numbers of infective larvae when examined aicer 
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. 

TABLE 4.-Effccls of loU) t(,IIl'IlCmtllrC8 on via1Jilif.l of ('!lU8 of Stronuyloides 
1'U1t80mi in type/! of cultures in(licillea 

Tempera- Duration 
Experi­ ture at Duration of subse- lnfectl\'e • a r v a 0 

ment Nature of culture which cul- of ex- Quent found In culturo 
no. ture was posure lfl~~t;.'l- upon examination I 


exposed 200-240 C. 

° C. Ilaur8 PaV8L ______ Feces I and ~harcocL __ ._.__•___..__•_____ -4 to-8 168 9 None.2_. _____ ••___do. i __________.._. _____ ....______._. __ . -4 to-8 46 tl "Do. 
3._ ••• __ .••••do.'••••.•• __ ......._._•• _ ••••• ,_." •• , -4 to -8 27 7 Few.

4.____• __ ._ •• do ......__ •.••__ ._._•••••••••••••••••• -4 to-8 2{ 4 None.
0____••_ Moist feces '._•• _. __ ._. ____ ._•••__ ._._. __ _ Do.-4 to-8 46 G6. ______ . ____do.•____•••• ___ ••• _._ ......._. _________ 
 -4 to-8 23 8 Few.7.______ Feces' and charcoaL.______ ....______._•• 2 to 6 147 5 None.
8...__ ._ .....do.' ••• _. __ ........_.. _.._...... _•••• _. 
 2 to 6 48 7 Several.
0___•___ Moist feces , __._._______••••.•.••____ ••.•• 2 to G 50 fj None. 

I Feces were 24-hour accumulation from 2 infested pigs in outdoor pen ;n December; no prelnfecUve larvae 
present • 

• Feces wete· 24-hour accumUlation from I infeRted pig In animal room at about 24° C'; not examinea for 
prelnfectivo 1St' vaa. 

, l'reshly "olded feces; no preinfective larvao present. 
, Freshly vnided foces; not examined for preiufecth'e larvae. 

The data ginm in table 4 jndicate that t,,·o cultures kept at tem­
peratures from -4° to -8° C. for approximately 24 hours yielded 
few larvae when examined after subsequent incubation of the etll­
hIres for a. suitable time at 1'00111 temperature. In one case no larvae 
were found in a, culture 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 168 
hours. Of two cultures exposed for about 48 hours to temperatures 
slightly above freezing, only one subsequently yielded infective 
larvae. A culture 1{('pt at these temperatures for 147 hours did not 
yield larvae when examined after incubation at room temperature. 
1'he time required to eH'ect equivalent inhibition or the total suppres­
sion of larval development by brief exposures to low temperatures 
was independent of the COll1lJosition of the two types of cultures used. 

EFFECT OF COLD ON INFECTIVE LARVAE 

The effect of low temp('ratul'es on the survival of infective larvae 
was studied uccording to the pro('edure used by Alicata (1) with 
larvae of Obelis,coides cuniculi. Larvae were placed upon moist 
charcoal contained in small stoppered glass vials whjch were placed 
in an elec-tric refrigerator. One group of vials was kept for various 
periods at subfreezing temperatures, whereas a second group was 
kept at temperatlll'es slightly above freezing. After a given ex­
posure, the vials wereperlllitted to remain at room temperature for 
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an hour or l1Iore before examination was made by repeatedly wash­
ing the charcoal with water and removing the wash water to a small 
dish prepared to facilitate the counts of living and dt'acl larvae. 
In this way the vast majority of the larvae placed in the vials were 
recovered. 

Infective larvae of 8f7'ollgylolde8 1'CPllso1lli do not lend themselves 
well to this type of experimentation, since under optimum condi­
tions deaths continually occur, and the larvae do not live in cllltures 
at 1'00111 temperatures Jllllch longer than 3 weeks. Tlms many of the 
larvae placed in similar vials kept at room temperature as controls 
died during the experiments. Six experiments were performer] at 
subfreezing temperatures. A majority of the larvae from the control 
vial for experiment 1 were still alive ufter 190 hour!]; about 40 
percent of the larvae from the control vial :1'01' experilllent 5 weI'(' 
alive after 45 hours; and many of the larvae in the t,,·o control viahi 
for experiment 6 w(,re still alive after 262 hOIl1's. Control vials W('1'(,· 
not prepared for eX)Jpriments 2. 3, anel 4. The ~lata pertaining to tlw 
experiments at subfreezing temperatures arc summarized in tabl(' 5. 

T,~BU~ 5.-Bffcct of ,~flurrcc;:iIlU tCllljJcra/fires all NII/Timl Of 'illf('cfil'C' {arrac of 
Siron.!! !lloi.!ics rli II~O/ll i 

\'Inl
Experiment no. no, 

Examination of tabIt' i:i sho\\'s thut from RR to 100 perc(>nt of tlll' 
larvae reco\'pl'pd frolll. the "ials aft('r ('xposure to tplllperatllrps frol1l 
-4° to -8° C. for periods ranging from (j to 2(j hOllrs \\'ere dpad. 
About 40 hOl1rs' t'X}losur(> to these 1.I'l11pel'lltllres killed all the lar\":1(' 
recovered 1'1'0111 2 preparations, and !)fl.6 perc('nt of tho::(' frolll a 
third I))'('paratioll.

Owing to tllP inconsistent behnyiol' of lan'ae l1Iaintain('cl at 1'00111 

temperatm'(' as <:ontI'015, a <1etnil(>(1 a('('ollnt of the rt'sults of t('sts 
made at temperatures from 2° to (j0 C. is omitted. F,'om 12 to 2+ 
percent of the larvae r('(~o\'erpel frolll \·ja],:; ('xposetl from 64: to 11(j 
hours at this range of temperature sho\\'('<1 (>villent'e of life. A few 
larvae w('re feebly aetive in a preparation exposed to thest' 
temperatures for 185 hours. 

EFFECT OF DIRECT SUNLIGHT ON INFECTIVE LARVAE 

To test the efred of direct sunlight. 7;i0 aeti\'e infective IalTae. 
suspended in water, were placed ina shallow dish out of doors on 
a brownish baelq:~l'ound in such a way that <1ire('1. rays of the snn 
r('ached the laL'\'ae without first passing through glass. Under t1H:'se 
conditions the larvae were exposed to December sunlight for 1;') 
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minut~s at a temperature of 9° C. Immediate examination revealedmost of the larvae to be slightly active. The preparation was sub­jected to II further 15 minutes' exposure to sunlight, making a totalexposure of 30 minutes. Immediute eXlulIination ren~aled that 180laiTae were slightly mo61e; 1% hours later, during which time thelarvae were kept at !'oom temperatu!'e. 50 larvae were feebly motile.The remaining larvae appeared to be dead. .
In a second tpst, 500 la!'Yae were similarly exposed to fmnli~ht onthe same day at a tplIIperature of (l0 C. for 45 Illinilh's. Immediateexamination showed but 1. lana to be slightly adiw; llh hOl11'Slater, during ,rhi('h time the larvae wpre ke'i)t lIt rooJII temperaturc,3 lalTae exhibited feeble motility. SineI' the remaining larvae didnot reyiTe, it was concluded thnt they were killed by sunlight.As a ('ontI'o] Oll the ('{feet of bdef exposure to th'r temperaturesmentioned, a similar ~lass dish containing lal'\'ae Stls1)end('d in waterwas placed in the (·]ectrie refl'i~el'ator fo!' 30 minutes at (j0 C. Im­mediate examination slwwed nlOst of the Innae to be inacti,'e.J'Iowe\'er, aftel' a bl'il'f jlel'iod at room tempel'uttll'(', it was foundthat the vast IllHjul'ity of t.he la/,\,:1(' !'('gained their normal aetivity.Sinc'(l, in the u!Jo\"e' exp(>l'iments a fl'w larvae sllITi\'e<l exposure to8unlif!ht for 45 minutes another experiment was luter performed.A water suspemdon of 250 acti\'e larvae ,,,as placed in each of 4shallow disiH's. TIl(' larvae ('ontained in 3 of the dishes were(>xpospd t.o din><{ April sunlight at a temperutu!'e of from 29° to30° C. fOl' the intervals shown in table (l. 'Vater of this tempel'll­ture was added to thl' dishes fl'om til/le to time to compensate for(>\"apol'ation. The fourth jll'epn.';'ation was kept in the shade in thelaboratory as a control. "Theil eXHmined aftl'l' 2 hOI11's. the vastmajority 'of the lan'ae in the control dish showed normal activity. 

TABI.p. n,-RC811118 of m:pO,SlIr(, of 2;;0 SirOllfl/lioidc8 ral/NOllli. lllrL"(16 10 directApril 8111/lifll/l, a.t a. lell/Pcralure of 2!)°-3()O c, 

Lar\'ue ncUve-

Time of exposure (minutes) 
On illlllll" hI

tlfllte f.'~·:,lJli· IIU~~r
natiun I

~-------------------'-~-i'---
IS.. • ••••.• , •.••••••_•••••_•••••_._._•••_•••_•••••••• __ • ___ ••.•_••• '"'''' ••••• Numbrr I' Number
30 ................................................................ "." •. , 

2:lU 2:!7

60............... 2~'O J(]()
. .... .-.......... __ ......... ""'" ......__ .......... . () 0 


F,'om till' data presented, it may be concluded that infective lar,yaeof St1'ong,l/loirles mllsomi exposed to direct sunlight at nonlethaltemperatures are killed in frOIll 45 to 60 minutes of ('xposure. 
EFFECT OF DEsrCCATlON ON INFECTIVE LARVAE 

A drop of watp!, ('()ntuinin~ :l small number of aeti\'e la,'vae wasplac'eel on each of 11 glass slides. 'I'll(' contents of the sliues werep('l'mitted to dry in ail' at room temperature, and the instant atwhich complete 'e,'aporation of the wuter occuI'rred, as det{'rminedby examination under a binocular microscope, was Hoted. 'When thedesired ail' desiccation 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 indic-ated in table 7. 
Lan'ae from two similarly prepared cultures were used in making 
the test. 
TABLE 7.-EtTeet of dcsilX'!lfion, in air (temper(/ture :?Io 0.), on il/fective 

Strongyloidcs rall·~ollli larvae 

Lan'oo active, after addition of water,
at expiration of-

Period ofCulture and slide no. Lan'oo used desiccation 1-----;-----;----­
10 minutes 30 minutes 60 minutes 

Culture 1: NU1I'.ber Minutes l·tumber Number Number 
I. _._...•..............•.......... 25 3 12 16 111 
2..._•••••••••••••••••••••••__ •__• 23 7 5 7 13 
3•••____ •____ • __ ••••_••___••• __ • __ 35 10 o o o
4. __ ••__ ••••__ • ___________•• __ •__ . o21 12 o o0. _______ • _____________•.. • __ •••__ 20 J4 o o o 

Culture 2: I 27 ____ •______ __I-A •• __________ • __..........,. __ •• 
 31 2 272-A•.•••______• __ ••____________ __ I 12 ~._ .... __ .. ___ ... _35 3 i 
I 6 ____ .... __ • __ 

4-A••••__________ ..........__ •__ • 37 5 o I 8 ....__ ..____• 
5-A••••______.......__• __•••••••• 31 8 o 
3-A___ ••••••••••• ____ ' ____ ••••••• *30 4 o 

I 3 •__ ••_______• 
32 9G-A•••• __ • __........ _______ ••• __ • o 10 __ • ____ .. __ .. 


I Heat. applied to determine vitnlity of larvae. 

The results given in table 7 warrant the cl)nclusion that infective 
larvae of St?-ongyloides 1-ansom:i, present on lL nonabsorpt,ive surface, 
are killed by 9 or 10 minutes of air drying at room temperature. 
Under 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 LARVAE 

Larvae were transferred, by means of a· wire loop, from clusters 
present on a Petri-dish lid into 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, 
larvae were rendered instantaneously inactive in 95- and 70-percent 
alcohol. The drop was greatly diluted with water, but only a few 
larvae had revived an hour later. On other occasions it was noted, 
in agreement with the findings of Fiilleborn (fa), that a large per­
centage of the larvae, contained in a drop of water, which had been 
rendered inactive by their introduction into 70-percent alcohol, 
regained normal activity when the alcohol was greatly diluted. 

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

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

An ordinary cresol disinfeetunt, in the concentration recommended 
for the spraying of outbuildings, killed the larvae quickly. All 
larvae ceased movement within 2'% 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 ENVIRONMENT 

REACTION TO HEAT 

A number of larvae were placed in water ('ontaillC'c1 in n shallow 
glass dish. A fairly equal distribution of the larvae in the rlish was 
effected in such a n1anner 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 wac;; 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 1ll0lllt'llts larvae were seen 
migrating from the peri phel')' toward the source of heat, and a 
considerable 11l1mbel' soon bee'ame concentrated at the point where 
the rod had been applied. The expt'ril1lent was repeated with similal' 
results. 

It may, therefore, be ('onC'ludc!l that inf!'ctiw lalTac of 8f1'ong,1/­
loides 1'CIII.somi arc attl'tlct~d to a sou)'('e of moderatr hrat. Larvae 
present 011 a /!Iass slide al'e stimlilated to great adh'ity when heat 
is applied to the lllldet' surface of th!' slick Appal'{'ntly very slight 
changes in telllperatllre arc detectl'<i by the la I'\'ae. 8i nce the prox­
imity of a finger to a slide is su/licient quickly to cause nlOYCment of 
the larvae present in a drop of water Ull the i:ilide toward this source 
(If heat. 

REACTION TO STRONG ARTIFICIAL LIGHT 

The water contained in a sillall glass dish was agitated to produce 
un equal distribution of about 500 lat'vae present. The dish was 
placed on the stage of a. binocular mieros('ope in such a lllanncr that 
one-half of the bottom of the dish was shaded by a black back­
ground illlpermeable to light. The same portion of the tup and 
!;ides was shaded with black paper. A strong beam of Light from 
II covered and shaded microscope lamp in a dark room was reflecteu 
by the mieroscope milTor through the unshaded half of the dish. 
After 30 minutes' exposlll'e to the light, it was found that 115 larvae 
were present ill the unshadec1 half of the dish and 383 in the shaded 
half. 

In an essentially similar t'xperiment a 100-watt el!'ctrie lamp was 
used as a source of light. It wus placed in front of amI abovt' the 
dish, urrllnged as before, at a distance of 4: inehes from the ('enter of 
th(, lattel·. Therllloll1t'ters il1ciieated a difl'erential of Ipss than laC. 
in the temperature at the shaded and 1111shaded sidl's of the dish. 
The contents of the dish ,,'ere agitated as before. Examination 
after 10 minutt'S' expOSlIre to the li/!ht showt'd that the ,'ast nla.­
jority of the lan'ae ",pre pl'(~sellt ill the shad!'d haH of the dish. 
It may, therpfore. be C'onelud('!l that infective larvae of 8tl'ongy­
'oides1'w180m.!. a,·oicl strong artificial light. 

REACTION TO DIFFUSE DAYLIGHT 

One-half of a Petri dish, ineluding the {'OWl', sid('s, and bottom, 
was painted with two eoats of india ink. A laJ'ge number of infec­
tive larvae, ruther equally distl'iblltpd in water, wel'e put in thc dish, 
which was so placed on a blaek baekwoulHl that clifl'usc dayli/!ht 
from northel'll lind eastel'JJ windows reached it. Two hours later 
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the majority of the hirvae were present in the unshaded portion of 
the dish. 

Except for a sma.ll circular area in the center of the COVC1' and 
bottom, a Petri dish was entirely painted with two coats of india 
ink. A homogeneous suspension of 111rn1(1 in water was introduced 
into the assembled dish, which was so placed on the stage of a 
binocular microscope that the central 111lshaded al'ea of the covel' 
and bottom was dh'ectly above a small aperture in the center of the 
stage. This arrangement permitted the passage of a beHm of dif­
fuse daylight from the microscope mirror through the small un­
shaded central area. of the dish, The approximate number of lal'vae 
visible in the low-power field was noted, Fifteen minutes later a 
noticeable increase in the number or larvae visible had occl1l'red. and 
within 4.) minutes the visible larvae were so nUIIH'rous that'thev 
could not be counted with accuracy, This experiment was repeatecl 
by substituting a ll1ueh less conrentl'lltcd suslwnsion of lan'tte. 
Seventy larvae were Yi~ible in the ~e~d at the bel!inning of the ex­
periment. AftN 80 nlll1utes, the Ylslbll' larvae wt'I'e too 111l11ll'I'OIlS 

to permit an accurate count. It is e\'i{lent that infeetin> lal'Vtle of 
Bt;·onfj.'/loirTes rIIJ/somi respond positively to diffuse dayli{!ht. 

REACTION TO EXCLUSION OF AIR 

Fiilleborn (.7) has shown that laryae or Rtl'ongyloidc8 ,~ter(,Or'rlli8 
are somewhat attracted to oxygen and ure repelled by carbon dioxide. 
He showed that laHUl.' renderecl inndi ye through the exclusion of 
oxygen from their environment by means of all ntmosphere of hy­
drogen revived when air was a{!ain made available to them. 

A type of behavior, which it is believed may be explained on till' 
basis of Fiilleborn's results. has been noted in the CU,ie of larvne of 
S. 1'an~o1lLi. A culture containing infectin- lal'\'ae was plact'd in the 
Bael'mann apparatus. About 18 hOlll'S lah'r. a few (,lIbie eentimetel's 
of liquid 'was withdrawn from thl' l'ubbt'r tube of the apparatus into 
a shallow dish. InactiYe, appl1rentl~r dt'ad. larvae were present in the 
fluid. After a few minutes' l'XpOSllJ'e of the liquid to ail'. a numb('L' 
of larvae exhibited f(~ble mo\'emt'nts. Ail' was bubbled thl'olll!h tilt' 
liquid fOI' a few moments. nnc1 iUll11ccIiatply a large percental!e of 
the laL'\'ue began to l110W about aetiYely. Appnl'Plltly the initial 
illactivity was tIue to the, exclusi~n of the oxygen of the air from the 
larvae by the column of water III the BaN'mann appamtw:l, which 
was about 15 inehes deep. 

MIGRATION 

The lid was removed hom a Petri dish which containecl a rich 
culture of larvae and was replaced by a. clean lid not in contact with 
the culture. "Within 1 hour the new lid was found to harbor 80 
many lurvae that they were readily Yisible to the naked eye. It was 
noted 011 repeated occasions that lalTIH' migrated from within cul­
ture dishes which provided optimum fanlnlble ('onc1itiol1s to the 
exposed inside sllrface of the si(lt's 01' edgt's of Petri-dish covers, 
where they gathered in macros('opically visible clusters and wher!.' 
they soon perished as a result of desiccation. InrectiYe lUl'yae of 
Strongyloides rallSO'77l j were. therefore. ener"etic miornnts under 
the conditions described.' ,I:> I:> 
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CLINICAl. RYMPTOMR OF PA'I'IH)(;J<:NrClTY 

A special study t.o dewl'Jllill(.'. whether illtestillal or IJllllllollary 
lesions result in pigs 1rom infection with Sl1'01lqyloldes 1'ans01n?: 
was not within the scope of the present invC',stigation. However, 
eertain observations, incidental to the experiments performed, were 
made in cOIllH'ction with the clinical symptol1latolof,'J' produced in 
the host by this parasite. 

It was noted in th~ case of pigs 3, 4, and i) that when larvae were 
placed 011 the skin there was almost immediate reddening of the 
skin iH the areas whert' larvae were applied. This reaetion took the 
forlll of pimplelike eruptions and often involn~cl the hail' follicles. 
Aft(,), several hoUl's, the eruptions usually became pale and vesicular. 
In two other pigs no reaction of the skin occulTed following the 
appli<~ation of larvae to it. III the case of a rabbit, wl1('n larvae were 
applied to the :,;kin. there wns no pronounced immediate reaction, 
but after sevel'al ho\U':,; reddcliPtl. scaly, indurated devations ap­
peared. In guinea pigs, imllH·tllate congestion of til(' skin in areas 
wl1('re lal'vne were IJlac-ed was nott'd. Later ilHlllrated el('vatiollS
apl)(>a red . 

.1\. few (luys atter thr oml a(hllinistratioll of lan'ae to pigs I-A, 
2-B, and 3-B, diarrhea occulTed. In pig 3-B, the amls became pro­
lapsed about 10 days aftvl' the llll'\,:le w(,1'e ginn and following a 
period of mtllel' Se\'Pl'C dian'hea. In rabbit 1. to whleh larvae were 
adlllinisterr(i ol'ally. marked diarrhea. la:,;situcle. and emaciation 
(,('currec1. Habbit ~'; infected pel'cutaneously, was similarly affected. 
Pig 5 was gi vrl1 a large oral close of lanar. lmcl it was noted that, 
beginning about 16 days lateI', the fecal pellets were often heavily 
contNl 'with II foul-sl1lelling mucus, suggpsting a catarl'hal condition 
of the intestine. ~\b()lIt 1 \H'('k latel' the animal died, and post­
IIlOrtt'm exalllination re\'ealecl the presence in til(> small intestine of 
large numbers of R. }laJl.~omi. The necropsy showed the animal to 
be suffering frolll R pronollllC'ed anemia. 

It is believed that infeetion and pnl'llsitism with S. mnsom,i were 
responsible for the conditions which han~ bern described, but other 
CilUSCB cannot be excluded with absolute certainty. There were, 
h()we\'(~r, no changes in diet or other factors. and it is difficult to ex­
plain the injury obsC'rvcd as due to anything other than parasitism 
with S. nllh~o1l1i. The symptoms obsernd arC' similar to those noted 
by European investigators in pig;; infested with Stl'oJl{/yloldes. 

SUGGESTIONS FOR THE CONTROL OF THE PARASITE 

The following suggestions for the control of Strollgyloides 1'an8omi. 
al'e based on experimental data presented in this bulletin. 

The McLean swine sanitation system de"elopecl by workers in the 
Bureau of Animal Industry and described by Raffensperger and 
Connelly (;20) should ue used. Owing to the rapidity with which 
inieeth'e larvae de\'elop directly from the eggs of /3. ]'([Jusom.i outside 
the host uncleI' favorable conditions, it is essential to keep the 
farrowing house dry and to remove all litter daily. 

In order to take advantage of the c1estrllctiYe effects of drying 
and sunlight upon the infective larvae, farrowing houses, feeding 
pens, and watering trollghs should be located on ,,"ell-drained, un­
shaded areas of soil free from yegetation or debris which might 
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provide shade or moisture. The lot selected should not have been 
occupied by swine during the previous 3 months. In addition, 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 (£1) under the swine sanitation system 
for the control of ascarids, and by Spindler (736) for the control of 
kiClney worms. 

Since the life span of infective S. mn.S01ni larvae under laboratory 
conditions is brief. and presumably would be brief even under fa­
yorable natural conditions, and since the larvae are readily h-illed 
by sub~reezing temperatures, th~ pre~autiolls necessary in the selec­
tion of a, clean pasture to wluch pIgS may be hauled should be 
governed in part by these considerations. 

SUl\lMARY AND CONCLUSIONS 

Two molts take place in the course of the c1e,elopment from the 
eggs of the paras~tic or free-living females to the infective strongly· 
iform larvae of Strongyloides m;ns07ni. 

Four molts apparently occur in the course of the de\'elopment fr0111 
the egg of the parasitic female· to the free-living adult stage. 

The infective larvae can infect percutaneously and by the 01'<11 
route; in the formcr case the larvae go through the lungs. The 
la_ ,ae can )?enetrate the skin of rabbits and guinea pigs as well us 
that of swme. 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 S. 1'(ln,so1n,i 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 4G hours to temperatures from -4° to -8° C.; virtually 
all infective larvae were killed by an exposure of 40 hours at thest! 
temperatures. 

Infective larvae are attracted to a source of moderate heat, they 
avoid strong artificial light, and they are attracted by diffuse day­
light. Direct sunlight killed the larvae at nonlethal tempE'ratures 
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. 

A 1-p,,'rcent solution of copper sulphate or phenol and an ordinary 
diluYl cresol disinfec~ant were each c1estructi ve to the lal'yue. Of 
these, cresol was the most potent and destructive. 

Lack of air renders the larvae inactive; activity is rellcwed by som(> 
larvae upon readmission of air within a suitable time. 

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

Skin lesions have been obsel'Yed following the penetration of the 
larvae into experimental hosts; diarrhea, anemia, and general lassi­
tude are symptoms which may accompany intestinal infestation with 
S. ransomi. 

Measures suggested for the control of S. mn80mi infestation in 
pigs include thorough sanitation and the selection of It dry, ullshaclecl 
area as a permanent lot. 
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