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Iatredustica

The explanations of asquired resistanes to metaseen paresites,
in the amerous instznces of this phencmencn reported have been, o8~
tensidbly, imnunologieal im nature. ¥hile hypotheses have differed
widely as to the preeise nature of the ageat, ea aetive defense mechanism
on the part of the host has beea tacitly assumed, This general attitude
1s, o doudts, entirely justified, inasmuch as the mjority of the pare~
sites stuiied have been, at some stage of the mslﬂut}u. tisswe
iaveders, bence the comditioms bave beea such as might reasonably de
oxpscted to cel. forth an active response on the part of the tissuss
inveded, Three instances may be eitcd ia which the parasite is wholly
eatrenched ia host tissue curing the :antire period of parssitization;
end in all three iastances an active defense mechanism has been uniquivo=
oally demonstrated, 7The resistanee asquired by certain fishes to re-
infection with freshewater mussel glochidia of which they are the natursl
host has been shoma by Reuliag (1919) % be a blood imrunity demcastredle
in vitic. Glochidia pleced in a henging drop of imrune serum were obe
served to disintegrate eatirely while gloshidia in mca~-immuse serwm
remsined normel. The destructica of the larva is dus, Reuling comoludes,
$0 @ oytolysia in the imuume serwm for glochidia eells. Hlackloek,
Gordon, end Fise (1930) bave showa thet the excrete of the larva of
Cordylobjs snthyopophegs “"give = stromg precipitin reestion with the
serum of immune amimals,” end that "larvas from ace~immune saimals when
removed alive end izmersed ia irmume serwz invariably develop a pre-
cipitate around them, vhereas shen such larvee are placed in non-immune




sorum, 20 precipitate forms.” It is believed that the precipitate
which forms arownd the larva and in the gut, appereatly eausing bloskage,
“sust hamper the normal developmsat of the larwe and may be the direet
¢ause of the death of the parasite in the skim of the Lnmmne host."
The %hird demonstration of fzmunity %0 & tissws paresite is that of
Miller and Gerdiner (1930) who found that aequired resistanse $o the
liver parasite of rets, Cypticoreus faseioleris eould be passivly trans-
forred to previowsly uninfected hosts.

iany of the investigations om aequired resistance hawe deelt »ith
forms which pass only a part of the period of parasitization withinm the
tissues, for example, these nematodes which undergo an extensive migre-
tion bdefore reaching the defiaitive site in the intestime. These ree=
searches have stimulated considersble speculation on the subject but
the nature of the mechanis: remains uncertain. The effect on reproduc-
tion which Chandler (1932) observed in Nippostrongylus muris following
several injeetions of dead larvee (as well as live larvae of a related
genus mhich do not mature in the albimo rat) indicates that serum
antibodies are imvolved, slthough neither in vitro reastions nor passive
trensfor have been demonstrated. Schwertz, Aliecate, and Lusker, (1931)
report the retention of Nippostrongylus larvae in the lungs of pre=-
viously infeeted animals, in an abnormal state of development, as a
result of a "specific growtheinhibiting substance or substances™ elabo-
rated by the host,

dsquired resistance to another nematode, shich does not migrete
but whieh durrows deeply into the musosa of the intestine after batehing,
%o remain for severel days before withirawing into the lumen has been
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investigated by Greham, ickert and Jomes (1832). They ere of the opiaica
that antidedy formations is engendered as a result of the absorption
of metabolie proteias givea of’ by the young worme while in intimate eone
taet with the serous fluids of the intestinal wall. Inasmush as & higher
order of resistanee is indused by a light preexisting infestios than by
e heavy iaitial iafestion they sug.-est that they accunulstion of exsessive
smounts of antigenic substances may neutralize the amtidodies formed.
Shord (1933) has made s thorough study of aUmerous aspects of hoste
parasite relatioms with the cestode, Hymenolepis frateras, another parasite
wkich burrows deeply iato the intestiasl wall to become s tissue parasite
for a few days before occupying the lumen of the intestine, (vhen the ro-
dent host is infected with eggs). Ia ome experiment fortyethree rets
wore kept together for five moaths Or les:s under simulated naturel condie
tioms. Forty rets pasesed eggs at least casce, Twenty-six of forty (three
died) vere infected twice o- more than twice and one had six patent
periods, TYourteen rats were pateat caly onse and three never showed ine
feetion. In other experiments snimals were fed several doses of viable
6ggs sithout becoming infectec. As these animals had never teen infected
their refrectoriness could not have been ssquired immusity. Still others
fed two or more lots of eggs were refractory to tie first dose dbut suse
ceptidle to & subsequent dose. Ia an experiment ia which enimsls were
reinfected after the eliminstion of the initial iafestation 41 of 42 snie
mls besame patent and 38 Mad swdeequeat infostations. "The oxperineat
gives no indicetion of the produstioa of an imuity and shows that pree
poeted infesticas in the ssas suimal are not oaly possidble dut of very
éamn0n occurrence,” chord states. Ia an experiment performed especielly
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to teat the possidility of superingosed iafestetien a distinet reeistanse
wns found to secondary infestations ia doth rats and niee. “However,®
Shord poiats ous, "superiafestation is possible and the worss of the
sssoadary imfestation _c»-rnny develop %0 mturity shedding eggs in
their tura.” It would sppeer from these oxperiments that the presence
of ome or two worms of this spesies does 20$ afford the host ebsolute
protection against reinfestation ss has bdeen claimed by Joyewux and

Beer (1928). Miller (1932) Concludes tuat a previous iafestatioz with
Iasais taenisformis (the adult of Cystjcereus faseiolaris) in eate
affords no protestion against subsequent infestation, Seventeen of ninee
tesa experimsntal animals harbored mature primary worme end immature
woras of a se¢ondary iafestation, at times very close together. This
work, however, was incidental to his investigations with the larwsl form
and the results may be regarded as imeonclusive, The secondary infestse
tian gonsisted of caly one wom (where stated), hence mo degres of re-
sistance other tian absolute immunity eould bave deen ascertained, Some
of the aaimsls were natumlly infested with the vom in question., Mure
thermore all autopsiss were performed four days after the secoadary ine
festation which mey have been %00 soon. Iz the present instanee a0 re-~
sistanes is apparent ia the actual surviwal percentage until after the
first week.

Finfield (1933), oa the ot er hand, 1in s quantitative study of host-
perasite relations sith Heterakis spunogs, @ worm whish lies free in the
upper colon of rats and is delieved mever to penetrate host tissue, findse
signific-nt evidenee of an asquired fsmunity %0 superimfestation, as well
as evidence of immunity to reinfestatioca following nsturel eliminatioa
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and expulsion by meams of earboa tetrashloride, if the fact that his coae
trols appesr t0 have been almost as refraetory as the immune saimels may
be disregarded; and if the “zdnormality” of ome supposedly imsmine enimsl
whish harbored more voms than all the coatrols eombined may ot de
Questioned. (See diseussioa of veriations in netursl suseeptidility,
pagel5 )

Thus, et the lower extremnity of the seale of intimasy between host
and parasite, the mature of asquired resistanse, evea ia those instanees
of its very apparent existemce, is indeed obssure, and 1ittle spesulatioa
has been hazarded. Of this order is the reletiom between the eeantho-
Gephalen ioniliformis moniliforglp with which the preseat report has to
do, and its host the eldino ret, At no time in its 1ife cycle is this
wora eatirely enbedded in host Sissue exsept during the iatermediate
stage bhen the embryo bores throuwgh the intestinsl wall of the cockroash,
"hen the larve enters the rodeat host it becomes attached to the wall of
the smsll intestine by means of a retractile proboseis, thrust deeply into
the mucosa, but the body at all times lies free ia the lumen, While an
imauoe resction is a0t inconceivable (inflammation and hemorrhage fre-
qQuently oscur) en sctive defonse seshanism does mot sugzest iteelf; and
singe investigations of mush more intimate relationships have fagled to
elueidate such & mechanism, it would scem an agoeptadle attitude in the
preseat instanse, to assume that s protestive immunity coes not exist,

An slternative hypothesis is that the hostel resistanse 1s pessive in
nature and that the factors which determine the suscess of initisl end
subsequent infestation: are physiologiesl ia an envirommcntal sense. Sueh
@8 hypothesis assessitates settiag aside for the moment such faetors as
"stimulatore;’ "inhiditore” etceters, and the euploymsat of more familiar,
12 not less eomplex laws which goverm the rates of surviv:l and growth
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ameng fres-liviag organisms in am eaviromment defimed by more or leess
definite vital limitse, Here the survivel of the individwal depends upon
chante estadlishment in & suitadle enviromment; anc the subsequent rate

of gromht {s conditiomed by the favoreblemess of the opportunity en-
countered, sinse umniformity of eonditions xithin the <aviromment esnnot
be expeeted, .Both surviv-l and growth will then be influenced by erowde
ing, for the aumber of individuals eatering the environment simultaneously
ﬁy be grester thun the territory will suppors, or the particulsr habitat
may be previcusly occupied, in shich event the zmost favorable regions,
very likely, would de precscupieds In any ease thers is a defimite ten-

dency on the part of individuals to spread apart in competition for favore
able situations; the ideal being physiological isolation under optimum

eonditions for each individual or paire Illustrations from the present
investigation of this matursl tendensy to disperse sre to be fousd in
chart 1, pege 7, in which the rat intostine is represented by horisontal
lines marked off in five~centimster areas from the stomach (0.0 om.)
to the cecum (100.,0 6ms)e The 55=80 ém. iz arbitrarily marked as the
posterior limit of the region suitable for the establishment and growth
of Moniliformis,
Rat No, 200 received two infestations of tventy larwe cach, At
sutopsy the primery woms were four days old (lengsr verticel 1ines) and
b the segcondary wcrms two daye old (sherter vertieal lines). All the woras
are less than 1.0 om. in length (the vertical lines are mot drawmn to
seals). Prodably due to the faet thet all the worms present sre very
amll there is very listle tendensy to sprezd. Eighteen worams of each




Chart 1. Examples of dispersion under conditions of superimposed
infestation,

gir«unon wore recovered, all but cae of mhich are found im the regioa
suitadle for growth,

Rat No, 203 was also given twc infestations of tweaty larvae caeh.
At autopsy the primary worms (lomger vertissl limes) were slovea days
old and the secondary woms four days old (tie same age as the primary
worns in Rat No. 800), The primary woras in this case are someshat larger
(asarly 2,0 ex.) and themselves have somuenced o spread apart. The
four day old seecndary worus, instead of oscupying the restricted cuse
tomary area, aow spread throwgh two-thirds the length of the intestise
ead only eight (40.0%) remain im the territory whieh, ia Rat Mo, 200, is
oosupied by eighteen worms. Six worme have bdeen elimimated eatirely
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(as against twe from the secondary ia yat No. 200); and the remsinming
six are posterior to the vital limit. Thess six are noticably smalley
then the eight werms of the ssme age anterior to the vitel limit.

In Fat No. AGS, the primery worms are four-wecks old and the see~
ondary worms ens-week old. The ninstecn primery worms, although they
average nearly 10.0 en, in longth (the three pestericr worms ase less
than 7.0 ea.) do mot oecupy more territery tham did seventeen primary
worus in rat Fo. 200 in oompeny with eight noonlu-ywm'. As & group
they have, however, moved forwerd, thus allowing more spaes for the sec-
ondary worns, fourteea of which (70.0%) are found in the territory shich
was cscupied by only four secondary worms (rat No. 205) when the tendensy
to disperse was heightensd by centact with worms already present im the
preferred site.

If 1t is assumed that the regiom beyond the posterior limit s
definitely unsuitable for establishment, 1t follows that the oxtent of
the suitable region in & particular host will determine the survival
percentage of the infestation. Should tte regionm suitable for colomis-
ation bde very extcnsive, with the posterior limit ossurring in the 70-
T3 an, area, for exsmple, more worms will survive; but should the limit
be moved farther forward, perhaps to the 40-45 cm. area, & much smaller
mmber of worms will survive as more worms will be foreed into the une
suitable region as a result of matursl dispersion. Thus, any insuffic-
iensy in the extent or character of the normal site of infestation, re-
lative to the perticular requiremints, may be thought of as "physiolog-
foal erowding®. The tem is an unfortumtc one, however, for crowding
in the usual mechanicel sense 18 mot necessarily involved. If the norssl
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region is amll a populetion of very fow imfividuale may be physielogie~-
ally but not mechanieally erewied; and in an emtensive enviromment shich
supplies abundantly the mseds of the orgsaims, & large mmber of parasites
may be arowded together, but with mo umtowand effests. Aesepding to the
prosent hypothesis, physielogieal erowling is the passive agensy whereby
the host affests the survival and growth rates of Nomiliformis; snd the
promounced tendensy of individuals, particularly of stporiamposed infest-
ations, to disperse, is the imnediate eause of the effects cbserved.

Grsham (1934) defines physiclogieal crowding as s host pretestive
mechanien which more or less automatiocally limits the sise of am initial
heluinth infestation and the growth rate of the parusites involved.?
Although it is not mentiomed in this connection, he points ocut that "shen
MEOrous worms were found situated posteriorly im the intestine, it was
invariably after a marked reduction in egg produstion.” He stetes that
*the term (physiological oromding) does not imply any relaticnship with
asquired resistance although there may be a specific comection between
the tvo phenomema." It is this possible comneetion shich the present
investigation attempts to demonstrato. The term "protective mechamiem",
however, ie not employed, imssmuch as "acquired resistanss® is viewed as
an interrlay of physiologieal eromding and a natural tendensy to disper-
sion, such as ocours emong orgamioms living in s free state.

At the outzet it may be stated, if premsturely, that the above
hypothesis appears to offer aa adequate explanation of the results ob-
tained, resulte shich do not differ in essemtial faets from those obtain-
od in studies of a similay character with other perasites. This does
not imply that the hypothssis would be cmtirely adequate in any other imetance.




=10

The factors msationsd here sre unquesticasbly of very mimer inportance
in iafestations of gloehidis in fishes, for emaple, Oa the other hamd
immmne reastiocas if they exist are of very minor importamec ia the
relation existing betveen Meafliformis and its host, Between these two
extrenes, however, there may be situatioas ia which the relatior of the
parasites 1o eash other agaimst the physiologieal backgreund of the
host may be of equal importanse with the immumological reastions of the

-host to the parasites. The esse of Eymsgolepis fryterss sugzests itself,

Here the emditions suitadle for en immume reeetion sre maifest, with
the larves residing, for a time, iz the submusoss, where some uadoudtedly
die and are absorbed. In the adult stage the comditions are swsh as
coculd imtroduse various aspects of erowding as fzetors in survivel and
growth. Shord, ia faet, poiass out the possible cffeet of the physio=~
logital dackground (suseeptidility) ca worm size. Up to & certain age

the largest woms were recovered from the heaviest infestations (see

pege 78 ).

Should the effects of erowdiag and hest susceptidbility herein descrided

be found applisable ia other host-parasite relatioaships, a oomplete
understandiag of such effects would, perhaps, help to clarify the phenca=-
6aa of immunity to metazoan parasites, inasmush as same of the manifeste~
tions of resistance engcountered may not dbe immunclogieal ia mature.

The preseat investigation was suggested by Dr. Ase C. Chandlasr,
whoee assistance iz plamning the experimsnts, and eriticism of the iatere
pretation and pressutation of the results is gratefully sekmowledged.
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Material

In the preseat stuly some five huadred helainthefree albimo rats
Wre used, The colony was sterted vith s small mumber of antmals obtained
tmlmmunmwuormmuamm
inbred,

Mpajlifornts gonilifornis (Bremser 1811) belangs to the family Eehime
orhyashidae of the class Asanthosephals. It is of widespread cecurrense
ia such rodeats as the rat, mouse, hamster, hedge hog, squirrel; aad has
beca reported from man. The majority of the Monilifommis larvee used were
odtained from maturally infested eockrosshes, FPeriplanets gneriessg,
obtained et the Houston Zoo,

The worm used offers certain advanteges for a quantitative stuly,

The larvee are of much size as permits individual handiling, and isfesta~
ticas of an ascurete aumber may be ziwa. Im the fimel host they never
disappear ia the tisswss and my be recovered vithout the use of an elado-
rate techaique. They are uusegmented and ean be meesured with a amall
percentage of error at definite intervals during their grovth, The

Tate of growth of cestodes eamnot be obtained with the same degree of
certainty dws to variatsions in leagth brought about by an adventitiouws
1ess of proglottids.

Like the Cestodes, the Asanthoeephala possess mo digestive truet
Sad presumably derive their sustemaace caly through absorptioa of sush
elimeat as the host provides for itself.
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mumahnm-uaumumuyuuamu 1 the smell
intestine of the redeat host, »ithout a migratory phase, The worme
attach thamselves to the iatestimsl wall by means of a retrectile pro-
bossis armed with several rows of resurved hooks. The prepatesnt period
is five weeks. The sexes are separste.

Coskrosshes may be infested by plasing them in s dattery jer the
bottom of which hes beea covered with moistensd feces (eggs are mot
floated by the D, C, P, method). The egge hatch in the mideintestine
of the cockrossh and aetively penetrate the intestinal wmll of the
posterior part of the mid-iatestine, Here they are immediately "attasked”
by conneetive tissue el meats in whieh they besome cacysted., Those whieh
survive cnter upon a quiescent stage and undergo very slow development
gredmlly leaving the confines of the host cyst. By the cad of the teath
day they appesr as minute irridesseat specks stickiag to the outside of
She intestinal treet. Lventually they drop into the body cavity and 1ie
free or embedded in adipose tissue. Complete development is accompl ished
ia from fowr to six wesks, at whieh time they are distinguishabdle with
the naked eye by their eharesteristic owal shape and trenspereasy. Uader
the aicrosecpe the sutansous mclei, charasteristic of Asaathosephala,
Gre camspieuous. A stained specimen {s showm in Flate ) 8

Those emdryos whieh 4o mot survive after penetrating the intestimal
wall of the ecockroach Papidly become "chitiaised,” Stages ia this proeess
are showma in Flate 8. Detailed ascounts of the resctioa of the intere
mediate host to the penetrution of the embryo and the wariocws phases of
embryonic development will eonstitute separete reports,
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Sonyees of Arres
1, Method of Administration of the Larvee,

The infeetive larwee are visadle to the saked eye and all those wsed
ia this work were sdministered by mouth from o pipette ia saline salution.
Ordinerily the sats, whieh were handled frequeatly from 'he tine they were
weaned, swallowed the larvae quite readily, after being tempted with sugar
water. All infeetions were made early in the evening, after the animalse
bad commensed feeding oa dry food, and hence wore a0t averse to taking
fluid. If fluid is supplied $oo repidly at the moment the larvae leawe
the pipetts the mt may choke and shake 1ts head ia a manner whfeh very
offeetiwmly clears the throat and mowth, In the few instenses vhere shis
happened the rat was disserded unless all the larvee could de ascounted
for. Commonly the bebavior of the caimsl during the administration of
larvae wes recorded., 4is an added precaution, after infestion the animmls
wore giwn some unusual form of food to induce them to continus sating
aad insure the eatrance of the larvae into the stom=gh, for wvithout ine
dueemeat enimals removed even momentarily from their accustomed envirom-
Rt dbecame s0 iaterested ia the eveat as to aegleet their uswal food
for sane tims. As a rule secondery infestions are ®aken with a greater

show of eagerness than the primry infeetioms. This 1s prodedly beesuse

the aaimals are at least three weeks older; more accustomed % belng
bandled and less interested in Play. In generel, older eaimals are more
Srectable than very young ones and males mors anensable thean femmles.

This method of infeetion Mes the advantege of deing very msarly "astursl®
and s believed to de suffieiontly unifom throughout all oxperimsats.

If the chance that the amimal gets the whole dose ia the sesoadary infece
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tion 1s as great as that of its gotting the primary, then the surviwml
perceatages ahould de aimilay, ether factors beiag equal.

A fox attempts were mads to iafeet anesthetised animals with o
¢atheter and introduse the larvee direetly into the esophagus or stomaeh.
The prelimimary trisls were 0 unsatisfactory mo attempt wvas made %0
refine the method, In a fev imstanses a0 ianfectica whatever resulted,
wherees, with the more ssturel aad much simpler methed, infeetioa in same
degree was invariably cbtaised in the primary infeetion.

8.  The Yisbility of she Jarvee.

Inasmueh as most of the larvae wsed were obteined from cockroaches iafeeted
in asture their age wvas not imowm. The vericus fomms assumei by the larva
in its develomment will be deserided elseshere. For the purposes of this
discussion 1t may be stated that prelimisary experimeats were performed

to deternine the infective stage snd that th-reafter specimens neerly
uniforn in size and of uniform development were used. Infective larvee

are traaspareas and have a faintly bluishk tinge.

%hen larvae of known age from experimeatzlly infeeted cookroahces
were used, surviwal percenta-es similar to those resultimg from infeetion
with larvae of unknosa age were obtained.

S.  Prepopdensive of ope Sex 1A fhe Jarwel Doss.

In the series of comtrol experimeats it was found that the eliminma~
tion of male wor:s is commenced esriier than that of the female worms.
The mele populatioa deercases at a constant rate commensing with the
second week; wheresas the female population remsims camstoat through the
teath week and thea decreases at sbout the ssme rate as the meles, The
result is that therc are slvays more females preseat than msles after the
firet week if ea equal number of each has been giwen. Inasmuwek as this
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made t0 detemmine the sex rutie of the larves adninistered. (Normslly
the sez98 are equmlly divided among the larwee.) Consequently, et the
tea week period or thereafter, eonsiderebdls varietien iz surviwl pore
centage emoag individwmls is possidle, depending wpon the sex ratio as
the begimmiag of the experimsats. If e preponderanse of female larves
are given the surviwml pereeatage vill remsim high ard tLe apposite eondie
tion will be encountered if a prepondenssse of males is given, Pars of
the wide weristion found smong iadividwals theoreticslly my be 4w %o
variaticns in the sex reties of larwal doses. This possidility bas mot
been experimsatally izvestigated, however.

4. Liveer Differences in Susespt{dility.

The litters of rats used in the experiments to be dessrided were
oplit in varicus vays so that the maximur aumber of individuals of s
particular litter assigned to any om grour was usmlly not more than
four, ismbers of the litters which werc used in the standard series were
B0t ocnly distributed smoag the groups of that series but were also assigned
to ome or more of the three superimposed infeststioa series, that is,
1itter comtrols were used to a large oxtent. There 1s some evideace that
litter mates possess more or lees the same n;utdo of susseptibility
to infestetion. Upon sompletion of the experiments, rats fron which de-
finite iaformation could be ocbtaimed, were growped asconding to litters
(regardless of autopsy growp) and the deviation from the steadard sure

viwml perecntage noted. Tweaty=six litters (157) mts were exsmined. The
results are set forth in table 1. While the litters exsmined are aot
oozmplete ia all instances it is clear that the wariation in suseeptidility
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TABLE KO, 1

Litter No. DEVIATIONS FROM THE STANDARD SURVIVAL PERCENTAGE
(Rats of each litter arranged from largest
positive to largest negative deviation)

64 €37 ®27 827 427 422 422 #1348 4?7 &7 &2
41 #10 #5 ¢4 o4 &3 o3

76 32 #22 417 €12 212 7 ¢ ? &9

93 23 #18 018 413 &8 ¢ 3

37 38 413 13 ¢+ 7?2 +?72 47 &7 |=12

sS4 28 23 23 &1

43 +20 414 14

86 *21 ¢l1 #l1

83 21 21 + 9 =19 =26 34
35 olh +14 13

29 37 9 +2]-1 -1 -18

66 428 +23 18 | =12

72 32 o7 ¢ 2|=-3

67 *14 ¢+ 4 4+ 4.1 -6

68 32 ¢ 7 o -8 535

87 1 s 46 -11

51 +17 ¢+ 7|-8 -%8

8s *21 +1}-9 =19 31

45 824 [«18 =18 <23

57 2l |~ 4 =7 =7 =12 =17 =27
59 #lh =7 =7 -12 A

42 12 |-1 =7 =7 =7 <18

48 $6|-13 -18 =18 28

70 +42|=2 =7 =8 =18

r4] $8]=2 -2 <12 =12 222 27
4y 0 <18 =30 =35

58 -7 =12 =12 =22 <27

63 =11 =21 <36 <36

Note: The line separating negative and vositive deviations
represents the standard survival curve shown in chart 1.
Each figure given in this table represents the difference
between the primary survival percentaze of an individual
rat and the standard survival percentage of the group to
which it belongs. Members of litters are divided among two
Or more groups.
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amoag 1litters yenges eoatizwcusly from all msmbers of a litter above

the aversge %o sll delow the average. That experimeats with mmall
aummbers of rets are liable to scricws errer from this sowree is sppareat.
For example, if 1itters aumber 63 and $8, 1z which all the individwsls
are belov the average is susceptidility, had beea uwsed inm o superinfee-
tion experimeat, and the members of litter Bo. 64 employed as "ocatrols”
the results would have bees quite differest from thowe .ulc: would have
beea obsaiied 7ith the sitwation reversed. This is an extrems Gase dut
mm.ot.emtmmutunulo.aemas. iz vkieh the {2~
dividuals aze alacst evenly divided on either side of the mean, is 8lso
rezote. 0Oaly a large aumber of animals, wvhether the litters are split
or aot, vill guareantee a Fandom sample.

S. Age Resistanse.

The enimls used ia these experiments ranged ia age from three
weoks (age of weaning) to thirty-one weeks. Ia order to diseover whst
effest age may have bhad upon the survival pereentage 199 rats were
grouped agcording to age at the time of infestation and the deviatioa
of the surviwl percentage atove or below the standard for the particu-
lar group moted, It is cmeluded that age has 2o effect upon the sure
vival perceatage within the ages used. The results of this exsmia~tica
are given ia the followiag tadle.

TANIE D, 8
Age of Rate Below Averege Above average
in weeks Survival Percentage Survival Percentage
S e 19 18
L 1¢ 0
Ve 1e 11
| I 17 20
11 - a 19
13«3 18 _1_1_
Teotal 163 %




4An sdditicaal source of error wms found as & result of oxperimeats
in fasting infestcd animels, which will de detailed later (see page 7)),
If an aaimal is deprived of food for forty-eight hours, a part or sll of
the vom burden may be slimimated, To obviate this possibility an effort
s mads to mep food before the emirmls &t all times and %0 aveid crowde
ing in the ¢ages. The followiag food formmls was wsed:
P‘or oent by weight

Orownd wheet . . . e o o o o o 0.8
Alfalfe meel 20% proteis ¢« o . o . 108
Fishmeal . . o o o o o o o 10,8
Fieh oi) (“‘11- ¢ o e o e o 0.8
Catoln ¢ ¢ o ¢ ¢ o o e o o o 8.85
Salt e ©® o o o o ° o0 e o o 1,00

isthod of Performing Autopsies.

Tho-auututm'uwndfmmntmmuduum
saline salution in a large petri dish, ucvement on the part of the worms
after the desth of the Lost until removal from the intestine was mot
observed., All worms were removed under a dissscting microscope. The
intestine was slit open by meams of a rezor blade, brocea to form a
sleader knife and claxped rigidly to s stand. This method permi tted the
removal of worms with a misimmm of disturbance and allowed the use of
foreepes withk both handes, The intestine, starting at the stomseh ead, me
drama across tie knife and as cash worm was encomtered a threed wes
tied tc tze intestine st the point of attachment. The vorm was thea
plesed in a numbered Syrssuse dish in salime solution. Ia the great
mjority of imstances the worms remaia firmly et:sched until foreidly
removed. After remov:l of ail of the 'om the inteztine was ribboaed
out on & table without stretehiag and dreashed ia 70% alecdol. 4
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certain amount of shrinkege takes place sfter the tissue has stood i
alechol for a few minutes. The total length and the distance of eaeh
thread from the stomach was then measured. The length of the intestiae
among individunl rats varies from 80 em. %0 120 em. All of the points
of cttachmeat of worms recorded were put on s bdasis of 100 em, for the
length of the intestine, Thus the distances from the stomach mentioned
in the following discussion =nd plotted in the charts are perceantages,
rather than actual centimeters.
Msasurement of Worms.

All worms which were to be measured were fized im Bouin's solution,
The worm to be fized was laid on & plate glass which was then flooded
with the fixative. The wom will contract considerably but can be fully
extended quite eazsily by gentle stroking from the middle toward each
extramity with gloved hands. Very little tension is necessary and nmo
stretching results. ifter fixstion the worms were kept in order in petri
dishes and allowed to stand for same time before being messured. As
each measuremcnt was msde the figure was placec on the data sheet
opposite the location of the wvom in the intestine.

4 complete autopsy record of = rat contaﬁu the number of worms re-
covered; the sex, size, length and location in the intestine of each

and sex of the rat
wom; the weight, agef and certain miscellaneous data.




THE STANDARD SERIES

A. Survival.

Before anything :n the nature of asquired resistanse (other tham
Somplete immunity), retardatios in growth, or a disturbance of the site
of infestation could be demomstrated with any degree of certaiaty, it
Was neg¢essary to study the naturel e-urse of s definitely neasured in-
festation. For this purposs 119 rets were giwn single infestations of
tweaty larvac cach (with the exseptica of four rats which received twentye
five larvee esch). Ome group of rats wms autopsied cae week after in-
festation. In the subsequeat groups the infestations are of four, seven,
ten, thirteen, and sixteea weeks duration at autopsy. The interval be-
tween cach group is three weeks. The various groups in this stendard
seTies will be referred to as S-1, S=4, S-7, ete. Table 3 giws the m an
and median surviwl percentages and the number of rats in eech group.

Table No. 3
S=1 St S? S-10 S-13 S-16
Median 0% 80% 75% 60% 38% So%
Moan 7942,8% 7622.4% 7122.5%  63s3.4% ég:s.xﬁ 3312,9%
NMumber 20 29 25 16 12 18

of rats

The mean survivel percentage is used as the dasis of camperiscn throug: -

out the discussiom. This figure represents the total aumber of worms ree
eovered from the total number of larvae givea to e particular group of
rats. Thus in the S-1 Group, S1¢ worms were recovered from the 400 larvse
given to twenty rats (twenty larvae to esch rat), a surviwl perceatsge
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of 9%,

The mean survivel curve for the first sizteen weeks of a twenty-
larvae tnfestation is showm in Chart No. 1. The average of the prodabdle
errors (Table 3) is 2.9% and is plotted es sueh throughous. Although
there is considerable wmaristion in survival percentage, the observationms
are quite evenly divided on either side of the mear, as is showm by the
¢lose approximation of the middle obscrvation to the mean survival pere
centage in Table 3.

Sixteen rats in both the S=4 and Se7 €roups were civen = secondary
infestation ons week before the Tespestive autopsy periods on the Suppo~
sition that the secondary infestation, becauss of the minute size of the
woms and the short duretiom of the infestation, woulc im no way offest
the surviwl of the primary infestations. A comparison of ths mean sure
viv:l percentages of the subgrowp which received a one-week secondary

infestation and those which did not receive = secondary infestation inm these

main groups is given in tabls 4.

Tadle ¢

Ro. rats No. larvae No. worms Se Ps of S. Pe
given recovered prizary range

The S=4 Group
Ko, Sec. given 13 260 2086 79.2% 65-100%
lewk, Seg. " 16 380 236 73.4% 40-95%
Total 20 580 4l 75.4% 40-100%
The S=7 Group
Ko, See. giwa 9 180 128 71.1% 40-85%
1.'ko Sec, " 1‘ 320 229 71.6% 35.'5’
Total 25 500 387 71.4% 40-95%
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In neither the S=4 or the 8+7 groups are the subgroups sigaifieantly
differeat. Ia the S=? group the subgrowp mesns are practically ideatienl;
and in the S=4 growp the difference of six perceat is found to be due to
a mmell minority of the mts. Fourtesa of the sixteen rats €iw e mean
ocly 1.0% lower than the mean of the subgroup which did not reeeive a
ssgondary infestation. Four rats which were autopsied at three weeks
and whieh did aot receive a secondary infeststion are also plotted on
Chart No. 1 The mean of these four is 78%.

The survival percentage of 42,0% for the S-13 grcup is probebly too
low as it falls some five pereent below the smooth curve. Imeasmuch as the
number of rats in the growp is too mnall to e¢arry as much weight as the
otier groups, in the following diseussion, 47 3% taken from the curve,
is secepted ss the standard, pending further investigation of this area,

The Sex Ratio.
Tadle 5 gives the aumber of larwe giwen in each group and the

number of males and femmles recovered, This data is presented grephi-

eally in Chart 2,

Table S
S-1 S=q S=7 S=10 S=13 S=16

Number of Zrc
larvee ciwn 400 880 800 320 180 360
Namber of -5
worms recovered 3Sl4 «d 357 203 jter 116
Females/rat o
recovered - 7.2 73 7.4 50 - 4.2
lales/rat e
recovered - 7.9 7.0 8.3 4.6 " 2.3

- - ._'r I
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Chart No. 8

Rate of Io;s of male and female worms. Each pair of points
gives the sex ratio at a particular period.

It 15 seen that the decreese in male population proceeds from the
beginning of the infestation without interruption, wheress the female popue
lation remains constant from the fourth to the tenth week, In plotting
the curves in Chart 1 the S=13 group is disregarded beeause of the amall
oumber (180) of larvae given,

B, The Site of Infestation.
The S-1 Growp

One week after sdministering the infestation all but 1,74 of the
surviving worms are found in e thirty centimeter zone commemcing thirty
centimeters from the stomach and exteanding to sixty centimeters from the
stomech (chart 3, fig. 1), with the mode in the 40=45 cm. area.







The 8-4 Grouwp,

Ia this group of tweaty-five rats, only aime animals which did not
receive a one-week secondary infection wsre used in plotting the "stamderd
position.” The sixteen rats whigh did receive such a secondary infection
will be discussed separately,

All of the 143 worms recovered in this subgroup were ia a forty
centimeter zone extending from the 158h to the 55th gentimeter, with the
mode between the 25th and 35th centimeters, ten to fiftecn centimeters
farther forward than in the S-1 group (chart 3, fig, 2). This 1s a suffie
¢ient forward migration so that the bodies of the worms actuzlly lie
farther forward than they did thre: weeks eariier. The distance between
the modes of the S-]1 and S=4 sites exceods by § em. the average increase
in length of the femsles, anc by soms 10 cm. that of the males. The
greater increase in length of the fem=les probably aceounts for their
more anterior position as a group. The separation of the sexes, with the
mode of the female worms in the 25-30 em. area, and that of the m=les in
the 35-40 cm. area, is showm in fige 2 of chart S, The distance between
the modes is not great enough, however, to be o:vious in the curve giving
the total number of woms, males anc females, in each five centime ters of
intestine, although there are three times as many females as males ‘in
the 25-30 om. ares and more than twice as many males as females in the
35-40 ocm. area,

The S=7 Group.

As in the Se4 group, only the nine rats receiving no one-week seconde

ary infectiocn were used in plotting the standard position in the intestine

for seven weeks. At this time the eres inhabitec reaches five centimeters
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farther forward but theres u::pmcubh population farther posterior
than at four weeis (chart S, fige 3). ¥hen the total awsber of worms

in esch five centimeters is plotted, two digtinet modes ogcur, dus to the
further separation of the male and female groupse The female aode has
moved forward from seven to ten centimsters, while the male populaticn
mode remnins in the same position as at four weeks. In the 15-20 em.
ares, the area most densely populated by females, there =re mo males; in
fact 8o mals:s oscur anterior to 20 em. An spprecisble aumber of female
worms appeer to have remained in the same positica as st four weeks, in
the region between the 35tk snd 55t8h centimeters. The principal shift in
population of femal:s is from the 25«35 em. region to the 15-25 em. rezion.
The S=13 Group.

At the end of the tenth veek very little elteration is found in the
position cf the worms in the int.stine ower that which was odbserved three
weeks previously (chart 3, fige 4)e The modes of both the mele and fee
male curves remein in the seme position. Therse begins to be an sppreciabdble
population posterior to the 50«55 em. ares, however, which is consistent
with the inereasing rate of loss, shown in chart 1.

The 8~13 Group.

While the modes of the male an: femmnle curves still remmin dominemt
in the same respective positions a8 -Defose, both curves are, in genm.'l.z
disrupted, cach ghowing minor modes postericrly (chaws 35, fig. 5). The
entire range sow extends postericrly as far es the 758k em,

The situstion found in the (8-16) group, {Chart 3, fig. 6), is but

an exaggeration of the situstion encountered threc weeks previously.
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Sumnary on the Site of Infestation in the Standard Groups.

Starting between the 35th and 4O0th centimeters from the stomach
ons week after the introductica Oof larvae the mode of the femele fre-
quency curve progresses forward in an orderly manner, reaching a point
between the 15th and 20th centimeters by the end of the sevemth week,
noving about tea centimeters im each three week period. This migration
is accomplished without loss of woms. The 1520 em, aree remmins the
modal female infestetion zone for the remainder of the period under
observation, that 18 to the end of the sixteenth week. At no time 1s the
Bmode of the femsle frequensy gurve farther forward than the }5-20 em, ares.

Starting between the 45th end 50th o-ntimeters from the stamach one
week after imfestaticn, the mode of the male frequency curve progresses
forward about ten centimeters during the next three weeks. At no time
4s the modl zope of the male population farther posterior thap the 35-40
gms ares, sfter the fourth week,

After the establishment of the infestation almost o worms of either
sex are found posterior to the 55th em. and none are attached anterior
to the 10th cme. The fortyefive ¢ ntimeter region, between the 10th and
S0th em., may thercfore be considered the vital zobe, and the 55«80
6me ares, the posterior vital limit for the species (chart 4). After
the tent:. week, worms of both sexes are being eliminated from the vital
zZone as s nsturel sequence in the life ¢ycle, and eonsequently are found
in the posterior part of the inteatine in appreciable numbers, Tsble 6
gives the zone populetiocn at intorva;- of three weeks froa the end
of the first through the sixtecnth weeks.




Zone map of the rat inteaﬁizi; for Moniliformis

Tedble 6
S. P, 1n Se P, in
Vital some Sub=Vital Zone Total S. P,
S-1 75.0% 4.0% 79.0%
S=d 76.0% 0.0% 76.0%
Se? 71.0% 0.0% 71.0%
S=10 59.0% 4.0% 63.0%
S=13 35.0% 7.0% 42.0%
8-16 27.07 6.0% 35.0%

It should be borme in mind that the curves showing the position of
the worms in the intestine are baged on the points of attachment. The
faet that the primary female curve drops nearly to the base line at 30
em, in fige 3 of chart 3 does not meen that there are very few worms
in this region. 4s a matter of fact the female worms are quite crowded
at this point. Inasmuch as the average length is 15.5 on, at this time,
the worma attached in the 20-25 em. 2res mey extend posteriorly as far as
the 40th em, However, largs worms =are usuelly found in a folded positioa
in the intestine (occasicnelly adhesions form between adjacent loops); and
' in ssline solution the worms lie coiled in ¢lose spirels. Furthermore
the length when contructed is mot much nsre then cne-half the fully ex-

-
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panded length. It is prodadbly that auek of the time worms, ia the iates-
tine, do not oocupy e lineer space equsl to their full leagth.
C. Rate of Growth,

In the S-1 group only 67 worms were messured. Thirty-six mmles
averaged 0,73 em. and thirty-one females gave a mean leagth of 0.8 cm.
It will be convenient to taxe the length of =11 worme -ne week of age as
1.0 am. in lengthk, as the differences here are ncgligidle in comparison
with the wide variations enccuntered at later stages.

For groups of worms four weeks oid or over, size freguency curves
were plotted (chart 5),

The following formula was used in plotting the standard size free
quensy curves. |
where X is any point on the curve, that {s, the number of worms within a
certain size limit at s particulsr time; s, the number of woms within
& one-centimeter range of size; S. P., the survival percentage of the
group; and n, the total number of worms in the group measured. This
method of plotting the curve:z renders pos.ible a comparison of wrious

groups of the standard series vith esch other and with ths superimposed

infestation groups, regardless of the number of woms camprising any
particular group.

The growth of the female worms is shown in chart 6, fiz, 1
and in table 7, The period of greatest growth ie between the first and

tou-th weecks, when the increcase in length is 9.0 om. The increase dure
ing the next three weeks 1s 4.9 om.. after which it is 2.0 ¢m. in eech

three week period except the last,




Chart 6. Gro curves for standard infestations.

In recording the length of worms it was noticed thet, in gemersal,
the largest worms occupied the most anterior positionms. Although it is
e natural expectation that the largest worms should have their points
of attachment farther forward then smaller worms: that they would move
forward to keep the body in the same place, as they increased in length,
there is considerable evidence that the anterior half of the vital zone
offers the optimum conditions for growth. Between the fourth =nd seventh
weeks, the average increase in length of female worms stiuated anterior
to the 30th cm. in the intestine is 5.2 cm., as against an average in-
crease of 3.2 cm. for female worms in the posterior half of the vitel

zone (64).

s
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Comparison of the rate of growth of female worms between the
fourth and seventh weeks in the anterior and posterior regions
of the vital zone,







