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for the group dn graph 20 One puppy, DTLT, was inifially infeetod
with onwe buadeed laevae ot 62 dayvs of aze, while the other two worg

fivat Inleeied 2 weeks later;, at which Ume eone bundeed lirvae wers
civen 1o D746 {also Lo DTITY and fifte lavviee were civen o 13748,

Lol was given one hundred laevas oo the fSfv-cigldl aday of the

T,

experinient, and G306 Larvae on the eiclity-fivss day,  After 112 Jaws

ui Hie c*x;::*.:":r.lc*.::f, thl larvae were given W DTG, 714 g0 13747,
Haing o the sne Londeesd anal I'!:i-l'i_':i"l,ll tliy

el 30T

and sheanghent the vemainder of the vxpuritrvrl' biweckiy Indestiony

ni" five Bundred evae were given Lo eaeh animmal,
While t clhindes the conpleie inlfoction histor

antings, the mdivisdual records are so sh

af all theep

i, tuat the cisenssion
witl e Lo atbost endively wpon thie compoesite dida

b
L

il 2,

ve  [afi 000

of g production In the composite eur

PR weas attmined 98 davs abier |
2 iy

sitest dog, toe animals weve azl-r;:-:-umu;um] v 5omonbieg oid, and bad been

we fiest dnfeclions wers ghven,

. " P, 1 1 Tia il
Firlil cioace fad IV

LS e R e N
Al s T 5 A |1||£[ I

For d wonths: The ecourse of the infestations was J-:',Ilu'p.'-;:u
ore while regular biweekly infeetions wore wiven,

Far the 3 vonths inunediately followinge the maximun cgpg produis-

Liga, the datly exe cutpud fell off v

Ty ‘Q]f.l‘u't'l".', élli..'il)llg.'l e Eount

4t -

ol more than 200000 181D, stiil persisted for § mouths after iu-

fection. Tt is ppanen, i‘Il:I".'.'l.:"\'i_"'I‘J That Ll;,:,:']n;_-: Chis e wnoeffeciive
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esisliltlee wits bolng bailt wp amainst eonstantly maiuring worns
fran the repeated infeetions,  Towird the elose of 10 wmonths' ex-
;

nesatve 1o hioskworms, whean the dogs were about 1 veitr old, e wlsn-

Tihr g

oeiebetion was af g level of abond 100000 1310 _L}_, adthanrh

denmuianive average dose of 6,796 larvae bl been given oavh aniwal,

I dhe carly Kstory of (he infestations (nint week in greph 2 oon

the compasite datal 1l eew aroduetion approsiiaated foue thotmand
times the number of Jarvae wiven, Siuee the alsalute daily eow -
cuetion Sell Pran 506,000 B.IMD. 1o 00,000 12,10, during tie pesiod

fy whi

Hional nfeetions {otull ne G2 Lvig wern

Ve, at

Pullows that the Beare representing {he ewy 0T I e o8 Doevie

L3 o UL

given wis tedueed 1o ¢ vory low level {leas than 305 The coudiiions
2 [ ;

ander which fhese animals Deeame vosistant wore lose . of 1 epeaied

sugerintedtion and aging of the Lest.  Althoueh the rescznes waos
af a kigh order, 30 owas far feom o complete imanmity,  The eutire

;li':;';ai?'-? ol tiw develnpnent of this i foamunity, as dovilod shove, J LI -
lels elosely the vesulis obtaimed by Sl (19205 and Savles IR In
the eonrse of similar exporimentation on Hemoenchius i shiep angd
Trichosteaugihis I vabbits,  We are veluctant, however, i1 e ligld
ol MeCox s worl amd of the experiments 1o Tollow, to aseribe the ve-
sistanes sherved i this series of m:inl.-|'~a, i she abwence of contrals
o dhe elleet of Luereasing age, w the operation of a teue acquived
Ity
Pt

cpeciment do TR, IR, Coddrol Dati. This experiment in-

forted when 133 (dasy
wiig kepl us o condral for 1he et of nee Al

b

s oanates, af which fwo woere in

haolworn dnfesiutions when VY g

Wl wers treated 1o negaiive alont & weeks befors the present alser-
vitions were dnitinded, 16 may be said, tlien, fhat 10834 has beon

tead amimal Tor this experiioent ondy o the sense

sakworni-iree Tor i period of 238 davs prios 1w the
wsb Dnfeetion, For fhe first 11 weeks DEIZ aund D81 were stucied
[

I tbemei il il H|l~u"'*.'.:|ini|*« o hoskworin anendy, b consequenes

mmhh rusle indormation on the eavly isiory of these doms
Jiai e been publishad (Foster and Landsbery, 1934, P 270G
an e ol thelr fnfestations was Tollowsd o AR
i 0owreks boyom] the point wheve the wocmia siadies were
FHER Bevitae ol the bearving of fheir I:.|'|:|'||}|-;"i.'|.: intestation
cirt e interpretation of the peosent experiment, the data

i
el these animaly, exelusive of hiuuu fndings, have beon pree-

sebted G Dl i tabie 4 sand graph 3. Lu this experiment, 1812 was
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infeeted peradancensly awd ST orallv, send (e infeetive doses we
farge but Tew noueber. Doth does were inlecied sl the e thoe
aned with lazvvae from the sane eultures,

in examining the reeord presenied hy

hese dozs (rraph 31 one
i amediztely surprised Uy the apparent differenees in degree af in-

rope B
oo
TR TS T T

AL LT B e g 11 T8 e i o o i |

| ! E : |
3 MLty L { |

s
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Grarm B Curves of daily ege predoction of the thvee litter male dogs of
axperimeat =0 The previeualy infeeted soimal, DRE1S, was et maore tesistant
Ha it vonbrol, D514, when the test Infections were ghvon.

festation wiich resalted Trome he infestions siven by skin and by
il The pereoutanecusty infovied andimal showed, in this instanes,
rreater nlestation as todieatod by i‘;_{'-l;‘.(",l.llll. sl this may
:mlj.’ a highprade individial susceptibilivy, sinee orally ad
e larvae have usually siven the hi;.-;l.r_-r pereeniaros o do-

il

first 37 days on the expeviment, 1

FoRd L
'
]

SA12 and DE1S were
cavy infections encl, tetalling 22,500 larvae, o spite of
Adrhengh reasonably hieh eoe pra-
iosuch

the ability te willstan

which Doth animals suryived.
duetions followed, it has seemed that
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Larre doses of larvae indicates that an appreciable degree of vesistines
wis ‘!.11'1':«*-:‘ in these doos when fivst inlected, This beterpred
espocinlly sigmifleant when it is noted that a luter dose of i

sand larvee, siven sffer the pealss in erg output were passed

v lanw firure, ron

a time when 1he oo eonnt had fallen tooa fad

i Ale death ol one annnal (TE12 from whicl 205 wornes woere pe.
povered ptoavtopsy ). and inan enormously inereased coe production
ol the other {frmn less Alan 1000000 E.POL to ahoat S00L000

B, The et that bell arimals withstood doses of four

sirne! lavvae when the ﬂ‘!':?-{"!"ﬂ!'l-!"':'.f MW 1'""'1"|"II three {hessandd Sive b

dheact rvae o Ahe fourteenth day, Sollowed Dy [feon STiousand e
an e 1_]1i.‘-1:~.'-~.:¢~.'(l111n :].‘le'1 gl thes :Ir‘l.'l.]:..' of e B VR e i1 |!.-:j.'.
"

Qisnlaved no resistance whatever Lo doses of five thensoal lareae, ean

senreely lead tooany other interpretation tlae Lhat the early mfee-
Liems fended to break down, rather fhan boild up, 2 resistanes to

superinfection.  Pindings of this vature point strongly to the im-

tpnee ol The sima s eonddifion of roneral well-being as o fuetor

Pdlueneine itk ability foopesist oskworm infeefion.

Tee tlie ease of D81, which survived this eritien! serviod, olservi-
Hone werr eontinued until the ege eneve {oranh 30 showoed o eonsid-
fime the aniten] was treste] with tetrechlo.
athylene, At the time ol {his treatment the e onloud bad fallen 10
about 1,000,000 15770, a8 cowmpared 1.'c|!f=| sthiowet 4,000,000 1 2.1,
only 4 weeks varlier.  After an interval of 43 days, during the latter

pork of wl A3, ax well ag s contreol DR, was eonsistuntly

)

erahle I_i'l‘l'l!'l:‘ ut owhioh

necative 1o Tene exvaminadions, both antmals were gb nosix Lozl
lagrwsie grer ax v oreder 4o deternine, i9 possible, whether or not the
nepyvions I Teeintion T ihe case of DEIS had render ]
ardly resistant, Pallowing the administeation o
e o production of DE13 rose fo g maximm ol
byl 200000 00 F P, amel st andopsy, 34 davs alfer this inleetion,

o pperiod ol

FRE G S S
thos ammnel =

s lest o,

0 adnlt boskworms wers reeovered.,  In the case of {he contrel,
DR e swe cound rose 1o about TAOLOO0 WMDY at the time ol
anfensy an! 209 worms wore reeoversd, From these dila b appers

thal bodfle anomals were fairly vesistant to the

fest dose, althovneh the
previously wninfeeted eontrol, DI, was apparently more resistasi
thae s preevionsly infeeted Tter mate. These findings, althongh

opposed to the aperation of an aequired bmmunity, ave in aceord with

bpnesd ma-
terially by the weneral eondition of the host,  Por exaonple, i3
probable that the anthelminthie treatment of DRIZ jed o an improve-

the hepethesis that vesistpncee Lo hookworins may be ind
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et T tie s eeneval healily of the animeal sueh that i was akle 1o re-
siat the test miteetion wmoere effectively than 3 bl the previsus in-
feetion 0 Ave dhowsnead orvae whieh was given adoa time when wornis
were present. Bhndiarly to the eose ol the findings on DET, o omay
e ostrestid that ile abscaee of exposuee o the debilitaiimg ofloel
af Beoloworms thronglioud the sourse of (he experiment allowed {his
apimmil 10 enjor & better state of health and thereby fo restst the fest
dose even wore elfvetively than did DE1E While this explanation of

b resistioes of e dos e bhookworms inay ab lest seon anocthodos,

izois the e nlanation which has ocewrred most Dereguently 1o the weiter
when the attempt has been made o aeeount Far 1he results oidained
i v her extende] series ol studies upon AL eenfawm, and has boen

ayrd

enpluisized al this poinl because the resulls of the present experinent

L secasedd 1o be so H:'|'l;..~c:i':h:lnr':.'|lx' M:J'.;;inml ]]_\.' 1liis ]"."'I“":
Aol

tiomal feature peonline o this experiment

of ke results of the fest inlection of

permingl Tndues on e armend wlied hagl previousty Jdiedd, $aE12,
T fras seemned thad he eondition of resistanes, as exbibiied by 1XE135,
coevaicd more o suppeess Dhe egre percduetion than o Tt the estabe-
Hshwent of pavisites. This interpretidion s derived from the faet

12812 showed & lerminal voe outpob el abhom 3600000 153100

and aowornn bavden of 305 hookowoernes at awdopsy, whitle 313 showed
an e putpat ot about 2008000 2100 and a bovden of D64 worms,
Eoperfoend 500 008, DiEs, Qawdeol Brad. The resulty eoveringe

Uhis experiment are presented In ftable 5 oand geapl 40 These dogs

i feetes] whien 200

were Hher msbes, D770 and 13783 hoing flesd s

alil while DTl was kepr as a confeol for the effect of age. Both

expevinental aninutls were inithdly miven swo sevies of infoe

Lhienis, cal

i consisting o dve comsecalive doses over s peiod of 13 doys, the

doses wilhin eaeh serios heing ereased  geometricelly besinning

ansl ondinge with eight Tondred, a total of one tho-

wiply

sl fve hundeed and B toreno being adminstersd nocash sevies,

i oo et 1 P o e A
Phiesie Jurgeod lonrs wers Pln iy Soclenwod ik |||'i"-.|'L:‘- [ AL R R LA T
Wizl v

ait
it b _?1' ,",f'. E l’ T Sor T3770 aned s abaut b

eroabount Goweels oo the expeiiment and angnanted

Uk Do IXTE50 Al

s doses, s wilnessed i experioents 1oang 2, have

been famined fo kI vounger animals, theve was in these enses 10 evi-

denice of severe hookwoernm discase, while also a proneuneed resistance
to imfection appeared to e developed wapidly as compared to the

Balives on douncer animsls. Deeause of the woleranee shiown to
;

Liese peeliminary fnfections wlhielh was evidenced also by s steadily
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deerveasing ooe output after the forty-fifth dav, a thind series af weg
metrvically inereasing doses of loevas ways administerod batwosn the
seventy-thivd and eizhiyseventh davs on ihe experiment. T ihie
pase ‘the doses were exactly double those given previously.  There
Followed o appreciable inerease in eeg production in either ease, Lot
instead worms begun to be Jost, as may be observed in the data of
lable &, That the less of worms followed the decrease in coe pradpe-
lion fits well the ehservations of MeCosv {19215 whn first drew atten-
tion to this scenrrenee. Later in the experiment, in order lo de-

tormine whether 2 high erade resistanee wtill seovailed. doses of
1055 larvae were given enelt doe after I57 dis onoexperinient, and
doses ol 3100 Inrvie on the one hnndred nndd elebtvfifth dav,  In
neither sise was there any significant inerense in g produstion.

When they had been aboud 7 months on the experiment, D776 was

Tanve &,

Pata g D0rra, DER3 and 1D 784 of expecinent 5,

Tr77n [ 783 I} Fe—Ceatoed

Thuyn M
inleeged

Larvane | TP Warms | Larwns | T, Wt s
i #eren i (AL :"..!'Il‘.'ﬁL-\-._: He o eqsl)

i a0 50|
1

3 100 100 |,
i 2010 200 |

11 400 a0n {
15 R L

24 152 n
a0 it} a0
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HEOWOrIns Fenovored LA wrormes recovored I wor:
ab auntopsy | el il st

|'Ik.:.|-. (Lt pegative, while D783 was allowed (o retain its worms: The
elaily oo ,urlm etion at the time of treatment was about SO 162 1
i the vise of D776 and about 210,000 in the ease of DT5E After an
interval of H.‘J daps, both of 1he previously nfected animals and e
cinleol, D784 were given two thousand lavvae caehe per oz They

were autopsied] 21 davs dater, ot which

tie IDTT0 wielded 33 worms
alter having reachied an exgr outpul of 54,000 1010, D753 gave 13U
worins aiter an oeer production of 445,000 15,1208, while the control,
Dad, lad shown onby 3000 151000, and gave fml;rr 17 worms ab o ai-
topsy, While thiese findines aoain speale azainst the exislence Uf an
geqiived  Dmmunity, they have seemod in barmony witly the expla-
nation given above for the results of the previous experiment.
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Grarir 4. Ourevod of daily ege peaduetion of he dhree litter mnfo dogs of
e perin

et O, The previously infoecoted animads, DTG and DTSE wers not moe

resistant to the test infectiong than was the control, D78

Faperiend ,  Desd, Oanteal fhrsd, sy, Eontvol Do, Tathis
experiment are inelnded dogs Prom two Hiters all of which were born
and reared I the labordory el whieh were lopt uninfoeted unil
nseil I the present stody, DTET aned DTS2 woere from the same litter
anud dilMered dnoaee from D788 aepd D70 by ondy 18 davy, the former

[

prate hernee e old

One ol eaelr paie was exposed too8 Tonge period
el venoa e infection, while the ather was relained a= o eandrol lor
eoeffect of ames The twe repeatedly infoctied sninmds, D781 and

PXTEM, wero ebven labvae at 1he some times and Prom Uhe same onlinres,

the only difference being that all o Ale “hamunizing ™ doses wero
theee times as Teavy in the case of 12751 as in the ease of 13738, The
data are presonled in fable 6 and seaph 5, the ladter showine the
imfeetion history of only one pair (DTSR, DT sinee the rosulis from
Batl mrivs of animals wore essentizlly alike,  The fivst infections were
riven at fhe wees of 109 and 07 dave eespectively, whes 12781 was
wiven thirty Torvie and DTS5 anly ton TPhess infeetions woere §

4

Towir], at

i3l
mtervals of 3 to 4 days, Dy weonetvienlly Duevensed doses
sieh that on the thirteenth doy QR0 Lo were given to DTAT and
TE0 4 1TEE. The total

el 10 i o b . - ;
the fiest 13 days was, in the cose of 1T81, 480 gl to DTSS, 10
1

1

nrvae,  When it was appiarent

Taevae miven toocoel dog (table G dorving

i these infections were well feler-
aled, a similar series of doses was seain given between 29 and 42 davs

o1y the oxperiment.  As g oresnll of (his weeom] series of Infeetinns,
the daily e production of DTS1 rose to o well detined penk (22063



AT

TMMUNTEY OF DOGE TO ANUYEOSTOMA o

g T wlidelh was reached on the sisty-sixilh day. In the
eawe of D785, the pealk of the emg outpnt (1,443,000 15,1210 wus
eached o the fiftvoninth day, but the later histor voof this dog shows
that this was eveally the first masxiomm poinl is an essentially bi-modal
parve ol ere peadined bon, ].]LIL':]:'rE‘ the periad from T3 1o 87 iitys on
experiment, o total of 1880 lavvae was given fo I¥51, o five ooo-

metrivally inereased doses, while oue thicd of this number was ziven
to D735 The muomber of larvae wiven in this series of infeetions was
erptal 1o the fotal wmmber which had been administercd previeusly
i each case. Both dogs were gquite resistani to those infections siiee
the ege prodaetions Qid oot amein rise above the oricinal poeals, al-
thongh the egg cutput of DTES was inereased to about s former
maxioni G few worms owere regularly rocovered Trom {le feees
ol Botly doms after the ariginal peak in ege production was passed.

Iis af lerest to point oul at this time that the puppies of 4l
experiment were abioud 40 days older when fest E:'.i’m-‘.,e{'l than woere
those of experhnent 3, and that it took about T month’s shorter ox-
pesure For these slightly older animals fo maaifest o resistunee. The
period reguired Tor the development of resistunce was longer, how-
ever, than was vequired in the case of ke older anbwals of experi-
ment o

+
il

Addditienal doses of 651 and 1860 larvaie respeetively were given
I8l o the one hondeed Gftye-sevenii and one hdeed elghty-
Gith days of the experiment, while one thivd of {hese numbers wiis
administerad to IS8 on these dates,  Adter about ¥ months ol ex-
peitre and about 4 weeks alter the last infeetions, 1he ere prodae-
tioms hadd dreopped 1o quite low fevels and botll animals were Leeaied
with tetracklorethylene.  After an interval of 4 weeks, during the
latter part of which they were vepeatediy negative fo Lane exami-
nations, five hndeed Tarvae were given to D781 and to Hs litter-mate
"J]Il.‘.'ﬁ|, D7sd, while one thousand larvae were given 1o 1738 amd
15 liter-nie conteol, DTH0, The rvesults of these fest infections

iEy

table 63 in

0 betl paies of Hiter wmates were essentially similar
that the previeusly aninfected eontrols showed significantily creater
ege producticns and vielded move worns at autopsy than did their
Gtter mates wiieh bad been exposed to previeus infeetion. At the
time of watopsy, 33 days after siving the test nlection, 1781 was
slrowing s eme oniput of about 31,000 5150, and 27 worns weee
veeovered. woole ity econtral, 1782, had reached an ey produetion of
SO0 T, and 81 worms were mc-m'-ﬁ:'vn. Himilaz 13755 had
vrached oo cgp production of 257,000 15113 and wvielded 29 worms
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al autopsy while its control, D790, showed an coe production of

LUGL000 LD, and gave 2B1 werms at antopsy.  These findines
|:1'.::*.a=.q1.::1-.|:13.' sugzest that a troe acguired immunity was effeetive in
rettilering the previously infeeted animals more rosistunt %o the test
infoctions. [ has sepmed entively possible $hat andar eortain eon.
ditions, not apparent in this experiment, sueb an immnnit ¥ omay Pre.
vall, perhaps beeause of long continued lght exposure to hookwors
ws MeC oy sngrested (1031, p, 8027, If it be presumed, however, that
the nrevious exposure of these animals was of sueh a nature as o
stimulate o physiclogieal  eompensation for maderate ookworm
Bardens, then it s possible that a previeusly nfeeted animal miay he

TaeLr G.
Folalive vesistanecs Io o leal fnfeetion af fea peevfansly fofecled efoge (D FRL and L2 78R
fter freatment o5 eomgered with Geo presiously wninfested Fifer mol
controfs (13 782 and D 700 (o erpeefment ),

I ysar 13 7852 feanlrel) 11758 T 700 feontral)
1:._}4\:_ ] S 1
ST | Womms [Lnewns . LRI [Leevie! BLINTY, | Wortns | Licvas ! 11000,
fthrona ) 5 Rerorged me e ) gieen | Qthous) | sereened] given i =l
e B el e e Sm— e
f i g
3 i3 20 |
EH 120 | 40
Ll 240 | =0
3 4] | TG0
17 | 245 | 0 | i
2 | 313 | o 2 | o
29 B H 10 {
31 ) (53 i it 424 0
M T2 <Lb
38 ) 4| 8T 0 S| M7 0
42 | 480 1460} |
45 (0 0 1222 10
i a7y ] 1124 0
a0 | 1524 0 L 1 I
£y plali P ] 1275 ]
Tk G | 13T 2 2000 1195 2 |
6 | 120 A
&0 1 I 10 801330
B3 EE] 10660
a7 ity Ta2 12 32 /3 R 1
o aTT 4 b R
101 20 0 10530 1
105 370 14 S41 )
113 aTE 11 14710 3
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Tanne 4 (Condinued).
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Al 5o Cubves of daily

eapernnent o FTSS and DTRO {enntral} |,

ey proluction of two litter mate saimals of
There is evidence both Ly egg eount

and by oworm count of the eperation of an gequired fmmusity,
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Lietter able to resist a test infeclion than wonld one which Das Teey
previously unexposed.  That D81 and 12735 did compensate for

their long-standing infestations, at least in so far as their blosd pie-

Prare was affeeted, i evidenes] b Ahe determinstions which were
made on the two lomdred and sinth day ol the experiment, On this
date, 1781 and D782 were estimated to Juve 6620000 and 6,500,000
rod eolls per emunl, of bloed respectively, while their uninfeeted eon-
frals, 13752 and 1700 cave reacdines of GE20.0000 and GGHLD0T ved
cells per emm. Al four of these dogs were estimated at this time
toc Jaeve 194 s, hemorlobin per 100 e Blood. Forther findines o

e Blood of 1hese doms have been peosenbed i table 6, p, 280, of 2
rocent paper vy Poster angd Landshorg (18340, From these data
H s apparent that, in vespeet to blood findings, DTEL nnd [7ES woem
foas eood comdition as their eonteals even before thes were Proed of

their worms in preparition for the test infestion,

Tr the next experinent, data are presented on six animals whers
there was Hkewise an apparent demonsiration of acquired immunily,
althomel in that ease, it has seemed that this resull may be atteibuted
to Paetors peenline to dhe animals nsed in the experiment,

forpeviment 7 BFs0, Dr6Q, Conteol DER3, D76, DVED, amnd b
reds AN ef the animals wsed in this experinent were litter mates
ard werp born and veared in the Iaborstory. Pour of them were
subjected to repeated hookworm infestion, beginning at 8 wmonths of
awe, while fwo (DTG, DTGLY were kept as controls for the effeet of
arre, The larval doses were given to all of Lhe animals at the same
times and taken from the same enltnres, alihough throughout the
erpeviment DTG and TPTH2 were glven three thnes as many larvae
at el inleetion as were siven to theiv ler mates, D759 ane] DTG0
The dala relatineg to these aninads ad their enmplete infeetion his-
taries have been presented in tables 750 and 715wl in
T. Nois desired to diveet atiention t
dita for the similaely infected pairs ave riven in eomposite Do up

oyl 4 and

\
v the Taet that in oeraph 6 the

-

Lo Lhe finwe when one of aneh pale was freatod o remove s worns
prior fo wivine the test indeetions, while aftee iz thme the dain
;'_'_’!-‘.'i"n refer Lo the nfesiations ol the peodividua] annmnals, ‘:ir'ﬂ::-‘II T
shiows the composite Toval-cor curves Tor the fwe paivs of similarly
infeeted doos wp to the time of tremdnwent (273 davs on the experd-
ment)

During the first 10 days, D70 and DGO were given five | 5
tion= of one hundeed tavrvae eaeh while the other two, 137681 aod TIVEE

wore oiven fve infeetions of three hundeed loevae cueh A sl
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sorivs of l'dr-lil' infections ol [ty larvie eaeh was given to DT and
R, ot 2-day intervals from 26 to 32 days on experiment, sl te
piher mair were shindlarvly imfeeted with doses of one hoadreed and Gy
Birvie. Lator infections were siven, as indieated i table T oand
apaph 7, until, when 273 days on the experiment, a total of 2200
fevae bad been given i twenty doses o 3750 and DTG0 aad three
-impx this number in as wany doses Jued been administerod (o D761
amd 1762,

The eemposite curves of eoe production (wraph 63 for boili puies
puna nearly parallel ecourvse for the frst hundreed days, inospile of the
fael thal one pair (DTGT, IXTG2) Lad reecived three times as noy
Birvae as werve miven 1o the ethers. The infestations up to this poing
were Tiidueed by the first two series of infeetions, as deseribed above,
anel it was surprising to find that hese compaeatively few lavvae Sor
dies of this age (B months) resulted in erg productions of about
100000 15,110, Njwithstanding this appavent suseeptibility, the

e vonats Pell oft quite eupidhy after the sixiy-fifth day and follow-
ing s deop a few worns were recovered from the feees of all Four
animals. The thisd series ol inlections was wiven ar this point and
bl ege curves (graph 61 shewed delinite responses to Diereased

infestation, although in this ease the weve heavily  indeeted paie

showed abowl dwiee the ege onf ot a9 was atvained by D730 and DTG,

B I: H ‘.'L'Il':l';].

In the ease of the latler two, the egg ontput deopped of

H
abiout 80 dars after (s seeles ol infeetions, although 1hie oxe pro-
duction of DDTET and DVG2 wis susfained ot o more or less uniloro
level of abous 20000000 BN The Foneth series of nlections oiven
hedwenss RS aned 1T dlays on ihe experimesd asnin preadneed in-
cregses of 1he eoe produetions, and it owas Tollowing these fndectiong

that the meaximum exe gounes were obtained on both @roups, In the

Falnt

s of the wore heavily infectod palie, one of then, DTG, was 1Gled
vielded 851 wors at autopsy (170 days an dhe
sxperiment ;o while DTR1, which survived, reached in egy outpud ihe
e ol ag J*'rﬂl-hrlh?h 4,500,000 TR The dogs 1.'-'|'.Zi-2'::'| ri-
eeiverdd the lighter infeetive doses showed a maximum of 2402000

bv the infeetion and

Tiideli e
inged

EARDL vn e one bondeed and elghty-second day, These connls fell
ot vapidly 1o Jess than 1000000 1710 in botl cases within a Tew
WEEH,

After lavinge been infecred Tor 278 davs, and ar about 17 monihs
af g [3Ta0 ;L::li D701 were wiven authebminibie treatnient, and
DGO was lefy unireated, At this point, the ez produetions were
240,000 EAI v the ease of D759, 95,000 E10.D. for D760, and
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5,000 EINDY for DTGL Twenty-eight days later, at which tipe
all were nerative to Lane examination exeept DTG0 {which was not
trented), doses of two thousand larvae cach wi o ziven to D734
D760, and to the control TITH3, while at the same fime doses of six
thousaml larvae were administered 1o DTGI and 0 the eontrad DT6L
The last named animal, a previously wninfected control, died 12 ilavy

Tapre 7 A.

Datn on D750, 1760 and D 753 of experiment 7,
- ¥

DTs0 Tx 54y D Tn8-—=Contral
I"nyw o Sl
CRICTi= Faryvpe — =
ek e e, Waorma ERD, | Warme | Lurne | BED
AN =eEueel fthope} | sercened given | {thongs,)
0o | i
2 | 100 | | '
il | 1100 [
7| oo | |
W g |
2l | 303 D 143 0
2 a0 .
s 4] L1 | ] 350 | 0
a0 a0 l |
s | !
3 | 77 o D82 0
a2 | 1077 0 B0 ]
41 1963 il 1724 &l
a4 1244 0 s i
63 1113 ) 2117 0
g5 100
70 10 FielF5 1 17ad 0
7o 10
i 1m0 407 3 i &
A 0 .
8t | A 5 ahG 4 .
T 41K 7 A0 3 -
ey i 12858 | o
s 17 ) 102 1
e | a0 — 1210 a -
110 l 1880 —- 1284 — |
126 1060 iy 100 2
|3 100 Tl = | 3 |
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Tante T 4 (Continued].

L 7o EERrE ] B Tid=Con bl
Larvan - — i
L DS b N Wries 15,1 b Wi Tasvne | TLI003
AN seTehiod {115, ) sereeid wiven | {tlntim.}
(! i1 10 712 4
il HLTS a 025 s
s Lala ! G0 4 | ,
1745 24541 2 0 &
= | AT i) 174% i
sl 17457 i) 1748 0 |
s 16D | 0 1z 2
205 1286 | 3 1635 H
240 OL5 I 754 &
i 12439 L 732 o
Dl U 3 B 7
| 461 3 0 | 6
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G S0 370 ] G5 3
52 205 — 270 —
250 458 - et
Wi 24 | 124 E
b 24| - 03 —
T Troutid Mk b bl
250 T -
257 G2 -
2h} Giid i
SOl 2000 13% — 2000
wils | S — L.
] TR 155 - n,
2w | 10 143 -— | 1350
| { Autopsid Aniapsied Aabiipaaiod
21 worms ro- LD worms ri- 2l worms re-
| covard covered OO

ter and 947 huokwornes, nene of {hem sexuatly mature, were re-
eoverad at autopsy. s previously infected litter mate wis fiLkog-
sted on the fwenty-first day after having shown an ear count of only
SHO00 ILE 1Y and it was fourul to harbor only 31 hooloworms,  Simi-
Inely when the other three animals were antopsicd on the twenty-
frst day, the contral, D763, was found to have 241 hiookworms, while
the untreated experimental animal (1760} had 100 worms, and D750,
21 hookworms,  The other data are readily aseeriainable from the
tabdes and graphs.
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[ = diffien]t 1o account adequately for many of the most sieili o
results ol this expeviment.  Reealling that the fonr e nerinen il
animals ol this series were infeeted twenty times over o period of

240 days, duving which time they inereased in aze to aloal 16 wenihe,

and that they wore snseeptible to eash seriss of infeetions ae evl.

teneed By responses in ege produedion Tollowing enoll servies of larval
Tawie 7 1.

Rafa an [ vat, Dves and D red of sxperfoent 7

1} 741 13 Tne D= Clamdral
Thuwvs em
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[thue) | e riaesid HATOINEN s wiven {Hins, )
4] 300
2 A0 |
i 0
7 ann ;
1% sou |
21 TR 0 202 f
25 5 |
2% | 14 ey o b i 0 ,
an 150
a2 140
95 1810 ) 468 ] |
1% 1502 i 1637 0 i
44 1127 ] =2 0
4] 1501 i} 1203 i H |
B Hil2 il s 0
ih a0 [
ool a0 ga1 | ] 415 1
S| 800
T 200 T4 3 T 3
s 300 i '
R 715 TR A 7 7
n 1052 2 1248 1
£ 1015 a2 10| ' 1
105 10008 ] ROG0G 0
11z 1565 . o )
10 TG . 3417 2
iR ) 1702 — PR 1
143 30 1 1871 1 3670 5
i | Ao |
110 50 iz 2 2058 — |
113 A0 [
147 00 2168 2 2814 @ I




IMMUNTTY OF DOGS T0 ANCVLOSTOMA 5]

Tawrw T 7 (Coilinued).,

| [ERATH 8 Rl ] I T —ongrol
LaTvan —
iy B | Wamma .81, Wt Lk wiie: Ik T,
{thous,} merneed HATEH sere gl it AT
B 512 3 Lyt ‘ 5
il | 043G 4 0068 B
s | 149003 i 1 Sl | -
BT a Drieed 170 iy
4216 ] UL eRperinent
e 531 worms ro-
i 301 0 aonerodl
1737 8
1057 1
| 1210 |
o 1280 i
231 man 4
R | 77 o
a0a 1500 =00 1]
202 | G7ik | [
i) T —_—
it I Mg | — |
&y oo H — |
a7 | Treatod
o0
257
i
30l | (3000 Gunn
.5.]‘\ neg,
| e, e,
d ’2 [ L4 =
Autapsiod Mlegsied
31 worms ro- Q47 wurias re-
covered I GOVl

ileses, 16 iy surprising indeed to note that this laek of demonstieable
Pesistanee torotghowt e entire course  of the nfections should
fdnally eulmivate in an anparently perleet demonstration of we-
ainred minunity, The fack of age resistance, which was constantly
apparent during the progress of this experiment, was {".'i{l-;'ﬂllcﬁ not
wily by the infestation histories of these dops but also by the size of
the worne burdens which were havbored by 762 and D:l]-] at tha
time ol their deathss It Is an execedinely rave oceurrence Lo ens
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Graver G Corves of dadly g produetion for the six litter mate degs of

experiment 7, eurves. For the differently infeeted poire are shows in wome

prosite Pobe ugp 20 the time when vee of ench poir wos Treed of worms prise o

privingr the test infoetions,  Thess awimgtls appenr to hove lneked mnomoe e

simbames Tt g
latler
it e Lime Ehe best infections wers given,

voeoa remirlable  demonsteation of  aegquiTed  fwmne
wiy apparently i luencod Ly either fhe presence or abseneo of wones

ty, Thix

connter does mere than oo wvear old which do owot show o marked
resistanes fo the dog hookworne In the experienee of {his lnboratory
only oie other deer has Been found which showed an abnorvmal laek
of doveloped resistance 1o A, cantnene under conditions ol inerens-
ing aze and repeated expesure {via DT, Metlon 1031, p, 278 amd
Foster and Coet T3, p, 384), That Ahis dog was 1he sive of (e
prppes sngmests i solation 1o this abeermal shenomenon in e degs
of this experiment,

With respeet to the composite larval-ege curves, as given in graph
T, 1t 18 desived to point out thot the Invvaloope ratios wore, in cooeral
of moed lower value for the does which receiver] the weontor nnbers
of lorvae. This rouelly inverse relationship between the mosber

it

of larvne wiven and the “ounher of coes prodoesd per lneva ¢

et
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foetedd paiva of ltter mate doge of expovimoent

putput por Jarvi givon,

may pevhinps be pavtially corvelated with e
infest
”iE':J:l

be lower in cases of lareer infeetive doses,

siiiicanoe of 1
inferpr
sl

metatin

1he oot

wwdd with the fact thut

o The  proper

[
i:i'-'l,':'l the lighter indectioms (D700 gnd DVGGEY showed

: . z 2 ;
ions there are fewer exos produced per female worm (Sarles

arval-cgr eurves, it may bo ressoned il
ered, these data are the most delicate eriteria svailable for
ne the resistanee of animals subjected o this type of experi-
interpretation
namely, nothing should be aceepted with eertainty as indieat
deereased resistance exeept an inerease in ihe larwal-pop
litiong are those of superinfection. |

Composite enrves of the larvaleps ratios for fhe differently in-

Mole thot the pair which were
meneradly oo grestor epg

Coot hat in heavier

¥

the pereentage develospownt appears o

With

veforenoe 1o the

L properly

i the eonservalive one,
ing
rifie when

Lois possibie, however,

izt under conditions of heavy infeetion theve may be o deereased
resisianes whicl does not permit an inerease in the larval egy curve,

wh

e on

LR

lso warmms maturing from a single infeetion wmay produce more

oz as they grow older; hence the limitation of this curve to its appli-

ealion to conditions of superinfection or re-i
larvai-eoo
e R T 'l 1t
LS R .I.'n.__yl-ll.'ul.ﬁ'\\. il= '_rll:I:]Lll.

suseepribiliiy In the infection histories of these dogs,

L ars

eurves lor DT3Y, DTEG

]

= A

fection,  The eomposite

and DTG, D762 {graph T have
Uy demonstrating the periods of inereased

These periods

cavrespond elosely with the maturation of the several series of doses
of infeetive lavvae, and indieate that there was o dispropoetionste
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Inerease in ege oniput es eompared to the nwmbers of larvae siven,
These findings add support to data already diseussed v demaonstealine
the absenee of an appreciable degree of are resistanee or acouived
protection durving the couvse of fhe “inonnnizine™ nfeelios,

Summarily, it may be said that the data of this experiment have
demonstrated an absence of are resisinnes smene six litter male ani-
mals, while ab the same time there has boon presented by tlese same
animals onr elearest ovidence of the existence of iy acquirved hnmunity
i dog hooloworm infectionsg,

Dhgoyssms,

In summarizine briefly the data of the zeven experiments (s
enssed above, it may be sudd (hat thirty dees, from eicht lers, wore
usedl in wtudies of repeated infeetion with A, ceninuwm, of which
Pweniv-thres wers subjected to varyine degress of periodie infeetion
while seven were relained ax eontrols for later lest infections, A?
the tinee they were first infected, the experimental animals varied in
age Prom 2 to 8 months, while the controls, which were kept unin-
foeted until late in the exporimeents, were from 7 oto 15 months olid
OF e vepeatediy infeeted dews Lwelve suecumbed to the effects of
the worms, while of those which survived, five were found both by
eoe count Al by owoerm eount At autopsy Lo heve resisted the lest
infeetions mere effectively than Ad four controls (experinents § awl
Th, wel the other six previeusly exposed animals were apparently nol
more resistant do the fest infections than were theee controls [ex-

peritients 2, 4 and 5. Althongh some of the previously dnfeeted
animals were freed of their worms prior to giving the test infeciions,
this did not appear to affeet their eondition of resistanee. A similar
approach Lo the data presented by MeCoy (19310 =hows thal of the
repeated!y infeciod doos gsed v the controlled experiments, one dicd
on experiment; while ol those which survived, three were foumd Lo be
more resistant than fonr eondrols (experiments 4, 5, and 71, and theee
olhers not more resistant than two eonteols fexperiments 1 and B).

It ey be sumeearized fuether that e infostation Dlisteries ni
several animals nsed i the present study which swevived the infee-
Lions, partientarly these of experiment 3, represent the normal pie-
ture of the manner tn which the dox becomes vesistant to oL eoninm
under conditions of inercasing are and repeated inlection,  There
radal
inerease in duily ece production, and then o Cerisis ™ after whicl
the ege connt foll off in spite of wdditional infeetions.  In eases where

was ab first an secamnlation of parasites in the st with a

1L
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the eves of the dhoes were sereened for the reeovery al wortes, it was
alserved that the majority of worms were lost after the epg produe-
e had begun to ileronse,

[t is believed that these resulis offer a complete confirmation of
e carlier studies of MelCoy to which Trequent veference has already
heen made,

With the eompletion of the present siudies an apportune biese 35
presented for aalveing o information on the resistanes of o Lo
snfeetion with the dog hookworny, A, eantniti, in order to formulate,
if pessible, a hypothesis which shall meet adequately the vavied impli-
eations of 1le experieental findings,

This may have its hest approach in an unbised analysis of the
extent 1o whiel an acquired mmunity may be said fo prevail in this
hist-parasite relationshin,  An aequired iy s delined as that
srndueed in the host by the presence of the worms. This definition
s eoservative in its aprecment with aceepiad immunological iler-

pretitions, and at the same thne is liberal 1o that it does not exehide
from analvsis, with respeet to acquired hmoumity, the great bulk ol
worlk whicl: has been done on resistanes to superinfection. The -
patinm of this definition does require, lowever, that the ity be
olivited by past or present infestation, and thid all other causes for
thee development of the Immunity be it e,

The faet that repeatedly infected animals have, in several in-
canees. beesme definitely more resistant to test infections than their
previensly uninfeeted controls woulid be aceepted as strong evidenoee
af the existence of an acquired fmmunity were it not for the equally
pmerons ehses in whieh the cantrary result bas been obtained.  Un-
guestionably mieh of this variation can be sxplained on the basis of
ndividual difference in natural susceptibilities, and there is consid-
erable evidence in the experiments involving litter mates in ihe
preseat studies that individual animals may viry greatly with respool
o natnrnl resistanee. 1t has seemed, however, that in many of the
sresully contvelled experiments, there were other Yactors responsibie
for {hese difforent results suel, for example, as the animal’s genetic

fon (eaperviment 7

canstl

yoor its eondition of health as affected,
perhaps, by previous infection (experiments 1 and 23,

Another possible indieation of an immunity elicited by the worms
s the apparent suddenness with which the immunity reaction fules
place. It has been observed that, under conditions of repeated in-
foetion, there is an aceumulation of parasites with a rradually in-
areasing egy production, and then a '‘erisls”” atter which the exg
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eount falls off and seme of the worms arce spontaneously expelled,
The importance of this ferizis® as 2 demonstration of acquired im-
mumnity loses mucl of its strnificance in the lzht of certain other
findings.  In the first place, the suddenness with which this reaetion
tales place hag boen found io vary with the are of the Lot A 15
montli-old dor infected with five hundred larvae eaell woek may fail
to develon any infestation at all until several thousand laveas lave
been given, while the infestation which doss develop resches i
maximum ege prodoction in 2 or 3 weeks and falls off rapidiy theee.
aer hangd, vounr puppics whish survive repeated
nfections, ordinarily rench the peak of ege ontput in 3 to 5 months,
althonel the cor production does not diminish materiallv for another
Zoord months. 1t seems entirely possible that the suddenness of this

affter. O the of

immunity reaetion mayv be due, in laree measuare, to the redueing
pffect of inerensing are of the lost upon the ere produeiion of the
wirins, L4 D beon noted

alse, thut prder concditions of reposted

D

e Lo moderaie infective doses animals wmayv be rendered mere
stseoptible to subsequent infections rather Lhan more oo, amd
that these animals sueenmb before the “ferisis™ iz reachel

It shounld be mentioned also 1hatl eertain findines have been thoueld
to show an inereased resistance of the doo fo superinfeetion with L.

b

pemtnam, Hereiek (19287 infeeted eleht doss and follewed the in-
festations by pee count,  FPour were treated to neoative while 1he

i

others wore superinfeeted with oz many as fonr doses of larvae, No
inereased resistanee was noted in the treated animals, althouzl it was
egtimated fromn ege eounts that the number of “'oors per Jorea”
wsnadly fell ofl as subsequent infections were ziven in the notreaied
eases. In swmmarizing this part of his studies) Herrel stated ot
“in certain eases where worms were present Trom previens infeetions
ihere scemed to be inereased resistance to superimposed infection,”
This interpretation also loses some weirht in view of Sarles’ (10200
demonstration that! the number of pores produeed per worny doereaserd
am the namber of worms prosent ineroased and in view af data Doom
the preesent studies whiels indicste et e number ol 9 emee por
Lerrwn "' roay tleeronye gy 1he size of $he Tavval dose s Inerensed,

Some attention has been siven to & consideration of these fasiors
in Faver ol an aeqguired resistanee in dos hooloworm Infeelions, e
cause it was apparent, us shall be pointed out presently, that the
weight of evidence is azatest its oceurrence to any considerable extent
ard that eonsequently sowe oxplicifion was neeessgry (o geconnt for
the observations which have been nberpreted s indieatine anoae
guired mmunity,
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The follewing experimental findings lave been recarvded as
slrongzly indieative of an absenee of aequired nummeity in the dog
arainst hookworm infection :

" In the first plitee, there is a very general correlation hetween
manitestations of resistanee and 1he tge of the host. On $his basis
ai explontion has been offerad above Tor the apparent suddenness of
the tmunniny reaction, and 16 bas been noded also that olien when an
animal Beeame bhighly resistant afier lone continued infeeiion, its
ltter mate which had never betore been infeeted was equally vesistant,
Lilewise older anhnals were Tound o have folerated heavier initial
infeetions 1han could be given saloly o youne anhoals, while the de
oppos of infestation which. resulied Trom similar doeses of larvas were
miseh redunend in the enses of the older anbmals,  Indesd, thvonghont
these studies, wnd fthose of MeCoy, there was eongtantly emphasized
the diffenlty, and yet the lwportanee, of ruling out age ay o factor
gifecting: the resistance of the experimental animals,

Secendly, the slowness with which a dog becomues resistand fo oL
panfiiny poluts rather against $he operation of an aclive nomunity.
I the repected infection of puppies, the reaciion is exceedinely slow,
witls te resuli that a single lufection, or even several infeetions, eon-
fers no measurable degree of hnmunily fo furiler infesion,  [low-
ever, 1 the animal s allowed 1o age macerially, as bas been mentioned
previousiy, a marked resistance is developed, even n the absence of
previous infection,

in the thicd place, there s apparently an absence af deooastrable
antibiodiss, as was shown by -"'-H'nnlbct';_:' CEE0%, Thas is not reearled

Fh
'

as o particularly strong acgiiment, In Uself, againss an aseguived Du-
ity yet it is wholly in Hne with the inubility to denonstrate con-
sistently an immunity elieited by the worms,

in the fourth place, the evidenes s seemed clear that in seveeal
instanees, the presenee of sn infesialion actually has rendered doos
more snsceptible to subsequent infection.  Some cmphbasis s already
heont wiven to this findine, o ovder $int the distinetion be made be-
tweent deereased resistanee to e injurions offvets of pavasitism and
decreased resistuncee to the invasion and establishioent of parasites,
The presence of a heavy Infestation has been shown {o break down the
resistance o inercasedl parasitism, an cifeet which is similar to that
wf # deficient diet.

A fiFth eonsideration s the faet that tle six exeeptional animals of
experiment 7 of the present studies Falled to become resistant, even
after 8 months of continued exposure snd when more than 15 wonths
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old,  In this instanee one ean feel certain that the complicaling ofeet
of age was climinated. Tt was pointed ont thut the sire of these does
was considered, up to the time of these experiments. to be {he o ly
dog among a laree zeries whish was found ‘o lack Mame resistanee,
OF thiz deg, MeCoy wrote: (1931, p. 274) D547 was an exeoptiongl
animal beenuse i did nel show the prowottnecd aoe resistance px-
hibited by the other dogs,  Althouszh over a vepr old at the end of the
experiment, it was still susceptible to a heavy nfoetion.”  That e
dows of 1his litter, which were also wnusual in e rospect, shonl]
have been in the direct line of deseent Crom D547 hag soemed to jndi
eate more than a chanee oeelsrence, Alhouely this evidenes iy gl
mittedly not more than sugsostive of {le possthility that Leredity may
be o factor which in some fistances may mfluenee the resistance of
dogs 1o A, canfnnm, it has been miven some considerntion becanse of
its potential significance in the whole fleld of resistanee to Lelminthie
mfection.  Although these same animals failed to exhibit a resistanes
to superinfoction at any time during the long period of “Tmmnniz
g infeetions, i was surprising to find that in this experiment theeo
seenrred, is 4 result of the test infections, an apparently somnd dene
oustration of acquired imanmity,  This finding is admittedly the
most diffienlt result to explain adequately among our entive series of
experinental stidies with the doe hoolowerm, Tt may be possibio that
these animals who, beeanse of heir genetie constitution are unable 1o
develop an ase resistanee, are proteeted hy an ability to aequire an
active immunity. I one go so far as to avceept this byvpothesis, il
shonld not seem unreasonable to take under congideration the pos-
sibility that differences in heredity may be more responsible for di
vergont experimental results than hitherlo snppesed.

The sixth line of evidenee bearing npar this analasis s Jderived
From prenatal infection studies {Moster, 19321, The firidine of sus
eeplible pippies born to vesistant mothers has secmed o Lhrow some
hght on the nuture of the immunity involved, The absenee af pro.
teetion in the puppies, even nrenatally, hias been vesaeded s strony
evidenee against the possibility that the mothers harbored an aetive
Brmunity, while, on the oflier Bl s findine fits in well with the
postulation of an age inoounity,

Finally, a eonsideration of the factors which have been shown 1o
alleet the resistance of dogs to A peninum makes it appirent that the
greneral eondition of the snimal is very importent in the recalation of
the hoolworm burden.  Those factors which alleet {he ability of the
host to eompensate for the injurious elfeets of parasitisin ave apper-
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eutly the factors which rediee ilie resistancee 1o inereased parasitisn:,
We have shown previeusly that a deficient diet (IFoster and Cort,
1 Poster aned Cort, 19353 is one of these factors, while we shall
Teve oecasion o point out in later publications that an iron-defieient
diet ad the production of anemia by perindic bleeding are factors
which lave seemed to Lall in this entegory,  Likewiso, the presence of
o lieavy infestation may wilitale against the preservation ad develop-
pent of resistanes, as has been domonstented in these experiments.  In
porevent siudy upon Ahe anemia of hookworm disease in doos {(Posier
and Lamdsbers, T34 attention was direcled fo the apparent correla-

tion which was eonsistently noted between hemwoslobin levels of the
Blood and the animals” resistance fo inlfection (p, 283, Phere ean be
ne ot $hak the tﬂilﬁitlhc?llltlg ili,lzil]‘j:’ Jdone 1o the hosi Li-_:,' laakwiorms
is the praduction of anemia; henes we may presume 1o have in this

discose 4 vielous eyele, such that, in dogs at least, the presence of
bookworm disease predisposes to ferther infection,  This ob-
servation, as will be recalled, has alveady beon dmmonstrated experi-
mentally,  Moreover it has seemed reazonable to suppose Lhat age re-

sistanee s o manifestation of 4 non-specific general bodily resistanee
wiiel, 1n the ease of dog hoolowerm infestations, is conditioned upon
he ability of the host fo compensate physiologically for the eilecis of
parasitism,  There can be no doubt that the sbility of ihe hoest to
withstand bloed loss, and to compensate for this loss, inereases with
e, Al leasl to a certain point.

In the light of the above considerations, we are inclined 1o agaept
tie Loflowing viewpoint, namely : that andmals wideh, Leeause of over
infection, defieient diet, ov as a result of the operation of any oiher
factor, become weak, anemie, and poor in general health, may, in
eamseiuense, be rendered less resisfand, uol only to the injurious
elfects of loukworms, but alsoe 1o ihe lovasion and estabiishment of
these parasites, On the other hand, animals with the advantare of
iage, or perhaps beeause of the advantage of o compensation which
way Dwve been indaced by previous exposture to moderate worm
burdens, may become able io resist more effeetively the ostablisliment
of lookwories as well as their injurions elfeets,

Barring the possible véle of heredity, the effeet of which would be
mly to eliminate certain strains of animals from the application of
this bypothesis, we submii that this explanation has seemed to us 1o
bie the enly one which Larmonizes the varied results whieh have been
oblained in immunily studies with the dog heokworm.
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BUMMARY.

In an experimental study of the resistance of doss fo the doe lealk.
worm, Aneplostome eaninwm, thirty dogs, representing eight litters,
wers employed in saven experiments, In which tweniv-three of these
dogs were subjected to repeated Infeetion while seven wore retained as
eontrols,  In two experiments, the pt-nvinuu]v exposed animals were
clearly more resistant o lest Infections than were the previousls un-
infeeted controls, while in three ofler cxperiments the appasile con-
dition prevailed,  Althoosh some *immunized u::inm‘!:-: were Froed of
hooiworms prior Lo fest infeetions, their condition of resistanee (il
el appear to have been sfeeted, Twolve animals died of aeite loaln
worny disease during the vonrese of vepented Infeetions and, Pram ¢he
data presented by sewveral ol $hose, 14 was eoncluded thal severe in.
Pestation may be o factor which predisposes to increased parasilism liw
Iwelworms,  In other experiments, it appeared that lizhl hoeokworn
Burdens sometimes prepared an animal, probably throush the mecla-
nism of a physiolorica] eompensation, to resist more effectively the Lost
infeclions, although the distinetion was eonstantly made botwoeen ros
sistance 1o the injuries of worms and resistanee Lo the invasion of
worms,  On the basis of the results ohinined in one experiment, where
the animals of one entive litter were unusual in Tacking age resistanee,
it has been supoested that the renetie constitution of aninmls w av be
a factor emuplicating the resistance problem.

¥rom an analysis of our information wpon this resistance, it has
beer suggested that it is neither o true acquired immun v, nor, fanda-
mentally, an age immunity,  On the other hand, considerable emphusis
has been placed upon 1|u= importance of an animal’s general condition
of liealth as the regulating factor in its resistanee botl ta the injurios
of hookworms and to their establishment within the host,  Evideneo
has Deen presented to show that fuetors which militate araingt an ani-
mal’s condition of well-heing are faeters which vender that host Tess
resistant to {he invasion of hoolwarms.
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