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fteaiata tco of animals to arasitlsu wlilch ns coao into

greater prominence durln last t!iroe Uaeadee 2ms tlree rmin

subdi^ siono, natural rosistaiioej acquired resistance and ago re-

eistaneo* statural reeictance to parasitise la Gttarally undar-

stood to eiean the resistance of an aninal that la normally pro-

aent. Acquired rec oe nay ba clefined aa 1 atenc* e*»

MMtad by an animal to »arasitiao dua to previous or coribeoporarj

Infection* Age realstaaco la to reaiatanoe of an anlrael to

paraaltlaei vhioh devolo a aa tt* an '-.ml rrowa older, especially

to aaturlty*

In etudying rosiatanoe. Chandler (1930a) held that two

faetora .ad to bo considered* o dotornlned these to be the

roa' stance of t:*> boat to f a»t or infection and oot»a ro-

elataaco to the offacts of paraaltlaa* overal otandarda have

bean uaed aa boaoa for newr-adac **'* degree of reaiatanoe of tha

it to the offacta of pcraaltlaxi* orrick (1986) uaed aa a

baaia the comparative rata of growth of parasites in hoeta of

different a^ea* Aeicert and "lerrlclt (1023) ovalnatod t!» amount

of reaiatanoe by coopering t'*o nuabcra of parasites that were

able to live in ftoste and the affeota of parasites on young ftrJd

old hosts. Chandler (1932) uaed as a baaia tho roalatance of ft

boat to reinfection. 1 found that a osaaureraent of

resistance of the boat could be nede by couparljag the devftXaprjont

of the worna and their e x-la:/inr, ability*



I

In studies mO» by aetasrt, Fisher and Zlssssstaen (132?) and

AeKert, a Ivaine *ad Crewford (1931), It »ec found that di«t»

deficient In vitaain A lowered tha resistance of hosts to >*>lain-

thic infections, Slwjsrwn* 1'lncent end Ao&>rt (1920) and Ae&srt

and HoXf (1931) found that Us] resletenoe of hosts was lowered by

diets deficient In vltenln B* The aocouata of tide work with

vitenlne A and Q appear to be the first oonolus! vo evidence that

natural resistance of hosts olssinthic infection aay be lowered

by nutritional, deficiencies, "todies on vitaain D in relation I

resistance were carried out by Aokert end splndlor (1989)* Ad*

ditionel roeeerehes in dietary supplements as factors In reslstsnee

were done by Aokert (1927), Aeteert and "each (1933), Acaert,

Branson end Aaeel (1944), Aetssrt and *"&edel (1940), and Kledel

(1949).

Comparisons of resistance of hosts were zwdm by Aekerfc,

enbrendt, ^Ilaoth, Gleding; axtd Pratt (1935) They found si@»

nlflesnfe differences in the natural resistance of respective heavy

and light breeds of ohlclrens. barred Plynout: i nocks end Vhlte

Plymouth Hocks, as heavy breeds of chickens, had fewer end smaller

Accarldia IJneatel then did the light breeds, tfhite Leghorn and

white Minorca*

A review of these end other piiesee of resiotenoe wee nede

by Taliaferro (1929), Le Pe@» (1933) mad Aokert (1942).

.e nematode la known else ce ftscaylftfr pcrep^o^l^
and ae Aaeawidta jgelU •
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Of those different ty km of resistenco exhibited by anlnalo

to helsdnthle infection ;»r taps the nest Important Is ago resist-

ance* .is stated, it dooo not arise as a roeult of previous or

ooattefuporary Infection but develops cs the host grove up to op*

proxioate sexual isaturit; «.

Increased resistance of anirjala to parssitisia see first

notioed by Loess (1911) . ;ss found that hooipeewa larvae fed to

young doge eere able to reach s*turit*f however, eitoa they eere

fed to adult dogs the results were negative* In 1900 aeasoa end

Paster eonfirasd Loose's findings with Aaoarls in pigs* Benscsi

(1981) deaonetratod age resistance In sene to the netaatod*

f
:i

| m •c;r.\y >..-., Mftlh GUttS] RMttl q pMatMl IMHNWM I* Mil

resistance of chicken© as they grew elder to the developaent of

the neaetode Aesseftdfte. psrsploilliaa* m found that the resistance

luci'cased with egs up to 105 days* In 1923* Ackers end "lerriek

reported additional evidence of this ki -.-d* In ti-ioir oxporlraonts

using chickens they eheeed that the percentage of infections

ranged frora 8B*? per cent to 100 ptv cent in experinente fcorui-

nated at t; *e end of three weeks* The infeetlon ranged frera 35,4

per sent to 6 . 1 or cent in expertasnts terminated at to 45

Age reeletenee wee deaonetrated by r-arlos (1020) who infected

young end adult dege with Awevloetttaa braslllenee* Derrick (1008)

found that older doge were aero resistant to Ancylostofaa, '>inlrwy
^

then younger ones* 13s showed that it tod: the hookworus longer

to asture in older dogs and that ths proportion of larvae which



developed decreased croatly with a; ,o, Kxperleaaobal work by

floott (19SQ) and BoCoy (1931) resulted In eonflrmtlon of Herricls»e

work*

Africa (1931) deaonetrated age resistance In laboratory rets

against «tuu—>Httngylu» iauric* Iseaulta of esqsertosnts on t!ila

helcdnfch by Chandler (1032) were not as striding as thoaa of

Africa* /infield (1953) notod a siarUod Increase In resistance In

older rata to tl» neiaatode niftlBlttl «wp|»—

Ajso resistance In anlaala has been observed also to flafceorra

parasites. It aaa shown by Shorb (1933) that age resistance) aanl-

fosts itaolf in trie rat and the aouse against t:*> ooatode paraaite

^i^uolepla frateraa* In atudiea with fluids. Aoaol (1334)

noticed ma increased roeietanoe In older snails to larval form*

Aekcrt and field (1937) s owed a raarkod inereaae In realstanao in

older c!ilcisena to the ooatode itellllotiaa ooetlolllaa.

tort, Porter end Deaoh (1935) desaonatratod age realatanca

In chickens to tfne growth of /soaridla j£aej&« They found that

t se aeatraaa realatanca la ordinarily reached when the ahleifan

I attained the ace of 93 days* Age realatanca waa demonstrated

in toice to the nematode Trlanlnalla spiralis by niedol (1943).

found t sat mice infected when about atx wee&s of age were r&ieh

lea* resistant than alee infected when store tlien five nnnthe of

:mdrieke (1940) resented quite striking results using the

oa e heat and paraaite* !le found that after adsslnlefcering 00

larvae t ve young nice ahowed an ayeraip of 73 per cent develop-

neat of adult earns coopered with 29*4 per cent dovolopcsont far
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tlm old galea*

m been saggset*d that accretions of one or aort or the

ductless endoerl:u> pleads any play a pole In tl» resistance of

auinals to parasites* , It wa* found by ftetoert (1904)

aft t ;o renoval of the chlckan thymus gland lied no offeet on the

©wth of Aftearidla* Jaffa (1D26) showed tiiat the resistance of

rats to peresitien was reduced by Buprarenslootatay* Aekert and

otto (1927) noted t-«t the else of the chicken thyroid -land wee

not changed due to parasitiss with Aaccrldla lineata*

a poaeible isolations: dp between the products of the sex

glands end resistance to perasitlan was found by 3toll (1036) *

c observed that the reaister.ee of a rasa to the nematode Haeiaon-

*- *V j* **^%. ~k 4* "^ w^^^* i j^ ^&^ Mu^jAf ft^^^^hxft ^Kfs Vt^M4* W^^ife St n^d^fc (^m^ajljBi _. ^ ,-m ^» *^*^ d* ^%fx - r "^ ^ * ^*^ ' ^

(1042) suggested t *at t .ere are aany "differences In sexual

Incidence of parasitise* eepeoially in worn infections*8 lie

iiotod that there was a distinct difference In the ouatoar end kind

of parasites harbored by nolo and fasaale adult individuals, but

ore were no slnilar differences found In children which

are known to be susceptible to laany helminths* It was Ma con*

tantlon tl^ct "hermmal secretions stay have an influence on

certain perasites**

Addle (1946) suggeeted wa&m relationship between sax honaooat

of the heat and ti» vitamin Q cosaplex due to the fact that the

@vowth of Faaaanjlinlf
fl|jnftff||ft i8 n«naal in &&*> **&ts on a

vltaain-defIclent diet* while it is stunted in feasle rata on

the aaaa diet* sadan (1340) 1*0 ..orted tiiot moderate doses ot
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testosterone iSpopionato to lixiatupe -iolo chletesns and of til

radiol bensoate to ioraature fonalo chieisens luereaaed t:*>ir

resistance to infections with fisoar^dla galll * ?odd (1949)

found t i&t there were no slcnifleant differences In par cent of

develapaent of A* galll and hotorsJda galllnae in mildly hyper-

roid* nildly hypothyroid, end noraal fowl hosts* Aoicort and

eone of ale students notod that tno resistance of ohlolsens to

parasitlsu increased us they approached sexual noturity*

The foregoing suggested relet I •. m between sex glands

end degree of parasitism end the Increase in resistance of fowls

to the nematode &* aelli that has been noted up to approximate

semial maturity led to the present study* ?he object of the

Investigation was to ascertain if injections of the fetaale sex

raona* diethylstllbestrol* into yonng pullets would increase

>ir resistance to the fowl nematode &* flail- .

ISaTEBXALS A8D 2SET 5IOyS

The ehieicene used in these expariraeate were Single Coon*

White Leg'norn pullets obtained as day oi eke fr >n a so»aer-

del hatchery* Upon arrival the chicks were banded* divided

into groups and put into electrically heated battery brooders*

The chicks received e oossaerclel rood oontoininc- ftli essential

ingredients in tim proper proportloa* and water were qccos-

sible to thea at all tines*

At the «ge of ono week* fc5« ehioks were divided into two
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grou;>n of apv>ra*Iastely equal we n all eaperiiaonts the

birds in Qroup I received the inject :'.o;u3 of resale haraane w ille

these of Group II wore n»inteinod as a control rroup*

The diothylatllbostrol was obtained cornierclolly In «

crystalline fans* This was used in tho proportion of 10 ng of

the horoone to one oo of Uasola oil* It was necessary to nm
too mixture slightly to ceuae thw howssens to 30 Into solution*

When the chioits wore 12 days old, injections of tte feoole

?Tors»ne thus prepared were ad ilniatercd Into the peetorelis uajor

ausole at tie rote of 0*1 ec per chick* The honaono wee given

every seeond day excluding Sundays until the chicks bed received

10 injections. .. all, oach chic!* received e total of 10 iag of

thylatilboetrol.

Two days after the initial injection of homono* each chick

or sown groups was pereeitiseo wicn oqucx nwBoers ex e8mryonece«»

viable £. fylli tgPta The eggs were obtained froa adult feanl©

worcwj obtained from pasting eogpeniec, -on arrival the warns

were dissected end the two uteri were renewed* but kept intact and

placed in water in a petri dish* 7ho eater depth was kept at

approximately four millimeters* ?he eggs were incubated at 80°

. During the incubation period, the culture wee agitated period*

loally as an aid in supplying oxygen to the eggs*

1 culture was incubated about SO days to enable the larvae

the eggs to develop and pass through the first ssolt. at which

tine they beeoae infective.

aoh chicle of both groups was parasitised by the drop lasthod



of iodel (1947)* In tuts nstliod About one-half inch of clean

sand la placed In a dropping bottle* The egg culture is poured

into the bottle and sufficient water added to cover tits sand

one to one and one-half inches* The bottle is shaked vigorously

to break up t!>e uteri and free the eggs from albunan or ot ; ier

material which causes than to eluop too i ?hl» prepared

culture la agitated to give a ualfeva suspension of eggs par tiro?

of the mixture*

The proceas of standardising the suspension was then under*

talssn* A drop of the suspension was placed on a class slide and

ttte viable* esabryoneted egge vara counted* A series of drops

was counted in this aannor and the average astorained* Tlie

concentration of the suspension was adjusted to the desired point

*BJ¥ Sf* **^ w^%*^**^» *r ^b- v*A *&mt- fW <J* ^**mt^» w** rV*- ^*j*mJ^i^iwH* S—v^P^W*^^a^BWSl W*a^^W^^a *-^HW».w **-* *^0 *r***0k tm ^^ ^1* ^P

concentration was reeehed the chicks ware parasitised with tine

proper nuaber of drops which would aeko a total of about 200 _.

galll eggs* The procedure followed was to open I loir's

south and allow the drops to fall well bask in its throat* It

waa noeaaeew to agitata the euaacnelon between each foodint? to

sure a unlforn suspension*

Three weeks after parasitising the ohleka were killed* The

intestine frcai the giaaerd to the yolk sac diverticulum waa

roiaoved IsBSSdiately and flus >©d into a &Laas jar by the hydraul'

raofiod of Aakert and Holf (1989). After the worna had been left

in the Jars several hours to lose their notility* they were kill-

ed and preserved in 10 per cent fornalin* The foroeltn alee



al<Iod in preventing coiling of the larvae anil tlso absorption of

eater sufficient to rupture the worn*a body wall.

The worae were WKaeved frees t oserved intestinal contents

and equated • The length of each war. a wc.a obt; by pro jocting

am a pietosraphie plate the wora*s .- onlerned &lx tinea* f*eo»

all fcraelaga of t ose projected inagea wore oade on tlsoue paper*

To obtain the correct length of the we-rsi, the tracing wee

k-aaaaored by a silled wi^eel which reduced. by aix tlaas the length

of tiese lines and gave readiness in B&lllao»era.«

cooperative nutabere of wotftas In each group eere used to

deterElno the a lount of reoiataneo of the ahiale*

&mmmam& m

Fifty Single Can& vrbite Lat*rtorn female cSiieke were obtained

for this experiment* Ml fcfefli egc of 10 days to chicks were

«eig ed and divided into two groupe of approximately equal waists

and the inject!one af the hanaone to the ehio&s of Group X vera

begun aa described above*

fto reduce or eliminate miy WW due to the handling of one

group of chickens sore than the other* I lessens of Group II

were clven injections of pure vegetable oil in the aauo eijount

(0*1 cc) aa those of foiaala eex hersaooft in Qrw® I*

At t;« a-o of 14 days, each cl-ilck was parasitised with



900+10 oabryonated, &# palll eggs* ri^oo weo;:a late? the

•jkens were billed, t?*> Intestine or each rooowrf. contents

flushed into a jar and the warns counted and jaeacuroA,

As shown In 'fable 1 t .' Group I had a total of

05 worses while t.toea of Group 11 had 841 worm* It was found

that Group I had an average of 3*5 warns per ohloteen as oouperod

wit >. en average of 9.G worm p«? chicken In Group IX* The

largest auotoer of noma recovered frea any ehleiaea In Group I

vae 19 wille the loeeet wae one* In Group II, 48 wee the highest

nutaber of wortes recovered frost any one chicken while the lowoat

waa one* nine ohlotaens in tiio injected group (1) had eliminated

all of their £• mill. o tout three of the oontrole (Group n)

were without woma»

T.ie average length of worsts for Group I wee 13*0 m with e

range of G*7 to 89*1 m# In Group II the average worn length

erne 10*1 est with a range of 3*5 to 24*9 rar.u

Using uunbsra of wonaa as e heals top determining the re-

sistance of chiekens to these parasites It can be seen that

Group X with en average of 3*3 warns pes ehleioen was tsueh aare

resistant than Group II whi : an average of 9*6 worsts per

Ichen. It sight appear that the ohlcissns of Group I with an

average were) length of 13*0 aa were lose roslata.it then those of

Group II which had an average worm length of 16*1 m but tills

snail difference falls within the range of caper

l

aental orrx ••

tatiatical treataent of the data on nunbora of woms showed

that there was significantly leas variability In the wore* of
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Group X than in those of Group XX« The juean level of 4* oalll

in Group X also wcs significantly iMt titan that of tlm wane* In

Group X.
T
.

Stpsriraent £

Ths pullets used in this experiment were Single Coat milte

Leghorns obtained froa the seas eonasrolal hatchery as the

icHeas in Expsriasnt 1* *fhen 10 days of a^s ths chicks wore

banded and groups* according to weights into two groups* "roup

X contained 21 chicks and Group XI# 00 e!iioks« At this tins the

birds In Group I were given tlie first injection of fotwle sex

>raone at tie rets of 0*1 oc of a 10 ag pep 00 concentration*

Injections were continued every Sad day excluding rundayo until

a total of 10 injections had been edainistereo* The pullets of

both groups were parasitised at the ago of 1£ days with 200+10

ednryonetod £ rail! eggs* Three wssko after they were pare*

sltlsed* the pullets cere killed* the intestine of eeeh removed

sad ths contents fluaiod into a jar*

Group X had a total of 009 worns Cable 2) with a rang* of

1 to 04 wonas* a total of 079 woras was recovered fron Group IX.

m infections ranging from 1 to 07 woras* An everags of 89*0

worms pvtp ehieken was recovered froa Group X es oonparod with an

average of 34*0 woras froa Group XX* One pullet of Group X had

ineted all of Its woras whereas* none of those In Group XX

was witiiout A* ;;aUi,
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,>up I hnd an average vara lengt ; of . tsa with longtnt

ranging frou 12*3 to 65*3 a • Ttai average wowi length for Group

II was 44*S z« with o range of §*8 to 89*7 ant

As In Exporioent 1» worn nusabere were used again mi e basis

otoralnlQg the aaount of resistance exhibited by the pullets.

Although the difference woo not as striking as In i:xperinent 1,

Group I with on average of ®9*0 vers* per chicken Indicated a

trend toward highor resistance to tlie woras then did the 34*0

worm overage P^t> chicken for -•Jreup II* bo regard to the lengths

of worn* the situation is similar to that In "jqporlnent 1, in

that the slight average differenee is within tho range of expori-

nental error*

when tho data on numbers of worn* wore analysed statis-

tically, it was found that the differenee wee not significant*

but that the difference widen did occur (Oroup I had leas average

worm par ohicicen then did Group II) was in the ease dlreotion aa

that in &xperinent 1«

IlKpftr1 Tuanti 3

This experiment wae begun with 50 ."Ingle Code White Leghorn

pullets obtained frost the saao oosmereial hatehery as theee used

in the two earlier experiments. ' t the age of 10 days they wore

weighed and divided into two equal groups by weight and the first

injections of feaele sex homione begun for Oroup I. two wastes

of age, the pullets were paraaitiaed with 800*10 a. nalll eggs*



eo weeks later w:»n the injections had boon completed t>jo

chickens of both groups wore , the Intestines removed and

contents of each flushed into o soporote jar*

Tha results of Kxperlraant 3, while not ss striking as those

of Experiment 1, showed the sans general trsitds (Table 5)* sing

nuoboro of worms ss s criterion for determining real otanoe* Oroug

I with en average of 4*1 worms per ehleken was more resistant to

V* *\» ff**I»* ***** droop II which had an average of 6*0 worm per

ehioken* The difference of 8*5 worno per e'iiciam between the

groups indicated an increase in resiatanoe in Orou? I due to the

female sex hormone injections* tftsabers of worsis in Qroup X

ranged from a low of 1 to a high of 36* i siller comparison of

wp II showed a low of 1 worn and a high of 74*

Group I contained seven ohlcfeens which had eliminated all

of their worms whSlo Group XX included but throe fowls without

Concerning the growth of £* &***# droop I had a range la

length of 7*7 to 46.3 rem. with an average wore* length of C7*l am*

tn Group II the range was from 6*0 to 33*& aa with an average

worn length of 85*0 an* ;ere again the slight d< fforanco in

average worn lengths of the two groups was not slgnifleant*

Statistical analysis of the results from mashers ot worne In

this experiment showed significantly less variability in Group I

than .The sman level in Group I waa just elightly

less than the* in Group IX*
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o combined Moults of the Mo>ee extieriaents are recorded

In ?oble 4* seventy pullote were used respectively In Group X

(injected group) and Group II (control group)* coaooming tha

nusfcors of worsts, Group I yielded a total of 701 worae with an

evere^o of 11*5 wore* par ohieken* Caparottvo results of Group

XI showed a total of 1038 wore® with an averse of 15*5 wars*

par ohiakan. The difference of 4*2 woras par chicken between

Groups 2 and XI giwea evidence of increased resistance of the

pullets to 4« aalll in Group I due to the lnjeotlona of festal*

sex horoone.

Vhen the atcabers of voras vera analysed statistically. Group

I showed eignifleantly leaa variability than Group XX* The aean

level also was leaa in Group X than lit Group I •

The »yy|flf wages length in the ooafrined Grour> X oxperlnents

we* 3G*8 m as coopered with the average worn length of 38*0 m
for tba Group XX pullets* 7hs diffarenae of 3*2 on is oit:dn

*^n*^P 4^^u4*« ^*** ^^i*> ^^nj["V* ^**-*^^**^^^^^*^^ ^*ifl, fr *nfr 9

The erablnad data lndieato that young femle ohlolasna in*

Jested intramuscularly with dlethylstilbostrol are acre resistant

*° A* faBj-^^ t&Bn are young feoale ohlokans whieh laavo not r

ooivod the injections of tide femle sox harcwne*
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The behavior of tho group I chickens vhieh wore lnjoctcd

with the feoale sex hormone ena .»ent from that of I

trols* The young fowls in Group X were aosw placid than those

of Group XI* After about three Injections (one week) of tJrn?

hormone , the pallets manifested the secondary sexual character*

letie of squatting for eoverege by a male when a person's hand

touched the bade of tlie pullet*

Another secondary sexual characteristic rmni footed by the

pullots of Group X was their greatly enlarged oviduct© which

resulted frost injections of this feaale ass hormone* This sup*

ports the findings of Iierrlok (1944)*

Statistical analysis of the data from thsse experiments was

:mt\o to determine if any correlation existed between tlie average

vera length and the ntrobor of worms In each group* A scatter

diagram was node by plotting t:» average sera length for each

ohieic against the number of wonis for the sane oliioJS* As can

be mdmx in Fig* 1» there vaa no distinct pattern or trend to

the points on the diagram* Xt oust be noted that tl»se results

ears figured on the basis of one group of young chickens in one

In Pig* 2, the average worn length of each group in seen

experiment la plotted against the average number of wonss in

each group in each e:c orlaent. It can be seen from this figure

that tiers la a correlation between average verm length and

KANSAS STATE COLLEGE LIBRARIES
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number of i'orvm* his correlation, h » is between ©xperl*

neat* and not within the sane experiment; *enee It taust be

attributed to eosae variable which wee introduced into Expert*

MB& 2, since 1 10 attopiis of B&perlnents 1 end 3 coincide quite

closely. This variable could bo the Inadvertent feeding of

vap9 &• *3*H1 egg* to the eontrole then to the injected fowls

of Group I»

A etetietieel analysis of variance thawed that there wee

neve variation in vara length froa ehlalc to chiofc tain there

wee wit itn e chick*

itistioal analysis of the date in Table 1 showed signi-

ficantly lose variability in t:i© nuabsrs of worcis In Group X

t van in these of croup 12 • Also the seen level of the number of

_« ;?fl.ll from the ohielcene of Group 2 wss significantly loss than

that of the worsts In Group II » Tigsse trends were evident in I

date on snafesrs of worae la Sxporiiaant 3 which wee conducted in

e aannor eirailor to that of Experlaent 1*

!• A eerles of three experiments were performed on 140

pullets to observe If lnjeetlena of feesOe seat horoono, die

stilbestrolf will inerssss the resistsnee at ohicisens to the

<• ''
'' ° JStttMJB ssJasV1

. The criteria for determining the degree of resistance

of the pullets to the AscorldU galli were the uisxwre end
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lengths of vorcss harbored by tie fowl©.

3* The pulloto of each oxportnent vers divided Into two

«ppro3dnetol7 equal (groups by weight* (Group I9 Injected; Group

21, controls*)

4* ?rl vsticly injections of the feeale sex twmone were

adsdniatorod lutrejmnoulerly to Group X until a total of 10

Injections had been gives*

5* Chickens In both groups were parasitised with 800+10

G. The injections of the foraale sex hornone produeed a

eeoondary sexual behavior pattern and a greatly enlarged oviduct

In each fowl; vhereas* the controls exhibited nomal behavior

for t ielr age and had no enlarged oviducts*

7* Three weeks after parasitising the chickens were killed

and tse voras collects .

8* "roup I had an average of 11*5 varus per c ilcUen as

ooaporod vith an average of 15*5 woras per fowl in Group II*

. The average worra length in Group X was 33*2 am as

eorapared vith 35*0 m in Group XI* a difference vhlch vas not

significant.

10* "tetlatical analysis of the date on numbers of worsts

rsssvininx in the chickens at the close of the experiments ln*>

dloates tiiat injections of the foaal* sex horsiooe* diothylstll-

bestrol. Increased the resistance of yeans fenale ohlekeas to

tie newtode Asearidia mill*
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