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The purpose of this wofk was to examine the effect
of the gnotdbiotic environment on the immune'competence of
" the ch1cken, part1cu1ar1y as measured by the graft versus-
host react1on (GVHR). Two assay methods, the chor1oa11an— ;;h
t01c membrane po#§ CAHP) and we1ght of embryo spleen (MES) N
were used Genet1ca11y selected ch1ckens, d1ffer1ng at the
maJor h1sto1ncompat1b111ty Wocus_(g) were used as GVHR donors,
w1th or without pr1or treatment The gnotobmotmc ch1ckens
d1d not atta1n the Tevel of GVHR competence of the conven-
tional ch1ckens “Neonatal thymejtomy of the donors 1owered
the immune competence of gnotob1ot1c and convent1ona1 ¢hick-
ens, as neasured by the GVHR to major hlsto1ncompat1b111ty
'ant1gens Thymectomy st1mu]ated 1mmune competence of con-
ventional. chickens as measured by MES-GVHR to minor histo-
.‘.1ncom;at1b111ty ant1gens Thymectomy did not st1mu]ate the
“immune competence of gnotob1ot1c ch1ckens tested in the same
way; Th1s confwrms and expTa1ns an ear]wer report Bursec-
omy had no effect -on GVHR competence Ear11er reports of
' a B- aSSOC1atEd dlfference in 1mmune competence were conf1rmed
©in the gnot0b10t1c env1ronment Th1s proves that the B-
afsocmated d1fference is not a 5ccondary effect of d}fferen—
tial suscept1b111ty to . 1nfect10n ’ » | |

r.e.

o~ The acqu1>1t10n of "natura]" ant1bod1es to human b100d

s

odv



groups of. the ABH(O ) systen was slight in the gnotobiotie
‘environment Conventlonally housed an1mals on a convent10na1
diet a]l acqu1red a low ant1b0dy titre detectab]e with hwman

A] ce]]s, a moderate titre detectable W1th B cells and a

*m

greater t1tre of ant1body detectab]e w1th ‘human 0 ce1]s
W
This ant1body decreased at about four months .of age and

.1ncreased again thereafter indicating a fJoctga$1bn of:un~

Known cause despite: conttnuous natural stimulation‘ Evidence -
I

s presented that the presence of- the Blﬂ a]]e]e promotes

the acqu1s1t1on of antwbody aga1nst human b]ood groups

Thymectomy decreaSed and bursectomy ob11terated the'acqu1si?
tion ofv“natora1" antibodies‘:" : - 1 N \
Data are presented in support of the fol]oW1ng The
Ejdevelopment of natura] ceT]u]ar 1mmun1ty; as expressed 1n:od
the GVHR and the. deve]opment of the humora] response, as
expressed by the 1eve1 of natora] ant1bod1es, progress‘
1ndependent]y The sp]eens of fema]e embryos used -as rec1-ﬂ
‘p1ents 1n the MES dssay weighed more than ma1e embryo spleens.
'Infectvuus de]ayed type hypersens1t1v1ty 1s deve]oped in the
'convent1ona1, m1crob1a1 env1ronment on]y . The cel]u]ar
':1mmune mechan1sms resans1b1e for 1nfect10us de1ayed type
Ahypersen51tfv1ty shew no mutual 1nteract1on w1th those
respon51b1e for.GVHR t Surgtca] hursectomy decreased drast1- o

ta]]y the pr1mary ant1body response to sheep. red ce]]s 1n

both gnotob1ot1c and convent1ona.1y housed an1maTs 'The



-y

i
L]

]

effect1veness o‘ chem1ca1 bursectomy us1ng cyclophospham1def

could not be estab]1shedq§ye1ther env1ronment In the
gnotob1ot1c enV1ronment sp]een we1ght was d1rect1y propor-

t10na4 to body weight of the chicken whereas th1s d1d not

hold true with convent1ona11ygboused chqckens The general -~

well- be1ng of gnotob;ot1c animals was superior to the con-

i}

ventlonilly housed. e,

vi. . .
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INTRODUCTION.

Germfree animais free of all demonstrab]e.bacteria,
-fungi, ecto- and endoparasites, as_we]] as.gnotobiotic or
"defined‘ftonii.animals can serVe as a usefuT to;] in- the
investigation of a variety of'b{omedica] prob]ems'by virtue .
"of their. freedom from 1nvad1ng bacter1a or through a spec1f1c
know]edge of the nature af the organlsms 1nhab1t1ng these ‘
'an1mals M1yakaw gt (1971) reV1ewed the ut111zatqon of
,the germfree an1ma] 1n various s1tuat10ns incTUd1ng the- study

. of 1nf1amat10n and the et1o]ogy of 1nfect1ous d1seases of “
both v1ra] and bacter1a] orlg1n ' V1ra1 1nfec$ions of germ- -
free an1ma1s were- rev1ewed in deta1] by Gr1esbman (1968)

‘,In an1ma1s wh1ch Were ne1ther d1seased nor. 1mmune a un1form

} response to 1nfect10n was observed 1nd1cat1ng that the var1-j"

~able response of convent1ona11y housed an1mals can be’ due to

1 host var1at1ons rather than a d1fference 1n the v1ru]ence of
4 ) Co
vv1ra1 preparat1ons | fv’ﬁﬁ

Most of the germfree and gnotoblotlc work has been w1th

| mammals A]though ]arger an1ma]s such as the lamb, swine, ,;

' dogs and. cats have . been used w1th reference to part1cu]ar

1nfect1ous d1seases and pnotect1ve 1mmun1ty to them, most L

A ]

1mmuno1og1ca1 work has been done on germfree rodents.;dInf‘
T-sp1te of the fact that the,chwcLen was the f1rst germfree |
Aan1ma1 developed (Reyn1ers et a1 ; 1949) Wery little 1mmuno-v 3"

/

vlog1ca1 work has been done wath gnotob1ot1c chickens. Reyn1ers
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tested for "natura1” antibodies in one. Wyandotte cock one
wyandotte hen, and one bf their. offspr1ng, to red blood cells
of var1ous spec1es 1nc]ud1ng man (but not- spec1f1ca]1y for
any partlcu1ar human blood group) and several bacter1a .
Thorbeck -g_ al., 1957, examined the lymphoid tissues ofi
germfree and convent1ona1 chickens h1sto]og1ca1]y and deter-
mwned the gammag]obu]1n content of the serum. The d1fferences
1n gammag]obu11n were negl1g1b]e up to the e1ghth week of
life at which t1me the germfree reached&; plateau wh11e~the
'convent1ona1]y housed showed an 1ncrease, more pronounced
after ten weeks,of age WOstmann and Olson, 1964, measured
-prec1p1tat1ng ant1body to bov1Fe serum a]bum1n and found that
the germfree chicken requ1red ‘one more day to'produce detect-
ab]e ant1body ﬁnd produced one- ha]f the amount of ant1body
at peak product1oh, but ma1nta1ned a proport1ona11; h1gher -
level of ant1body after peak product1on V1rtua11y no work
:has been done on the ce%]ular aspect; of 1mmun1ty
Contr1but1ng factors for th1s Tack of work w1th the .
spec1es lies spec1f1ca1]y 1n the 1abor1ous care (wagner, M.g-
-1974 and Coates, M.E., 1974) 1nvo]ved in the husbandry of °

;the adu]t an1mals in 1so]at1on fac111t1es The h1gher ‘body-

‘temperature of the avian: spec1es br1ngs about water condensa-*

FL o W

't1on where Tsolators are not 1n rooms w1th constant a1r f]oY
h1ncreas1ng the posswb111ty of wett1ng f11ters w1th resu]tagf
dcontam1nat1on Prevent1ng feathers,Adander, scattered féed

e ffom penetrat1n9 ports, exhaust ;umps or f11ters w1th ftt"
'Asubsequent p]ugs om»]eaks requ1res constant V1g11ance and(ﬁf

LS



quent transfer to new isolation facilities.
Th® large size of the animals requires frequent.intro- :
- ductions of steri]e feed and water wfth the accompanying risk

of'contaminat$on. The labor and precautions required by each

sterile introduction of food and water,demand daily attention '

which rapidly becomes the predominant.use of one person's time.

A-resylt of these'fattors is the intreased frequency with

which the tso]ation'facilytfes nust be tested or monitored
for gontamtnatﬁon. Many and rarious manuais'tor gge iSotation
and identificatdon of mieroorganisms_are avai]gh]e~and the |
chotce of reginen_and‘typesiof-media for screening and‘moni-

l toring is 1arge]y a.qoestjon.of jodgme;t, bot;the’informatfon

obtained from.a given-choime depends on an'approoriate know-

]edge,Qf microbial taxonomy, habitat and ecology, as we]l as 71

the mechan1sms of pathogen1c1ty, growth and cu]tura] requ1re-
ments, and a know]edge of general d1agnost1c procedures and
techn1ques. The choice of methods and the reasons for these
,ehoices'are g1ven,1niMater1als,andaMethods. At the’present
time, otherSWorkers emp]dyinoithe soecies tend to‘confine',f
the1r exper1ments to an ear]y age such as s1x weeks 1n the
study of synerg1sm of m1croorganwsms of the resp1ratory
tract of gnotob1ot1c ch1ckens (Spr1nger, W.T.. et a] 974)3
and about fourdmonths—in nutr1t1ona1 stud1es (Coates, M E.,

. }974) Th1s study employs an1mals up to the age of six |

monthS'(albe1t gnotob1ot1c and not germfree) One group was

ma1nta1ned tota]}y germfree for a per1od of eight and one ha]fh

.‘v‘

| months wh1qpk1nc1uded four months of the f1rst 1ay1ng per1od
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Insofar'as the prenatal animal is germtree, the_non-
microbigd status is not "abnormal". A1l species experience
' thgfmfree environment during prenatal deve]opment \Varia-
{5t1ons exist among different species at the time they enter
the¥ convent1ona] environment, ‘eut all are endowed w1th some
mechanism of defense aga1nst invading m1crobes Amongst these
is the acqu151t1on of maternal ant1body pr1or to btrth or
;‘hatch1ng, the detection and 1dent1f1cat1on of wh1ch 1s faci-
lltated in an animal subsequent]y ma1nta1ned in the germfree
hor,gnotoh1ot1c state 1nsofar as ant1body produced by the
v gnotobiote's own immune mechamﬁsm is restrictedxto physto-
-iogica1 stimulation, diet -1nha]at1on and contact w1th dust
dander, etc & Antibodies were. encountered in very young Ch]CkS
:1n the present work The ant1bod1es are presumed to be I G
since ant1bod1es of h]gher mo]ecu]ar welght are not trans-ﬂ
_ferred from the mother to the yolk. The ger’#ree an1ma1
fac111tates study of immune maturat1on 1n the absence of the
most. potent of exogenous st1mu]1, rep]1cat1ng-m1crobes~ ‘
This is part1cu]ar1y 1mportant when the test antlgens share
‘spec1f1c1t1es with. enterlc m1crobes A convent1ona] ‘ ‘
_ an1ma1 S response to an. antlgen is not a pr1mary response
if the an1ma] has been exposed to some of the antigen’ s

‘spec1f1c1t1es by contact with mICPODES - The best evldence

of the 1mportance of entertc mlcrobes 1s the ex1$tence of

Al

snatural ant1bod1es ﬁb 1;.j,,. ' f 'h: ﬂh . 'T':@' |
‘ In. the past ant1bod1es found in the sera of man and

,an1ma]s aga1nst bacter1a1 agents w1thout any de11berate

& . S



immunization (see Topley and Wilson, 1955) could be plausibly
explained hy the carrier stété,és established in the case of
"natural® antitoxin produétion to dihhtheh}d and scarlet
fever, and by subclinical or latent fnféétion by the microbe
in question. In 1901, Pau] fhriich termed_substénces cgpéb]e
of heutra]izing toxins andcof agglutinatingfand 1y§ing bacteria
and'eryfhrocytes of thelséme and Unre]ated speties as com-
prised of’many "antiambdceptors" capab]e‘of attaching to
receptors, ambocewtors“, in such a fash1on as to neutra]1ze
or block them. -The heterogene1ty of natural ant1bod1es
imp]ied hy this.reasoning-was cdnfirmed\much 1ater byﬂOwen_‘
(1954) who'demonstrated that ahtibody popu]afionsi(isohem-
agg]utinihﬁ) from "normé]" human subject§ were fractionablé
by adsorpt1on W1th cells of var1ous an1mals ‘

Dupont had put forward the thes1s in 1924 that a]]
.hemagglutlnlns arose through prior exposure to external sub-
stances of const1tut1on s1m11ar to erythrocytelalloant1gens
‘F1n]and and Curnen (1938) observed that an increase in ant]-
body titre agéinsf‘human‘red cei]s of'ail foUr'bldod‘groupi
(A,B,0, AB)hoccurfed'in horSes'afiéf imhuhizationhwffh typé"'
XIV pneumococci for the product1on of. therapeut1c sera Use
~of these sera had resu]ted in unus‘lﬁ?&igevere reacthns in
'occa51ona1-pat1ents recerw1ng them, sométﬁmes'féshlfihg'ih'h;'
death. Subsequent adsorptlon w1th type X1V pneumococ01
removed a]] agg]ut1n1ns to a]] four human b]ood groups

~Forssman's ant1g¢n, glmllar to h”maﬂablood_grgup‘Afé

:(Schiff'pnd,Ade]berger;<1924) was shown to.be-chﬁ&fneﬁfin’
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some 1nfect10us agents, the’ c1a551ca1 docuéfntat{on being that

by Paul and Bunne]] (]932) of heteroph1]e antlbody in cases

of infectious mononuc]eos1s now known to be caused by a

Al

herpes-1ike (Epsteln-Barr) v1rus, and by~bacter1a,}1nc1uding

‘Bacterium septicum (Powell, H.H., 1926), Baci]Tus‘dysenteriae-

Shiga (Iijima, J923,land Eisler as referred to by Wiéner, =«
1943 and 1951) and Diplococcus p_eumon1ae (Ba11ey and Shorb,
t a_ (1935) found

1931, E1s]er and Howard, 1932) ’ N]tebsky
quantltat1Ve d1fferences between pneumococca] types in the]r
ab111ty\to 1nh1b1t hemo]ys1s o;lsheep red cells by A-antisera.
In the view of Wiener (195]) bacterlal anttbod1es resu]t from
subc]inica] infections and natural hemagg]utinins'are most
likely immune- ant1bod1es of heterogenettc m1cnob1a1 or1g1n
This V1ew was. based in part, on the ork of wttebsky and

his colleagues, as well as the f1ndyngs of GoebeT and assoc1-

ates (1938 1939), who demonstrated the sero]ogtc and chem1cal

'-urelat1onsh1ps of blood group A substances, from commerc1a]

E peptone and ‘horse sa11va, and that of "so]ub]e spec1f1c sub- S

stance" from type XIV pneumococc1

Sprlnqer (1956 and 1958) found a potent 1nh1b1t1on of

-blood group react1ons in preparatlons of somat1c po]ysaccha- i

r1des in bacter1a of var1ous genera but partléularly gram-iz

'negat1ve sreC1es (none of the gram pos1t1ve organlsms exam1ned

" showed any blbod group act1u4ty) For~ 1nstance, Escher1ch1a

coli- O86 exh1b1ted hlgh b]ood group B activtty, E. freundii

’hvgh blood group A act1v1ty, Sa]mone]]a p;pna, Sa]monella :

Ve .

fat]anta, and Sa]wone11a grumpen51s group 0 actlvity Adsorp---
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tlon of b1ood group agg]ht1n1ns from d1fferent antisera w1th
.the above bacteria was accomp]1shed]1n a spec1f1c fash1on
General agreement was found between the nature of known
carbohydrate bu11d1ng stones Jof blood group substances and

the blood group act1v1ty of the 1nvest1gated’bacter1a That
1s, the terminal, non- reduc1ng monosacchar1des most respons1b1e
for sero]og1c spec1f1c1ty were N- acety] D ga]actosam1ne far

A substance, D- ga]actose for B, and L- fucose for 0.

This was extended to demonstrate that 1ngested p]ant and '
‘animal mater1a1s, but most part1cu]ar1y a’ v1ab]e m1crob1al
popu]at1on.1n the a11mentary tract of anlma]s contr1butes
1arge1y to the acqu1s1t10h by - 1mmunogen1c means of anti- human
.blood group agg]ut1n1ns (Spr1nger et al., 1958, 1959, and_
1961). Wh1te Leghorn ch1cks were dy&1ded dnto-two groups;“
those kept in a consint1ona1 env1ronment and those ra1sed 1n~'_),_
a germfwee tank and fed a Semi- synthet1c d1et free of any
. demonstrab]e b]ood group act1V1ty (Sprlnger et a] s 1959)

One- ha]f the germfree “chicks were fed once with llue E. coll
: 086 at age 20 days A11 ch1cks were tested for hemagglut1n1ns
to known B ant1gens on the 42nd and 66th days after hatch1ng
) Germfree Ch]CkS fed E. col1 086 exh1b1ted a 10w but s1gn1f1-iti.Jl
*cant ant1 B t1tre Anti- human or ant1~erythrocyte agg]ut1n1ns3t
‘_wh1ch were comp]ete]y removed by one adsorpt1on w1th human 0 |
ce]]s were formed 1n germfree Ch]CkS not fed E. co]i at about.Ffi:
the same age as 1n convent1onally housed chlcks but were con- d'?;_
s1stent1y 1ower after about 30: days of 11fe aﬁd’oider Speci-ff.‘

_f1c blood group agg]utlnlns were absent in® these germfree
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'VchiCks unti 60 days whereasdconrentiona11y reared chicks
could be demonstrated to possess them at 30 days of age. |
In this report the study of natura} 1mmunlzat1ons is
eXténded to chickens whose immune competence was intention-
ally a]tered and to chickens whose immune competence could
be controlled by genet1c se]ect1on I |
| Pollard, 1969, p01nted out that the effects in mice
of immuno1ogica1 1mpa1rment may be masked andﬁd1storted
by the effects of their mtcrobial f]orat‘rln thejcaSepof
neonata1 thymedtfmy (wilson}‘Sjodin, and Bealmear,-1964
' d1d not deve]op a wastlng syndrome hnt11 convent1ona11zed
‘In the graft versus host react1on (GVHR) as reported by van -
Bekkum, de Vr1es, and van der Haay, 4967 hjsthoglc 1es1ons
charbicteristic of: the GVHR were present in mi ce given rat
bon marrbw ceTls fo11owin§ irradiation but the mfée did -
not'waste and die as . d1d the1r convent1ona1 counterparts
~Jones, W11son and Bea]mear, in. 1971 demonstrated the GVHR
.dresultlng from a]]ogene1c bone marrow transplantat1on was '
| not necessar11y fata1 1f the m1crob1a] f]ora of the host
was restr1cted or e11m1nated | | | V.i | ‘ |
. It was W1th th1s type of phenomenon 1n m1nd that some:r*i
‘of the work presented here was apprpached It had been ,
fobserved that in the genotyp1c stra1ns B2 2, 14 nd B]4B
| of white LeghOrns that hatchab1ﬂ1ty. suscept1b111ty to d1s-aﬂ:3
dease‘and-surv1va1 (Sherldan et al., 1969, and Longenecker i

et al. 1972) were marked]y 1ower 1n the 815814

— ———

as opposed

I



to the B g 14 and secondly to the gzg thl heterozygote belng

the most robust). At the same time the GVHR (Longenecker

e T.; 1970 and 1972) was markedly 1ncreased }n.the Fs

plipgld with a geometric ‘progression from 282 through BS

to ]4813 which was 1nterp)eted as be1ng due to a gene. dosage

2 ]4

B—

effect igvolving an 1ncrease 1n.m1tot1c divisions of-1mmunofd
competent cells by one for each‘gii allele. -The’questton
posed was whether or. not the apparent genetic effect exhibited‘

14814 was tru]y a

in 1ncreased h1sto1ncompat1b1]1ty of the B:
genet1c contro] by the h1stocompat1b111ty locus 1n th1s case_a
or whether it appeared to be so due to an 1nher1ted suscept-
fab111ty to m1croorganlsms w1th a subsequent aberrant 1ympho1d
st1mu1at1on resu1t1ng in a he1ghtened react1V1ty in those o
} tests measur1ng Tymphoid funct1on -

The same quest1on of d1§tortvon of'the\immunetreSponsed‘
by the m1crob1a1 env1ronment cou]d be posed in the case of
ext1rpat1on of the two 1ympho1d organs, the thymus and the ;i
bursa of Fabr1c1us In part1cu1ar, since ch1ckens bursecto—
mized on the day of hatchtng.tend to show poor surv1va1 many -
1mmuno]og1ca] stud1e° have. not been done Certa1n contrad1c-_4
I.t1ons ex1st 1n regard to the nature of a de]ayed hypersens1t1—,
v1ty react1on and 1ts re]at10nsh1p t; e1ther bursa] or thymus—-
dependent developmenti’ h“ : | | |

Th1s work was des1gned to test the effect of gnotob1051s-
“on the cel]u]ar aspects of 1mmun1ty part1cu1ar]y those 1nvo]v5

:.1ng the GVHR in. the ch1ckeh Horeover, s1nce ce]]u]artlf

and humoral aspects of 1mmunity are read11y separab]e 1n th1$
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spec1es by ext1rpat1on of the thymu; ‘and the bursa of ‘
Fabr1c1us, re- exam1na~1on of the. effects of these unh1ndered
by an 1nd1genous m1crob1a] p0pu1at1on seemed appropriate _ ;éx;
One would not expect GVHR per se to be ant1gen1ca]]y st1mu- -
lated by m1croorgan1sms 1nhab1t1n9 the donor. Further, the_-a
'system—seemed conduc1ve for the exam1nat1on of the interabtion‘

or the lack thereof, of different types of ce11u1ar 1mmun1ty

such as de]ayed hypersens1t1v1ty and GVHR . Q
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MATERIALS AND METHODS

A. Housing"of Animals

1. ‘Iso]ation Units o
. Isolat1on un1ts or chambers of flex1b1e plast1c] L
,48 inches long by 24 1nches w1de by 24 1nches hlgh W1th \
‘f1breglass or. sta1n1ess steel 12 1nch d1ameter and 9- 1nch _
deep port on one s1de and e1ght mil frosted v1ny1 s]eeves
with g]oyes on the:other,were used. The 1n1etra1r f1]ter1ng
’system éonsisted of aSbestos ft]ter'materia1 wrapoed'around‘@
al perforated sta1n]ess steel cy11nder w1th an- upper opening
]ead1ng from the center of the cy11nder 1nto the 1so]ator'
chamber Be]ow this open1ng wh1ch attached to the 1so]at1on
chamber. through a One inch diameter n1pp]e open1ng, the
"j11trat1on un1t was enclosed 1n a p]ast1c s]eeve WIth another
:'open1ng for air drtven in by a b]ower motor of approx1mate]y .
1/30 h p The out]et trap was a. f1breg]ass cy]inder w1th |
:h a sump to co]lect acc1denta1 overf]ow of trap contents and
h a, float. w1th an open1ng ralsed above the 1evel of sterlle ;
Tm1nera1 011 when the 1so]ator was 1nf1ated and a1r was be1ng
"dr1ven through If the 1so]ator was def]ated the f]oat ':'\
kflowered so 1ts open1ng was be]ow the ]evel of the m1nera1
1 thus pre“entwng backflow of a1r see F1gure 1 e
| A second 1so]ator, 42 1nches ]ong by 24 lnches wide

K3

‘;.by 26 1nches h1gh, was used largely for hatching It was

1

PER I I |
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bu11t of wood, and subsequent]y f1breg]assed to create a
smooth, non-porous surface A 40-inch by 18=inch. s]anted /
'glass plate above the g]oves’in front.a11owed visualization
of the 1nter1or of the chamber ‘and ano her glass p]ate on
'the top of the unlt hc1'ed proV1de add1t1ona] lighting. 'A[
- twe1ve 1nch d1ameter, n1ne 1nch deep s+a1n1ess stee] port
| Aw1th 1ns1de and- out51de p]ast1c caps. ut1]1zed for mOV1ng
mater1a1s 1nto and out of the 1solator was bu11t 1nto the |
“.back of the chamber oppos1te the g]oves ‘Al four-1nch dia- B
.meter and n1ne 1nch long cy11nder fitted wWith a cap on 1ts‘
fdower opennuﬁand two one- 1nch diameter ho]es near. 1ts top
and bottom on oppos1te s1des from eadh other used for spray—
‘1ng with peracet1c acid to ster111ze 1ts 1nter1or was’ bu11t,
1nto the lower right hand corner of the f]oor of the chamber-k
to fac111tate draw1ng eggs 1nto the chamber Thns was capped '
| w1th a Tid 1ns1de the' 1so1at1on chambar An 1n1et and out-._j
_-1et fl]ter system was 1nsta]1ed at one end w1th »wo fllters
'isat diagonal corners rrom EdCh other These cons1sted each
| of two sta1n1ess stee] hous1ng p1ates WIth two and one ha]f :'
‘1nch d1ameter open1ng to allow passage of a1r through the |
<f1]ter med1um between the two housin;s wh1ch were c]amped

5Qtogether by a grooved %}a1n1ess stee] screw c1amp A b]ower-]f

fvmotor s1m11ar to the above attached to the 1n1et hous1ng

. //

_forced a1r through the 1solat1on unlt On the 0 her end
' 'of the chamber,'nnpos1te frrn the f11ter system'3 a hole
‘:"f1tted w1th a cork conta1n1ng bored hole ser:f_fas an - out-ar7

' let for the e]ectr1ca1 cord of the heatlng pad used to ma1n-f7
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tainlthe temperature instde - the 1solation_unit adequate
for hatch1ng See'Figure'Z | |

Both types of 1so]at1on units were placed on tab]es
-whose top surfaces were constructed of a 1lght stainless
.steel pressed wire. mesh o

Inside the 1so]ators the ch1ckens were housed in-
.e]even 1nch d1ameter W1re or a]um1num mesh cyllndr1ca1 cages; ﬁa
the bottom of which was ra1sed one 1nch from\the surface of
Jthe floor. Al1l.supplies, including cages,-wh1ch cou]dsbe ‘
‘aUtoclaved beforehand were wrapped in brown‘paper'and Sub-
'Jected to a m1n1mum of one hour's autoc]av1ng and taken into:
" the 1so1ator pr1or to 1ts ster111zat10n | _ :

The inner surfaces of the 1so1at1on unlts and that of
'a11 equ1pment and’ supp]1es 1nc1ud1ng wrapped and autoc]aved
‘-1tems were ster111zed by spray1ng w1th two" percent peracet1c}k
vfac1d a stronﬁ ox1d1z1ng agent A m1n1mum of 48 hours was
fa]]owed to pass with a1r be1ng c1rcu1ated through each un1t

: |
in- order to dr1ve out any res1dUa] peracetlc ac1d or 1t5'

\

fumes before samp11ng for ster111ty or before any a"1ma1sjﬂdfﬂ~
Of eg;s were taken 1nto the 1so]at10n chamber.'d ; | “
Test1ng for ster111ty was done by swabb1ng severa] j
%areas, part1cu1ar1y the s1tes of any folds or corners, ‘as: g;?;
'_we]] as some- of the 1ns1de surfaces . The swabs were 1mmediate-i
:11y 1nocu1ated 1nto tw04tubes of Brewer S th1og]yc011ate m3d1umvl
,fwh1ch were 1ncubated at room temperature and at 37 C. “n;;fff
attempt.é% screen out the maJor1ty of aerob1c and anaero-Af-dif

"b1c bacter1a and fung1 commonly encountered as aer1a1 con-'»
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‘taminants.‘ The tubes were incubated a minimum of two weeks
in the case of those at 37°C “and a minimum'of three weeks
in the case of those at room temperature before be1ng ca]]ed
negat1ve, a]though a’ presumptlve negat1ve decision was often
made at 48 hours. Where poss1ble the 1solators were re-

. swabbed prior to.any animals or eggs be1ng 1ntroduced.

P .
RN
S

2. -Preparation of Eggs'for‘Hatching |
e The preparation of - ster11e eggs for hatching was a
.od1f1cat1on of\the or1g1na1 method descr1bed by Reyn1ers
et al., 1949 (Luckey, 1963) Fresh, c]ean, fert11e eggs
were allowed to assume room temperature and Were brushed
.v1gorous1y 1n 0. 1% h1b1tane (ch]orhex1d1ne d1acetate powder
.solutTon at 38 C. Eggs were part1a]1y submerged in a sha]]ow
pan and about a dozen prepared at a t1me Spent h1b1tane
was d1scarded after each group of eggs and fresh warm so]u-
.'tion was used for the next group A clean brush was pre—"

’ soaked 1n h'bltane before use. Eggs were then submerged
'under the. surface in two percent mercur1c ch]orlde so]ut1on‘
"at 38 C. for five mlnutes ' The mereurlc ch]oride was a]]owed

vﬂto dry on the she]] on . the premise that in the presence of

'jsuff1c1ent mo1sture for spores to germ1nate or for bacter1a1

nrep11cat1on; the germ1c1de wou]d a]so be act1vated Thehgff7?f

g'eggs were p]aced 1n an 1ncubator at 38 C w'ere they were

. rotated automatwca11y every four hours untilp

- twent1eth day | At th1s time the eggs were cand1ed.; Act1ve

deembryos were agaln brushed 1n warm h1b1tane so]utlon as

Sy

)3

4

var]y on the f[ﬁfﬂj
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-above to ¢emove;the meyrcuric chloride which is'highly\toxic,‘
to the chick on breaking through the shell. The embryos §
were placed in a ny}on’stocking presoaked in hibitane and
:drawn through a warm (38°C') hibttane bath into the 1solator.
In the case of the sol1d 1so]ator th]S was accomp11shed by |
: reach1ng down the port or trap 1n the f]oor of the 1so]atorve
wh1ch was submerged below the surface of the warm bacter1oc1-
dal agent in ‘a tank and pu111ng the eggs 1nto ‘the 1so?ator |
with the g]oved hand In the lnstance of the' f]ex1b]e iso-
lator a p]ast1c s]eeve was attached to the port and the end
'gaway from the 1solator submergéd 1n warm h1b1tane Its a
'1nter1or was\sb;:;ed with peracet1c acid. Twd peop]e were
required for the operation: ‘one to submerge the eggs be]ow '
' the surface of the h1b1tane and br1ng them into the s1eeve,
and- the other operator at the g]oves oppos1te to grasp the
stock1ng net wuth a hook and draw the eggs 1nto the 1soJation
.»un1t 0r1g1na1]y, eggs were submerged for three m\nutes =

.pr1or to" draW1ng 1nto the 1so]ator but th1s was later found
to be unnecessary from the po1nt of v1ew of ma1nta1n1ng
ster1]1ty, ahd,vs1nce the procedure was, at the same time
‘ detr1menta1 to the embryo, it was d1scont1nued Durtng the
.procedures 1nvolv1ng the handllng of eggs out51de the 1sola-
t1on chamber from the or1g1na1 c]ean1ng to the p01nt of
,fentry 1nto the Isolator, st%rlle g]oves or vwny] g]oves
iwhose outer surrace had been treated H]th h1b1+ane were worn.'h

B Ins1de the 1so]at1on chamber the eggs were spread a]ong the ﬁjx]

mbottom of sha]]ow w1re baskets wh1ch were then covered with

n;//e_;____-
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a]uminum foi1 In the case of the f]exib]evfilm iso]ators,

infra red Rrooder ]amps were placed under_the 1solator on
“the outs1de and electric heatpads were p]aced over the
‘dbaskets 1ns1de31n order to maintain the eggs at 38° C. for
hatching. The heating pad only was used in the ease ofrthe.

soTid iso1ator Damp sponées weregplaced'throughbpt'thev

/

'lsolator to increase the humidity.

+

| Once the embryonat1ng eggs had dried off after being
taken into the 1so]ator, swabs of the outs1de surfaces were
taken and inoculated into thjoglycollate medlum in an attempt
t0'ensdre that the procedure had been carried'oht ster11e1y~
'Also, on hatchlng, membranes rema1n1ng on the broken she]]s'r

were cu]tured

3. Preparat1on of Feed

Orlg1na11y ch1ck starter obtalned from the B1osc1ences
- mlter, the,Un1vers1ty of A]berta, was used and s1mp1y_'
dv Extra v1tam1ms were added fat so]ub]e v1taminsv
br to autoc1av1ng and B<v1tam1ns in so]ut1on, ster1- t_
f:f11trat10n, added after a ten m1]]111ter quant1ty |
J ing 7frewcap g]ass tube, suff1c1ent for one k1logram of

. ;as taken into the 1solator together w1th the auto~~
'e]fgtp feed The amount of the v1tam1ns was that ngen for ;-,
'}theﬁ-reparat1on of a tryptophane defic1ent d1et prepared e
3;1n the same manner See below An1ma1s were kept on the
a‘chick starter for three weeks after which they were trans-* B

.,ferred td a tryptophané'def1c1ent d1et the rat1ona1e be1ng ?77
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that since tryptophane is an essential am1no acid for the,

* chicken, then growth should be 1nh1b1ted beg1nn1ng with the
-time of transfer onto this diet. The purpose of doing 50 Was
for phacfica] reasons only, namely, the space inside the .
iselators‘]imited the number and'eize of animals which coudd
be housed at any given time. It had heen shown previously
(Ruth, persona“ communication)- that ch1cks on th1s diet from
the t1me of hatch1ng were still capab]e of mount1ng an immune
.response by produc1ng ant1body to d1fferent subgroups of the
B blood group and h1stocompat1b111ty ant1gens in: the chicken.
The tryptophane-def1c1eht d1et was made up in the.fo]1oh1n9
nanner: | . - | ;

, ok S o -
(a) Vitamin B solution prepared in 500 m1. volume:

r.'+Ribbf1avjn' . | o “250 mgi
Niacin - N . 1500 mg. ('1.5 gm. )
~d-Ca. pantothenate "dh - fﬁ 500 mg. _”
Choline (d1hydrogen c1trate) ';"75 gm; )
++F011c ac1d - - o ‘50 mg. . .
Thiamine R 5 mg}"“" | /‘
Pyridoxdne‘}“ _ 'd‘. “’A ' 100 mg. R
o vitawine By, 500ug.
| +++Bio£1n ”L;‘~-."  .”_m  37 ' eS_mg1
: PO TR A S

+R1boflav1n was weighed out first- and 50 to 100 ml. d1st111ed{‘
“water p]us ‘a few drops of.glacial acetic acid added If L
. "dissolution was unsuccessfu1, the so]ut1on was heated to the .

‘pount of bo111ng . : N : T

:L++Fol1c ac1d was prepared separate]y 1n a3 concentrat1on of
- 0.5 gm. per 100 m1, Sodium hydroxide- was used ‘to dissolve
_ yersus t?e acet1c ac1d W1th r1bof1av1n 5ubsequent1y, ten



“ml1. of this solution was used per 500 ml. of.a.B vitamin
solution. : : , :

+++Biotin was a]so prepared separately in a similar manner
to riboflavin. 0.1 gm. per 100 ml. proved a good concentra-

tion and five millilitres of this used per 500 ml. "total
volume of B vitamin solution.

§Ebsequent1y, a]] other of the‘above 1feted vﬁtamins
. were added and the vo]ume made up. to 500 ml. This solution
-~ was then sterilized by m1111pore filtration and d1spensed.
sterg]e]y into steri]e, screwcap culture tubes in ten milli-
litre amounts. | |

To this so]utfoh,were added,‘aseptiCally, the follow-

ing: | o8 | | |
one millilitre vit®min A solution
0.5 ml. trace minera1 suspension.
The latter two were: prepared as fo]]ows.
(b) Preparat1on of: So]ub1e Vitamin A so1ut1on from~commerc1-
a]]y purchased capsules: 4
N]th a syr1nge and needle the capsu]es were punctured
a and the contents asp1rated and d1sso]ved in water such that
one* millilitre contaaned 2000 U.S.P. unlts, the amount
requ1red per k1logram of feed One miT]iTTtre‘of fi1ter—
ster111zed so]ut1on was then added asept1ca11y to the ten
um111111tres of v1tam1n B sp1ut1on in a screwcap tube '
(c) Preparat1on of trace m1nera1 mix (amounts g1ven ‘for - |
100 mi. of suspens1on) L _" | R ﬁgf'
manganous su]fate (MnSO ) '25'§m. ml o IR

_“ zinc carbonate (ZnC03) o 'jg_gm;f;

P !



ferrous sulfate (Fes0,) - 8 gm.
potassium jodate | 1.gm.
cobalt carbonate (CoCO,) 0.2 gm.

. The above were suspended in water and autoc]aved-onef
hour at 12];C and 15 p.s.i. 0.5 ml. were added aSeotically
to the tubes conta1n1ng the vitamin A and V1tam1n B so]utlons
In short, O. 5 ml. wére added per k1logram of feed mak1ng a
0.5% concentrat1on of ‘these trace mwnera]s per. k1]ogram of.
feed. o, | : |
(d)  To assemble the tryptophane-deficient diet:.

il} To one of}tWO paper hags of0482_grams Qround conn_‘
| ,were‘added: o t?;:?’ |
22.5 gn. CaHPo, o
6.0 gm. CaCOy .
2.5 gm. NaCl

4.0 mg. menadione (vitamin K) Jthese wefeAincreaSed to*20,
' ’ R Jtimes this amount to com-

0.75 mg. v.'itami'n»v»D3 . ~ Jpensate for denaturation
| : Coe . -+ Jduring autoc]av1ng (Luckey;'
0.02 gm. vitamin B ]1963) S '

Two bags of 482 gm. corn p]us these sa]ts 1n one. of them
compr1sed one k11ogram of d1et | l- | h 4 /,
ii. The bags were sea]ed w1th autoclavéﬁtape and auto—

» c]aved one hour at ]21 C and 15 P 5&1 ‘_@t;"
SR R L After taklng the. feed 1nto the 1solator. one tube "itf
O of the v1tam1ns B and A and mlneral m1xture was N
’added to tno bags .of corn (1 e., one bag of corn

“iplus one of corn p]us sa]ts) and. m1xed thorough]y

It should be noted that it wbuld have been equa]]y ‘;_.'.
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aCCeptabie'to add the vitamins to a liter of auto-
claved drinking water in the isolator. -
For each batch of feed made up two spore strips, i.e.,

filter paper impregnated-with soores of Baci]lus stearo~

thermophi]dsys were .inserted 1nto two bags of feed. Follow-

ing autoc]a»1ng ‘the spore’ str1ps were removed and . cu]tured
in Brewer's thtog]yco]]ate medium for one week at 56° C
togethex with- an unautoc]aved contro] strip accord1ng to the”
'1nstruct1ons on the package. | | |

Spore st11ps vere 1nc1uded as contro»s in the autoc]av- | Zf
”1no of all materials taken 1nto the 1so]aﬁ@r..a: ve]l | |

-

It was found that the ch1ck starter was not a]ways coms.

J .

p]ete]y ster11e after the- autorlaV1ng procedure and a syn—~.;§h
thetic d:et simiiar. -to the tryptophané-def1ctent d]et above |
but with 354 soybean prote1r added was suost1tuted Th1s- e

differed only smhﬂy- from diét C-8 of Forb-es,,._}gs-g,-i‘n"'_'

that it lacked the.tornStarch,.cornfoii and eopoer sdlfateq ',‘.f‘&

. “of'that'dTet At a ]ater date when th1s was ‘also shown to be 7f_~"

unsat1sfactor11y sterglxzed the method of ster111zat1on was" L

changed to gamma 1n¥ad1at10n at a dosage of f1ve megarads

4. Mon1tor1ng for Ster111ty

'i Standard methods ror detectlng the presence of bacterla,_ :'

fungi, and paras1tes were emp]oyed in mon1t0r1ng the an1mals

=

and - 1so]atons for the presence of organ1sms dur1ng the course

t

. of an exger1nent No attempt was mad howeven, t°:m001t0r,““” U
' ) RS e

'=for}the presencesof y]ruses,vr1ckettsxa; ﬁycoplasmaﬂfP;P.L,O,) o



and‘there‘were 1imitations for'detecting‘the presemee of
saprophytic MycobacteriaAand'some of the fastidious
Bacteroidaceae The fo]]ow1ng scheme was emp]oyed / Everyb
week to ten days fecal samples were taken and inoculated .
to Brewer's th1og]ycollate_med1um and 1ncubated at-room
‘temperature and,37°c.'as‘abOVe:when_checking the isotators.
Additiona]]y, every'three'to four weeks the samples were'
-inocu1ated to blood agar4p]ates_incubated.both aerobfcallyi
A andhanaerobica11y (in a gas pak jar);.‘Periodita]}y;‘a
-phenethyl'alcohoT (P E. A ) p]ate-was‘also tnoeu1ated~and
ncubated anaerob1ca11y 1n an attempt to . fac111tate the'.

.recovery of any Bactero1des spec1es according to the prtnc1p]e-

out11ned by Dowe]] t' 1., 1964. | whenever poss1b1e, b]ood

— ——

Q
agar p1ates to be used for anaerob1c 1ncubat1on were p]aced

in a gas pak Jar for severa] hours pr1or to use to remove :74:
‘oxygen bound to the hemog1ob1n of the red ce]]s in an attempt -
to ach1eve more prompt anaerob1os1s after 1noculat1on of the |
p]ates ' A]] anaerob1c ptates were 1ncubated -a m1n1mum of
",two weeks, and wherever p0551b1e as 1ong as three weeks._hf
"Aerob1c blood p]ates were 1ncubated a’ m1n1mum of one week
Rdand th1og]yco11ate med1a for three weeks and ‘two- weeks |
'respect1ve1y for the room temperature aLd 37 C tubes before
'be1ng cons1dered negat1ve | From tlme to t1me Q- p]ate of
'Sabouraud s agar 1ncubated at room temperature was. a]so _-1f
n.1ncluded 1n the reglmen for detect1on of any fung1 not cu]-.Afﬁj'uf
t1vab1e on’ any of the above ment1oneh med1a or at those *’t‘ -

temperatures © At the t1me of mov1ng an1ma1s and 3lose to
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therternination of an experﬁnent, fecalhsamp]esewere sub-
jécted to the7iinc su]fate fidtation method'to screen for
“the presence Of:cysts of intestinal’prgtozoa'and the remote
possibility of he]minth'eggs. Animals which died were |
_necropsied and the viscera, usuaITy‘the iiver;']unés_and_
fntestine weredcujtureddin thiog]yco]late medium.and10n4
aerobic and»anaerobic b1ood p]ates7 Contam1nat1ng organlsms
-.recovered were 1dent1f1ed accord1ng to genus and an attempt |
made to-trace-the source where pract1ca1 they were 1dent1--~
fied further to: ‘the spec1es 1eve1 fo]]ow1ng standard d
bacter1o]oglca1 procedures by 1nocu]at1ng to d1fferent1a1
medla, and emp]oy1ng cu?tura] and m1croscop1c morpho]oglci
featUres | . - :. ﬂ . IR ',f"" , o
5. Contro] An1ma]s - 7.‘ o :: : Hn,] : ‘;“dd"_:i\:

Contro] an1ma]s 1n a convent1ona] env1ronment were

glven 1dent1ca1 dwets treated 1n the exact same manner as '

u¢fabove w1th the except1on of the f1rst exper1ments 1pvo]v1ng

the compar1son of various parameters of. the 1mmune reSponse

oof gnotob1ot1c and convent1ona1 B~B— Wh1te Leghorn chlckens,

2.2 14,14

and those compar1ng the B—B~_ B--\B]4 B—8— genotypes where nqu;,f

J.an add1t10na1 contro] group on’ the usua] d1et of 16 5% Lay
| dRat1on (Phase 2)6 1n a convent1ona1 env1ronment was lnc]uded
”;.After 1n1t1a1 exper1ence wlth more pronounced cann1ballsm
._[1n convent1ona] ch1ckens on the tryptophane deficient diet

:r';hese animals were housed 1n separate snal} cages in the_:sa B

- Blosc1ences An1ma] Center, B1o1ogical : d
R S

A NS

ces\Building, the ﬂjﬂ
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University of Alberta. -Those chickens on a conventional diet
were housed in groups in specific rooms in the same animal

.

center. - .
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B;;Stffeet of Gnotobjosis on Natural fmmune Competencea'
Graft- versus- host react1v1ty, the development of ant1-‘
3bod1es to human blood group A B and H(O) substances, we1ght'
ga1n, and 1ength of survnval after be1ng subaected to the
_trfptophane def1c1ent d1et were compared on 15 1so]ator g
homozygous Bng ch1ckens put on the tryptophane def1c1ent
’d1et at three weeks of age, ten convent10na1 an1ma15 on the;“
same diet," and five convent1ona] an1mals on a convent1ona]
dtet o | ﬁ Y g |
'1, Graft versus Hos@ React1v1ty \ |
| Two procedures were carr1ed out for. measur1ng théﬂgraft{.:
A,versus host react1on (GVHR) f1rst1y, that of enumerat- " |
| “ing foca] opac1t1es or pocks on the chortoa]]ant01c membranes
(Longenecker et al. ]970 Copp1eson and M1ch1e, 1965 and
1966, Schuerman and Nordskog, 1963, and Burnet and Boyer,_
'1951) of host embryos obta1ned commerc1a]1y whtch 1nvolved

a. maJor B h1sto1ncompat1b111ty w1th the 1solator and conven-fgfw,

'ftlonal test antmals, and second]y, measur1ng the embryo

f'ﬂ_spleen we1ght us1ng s1m11ar host embryos as wtth the pock
.”*assay _ . A . Jene e Lo L

For measur1ng pock formatton, host embryos of random

' Veomb1nattons but conta1n1ng no knOWn B a]]eIes were 1ncubated o

frfor twe]ve days at WhICh t1me they were prepared for 1nocu1a-:;‘}

7.t1on The tlp of the egg at the a1r sac was punctured W1th

"~a needle The sade of the egg was pa1nted at one spot with

2. 5% 1od1ne solutton 1n 70% alcoho] to d1s1nfect the area
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.as'well as. to'serve as the site for a. second puncture-Or:ﬂ
:sllt through the she]1 and the shell membranes about m1dway ‘
along the 1ong axis. . With the egg he]d horlzonta11y With
th1s second puncture upward, suct1on was applled to the opene
1ng at the air sac ‘and’ the chorioallantolc membrane (CAM)
‘dropped bo create an art1f1c1a1 air sac at the side of the
‘egg. The eggs ‘were 1a1d a]ong the ]ong ax1s on cardboard

egg trays, the openlng on the s1de was sea]ed w1th me]ted

’5paraff1n and the eggs rotated 90° -The eggs were then

| recandled to observe for any vws1b1y defect1ve chorloallan-
‘to1c membranes and the Slte of the new- alr space marked |

hhA“ area’ of approx1mate]y one half cent1meter by one centw- o

meter was scraped of 1ts shel] w1th a saw1ng whee] 1eav1ng;"

'the shell membrane Th1s was then covered w1th melted

Paraff‘" to exPed1te the remova] of the shel] membrane w1th*“3’ |

'. forceps Just pr1or to 1nocu1atlon The eggs were taped to ;Hi o

the egg trays to mainta1n thelr pos1t1on and the open1ngs
’covered temporarx]y w1th masking tape On remova] of the
';tape 25 1ambda of d11uted who]e b]ood were dep051ted on the;s‘g

“7CAM at two spots at oppos1te corners of the opening mak- g

;lng a total 1nocu1um of 50 1ambda _ nt t1nes a known weak]yft" .

ff{'react1ve sample was 1nocu1ated in the amount of 100 lambda.;;fflf’

'3gThe tape was rep1aced and covered w1th melted paraffin to

‘aisea] the open1ng ' The trays w1th eggs were placed in the

1':1ncubatpr taklng care not to t11t them and 1ncubated 1n th1s p537

f‘ehor1zonﬁa1 pos1t1on for an- add1t1ona1 four days o

o day 16 of 1ncubat1on the embryos were killed and }3“f7"

.\'



one-half the. she]]-and thevCAh”inCTUding the area of
‘1no$u1atlon were cut away and llfted off the embryo Méme

: branes from any dead or defectlve embryos were not 1nc]uded
for counts - The 1n0f£ﬁated membrane mas removed from the .”
she]l w1th forceps and washed three t1mes in cold water to

rid it of excess b]ood and debr1s and pTaced 1n sa11ne to_

..soak Ten or more eggs were.treated in th1s manner.for»ea_
‘Ab100d samp]e to be tested | On count1ng the pocks. any em-
‘branes w1th Targe nodu]es of foc1 represent1ng 1nadequate )
| d1str1but10n of the 1nocu1um were exc]uded as were those'
“membranes w1th pocks Tocated at the c1rcumferent1a1 r1ng } o
| 'represent1ng contact of the 1nocu1um w1th the Tnterface of
__the CAM and the inner she]] membrane ,‘ | _ | ?
Both 1so}ator and convent10na1 donors were bled from .;s-i
'the w1ng ve1n Just pr1or to 1nocu1at1on of the eggs u51ng i
‘fTO% sodium c1trate as. an ant1 coagu]ant 1n an amount of ten_“:b
-percent of the totaT vo]ume of blood to be co]]ected D11u-hf{b
‘:tlons of b]ood were made 1n Du1becco g phosphate buffered o
'7sa11ne (Du]becco and Vogt 1954) and were e1ther 1/10 2/10 f{?_
."or 3/10 of - who]e b]ood ._ i Y :
For measuf1ng embryo spTeen we1ght eggs were cand]ed o
"'at 11 days 1ncubat1on and a promlnent blood vessel marked byl;a“
‘*jpenc1111ng a WIndow of approx1mate]y four m1111meters square;";f
over . 1t The sheTT was then sawed up to the shelT membrane ks
d;over th1s outllne The she]T proper enc]osed by the sawed
:Tfedges was then T1fted off W1th fine forceps and a drop of

‘C_paraff1n 011 depos1ted on the she]l membrane to render 1t

. . .
\\, .
T



transparent over the b]ood vessel 0 1 m] of who]e blood

was theﬁﬂ\ngected 1nto the vesse] using a tubercu]1n syr1nge

,and 27 gauge needle. The w1ndow was covered and sea]ed w1th d~

: me]ted paraff1n.‘ Fifteen- to 20 eggs ‘were used per sample

‘jof b]ood wherever poss1b1e and 1ncubated elght add1t1ona] _
hdays On the 19th day of 1ncubat1on the embryos were k111ed

. the sex of the host embryo determ1ned by exam1n1ng the gonads,
and -the sp]eens removed and we1ghed to the nearest m11]1gram

-

\
Donor ch1ckens were b1ed 1n the same manner as for enumerat-

- 1ng CAM@pocks

df;zf' Ant1body to Human B]ood Groups . AT
R whole b]ood rema1n1ng after sett1ng~up e1ther of the-_oh'
GVHR assays or that from separate bleed1ngs was spun at :‘

) d:3 000" r p.m. for 15 m1nutes to sedlment the ce]ls and thel n'f?7

Vhp]asma removed | Th1s was 1nact1vated at 56 C for 30 m1nutes

Lﬂ'and tested for the- presence of ant1 human b]ood group anti-

L bod1es by transferr1ng two drops of plasma w1th a tuberculln

.

syrlnge f1tted w1th a sawed off 21 gauge need]e and 2 rubber ﬁff
';o bulb to. two wel]s 1n a m1orot1tre p]ate Th1s "p1pet"‘was :
»(Tfr1nsed three t1mes 1n phosphate buffered sa]ine (PBS)
»'f_between samp]es,_ One drop of commerc1a11y prepared and
standard1zed f1ve percent human A], Rh negat1ve red b]ood
ucells was added to one wel] per sample and one droplﬂfuhuman S

. B, Rh negat1ve to the other 7 Add1t1onall¥, t1trat1ons of

bfcontrol sera were set up as fo]]ows Serla] doubling dl]ﬂ-*nf_
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tions 1n PBS of known human 0 p]asma ‘or serum, a known-
‘human AB, Rh- pos1t1ve serum, a known negat1ve samp]e of
'_pooled ch1cken plasma, and, -when ava11ab1e, a-known pos1tiVer
isamp]e of poo]ed ch1cken plasma were made from und11uted
| one in two, and so on through 1/128 Two drops of each of
the d11ut1ons were transferred to two separate weI]s and a’
drop of A] and B ce]]s added as w1th the whole chtcken
._plasmas A sa]1ne contro] of two drops of sa11ne in each
rof two. we]]ng1th a drop of A] and B ce]]s was also 1nc]udedt
'The hdman 0 plasma serVed as a pos1t1ve contro1 of human ’}i-
‘rfant1body titre to b]ood qxauo A and b]ood group B substances,:
‘-the AB plasma or serum as a negatlve contro] as d1d the R
:; poo]ed chicken pTasma Suff1c1ent known pQSlthE]y aggTQg f

',t1nat1no ch1cken p]asma was rare]y ava11ab1e to poo] and to-

run suff1c1ent t1trat1ons on to determ1ne the anttbody t1tret_[[d

LAfter the add1t10n of the red b]ood cel}s the plates were L

,tapped aga1nst the pa]m og.;he hand to suspend the ce]ls

-:even]y in. the W9115 and. Placed on a F1sher rotator and rot-"~5““'

.ated at 190 r.p. m for 30 m1nutes at room temperature ;Thet:g.“!

samp1es were then read for agg]ut1nat1on w1th the degree ofrtff‘

*1agg]ut1nat1on de51gnated.from negat1ve ( ) to four p]us

St

(++++) w1th 1ntermed1ate gradat1ons Four p]us represented e

5va11 cel]s agg]ut1nated 1n one mass, one p]us (+) representedf;hif

':'a maJor1ty of free ce]]s but v1s1b1e c]umps or granu]ef of

"agglutlnated ce]ls present A des1gnat1on of plus or m1nus jf'
"(+) was a]so 1nc1uded ‘to. 1nd1cate doubtfu] or very rare 55;§.?7f7
‘clumps or granu]es of agglut1nated ce]]s :?’5 Jf I
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equa] volumes of three times washed (1n PBS) and packed a
human 0, Rh-positive red b]ood ce]]s to remove antwbody to
H(O) and species determinants for ten m1nutes, and twenty
: mlnutes success1ve1y 1n the manngr out]ined below for the

determ1nat1on of antlbodles to' umanrblood-group.substances

.0ccas1ona1]y, a thwrd adsorpt1o

‘ary, and 1n the case of the convent1ona1 an1ma1s on. a conven-'~

't1ona] d1et, a fourth us1ng a ha]f vo]ume of packed human 0

‘,.cells for one hour was requ1red The adsorbed p]asmas were

i«then t1trated 1n the same. manner as the pos1t1ve and negat1ve
-controls above However,\a% add1t10na1 row of serum dxlu—\

.‘t1ons Was 1nc1uded and 5% washed human 0 ce]]s added to them
Both ad;orbed and unadsorbed sera were tested s1mu]taneous1y
3. Growg@ and Nelght o L S
| ‘ Ch1ckens were we1ghed on a p]ast1c d1etetic scale w1th
a ]arge pan 1n the 1solators and another meta] constructed
' sca]e was used for a]] convent1ona] ch1ckens. NEIthS were

ataken every week to ten dayS vt:7itf,f'ﬂflyavfgff”'”

The t1me of death and the age of the 1nd1v1dua1 an1mals ff

f;was noted and the surV1va1 of convent1ona1 an1ma1s on the

'-tryptophane def&§1ent d1et compared w1th that of the gnoto-.

d'b1°t1C COnVEﬂt10na1 Chickens on convent1ona] d1et were_vfjf”d'

‘l'eventually used for other exper1ments

Any samp]es react1ng pos1t1ve1y were adsorbed with o

Y

of forty m1nutes was necess- ,
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'C.. Determlnatlon of Antibodies to Human B]ood Groups 1n-
Adult Conventional: Ch1ckens ~
Adu]t chickens of d1fferent htstocompat1b111ty and

blood . QUp genotypes were tested. as were adu]t ch1ckens

" whichi

usb\e superlor cerv1ca1 sympathetlc gang]1on
‘(A]s;

h, 197]) on e1ther right or left s1de or. both

ftday of hatchlng together w1th their sham and

;;ounterparts for the presence of antlbodleﬂt"
v;man_bfood groups." o o
fe m1]1111tres of b]ood were taken from the'wwng h
‘-;Vé; Jng ten percent sod1um c1trate as an ant1coagu1ant
vin%‘ ?mount of 1/10 the tota] vo]ume of b]ood co]]ected
Thebi iod was spun at 3 000 r. p a. for ]5 m1nutes and the
pvpias? iemoved and 1nact1vated .or 30 mlnutes at 56° C ]
1. Adsorptton of Plasmas | . |
| ”imjll111tre of inact1vated p1asma from each test
F?;:ch -an equa] volume of three ttmes washed 1n
;}_'“o‘ ‘Rh- pos1t1ve packed red b]ood cel]s had been
added was 1ncubated at room’ temperature for ten mlnutes WIth ﬁdﬁ
severa1 m1x1ngs dur1ng this t1me The sampies were then .
Spun at 3, 000 r; p m for 15 m1nutes and the p]asma removed -'4:l
Another m111111tre of packed cel]s was added to each p]asma;bef}:
and the samp]es 1ncubated for 20 mlnutes, spun, and the 2
p]asma removed A th1rd adsorptlon w1th one'm111111tre of f e
packed ce]]s was carried out for 40 m1nutes The fourth

', adsorpt1on 1nvo]ved an hour s 1ncubat1on but us1ng only 1/2f.Af

'ﬁ.mi-fiﬁﬁ
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ml. of packed red ce]ls Occa51ona11y,‘when th]S procedure
did not remove all ant1body to human H(O) blood group or
Lspec1es determ1nants, a fifth adsorpt1on carr1ed out in the
same manner as the fourth was done

o r

2. Titration of Adsorbed and Unadsorbed P]asmas

%\A‘:

Ser1a] doub11ng dxlut1ons of th adsorbed and un-

vy

| adsorbed pOPt]OhS of p]asma from eac ‘aniMalhwere made by
- add1ng 0.2 ml. of und1]uted p]asma to 0 2 m] of PBS} |
" mixed, 0.2 ml. of this ]/2 dilution transferred to a second‘

0.2 ml. of saline, mak1ng a 1/4 d11ut10n ,-and s0 on through

'A_'to'a 1/128 d1]ut1on Two’ drops of each d11ut1on were then

transferred to each of three wells in a m1crot1tre p]ate
this comprls1ng three rows" of we]]s for a]] diluti _ ;fTo
one series of we]]s represent1ng a]] of the d11utt:§2 of a
'ig1ven sample a drop of f]Je percent A], Rh negatlve ce]]s
(as above) was added to each we]] To the second row a drop
fof B, Rh negattve ce]]s was added and to the thlrd a drop L
of five percent 0 Rh pos1t1ve ce]]s 1n the case of the
,';adsorbed sera the 0 ce11s prov1ded an 1ndex of the effeft1ve-fi
ness. of the adsorpt1oh procedure and 1n the case of the un- . :
.adsorbed port1on of the plasmafﬁt was a test for the total
”;react1on aga1nst a]] human‘red ce]llant1gen1c determxnants.r
The m1crot1tre p]ates were m1xed as above, rotated for ]/2i
hour at room temperature and read for agglut1nat10n 1n the
r_jsame manner as descr1bed 1n compar1n9 Qnotoblot1c and con--tr?fﬁ

o 5
*vent1ona1 8—2-8g an1malsfg Control posmt1ve and negat1ve p]asmas,*
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as well as a sa11ne control were 1nc1uded for the tests -
performed on- any given dayu The titre of each plasma, <
adsorbed and unadsorbed was taken as the h1ghest dilution |
in wh1qh visible agg1ut1hat1pn occurred. For stat1strca]
analysis an arbitrary designation of one was giren'in'fhose-

: fnsfancesvﬁhere there.wa§ definite reaction %n the undildted
serum oniy- A des1gnat1on of two was given where the last
.dl]utiop ShOW]ﬂg a reaction was the 1/2 d11ut1on wnd S0 on

to a deslgnat1on of eight 1n the 1/128 d11ut1on;. where the
1ast‘react10n was-a‘+ 0.5 was add®d to the number wh1ch

would have been des1gnated to the prev1ous d1]ut1on

¥
rd

£
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D. Effect of Gnotobijosis on Immune Competence of Ch1ckens ’
of Different Histocompatibility Antigens :

~~  Three different genotypes,}_sz, ZBli, 815814 of

, Nh1te Leghorn chickens were hatched in isolator cond1t1ons

Qand in the convent1ona1 env1ronment The animals were
started of f on the ch1ck starter d1et and transferred to the
tryptophane-deficient diet at three and ope-half weeks of
 age ;or the 30 isolator animalseused and an,equiValent number
of conventiona] animals on the diet. | Five birds of each

genotype were ma1nta1ned on the- regu]ar d1et in conventwona]

an1ma1 quarters

1. Graft- versus Host React1v1ty |
Graft versus host react1v1ty using the measurement of
pock format1on on the CAM (on hatch1ng, where p0551b1e at
}the time of d1et change, three montbs of age, and at flve_'
- to six months’of age) and. the. determ1nation of 1ncrease 1n
host embryo spleen we1ght (at s1x months of- age on]y) were_
carr1ed out as durlng the - compar1son of 1mmune competency .

2,2

in B= §~ gnotob1ot1c and convent1ona1 ch1ckens

Ant1body Aga1nst Human B]ood Groups | |
' Ant1body to human blood group determ1nants were mea-ﬁ

‘ sured as before

3. we1ghts of Anlma]s,n' : 3 ;"h~ . ,>;;' |
| ~The an1mals were: we1ghed at 1ntervais throughout the,,'

exper1ment
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4. Antibody Production

| A term1na1 experiment performed on these an1ma1s cen-
sisted of measuring the ab111ty of the different groups to

form ant1body_to sheep red cells (SRBC) and determ1n1ng the
number.of_antibody—forming cells USing‘theZCunningham Plaque Y
‘assay as modified by Fredericksen (personal communication).
The animals were injected infravenously'with'o 1 m] coniain-
ihd.1 x'TO9 sheep red ce]]s for -every 100 grams of body we1ght
Five days later the animals- were bled, sacr1f1ced and the
sp]eens removed and prepared for the p]aque assay _The' |

p]asmas col]ected were t1trated With two percent SRBC.
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'E;. Effect of Gnotobiosis on Immune Competency of
Thymectomxzed Chickens .
1. Isolation Procedure
| The method of prepar1ng embryos for tak1ng into the

1so]at1on chambers was that descr1bed for the f]ex1b7e isola-
t1on units. However, the embryohat1ng eggs were taken )nt;_t
a flexible plastic isolationtchamber modtfied for'surgica]
‘-procedumgs 1nsofar as 1t had an 18 1nch extens1on at one end
‘whwch was ten 1nches deep and 24 1nches wide (the w1dth of

the usualfhous1ng 1so}ators used throughout these.exper1ments);
’The'top of this outpouching'er”eXtension‘Was composedIOf'a
E spec1a1 see- through p]ast1c appropr1ate for perform1ng f1ne
| usurgery An addit1ona1 set of g]oves of 119htwe1ght v1ny1

. Were also. attached to the extens1on. See F)gure 3.

2. Surg1ca] Procedure for Thymectomy - j/"

“ .;1 On th% day of hatchlng the ch1cks were thymectomlzed
o Anaesthe51a was accomp]1shed by 1nject1ng 1ntraper1tonea]]y |

‘:0 07 m1 of "Combuto]“ prepared by us1ng three parts sod1um F,rjg
fpentotha] 1n a concentrat1on of 15 mg /cc to one part of
?sod1um pentabarb1t01 (Nembuta1) 1n’a concentrat1on of
'd15 mg /cc The anaesthetlc was prepared 1mmed1ate1y before |
use: and’ taken into the 1solator It was not used beyond the hifﬁ
“day of preparat1on | - ' | | e

After the anaesthet1c the feathers around the throat

';were wetted down w1th 95% a]coho] and a long ventra] 1nc1s1on ;f]n

ghmade 1n the sk1n w1th double po1nted sc1ssors to a pos1t1on L
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:cauda1 tofthe cropsdTand. The skin was putledhaway.from the
‘1nc151on on either side w1th f1ne,;curved forceps Ihe_
fasc1a were d1ssected away on e1ther side of the jugular ve1n
near. wh1ch the thymic lobes lie, the 1ast lobe being. deep |
beh1nd the crop g]and and under the c]av1c]e just over]y1ng '
the thyro1d (Pan1graph1, 1971) : Th1s, most caudal»lobe,
was 11fted off f1rst with f1ne, curved forceps and the more
anter1or ]obes 11fted off success1ve]y until the ]ast usua]ly
_the seventh (a]though the numbers of 1obes is not constant
in the ch1cken - Pan1graph1, 1971) was off Thym1c lobes
‘were removed on both sides and the wound sutured or. c11pped
tak1ng care not to c11p or suture the crop gland wh1ch
_ necessarlly had to be 1oosened dur1ng the surglcal procedure
Iso]ator an1mals whlch d1ed dur1ng the course of the exper1- h
]ment were exam1ned macroscop1ca]1y for thym1c remnants fAnyh'
r,susp1c10us t1ssue was subaected to- hlstolog1ca] exam1nat1on;jf ¢
'Contr01 an1mals in both env1ronments con51sted of sham ope- hf“-
rated an1mals subJected to the anaesthetlc and the surgaca]'

procedure. up to but not- ‘"C7Ud1"9 the remova] of the thym1cf: o

'»ilobes

An1mals were p]acedwon the corn soybean d1et descr1bed
*-ear11er and ma1nta1ned on 1t fon-four weeks before be1ng ’f'*‘

transferred to the tryptophane def1c1ent d1et

vej.' Graft versus Host Reae§1v1ty g j,v‘hffp ‘ayfylf_ tiﬁ;_‘ii:,f
: The enumerat1on of p cLs on the CAM was Carr1ed out as

i descr1bed above The flrst was performed at the age of four Q" )
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weeks.

Measurement of sp]een weight was carr1ed out JUSt pruor‘
to convent1ona11zat1on of the 1so]ator animals u51ng both
4‘embryos d1ffer1ng at the B h1stocompat1b111ty locus (1 e.
‘commerc1a] random embryos) and 1ncubated four days fol]ow1ng
injection, and 1dent1ca1 at the B 1ocus (1,e_, both donors"
.‘and rec1p1ents were B—B ) and’ lncubated efght add1t1ona1 days;,

283 fert11e eggs were obta1ned from'

]

Hyline Pou]try Farms,8 These assays were repeated fo]1OW1ng

fo]]ow1ng‘1n3ect1on.
conventionalization.

. 4: Convent1ona]1zat10n of Iso]ator An1ma]s A :

.. After the f1rst splenomega]y assay had been comp]eted
_us1ng host embryos of two d1fferent types as 1nd1cated above,‘
:the an1mals were removed from the 1so]at1on units and trans-"
ferred to the regu]ar an1ma] quarters on the s1xth f]oor
.<an1ma] center 1n the B1o]og1ca1 Sc1ences Bu1]d1ng at the
Un1vers1ty | | C |

B

5. Ant1body Aga1nst Human B]ood Group

Qghese ant1bod1es were . determ1ned, as prev1ous]y, on
. any rema1n1ng who]e b]ood from b]eed1ngs for GVHR Afﬁ ;
6. Growth and wexght : fﬂ,t N ;TF'“ :

An1mals were’ wexghed per1od1ca11y as prev10usly
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F. Effect of Gnotob1os1s on Inmune Competency of Bursecto—
mized Ch1ckens . . v

5353 eggs were'prepared for.taking_into the isolator

. as preViously and were taken intohthe surgica]’iso]ator unit.

On the day of hatch1ng the chicks were. ahﬁesthetlzed in the
same manner as prev1ous1y with the exceptlon that the vo]ume
'1nJected was 0 05 ml. 1nasmuch as the surglcal procedure for
bursectomy d1d not requ1re a deep anaesthes1a for as great~.<

‘1_a length of tlme

| 1. Surgica] Bursectomy IR ‘i .'i ‘l.j_, . t‘ ;d }j
"~ One- ha]f the ch1cks hatched were surg1ca11y bursecto-"
‘mlzed by mak1ng a small 1nc151on above the cloaca fThe' 5
t1ssues were then separated and stretched WIth forceps.so
as to expose the Bursa of Fabr1c1us 1y1ng 1nter1or]y and
"connected to the tnner c]oaca] membrane by ltS sta]k _heigf:‘
membrane surround1ng the bursa was stretched away w1th for—.w':"
ceps On. complete freelng of the bursa 1t was poss1b1e to |
’\. make 1t "burst" through the 1nc1s1on ful]y exposed w1th ahﬁp i
_.scalpel b]ade the ureters, at the s1de of the bursa were

“freed by gent]y scrap1ng a]ong +he s1des of the bursa between/ |

?r.1t and the ureters and adJacent blood vessels The bursa

K was freed at 1ts sta]k by gentT@ scrap1ng w1th the sca]pe]
1 up to the p01nt where 1t could be cut free w1th one sma]l
- stroke The wound was netther c]tpped nor sutured 0ne-~ f‘iix;

{ _han of the b1rds were sham operated by subJect1ng them to

ff'*"the anaestheSIa and carrymg through the surgical PrOCEd“"e
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up to the point of but not inc]uding?removal of‘theibursa.

2. Chem1ca1 Bursectomy

Newly hatched cﬁ1cks were treated w1th cyclophospha-
dm1de (in Canada, Procytox) 1n a reg1men of 1n3ect1ng two
m11]1grams on four success1ve days beg1nn1ng WIth the day o

‘ of hatch1ng (Ltnna, Frommel, and Good 1972, and To1vanen

'i_JT01vanen and Good 1972) The above germfree an1ma1s and :'

-thelr conventxonal counterparts were sub d1v1ded 1nto two
more groups,}1 e., four a]together sham operated treated
w1th cyclophospham1de by 1ntraper1tonea1 1n3ect1on accordtng'u
“to the above schedu]e, and sham operated only, surg1cally

bursectom1zed treated w1th cyc10phospham1de,'and su)glca11y ST

; hurxectom1zed only

The an1ma]s were p]aced on gamma 1rrad1ated at a dos- B
aJe of f1ve megarccs‘corn soybean d1et and ma1nta1ned on f
.jth1s for e1ght weeks and then transferred to the tryptophane-4hf¢
= def1c1ent dlet o i B ' R
3. Graft versus Host React1v1ty

Th1s was measured us1ng the enumerat1on of pocks/on

_a:the CAMLat f1ve weeks of age, at e1ght weeks of age at the ; iﬁfx

“t1me of transfer to the tryptophane def1c1ent d1et and three’df.{

'fweeks after havxng been glven BCG vacc1ne. at nine weeks

o f age fo]1OW1ng sk1n testwng of b1rds w1th mamma]ian purw-ﬂﬁfd“ﬁ

| "}f1ed prote1n der1vat1ve (P P D ) and again at sixteen and

1‘;seventeen Weeks of age at the t1me of sk1n test1ng with :t':;ihf
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i

crude BCG.

4. Sensitization W1th Mycobacterla v

At age about five and one- ha]f weeks an1maTs out of -

each of the groups. were g1ven BCG (Bacc11us of Ca]mette

10

and Guer1n)'vacc1ne in an amount of two m1111grams‘

“1n3ected 1nto the pectora] musc]e A per1od of two and one- _

half to three weeks was a]1owed for the deve1opment of the

'»~hoped for hypersen51t1ve state. at wh1ch t1me the an1mals-

"were sk1n tested Iso]ator an1ma1s given BCG were houSed R

‘1n separate 1so]ators from those wh1ch had not been g1ven

-5, Test1ng for Hypersens1t1v1ty

0.1 m] of mamma11an pur1f1ed prote1n der1vat1ve
IT

',:(mantoux) of f1ve T U. (tubercu11n un1ts) per 0 1 m] shfﬂa7

1n3ected 1ntracutaneously 1nto

” humerus and rad1us of one w1n'} The other wlng served as

a control The th1ckness o; both w1ng webs was measured

‘ he w1ng web between the,ﬁg’?iﬁlh

A'fPr1or to 1nJect1on, at 2 4, 8 12 24, and 43 hours post ;g\,,”;

“7inJect1on w1th a mlcrometer | The measurement pr1or to the jj}%:

7‘1nJect1on of P P.D. served as an’ add1t1ona1 control

Seven ee ks Iater sk1n test1ng was repeated by inJect-7:;,f

fg1pg o 1 mg 'crude BCG 1nto one w1ng web as. above Skin

“5ffth1ckness measurements were taken at 5, 24 48 and\72 hours n?ff
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;6.‘ CapiT]ary and‘Ouchter1ony Precipitatidn Tests
B Any rema1n1ng blood from each b]eed1ng in the above .
"1nd1cated schedu]e for uVHR was spun toased1ment the 'f 'f:;
.ce1ls and the p]asma removed and stored for future test1ng |
"for poss1b1e humora] anttbody aga1nst tubercu11n products
'For cap111ary prec1p1§gt10n each spec1men was Set up 1n _
serial 1710 d11ut1ons from 0 to 1/1 000 in phosphate buffered
- saltne (PBS) US]ng drops de]lvered wlth a pasteur p1pet o
Mamma11an P.P.D. was drawn up 1nto a capt]J@ry tube to one—~
third its 1ength fo{\Bwed by an’ equa] vo]ume of p]asma d11u-'f'
't1ons The tubes were then 1nserted 1nto mode]11ng clay and .
.llncubated at room. temperature for one hour, observ1ng for ”
h_vprec1p1tat1on at 1nterva1s throughout that t1me | .“’ o
- Ouchter]ony p]ates were prepared by d1sso]v1ng 1% Nobe]a
'"agar in 0. 15 M. NaCl and 1. 5 r4 NaC1 (Anders@n, 1972)
h[wells were . punched 1n the agar 1n a pattern of one centra]
-:"well w1th f1ve surround1ng we]]s equ1distant from the centralfhh
‘one Each und11uted plasma was tested against mamma11an o

+ P P D. 1n the central wel] P]ates were observed for 11nesff*;

f._nof prec1p1tat1on over a perlod of seven days

‘7;"2, Cunn1ngham Plaque Assay for Ant1body Produc1ng Ce11s
_ ) To determ1ne the effectlveness of both the surglcaﬂ “fwfﬁ[
‘-fand chem1ca1 bursectomy the ab111ty of the anlmals to mountjfﬁ{‘

‘a pr1mary 1mmune response to sheep red b1ood ce]]s (SRBC)

”-';gwas measured by the Cunntngham method of enumeratton of antiéhgg

‘ﬁp”body produc1ng cells from the spleen and w0rked out for the
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chicken by Fredericksen (persona] communitation) The an1mals
| were b]ed from the W1ng ve1n for basic determ1nat1dn of 1 |
natural" ant1bod1es to SRBC fo]low1ng wh1ch a]] wene 1n~ /g
_JECtEd with a standard concentratlon of 5 X 108 SRBC washed -
three t1mes in PBS w1thout ca1c1um and magnes1um ions. The t
animals were welghed at th1s t1me 1n'the Case-of the convenF ”
.t1ona1 b1rds and Just pr1or to a f1na1 b]eed1ng in the case,
" of the iso]ator b1rds A final b]eed1ng was performed f1ve ;»i
days ]ater by~ cardiac puncture and the an1mals term1nated
1mmed1ate1y thereafter " The sp]eens were removdﬁ us1ng g
"C]ean" technique,‘placed 1n PBS, and‘subsequent1y we1ghed |
"s A sma]] port1on of each sp]een wWas removed for h1sto]og1ca1

process1ng and observat1on The capsu1e was removed from

" thé rema1nder of the sp]een wh1ch Was then pressed through

a syr1nge f1tted W1th a w1re mesh and 21 gauge need]e 1nto'
--}PBS (aga:n w1thout ca]c1um and magnes1um 1ons) w1th ten per—.ﬁ-
scent feta] ca]f serum. .ubes were kept cold by embeddlng 1n;’{-

dcee' The ce]ls Were spun down and resuspended such that thedf

. est1mated d11ut1on approx1mated 1 000 Iymphocytes per 0 1

ml. Ce]] counts were performed on: each samp]e and where Afh;‘f?

- 'Lnecessary the suspensxon was dwluted to contaln 105 Sp]een i

“}ce]ls per mi 11111terf‘ O 1 ml of thls suspensxon was added fﬂd

’ito 0 075 m] 10% feta1 ca]f serum (FCS) A sma11 drop

A‘:"“(apprOX1mate1y 0 025 m1 ) of 20% washed SRBC WGS added as:.

‘faawell as 0 025 m] conta1n1ng two un1ts of prev1ous]y t1trated

‘d‘ch1cken comp]ement The m1xture was p1aced between Cunningham

7Vnslldes, the edges of wh1ch were sea]ed by d1pp1ng 1nto a iéef-
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molten mlxture of a\] 1 proport1o& of pa¥aff1n and Am03e11
and 1ncubated\f0r one hour at 37 C. Sma]} zones of 1ysed
SRBC (plaques) were then'counted under the diésectjng_niCTq-
scope.

l

8.. Titration of Plasmas for Determ1nat1on of Antvbody
‘ Aga1nst Sheep Red Blood Cells : :

| Ser1a1 doub11ng d11ut1ons of heat 1nact1vated (56°C.
for 30 m1nutes) p]asmas co]lected pr1or to the 1n3ect1on of
SRBC ‘and five days fO]]OW]hQ were made. ' 0.025 ml. of two |
 ‘percent SRBC were ‘added to 0. 025 nl. of eaéhfpﬁaéma diTution
1n a m1crot1tre p]ate, mlxed and 1ncubated two hours at 37°C..
Agg]ut1nat1on Was read from negat1ve to four- plus as w1th the;f.

it

ABH( )'t1trat1ons above
9.. Acqu1s1t10n of Ant1body Aga1nst Human B]ood Groups

Heasurements were carr1ed out as prev1ously descr1bed

' 'for other groups of exper1menta1 chwckens

!
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FOOTHOTES. FOR MATERIAL AND METHODS |

o

' Obtainable from Standard Safety Supply Co. Ltd.,

: Germfree Supp]y D1v1s1on, Pa]at1ne, I]]1n01s

2 0bta1nab]e from F.M-.C. Chem1ca1 Co., Buffa]o,

x.New'York

3 Available from Ayerst-Laboratories, Division of

‘.Ayerst,'McKenna and Harrison, Ltd.,-Ca]gary, A]berta;

4 Aquasol A, Arllngton Laboratorles, Montrea] Canada,

.and usua]]y ava11ab1e 1n 1oca1 drug stores

5 Prepared by Sc1ent1f1c Products and ava1]ab1e
through Canad1an Laboratory Supp]1es Ltd ~Canada.

6 16.5% Lay Rat1on (Phase 2) .Ava1]abiegfrom»North-

?west or Co 0P . Feeds

7 0bta1ned suSpended in modlfled A]sever s solut1on
with inosine and disodium E.D.T.A. and preserved.with. '

Neomycin ‘sulfate, 1:10, 000 and Chloramphenicol, 1:3,000.

vtor1es, Toronto, 0ntar1of_;“;_:~

BPACN

from Ortho D1agnost1c Laborator1es, Don MllTs, Ontario
8 Hy11ne Pou1try.Farms, Johnston, Ioway
9 Ava11ab1e from Frank w Horner Ltd Montrea] Quebec;

]0 0bta1nab1e from Connaught Med1ca1 Research Labora-f"'
tor1es, Toronto, 0ntar105 . L S ‘

11 0bta1nab1e from Cpnnaught'Medip§1ﬁggsearch.Lépthr;j



RESULTS - R
i by .

A. Housing of AnimaTs

1. Preparation of Eggs for Hatching

Three treatments were tested: (1) spraying of th'e eggs
with 2 percent peracetic acid on. the ZOth ‘day of 1ncubat1on
just before transfer to the germfree 1solator, (2) submer—
sion of the eggs in hibitane at 38°C for ]0-m1nutes_béfore
~setting;the‘eggs;'f011owed by submersion in hibitane just
before‘transfer'to the germfree iSOlator, and‘(3) submersion
in mercuric ch]orlde at 38°C for 10 m1nutes before sett1ng
the eggs, fo]]owed by submers1on 1n h1b1tane at 38°C for.
10 m1nutes Just before transfer to the germfree 1so]ator
tTreatment 1 gave the- greatest hatchab111ty, and s1nce no
contamwnat1on was observed treatment 1 was retested by
br1ng1ng a second groUp of embryonated eggs THLO the 1so]a-

tor; This t1me it proved to ‘be an 1nadequate means of ”f”

,;ster1111at1on as’ ev1denced by the recovery of Staphy]ococcus

'fepiderm1d1stand a M1crococcus sp. In consequence, another:

‘

~

hmethod of prepar1ng eggs was adopted as out11ned 1n Mater1a1s
Vand Methods Th1s is a mod1f1cat1on of the other two proceo~:
dures and sacr1f1ces a certa1n amount of v1ab1]1ty of the 7.\..

L embryonated eggs for.a safe method of ster111zat1on “Thep

- hhatch11ngs derived from these 1n1t1a1 procedﬁres were thoSe'

used for the 1n1t1a1 comparlson of the effect of gnotob1osis

- 4_5.; .
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on the natural immune response of gggg chickens. Tables

1, 2 and 3 give the hatchability for the three subsequent
experiments determining -the effects of gnotobiosis on differ-

ent genotypic strains, thymectomized Bng chickens and

bursectomized 8—2—8a ch1ckens respectlvely In these three
groups no contamination cou]d-be detected inasmuth es no
orgen}sms were isolated from suebs tdkeo from eggs immediate-
1y fo]Towing entry[into theviéolator,'from'sheil hemhranesg ’
or from fecal samples within 24 to‘48'hours after hatehing

when 1nocu1ated into the screen1ng media out11ned 1n Mater1a]s'
‘7and Methods This permttteo the.def1njt1on‘of any future |
'contaminatjon uithin the isolation faci1ities as being from;:
othér sources. The,C]ostridium_Q@rfrfngehs:and:the grgm; |

negative aerobe.aieo isolated from thejfirst»groupﬂof.ggﬁg

chickens (Tab]e ™, APPQNdlx)'bUt recovered later were tg%ce_

)
able to 1nadequate1y ster111zed feed from wh1ch they were h]so

o

recovered. These organ1sms a1so existed in the 1n1t1a1~un~

treated feed. D S | | N L

0 .

2. »Monitoring‘for Steri]ity

Any organ1sms recovered on the screentng med1um elther

-3

1n1t1a11y or throughout the course. of the ma1ntenance of
a- g1ven group of exper1menta1 an1mals were subJected to o
d1fferent1a1 med1a to further 1dent1fy the organlsms Tab]es
1M through 4M in the Appendlx g1ve the organlsms recovered-
from 1so]ators throughout the Course of th ma1ntenance of ’

the 1n1t1a1 B—Bg groups pf an1mals, Bng fzili
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2p2. ¢

genotypgs, thymectom1zed and sham operated ~and bursec-

tomized and sham- operated BZBg s respect1ve]y The resu]ts
from'd1fferent1a1 media are given as supportive euidence,for
~the identity of a given organism.: Theytincludevco1oniaf and
microscopic morpho]ogy, results qf‘fermentative or‘oxidative‘
utilization of carbohydrates, any‘tests for the nresence or.

- absence of charaeteristic enzymes, oxygen requﬁrements and

’ s

other cultural characteristjts. ' ‘ )

It should be noted that with theﬂexception of the final
bursectomy experiment/autoclaving was used as a means of
sterilization of the feed. In these instances C]ostrjdia,t'

-Bacillus species, fungi (Scopu]artbp}is sp. in particular)

‘were recurrent contamxnants, a11 of them be1ng sporu]at1ng
horgan1sms and h1gh1y re51stant to heat treatment A]] were
cons1§tent1y recoveragble from bo'th the autoc]aved~and'Un- -
treated feed. The Clostridia are gram pos1t1ve sporulat1ng :
anaerobes, recoverab]e on]y in media W1th reduced oxygen' |
ten51on; Bacnllus Sp. are gram- pos1t1ve sporu]at1ng aerobes.
The prob]em of this type of contam1nat1on was u1t1mate]y
reso]ved through ster1]1zat1on of the feed by 1rradiat1on

m thereby reduc1ng contam1nat10n hazards to human error- The_if.

recouéry of. Staphy]ococcus ep1derm1d1s, Micrococcus sp

Corynebacter1um Sp. were cons1stent1y re]ated to errors 1n

&

the observat1on of . ster11e techn1que, or, as 1n the case of

N

.the use of 2% peracet1c ac1d 1n ster111zat1on of embryonated df“

\

eqds, fa11ure of the 5ter“121"9 agent under the circumst-"*{-

ances 1n wh1ch 1t was used

a
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B. ‘The'Effect of Gnotobiosis on Naturai‘lmmune Competence_

1. Graft-versus-Host React1v1ty

The effect of gnotobjosis on GVH competence was exa-
mined by comparlng chickens ralsed in-a gnotoblot1ctenv1ron~'
ment with others raised in a conventi@nal environment: The
isolators which housed the gnotob10t1c chickens were moni-.
_tored for bacter1a1 contamlnat1on throughout the course of
the exper1ment (Materials and Methods) wlth the sequence and '
nature of the orgamsms recovered glven 1‘ Table IM. .The |
gnotob1ot1c ch1ckens were fed a tryptophane def1c1ent d1et
~after the first three weeks of life in order to restra1n'
-the1r growth and prevent overcrowdlng 1n the 1so]ators A:
secono group of ch1ckens. ma1nta1ned in a conventional env1ron-w
ment, rece1ved the same d1et A th1rd group, ma1nta1ned in
a convent1onal env1ronment, received a norma] tryptophane-
rich-dtet' There were 12 gnotob1ot1c chtckens and-.7 conven;
:dttona] ch1ckens on the tryptophane def1c1ent d1et. and 5 |
convent1ona1 chtckens on. the norma] d1et ’ One gnotob10t1c
chlcken died at the age of 6 days. w1thout ev1dence of 1nfec-u

tlon, and the rema1n1ng ]1 surv1ved the exper1ment _One;»-

'vconvent1ona] ch1cken on the def1c1ent d1et d1ed at the
of 42 days, and th1s was fo]Towed by other deaths su.‘ that
’fonly 2 of these ch1ckens surv1ved the ent1re expEriment., ,}ﬂ..'“
vuThese chickens™ 2re housed together and suffered greatly 5.-'

'from cann1ba1lsm presumably 1nduced by the def1ciency 1n

’~,'the1r d1et A]] of the convent1ona1 ch1ckens on the norma]

Ve B o . [



: diet'survtved the‘experiment (Figure 7) | Tryptophane-
\'def1c1ent ch1ckens reached about 90 grams at the end of the
~ first month with a sT1ght increase 1n we1ght thereafter to
around 100 grams. Norma] diet ch1c§ens contlnued to grow
-throughout the course of the exper1ment (F]gure 6).

The GVH competence of. these chickens was measured mn
two ways: by count1ng the number of graft -versus-host (GVH)
,pocks which appeared on the chor1oa1]anto1c membrane (CAM) .
of outbred embryos four days after inoculation of the CAM
w1th per1phera1 b]ood, and by we1gh1ng the sp]eens of out—
bred embryos 8 days after 1ntravenous 1nJect1on of perlpheral
‘bTood The embryo data were grouped accordwng to the age'
and treatment of the donors used in the CAM pock tests and
*-accordlng to the age, treatment,.and sex -of the rec1p1ent
embryos used in the spTenomegaTy tests, and subaected to
: ’anaTys1s of var1ance The CAM pock counts of. embryos 1nocu?
.Tated with ceTTs from gnotob10t1c donors were compared w1th
the pock counts of embryos 1nocu1ated w1th ceT]s from convene ”1
‘t1onaTTy housed donors malntained on the/;ame(’def1clent d1et
The convent1ona1 enV1ronment~1ncreased GVH competence ‘J.
_expressed as CAM pocks (p < 0 025) The lncrease in the ‘d'

'number of CAM pocks, w1th the age of the donors between s1x‘ ft
- weeks and 4. 5 months (thure 4 and Tablax4). was hlghly |
“s1gn1f1cant (p < 0. 005) albe1t these chTtkens d1d not grow

',dur1ng this per1od (Flgure 6) The conventlonaTTy housed
-’dch1ckens ma1nta1ned on ‘a norma] d1et were markedTy more com—

®.

. petent than the convent1ona11y housed ch1ckens whose growth
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was restrained by the deficient diet (p << 0. 001) See . ei
Figure 4. The differences were ]ess when tested by GVH |
splenomegaly (MES mg. embryo spleen), and they varled
depend1ng on the sex of the rec1p1ent embryo _TheAfemale
'embryos wh1ch rece1ved 1ntravenous 1nJect1ons of‘Cells had
larger sp]eens than ma]e embryos wh1ch recelved the same.
1nJect1ons (1n contrast sp]een we1ghts of ma]e contro]s
- were larger than. female controls, Tab]e 4) The effects of
diet and env1ronment on GVH splenomegaly were modest
(p < 0.025) and the age of the donor had-11ttle if any'
effect (p s 0”100)’ The effect of rec1p1ent embryo sex on:
splenomega]y Was very h1gh1y 51gn1f1cant (p <. 0 00]) | The}
fCAM pocks were obta1ned from 630 embryos and the spleen f‘b

':we1ghts were taken frem 362 embryos AN avallable donors;_

.,3were used for each test of age and treatment,}the m1n1mum

.unumber of donors represent1ng a g1ven group be1ng the two |
'surv1V1ng convent1ona1 ch1ckens on the deficient d1et for

the final CAM pock test The mean fo? al] embryos used 1n“
,'a test did not d1ffer matertally from the mean obtalned by{""‘

group1ng embryos accord1ng to the 1nd1v1dual donor, tak1ng

'h the mean of each of these groups, and averaglng these "1nd1-h;i:

:f7V1dua1 d0nor" means It is. clear that ‘the more sen51t1ve of . -

- the GVH assays, the CAM pock test whose rep11cabi]1ty was 'jf
'.-tested Table 4, is affected by the env1ronment to wh1ch

”the donor 1s exposed : The gnotob10t1c ch1cken s, GVH compet-ffﬁf

ence,,measured by th1s assay, 1ncreases w1th age, but does S

. Lnot attatn the 1eve1 of competence disp1ayed by the conven-i_{_,f
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t1ona1]y housed chlcken dur1ng the f1rst four months of 11fe.
The superlor GVH competence of convent1ona11y housed

chickens‘ as compared w1th that of gnotobiot1c ch1ckens,

“may represent a genera] st1mu]at1on of 1mmune activities

by bacteria" Or, it may represent:a'specific stimulation

.of those 1mmune act1v1t1es WhTCh are of part1cu1ar 1mport-

ance in CAM pock testsa The latter interpretat1on 1mp11es

.that some of the 1nvad1ng bacter1a share the ant1gen1c spec1-

f1c1t1es of the h1stocompat1b111ty antigens of the ch1cken

;f th1s is. the correct 1nterpretat1on we nght expect to

find a paraITeT between the acqu1s1t1on of GVH competence

: and the natura] 1mmune response to bacter1a] ant1gens.A“The}‘

Tattér can be assessed, in part by testing. the, bTOod for

the presence of ant1bod1es wh1ch aggTutlnate human erythro-d

L oytes, 51nce these share ant1gen spec1f1c1t1es w1th some off

the convent1ona1 ch1cken 5. mlcroflora

L 2 Ant1body to Human BTood Groups

Three k1nds of ant1bod1es ‘can be. readily d1scr1m1nated

through the use of human. erythrocytes ant1b0d1es to human fp'fff

A] and B ant1gens and antlbodtes to other erythrocyte ant1-.p1';f

-gens . character1st1c of the specwes but the nature of wh1ch
is not known These are referred to here as 0 antigens

because they can be demonstrated w1th human 0 erythrocytes

The chlckens used 1n the GVH tests were tested for the pres{” f{f

ence of ant1bod1es to the human A], B, and 0 antlgens

Gnotob10t1c chtckens d1d not have detectab]e Tevels of anti-f:?r"



body Conventlonally housed ch1ckens ma1nta1ned on the
def1c1ent diet produced antibodies to human B and 0 ant1gens
-Conventlona11y housed ch1ckens ma1nta1ned on the norma] d1et ;
produced ant1bod1es to human A], B;_and 0 amtigens. pIhet )
1‘]evels reached a peak at about three to four months of age
and then dec11ned (F1gure 5). By seven months the levels,
of ant1bod1es to B and 0 ant1gens had recovered and ant1-
bodies to A antlgen had reappeared Th1s is in. marked con;t"‘
,‘trast to the progress1ve 1ncrease 1n GVH competence Wh]Ch
occurred in the Same ch1ckens over the same exper1menta1

per1od : A1though the level of GVH competence 1s 1ncreased

",by exposUre of the ch1cken to a convent1ona1 env1ronment

'the exposure does not exp]a1n the progress1ve rtse in GVH
«competenc., whxch para]]e]s hat of gnotoblotlc ch1ckens,
'and it d0cs not vary 1n para]]e] w1th the ch1cken s natural
ant1body response to some of the res1dent bacter1a l.ffyp,{f[:v-
A1l anlmals were tested per1od1ca11y pr1or to the
)_detect1on of apprec1ab1e amounts of antlbddy In three t
1nd1v1duals there was the suggestton that materna] anthbody’
h‘had been passed on to the young Inasmuch as plasmas from
}Etheseefeacted weakly with human 0 ce]]s at ages one and ‘4.dfff7
j‘nlne days post hatchlng., Insuff1c1ent p]asma to adsorb B .hv
‘{fb.w1th human 0 ce]ls prevented determ1nat1on of ant1body specw-dez
fp :f1c for human b]ood groups A‘ and B | e
T

N Growth and’ Nelght T ;:;**};5';;,.a~-"g'

R

' In add1t1on to the growth character1st1cs noted above
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(betueen the three groups of exper1menta1 an1mals) 1t shou]d '
’ .

© . be po1nted out that those anlmals whose growth was restra1ned

.by the .tryptophane- def1c1ent dlet, on wh1ch they were p]aced

at three weeks of - age exhlblted a decreased we1ght as ear]y
as seven to- n1ne days of age (Flgure 6) Th1s 1mp11es a,
. def1c1ency in the ster11e feed beyond the def1c1ency Of

‘tryptophane not compensated by v1tam1n supp]ementat1on

4, 'SUrvival" o .}.a -
The 11fe span 1n days of 1nd1v1duah ch1ckens and the

ﬂ

duration of the experlmenﬁ 1s glven in Tab]e 5 1n<support-"‘

of F1gure 7

g
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c. Determtnat1on of Ant1bod1es to Human B]ood Groups in
AdultsWhite Leghorn Ch1ckens
A]] spot’ tests as we]] as a]] t1trat1ons for anttbody
| against A] and B Rh- negat1ve ce]ls were accompan1ed\by ‘
.hcontro1s in wh1ch the agg]ut1nab111ty of the A] and B ce]1s
was denonstrated by agg]ut1nat1on w1th p]asma from human 0
Rh- pos1t1ve donors stnce such p]asma shou]d conta1n ant1body
to both b1ood groups, A and B. The p]asma Was frozen 1n_
0.5 m] a11quots and one%of these was thawed Just br1or to
‘use. In’ order to character1ze somewhat the nature of the
‘_vartat1on and the reproduc1b111ty of the test the range,) |
’coeff1c1ent of var1at1on and the standard error were deter-
| mtned for the reactton w1th A] and B, Rh negat1ve ce1ls for
. each of two plasmas Tab]e 6 1epresents t1trat1ons done on ,ij.
two dtffement plasmas col]ected from outdated human 0 Rh~;.:v‘-
fp051t1ve b]ooq obtatned from the Un1verstty of A1berta ‘
Hosp1ta1 Blood Bank Laboratory and wh1ch had been prev1ous]y

Ttyped by the Canad1an Red Cross B}ood Transfu51on SerV1ce

T1tres to A], Rh negatlve and B Rh negat1ve/cells

‘ ~were more or less s1m11ar 1n the f1rst plasma. as were

';ﬂtltres to B Rh negat1ve ce]]s 1n both of the two ptasmas
le‘The t1tre of antxbody to A], Rh negat1ve ce1ls was hlgh 1n
~¢dep1asma #2 d1ffer1ng from 1ts own antlbody"p B ce1ls and
"fhfrom the f1rst p]asma s dnt1body tttre to“A] ce]]s _;Ihejdit‘“
_;?grange of end p01nts was partlcularly htgh 1n the second

R;jhav1ng a- coeff1c1ent of var1atlon of 21 8 as compared WIth ‘d:i

'fm*5 3% of the same plasma s coeff1c1ent of vartat1on to A],
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Rh- negat1ve ce]]s The coeff1c1ents of var1at1on to A], Rh--

,negatlye and B Rh negatlve cells were 16% and 11. 9% respec-

1' t1ve1y for the first plasma, 1mp1y1ng a. relat1ve1y 1n*ens1-

"-t1ve test. However. standard errors were somewhat more 5-~'
.encourag1ng No effect on t1tres WIth storage cou]d be-fw
'observed o s 7“, .
Moreover, to characterlze the system more c]osely in
the 1n1t1aT phases, p]asmas taken from adu]t, conventxona]]y ¢~
housed, ch1ckens se]ected random]y and w1thout know]edge of
genotype, age or previous h1story were t1trated fo]]ow1h}
'storage for: d1fferent tlmes,vn1ne days, two months, four :_
j’mont%s and fwve months as- we]% as: upon reb]eed1ng ' In no
»'1nstance Was there a s1gn1f1cant dafference 1n t1tre to R
,erther human A], Rh negat1ve, B, Rh~negat1ve or’ 0 Rh pos1-'ff‘5
tlve human red ce]ls fo]]ow1ng storage at any of the t1mes
:.1nd1cated AdSOth]Oh (four t1mes ww%h human O Rh pos1t1ve

.ce]ls) d1d not 1nf1uence the stab111ty of tTtres of ant1body

' to A], and B Rh negat1ve ce]ls for n1ne days which were the

/.only dup11cate t1trat1ons performed on the 11mited quant1-f¥”-'”

‘t1es of adsorbed p]asmas ava11ab1e.; Moreover, a]though _
15'1nd1V1dua] d1fferences eR1sted 1n the t1tre of antl-A] versus hf'

.fthe tmtre of ant1 B the four 1nd1v1duals used 1n this»i7 B

}xexper1ment d1d not 1nd1cate a pred1lect1on for the forma-;f*hh
?'ft1on of ant1body to one. particu]ar blood group over the H_
7f¥other Those an1mals from wh1ch 1t was possible to co?lect
77;suff1c1ent p]asma for storage over a per1od of t1me were o

fffalso ava11ab1e for reb]eed1ng and for testing the ce]]s pur-'~
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'chased-fron Ortho DiagnostiCS~just prior to the thréefweehdd
exp1ry date w1th those Just rece1ved 'No difference coUTd
be determlned in the react1v1ty of the o]déb»versus the

. newer cells W1th ‘the same F]r,1a(s) No apprec1ab]e d1ffer—
~ence cou]d be detected 1n t.asma from a‘;resh b]eee.ng when |
7compared With stored plasma- from the same an1ma1 Un-
gadsorbed p1asmas only viere used for comparison |

‘ Adsorpt1on of p]asmas w1th 0, Rh p051t1ve cells. such Rh
‘ that no. reactlon w1th D ce]]s cou]d be demonstrated decreased:
. the titre of ant1body aga1nst A], Rh negat1ve human ce]]s ¥
_.'ve1] as to B Rh- negative cells: o :'_.13\< o |
e determ1ne whether or not a great difre\ence ex1sted

, ey
in the t1tre of ant1bod1ec to humcr red ce]]s ccnora1]v 1n

- adu]t, conventlonally hotsed hn1te Leghorns, or more spec1—5'

f1ca11y to A], Rh negatlve or B Rh negatave celTs d1ffer¢n‘
genotyp1c ch1ckens were b]ed The'nlasma~ wﬂre adsorbed }T
three or four tumes w1th 0. Rh pos1t1ve ce]]s to renove ant1~f

d'bod1es to 0 and to other unknown spec1es determInants and -
'-RJwere subsequent]y t1trated ﬁor ant1body remain1ng to A] and

'-}B b]ood qroups Genotypes TNC]Uded B2 2 ]4 814“]4

| '73813813, 33 and homozygous and heteroQOon 321,_ Tab]e ;i;ﬁ

ﬂfef;g1ves the ar1thmet1c des1gnat1on for end po1nts obtained

'QWean, rqnge,_and standard error are 1nd1cated for each gr°UP j'

| 7fof t1trat10ns agalnst a glven d%11 type OT b10°d QTOUP

*-RR'There was an overa11 tendency toward greater ant)body t1.res ];

"5fto B as exh1b1ted by the mean leferences were apparent

"albetween 1nd1v1dualsqathnt1body to 0 cou]d not be demonstratedg
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- to be dxfterent 1n quant1ty from that react1ng with A, and
B, Rh- negatlve ce]]s in the unadsorbed p]asma. As before,.t'
2 marked decrease in antlbody to A] and B Rh- negatiue cells :
rema1n1ng after adsorptlon with 0 Rh -positive ce]]s cou}d
be- demonstrated L d N o ‘ ?
o Gang]1onectomy at hatchlng (A]sager et al. ]97])
.affected the ab111ty of ma]e chlckens to mount an 1mmune
'response in the form of anttbody pxoduct1on, fol]ow1ng
norma]" phys1ologlca] st1mu1at10n, to human 0, Rh pos1t1ve s
and. other erythrocyte anttgens character1st1c of the spec1e<
'but not deftnable 1n the ABH(O) system F]gure 8 i1lust-
rates *he difference in ant1body t1tre of unadsorbed p]asma<‘
-~ in male and fema]e gang]wonectomlzed and sham operated
' _ch1ckens to human b]ood ce]ls of. groups A], and B Rh negaa ;t;
't1ve and 0 Rh pos1t1ve K There was no sign1f1cant d1ffer- -
ence in the ]eve] of react1v1ty to the three 01fferent ce]l
o types among fema]es a]one or- males a]one as. would be expected.;'

jSlnCe a]] ce]]s wou]d detect both the1r spec1f1c b]ood group

‘"aant1body as well as antlbody to those unknown antlgens

‘.character1st1c of the spec1es In each treatment group the
vt1tres from plasmas of male ch1ckens were less than those"'**"
B of the females Thas was most pronounced where the r1ght

gang]1on, or both rlght and ]eft gangl1a had been removed

ﬁggMales W1th the r1ght and left gangl1a removed dtffered from

”j,a]l other groups 1nsofar as a deftnite progress}ye 1ncrease g-m”
tff1n t1tre 1n the unadsorbed p]asma cou]d be demonstrated from .

,lathat to A] ce]Ts through B cells to the htghest tttre againstf;r



0 cells. There was a tendency toward the same progression

~of increase in titres amongst theafema]eslin.this and the

sham operated ‘group.
| Amongst the ma]es, the resu]ts suggest that remova]-”

of the r1ght gangl]on had a more,pronounced effect since |

‘antibody to cells of thefthree-bloodtgrOUps was markedly -

1ess than in the groups'which were.sham-operated or in whioh_

ton1y the 1eft'gang1t0n was removed. Remova] of both rlght
and left gangl1a EIIECtEd a decrease in ant1body t1tre even
‘further w1th the ant1body t1tres in thts group be1nq 1ess |
.'than that 1n a]] three other groups These observat1ons can.
‘be 1nterpreted on]y W1th respect to'some ant1gen1c compon-:

ent(-), the nature of thCh is unknown but can be demonst-}

rated with three different human red ce]] types ThUs, 1t,

',would seem. reasonab]e to th1nk that the fema]e reacts more

;strong]y to some heterogenetlc conponent(s) or antwgen(s)

than does the male | Th1s d1fference is 1ntens1f1ed by‘f‘}\\"

‘4s'remova] of ' the r1ght sUper1or sympathet1c gang]1on The

: d1fference cou]d not be demonstrated to be speciftc w1th1n _ﬂ h

.- the ABH(O) b]ood aroup system.vd

| Adsorpt1on of. these plasmas w1thg§§'ﬁ§ pos1t1ve human'u?

."red ce]]s obllterated the d1fference between the seXes 1n t;v'
3 ‘ant1body reacttng W1th A], and B, Rh negat1ve ce]ls i’In no f_f

lf,case§fpu1d an apprec1ab1~ dtfference between the sexes be

shown In the sham operatea ’here appeared to“ba a reverse :ff

“.:tendency W1th the ma]es acqu'r1ng a greater anttbody t1tre ff;f

'srthan the females to A], Rh negattve cel]s See thure 9
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A]thougﬁ‘the overall 1eve1 of.specific antibodyvto;A], and

B; Rﬁ—negativelce1]s seemed less in the‘group with both

right and Tefﬁ ganglia removed than in tyé_ofﬁér three groups,
" this was not great; nor were the-differences between the
~other three'gfoups-greaf.. Spetjfib antibody-titre to A],
Rh-negafive'and B, Rh-negative cells was reddged‘iﬁ the
_édsorbed_p]asma;‘to"abbut one—ha1f the titre of reactivity

in the ﬁnadsorbed plasmas, simi1§r to‘résu]ts witﬁ‘other

adult chickenslaboVe;

¥

7.
//'



dtypes, gzgz 238153 and B]4 ]4,.were used 1n CAMP assay at
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D. Effect of Gnotobiosis on Immune Competenee of \White
Leghorn Chickens of Different Genotyp1c Histo-
compat1b111ty Antlgens

1. Graft—versus-HoStrReactivity
.Since it had been noted in the previous-experimeht

involving the examination of the effect of'gnotobiosis on

GVH competence of chickens of‘ggﬁg genotype that diet had an

Y

effect more pronounced than microbial status an'tnitial h o

attempt was made to determine the effects of the change to

| a tryptophane deficient diet on the GVH response. Gnotobio-

tic and convent1ona11y housed donors of -three: d]fferentpgeno-

ages three to seven days, thgee to f%pr weeks of age, namely,
4

at the time of d1et change, and at three months. The analysis

of varlance was donn with adwusted n. values (1,e.,'according
to ihe lowest value of n for a“given group) since a great
d1spar1ty 1nvolv1ng the nd&ber of donors, hence the numher of
rec1p1ent embryos used per genotype at any glven age ex1sted

qF1gure 10 shows the corre]at1on of convent1onaP CAMP w1th

_ that of gnotob1ot1c (Gn Q@MP when the mean log]Otva1ues of

the former are p1otted aga1nst the. me-an log]o values of thevf

~1atter Tab]e 8 g1ves the me%p 10910 va]ues at the d1fferentezl
~/ AR

ages the three genotypes 1nc1ud1ng that of the tota] sum.

,Va]ues were h1gher 1n the convent1ona1 env1ronment However,

on app11cat1on of the F- test th1s was found to be non- s1gn1-.j ;

'flcant, name]y P é 3 1602 whnch is non s1gn1f1cant at’ the =

5% ]eve1 where F] 270 represents the degrees of freedom of };
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‘the variance ratio. The slope of the correlation curve is

0.94 where conventional va]ues are plotted.on the ordinate

)

and gnotobiotic values on the absc1ssa, 1nd1cat1ng a para]]e]
'acqu151t1on of GVH competence between gnotob1ot1c and convene
| t1ona1 ch1ckens of all three genotypes - Figure 11 gtves ‘the
mean CAMP of the three genotypic donors at different ages

It should be noted that at age three to four weeks when the !
antma]s were transferred to the tryptophane def1c1ent d1et
GVHR waé at 1ts htghest 1eve1 The diet may be the 1nf1uenc-
ing factor in the drop in GVHR competence at three months

fwhtch thcn 1ncreased againiin the Bg 2 and’ Blﬁel& The order

14 14 g lﬁ N

Bng_ The increase in GVH competence between threewand sax
months of age suppor}s the hypothes1s that’ the 1mmune mechan-'
1sm matures (at least to sdme extent) 1n sp1te of dtetary
restr1ct1ons This is not necessar11y 1n phase w1th the
‘,growth of the antma]”° xao?e 1/ zndtcates that the antmals
gxew s11ght1y between the ttmc of diet change and the termlna-.v
t1on of antmals and d\d not exper1ence the same decline 1n"
; we1ght at three months as 1n GVH competence - . |
D]fftcu1t1es had been expertenced tﬁroughout the course}
of thls 1nvest1gat1on with the sohrce of eggs used as hosts
Hence,,a repeat expertment was performed on al] donor antma]s
11v1ng at §ix months. of age at which t1me convent10na1 antma]shf
on a- convent1ona1 d1et were 1nc1uded in the exper1menta1 pro-‘
| toco] Both of the prev1ous assays for GVHR, namely, h' |

chnp “as§ay~a"d ‘the splenomegaly (”Es)were.em‘ployed Rephc-

e
- 2
A

> N
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ate ana]yses~f0r both assays‘were‘performed on some_Of the
donors on tryptophane def1c1ent diet where the experiments

.Q B .
had to be performed over a period of more than one week

involving embryos 1ncub;ted at dtfferent tlmes.‘ Pa1red ’
‘analysis of variance was carried out. Table 9 shows the

| mean 10916 CAMP and MES va]ues of rep11cate tests of gnoto- -
b10t1c and convent1ona1 animals of the three genotypes

5 -F1gure.]2 111ustrates the combined gnotobiotic and conven~
tional rep]icates - At this age the env1ronnent had a s1gn1f1-

2n 2

cant effect, an observat1on noted prevwous]y w1th B= B— donorS'

A total of 251 rec1p1ent embryos was 1nvo1ved in the pa1red

"~ CAMP tests. The conventd ona] donors were more competent ;
(0,001 < p <0.025]. See Tab]e 9. The genotypic effect was
. more marked (pv<'0 00]) ‘ The order of GVH competence was
again B B—— > B—B—— B~ except in the case of the gnoto-
biotic where B2 li were s]tghtTy 1ower than Bng

In the |
Msp]enomega]y ana]ysts it. Was not poss1b]e co 1nc1ude all geno-

types of conventtonal donors for rep]icate tests A total of
79 embryos was 1nvo1ved 1n th1s case w1th five ind1v1dua1 |

donors. In every case the second test dgve a. lower MES than‘e'
did~the f1rst (Tab]e 9) App11cation of the F test 1ndicated |
151gn1f1cance 1mp1y1ng that d1fferent groups of rec1p1ent y
| embryos cou]d g1ve varytng resu]ts at d1fferent times | Al»tjaj
'{though on]y gnotobtotic genotypes cou]d be compared 814 ]4'f‘5'
- were agaln h1gher than etcher Bg g or BZB]4 rlt ?f' f’fl'f'

0n the overa]] analys1s of var1ance embryo data were"

5 ;grouped accord1ng to- genOtype and treatment of the donors ‘;;7”

<
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‘used for the CAMP test,_and_according‘to gehotype, treat;
~.ment, and sex of the recipient embryos used in the spleno?
nega]y test The effect of norma] d1et and conventlonal
env1ronment, expressed as CnHP pocks, was to 1ncrease

GVH competence 51gn1f1cant1y (p < 0.001). A_tota] of -
588 rec1p18nt embryos was 1nvo]ved | ConventionaT»donors'on~ :

convent1ona1 diet were five each of 5332 and 814814 and three

' of BvBli. -There‘were two conventiona1 Bng donors on‘the

o

'tryptophane def1c1ent daet, four B—-B]4 and three 81—814
Gnotob1ot1c donors on the tryptophane def1c1ent dwet were

five. B—B y. SIX 82814 and seven 814 ]4\

The order of donor_
competence was conventlonal on convent1ona] dlet > conven-
t1ona1 on tryptophane def1c1ent d1et > @%otob1ot1c on

14,14

'tryptophane def1C1ent diet. B—-B were more competent

than: Bng which in turn appeared to" be slxghtly more com-»‘

petent than B—BT4. However, in. no case. cou]d thxs*?atter :
'd1fference be ‘shown to be signiflcant on appltcation of the. B
F-test. Tab]e 10° g]Ves the meanv"]og]0 va]ues of CAMP

“for the three genotypes 1n d1fferent env1ronments and on '
‘dlfferent d1ets S1gn1f1cant 1nteract1on. F4 579 5. 0896

i p < 0 001 was observed In an attempt to define the source(s)
iof 1nteract1on data were regrouped accord1ng to the type of
_d1et rather than the env1ronment (since 1twwas appirent thatii'

u;the d1et had a. profound effect on donor eff1c1ency) and

(3

; accord1ng to the presence pr absence of the Bg a]le]e 'tThe,
14 "

"=ftendency toward 1esser GVHR competence in the B—B—— as f*g

mx'compared W1th 83&3 for a]] treatments was surpr1sing in view'_;'f
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of the'workxof‘Longenecker et al. (1972 1973) ’ Tabie 10b
gives the mean 10910 of the values of CAMP of donor
| animals on. th% tryptophane-defic1ent diet (both'gnotobiotit
“and conventional) versus those on(conventionai diet, as we]il
as. the overall totai mean. - The dietary effect was ver9 ”
marked those animais on’ the def1c1ent diet being much- 1ess‘
competent in' GVHR (p:<.0.001)q ngli donors Were st111 |
_the least competent'oi the three genexypes in each case,
.fMOFeOVer, the same. pattern held: when data were grouped
,according to the gnotobiotic envwronment as opposed to the |
conventionai Table TOc P0551bie reasons foﬁ*this observa- .JQ
.9t10n are discussed later. e : %de‘_ R
On grouping the data for ]OQ]d CAMP where the presence_p
of the Bg aiieie ex1sted versus 1ts absence, Tab]e 10d, the
~ donors w1th the B were marked]y 1ess competent than those w1th-n
out. Converseiy, where data were. grouped for the presence of }{d
}'the B——-aiiele in the donors versus 1ts a@sence. the greater :;5
'\nompetence of these donors was still highiy significant (p < A_‘A
0, 001) See Tabie iOe ) In both cases, the env1r0nmentai and
_ dietary' 1nd1cated as treatment) effect remained of the same
eorder as prev1ously and was: again highly significant As in }hff
fjthe pnfv1ous experiment theu%ean for all. embryo& used d]d o
J-;not differ materia]iy from the mean obtained by grouping embryos;
’ptﬂaccording to the ind1v1duai donor (compare Figure 14 with :
O Figure 13) ' Ai] CAMP vaiues are for 0. 1 ml whoie biood
ﬁVH competence at svx months of age of the three

'-}genotypes, both CAMP and MES (according to recipient



' embryo sex) are shown in f?gure ]3;»-{'
The effects of env1ronment and d1et, genotype of the

donor, and rec1p1ent embryo sex on GVH sp]enomegaly were

lwmarked (p < 0. 001) ‘B li in every case were more compet-

B2 LI B Convent1ona1 82 ]4 and B= B
, : . '3 .
_ donors on a conventlona] d1et were aga1n more competent than N

| ;ent than e1ther B
. convent1ona1 on a tryptophane def1c1ent dlet wh1ch in turn,
were more competent than the gnotob10t1c on the tryptophane
s}def1c1ent'd1et. ‘Donors were the‘same as. for the CAMP assay -
‘ tndicated.aboye;.\A~tota] off388‘embry95vwere 1nvo]ved
Untnocu1ated emoryos?seryed'as'controls.(F1gnre 13)

| No para]le] to GVH competence was found 1n the antl-.
body response to the 1ndxgenous m1crob1a1 f]ora as measured
by the product1on of ant1body to human blood groups of the fi

'.'ABH( 0) system | Compare F1gures 16, 17, 18: and 19,

| ~1nstance, w1th Fioure 11

2. Ant1bpdy Aga1nst Hunan B]ood Groups

Tab]e 1] g1ves the overa]] acqu151tion of ant1body to L
g

"3human blood group ant1gens of a11 anﬁmals Jn the gnotobiot1cﬁ"f;

- :and convent1ona1 env1ronments Tn terms of response or the

- 1ack of 1t ' F1gure 1ﬁ shows the percentage of responders

Cl'h1stogrammat1ca11y. Adthough the percentage response in thefﬁft

7;~BgBli seemed greater overal] 1n compar1ng conventwonal and

*ngnotob1ot1c groups on tryptophane defvcrent diet (51nce 100%7f?f

o of aT] conventwona] on convent10na1 d1et responded, no ‘com=

T



3.'m1n1ma] response detectab]e at three months of age One each
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'parisons:can-be made here)hthisvcou]dinot Reedemonstrated.'

to be-significant in”dofng-an-ana1ysis of variance*and apply-;
: ing the F- test. A modest environmental d1fference cou]d be -
demonstrated only. 1n the acqu1s1tron of ant1 B (0 025 < p <

0,05) on the basis of percentage of 1nd1V1dua15 respond1ng,'

®

.a1though the tendency toward more frequent response 1n the -
' conventlonal env1ronment was def1n1te A No gnotob1ot1c Bng
o B 814 14 an1mals developed any ant1body detectable through

the use of A], Rh negat1ve cel]s as ant1gen fo]]ow1ng adsorp%

t1on with 0, Rh pos1t1ve ce]]s Only one BgBli deve]oped a

i

of BZB2 and 814814 deve]oped antabody dEtectable w1th B

.‘1,

Rh negat1ve ce]]s, again detectab]e 1n the und11uted serum {vag

| Aon]y at four months of aﬁe nd at two months of age respec-»"'§

2.2 14

tively » Two each of B- B and B——Blﬁ-developed ;” Jbody

detectab]e w1th\human 0 Rh pos1t1ve cells pr1or to'adsorp- 1rjf

'_t1on, and s1x out of a tota1 of f1fteen BgBli responded

w1th convent1ona1 an1maTs on a tryptophane def1c1ent

diet the two BZBg anima]s'wh1ch surV1ved longer than one if' |
| ;month did- "°t deve]op a"t‘bOdy against'A], Rh negat1ve ce]]s. o

14

R;Two 814 ]4 an1ma]s developed ant1 A and one B—B chicken o

'd1d Ant1body aga]nst By, .Rh= negat1ve cells was deve]oped

by both 5? 32 chickens, f1ve 33314 and. seven B‘4 14 Antibody

_hfdetectable by human 0 Rh pOSItIVe ce11s prior to adsoﬁz:ion
: " S

Cwas deve1oped by both 338g sy five, B—B-i's and seven B
F1gure 16 shows graph1ca1]y the mean titres-o ;f@f@

"{iof a]l gnotob1ot1c anima]s ‘to human 0 Rh positi
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asmuch as only. a few of each genotype responded) and the
| mean t1tre ach1red by the 1nd1v1dua1 genotypes on a def1c1-
ent d1et 1n the convent1ona1 environment It demonstrates
'that, glven thc RT1LJ]JS, gnotob1ot1c an1mals can deve]op
ant1body,_at 1east to the antlgens used here,,1n t]tre equat]y
as high as the1r convent1ona] counterparts ' R ﬁwﬁ_
'_F1gures 17 18 and 19 show the acqu1s1t1on of ant1body |
,toeA] andrB Rh- negat1ve cel]s and 0 Rh positive cel]s by ¢
all three genotypes 1n the conventiona] env1ronment on. con- |
‘-‘vent1ona1 d1et In no 1nstance was nt1body detected prvor

“to. two months of age an any of the 1nd1v1dua1s In an attempt

-.,to determ1ne whether or not the cumu]at1ve t1tres over a

:ppr1od of time were greater Pn any genotype as compared w1th
?;_:.E;_,":ot|lel‘s,,ANOVA was performed on the tOta] overa'l] tltres, \)
-f_aga1nst the th”ee bTOOd QFOUP antlgens, but sign1f1cant7f,i}:

."Vdifferences could not be detected on. app11cat1on of the”flﬂ'*"

test However, the tendency toward lower titres 1n the == Q__w;‘

25 14 and B 4 14 15 apparent from the

E_ as compared w1th the B
graphs Ind1V1dua1 t1tres of respond1ng an1ma1$ for a]l lf‘ﬁg?:

‘;;groups are in Tab]es 12 13 4 15 and 16 Agaln. the

”'acqu1s1t1on of anttbody W1th a subsequent decllne or comp]ete;f'-'*

'fhloss could be. seen in some, but not a]] of the respondlng

ﬁ?an1ma]s durlng the course of the experlment 1 Moreover.‘lt

voccurred at somewhat different t1mes w1th different 1ndivi~vyj‘;diﬂ

'“:duals a]though most 1nd1v1duals had acquired some ant1body

".pat four months of age 1n the conventional envtronment

.
,‘~_':\‘




3. Nemghts of Animals - N ; : o | '94 |
An1ma1s were welghed per1odloa11y throughout the

'»exper1menta] per1od but part}cular stress was p]ated on the-'
WEIth of the animals JUSt pr1or to chang1ng the: d1et to the

| tryptophane def1c1ent at 3% weeks of age in the case of the R
E gnotobiot1c and the1r convent1ona1 counterparts, three months o
L Of age, and on ﬂhe fina] we1ghts of those an1mals 11V1ng at
~ the termlnation of the experlment at 200 or more days (Tab]e
B f7 | It had been not1ced that a decrease 1h weight tobk p]ace
h’shortly after tiansfer to the den1c1ent d1et However, th1s B
cou]d not be 'shown ‘to ‘be 51gn1f1cant on d01ng‘a pa1red
ana]ys1s of pre- and post transfer to the diet. Variat1on
,l1n~genotype wwth env1ronment occurred gBli be1ng the heav- S
'ier.animals in the gnotobtot1c env1ronment and B—-B--2w be1ng .
the-heaVier 1n the convent1ona1 No genotyplc d1fferences el
’ex1sted at the ttme of term1nat1on of. the exper1ment at wh1ch
time the surv1v1no'fonvent1ona1 animals iere heav1er than }f’;"h*'
’.hthe gnotob1ot1c.ﬁb'f';f"; l'hhe:;jx”"f?r'ffr'f:vnﬂfftfyd oE |
e Conventiona] anwma]s on.a convent1ona] d1et where we1ght _h
s}.gai was progress1ve conf1rmed d1fferences 1n genotype | s
fhnTabie ]7b g1ves the mean welghts in grams at flve to seven5pf~n
'?*days, §6 days (age at wh1ch the other two groups were trans~;¢‘
h;tferred to the def1c1ent d1et), ah 102 to ]09 days (just over‘?}f~4?
géthree months of age) and Just pq or. to t/rminat1on (200+
-rddays) : w1th the exceptwon of the f1rst weigh1ngs. on1y

ifffema1es were 1nc1uded 1n the tota] mean S1nuw

rii %Bli and one ma]e B—&, were heavier than the fema]es and

Sl L ERIRTE
S R w--:.t.-~p.~ S S

the two ma]e uilj,f*
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 seems to 1nd1cate an order of B—B

”[ red blood ce]ls were’ assayed by Fredericksen (see Ph D }j;.

69

thelr contr1but1on to the overa]l mean we1ghts o;ltﬁese tWO
14,14 '

genotypes was not offset by ma]es in the B—-B—— group.
14,14

;: Throughout ‘the B—8— we1ghed less than e1ther the N

28 *r B2 ]4'5. Moreover, pa1red analys1s of wetghts at
26 daysvof age W1th anlmals (gnotob1ot1c and conventuona])

on autoc]aved d1et prtor to change to- tryptophane def1c1ent
2

“diet conf1rmed, as wWith the BgB— s of the prevwous exper1~_r"'

ment, thatsautoclav1ng the d1et had a- marked detr1menta1

t1on w1th v1tam1ns I some cases the mean we1ghts of con-r

ventvona11y fed an1mals Were as much as twmce that of those

')f

'. E o

on the autoc]aved d1et

Survwval or decreased ]ongeV1ty (FTgure 20), does not

under the expertmental cond1t10ns nor the dﬁratlon of the_ S

14 14

exper1ment conf1rm that. the B—B8-— genotypes are the least -

long 11ved The stress of the tryptophane def1c1ent d1et
2 14 14 < B2814

t1ona] on a convent1ona1 d1et were not held 1ong enough to

determ1ne d1fferences 1n survlval proper]y 1 It happened
2 14

that two B=8-— s werg.the onﬁy deaths among these anima]s.;}jﬂf o

SRR I
R E S

The number of p]aque form1ng cells in the spleen repre_::,.,

sent1ng ant1body formin@ cel]s after st1mulation with sheep

Thes1s, I Frederlcksen, the Un1vers1ty of A]berta)

k4 \ P . .
-'\'.: S

B feffetf/on the growth of the ch1ckens in splte of supp]ementa-'. ‘

Conven- Lk

L



E. Effect of Gnotoblos1s on Immune Competency of
Thymectom1zed Chickens _ .

1. Graft- versus- Host React1v1ty -

. The flrst assay for GVHR us;ng thymectom1zed and non-_
'thymectomwzed donors homozygous at the Bg hlstocompat1b1-

: ]1ty locus was: carr1éd out at . the t1me of transfer of an1mals
‘from a’corn- soybean 1n1t1a1 d1et to the tryptophane def1c1ent
"d1et at age four weeks The CAMP assay was. emp]oyed Rec1-- -
p1ent outbred embryos d1ffer1ng at the B histbcompat1b111ty
;]ocus from the donors were used Embryo data were grouped
accord1ng to surg1ca] treatment and. enV1ronment of the Bng -
fdonors (Tab]e ]8a) | | : B |

| Thymectomlzed an1ma]s in both env1ronments Werevsignw- o
'f1cant]y Tecs eff1c1ert donors (p < 0 001) wh11e the gnoto-~

.1 b1ot1c anima]s were less efflclent as compared w1th the

convent1ona1 (p < 0 001) ‘ Repl1cate ana]yses were a]so per-ﬁj,’*

S

| y;formed these 1nvo]ved gnotob1ot1c an1ma1s on1y, two thymec-f*e

i tom1zed and three shan operated (Tab]e ]8b) No 519n1f1cantgag B

v,y;non thynectomlzed dOndPS,(gg{-OQdOT)_

jﬁ__\é‘onws" p‘.;‘,"“

These resufts\“rg in cpntrast to those of Sherldan.-» R

' :from thygectom~

lfefLaw and Ruth ”969 I1n wh1ch GVHR competence as assayed by

'MES wlth the use of reciplent embryos mot diffe"ﬂg at the

('.5’,‘. in" g
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B h1stocompat1b111ty 1ocus showed that extarpat1on of the
thymus 1% anlmals housed in convent1ona1 quarters actua]]y
1ncreased the rec1p1ent embryo spleen we1ght Moreover;

PazderLa (persona] commun1catlon) had conf1rmed the same"‘

o

through the use of outbred embryos w1th the same assay method
~In order to re- exam1ne th]S flnd1ng MES assays were, there- |

fore, performed on both gnotob1ot1c and convent1ona] ch1ckens

i

(as contro]s) us1ng embryos d1ffer1ng at the B ]ocus, as wel]
‘as embryos carry1ng the same B h1stocompat1b1]1ty genes, 1 e.

K Bng,-pr1or'to convent1ona112at1on of-the gnotob1otes. The

x

./
s

gnotob1otes ‘were then transferred to quarters where adu]t

Wh1te Leghorns had been housed on a constant baSIS, and where

1t was known that no’ part1cu1ar precaut1ons (other than the

t

usua] hyg1en1c measures of clean1ng and occas1ona1 fum1gatxon e

‘_ \between flocks) aga1nst transfer of any organ1sms had been-'~“

\
-taken,11nc1ud1ng that of Marek 5 disease v1rus (the causat1ve

agent of 3 hor1zonta11y transm1tted 1ymphomatos1s 1n chickens)

I

"-jwhlch was known to’ have occurred prev1ous1y 1n f]acks house o

.y
L

B 1n those quarters.y- - BRI o
Mean 1og]d ot MES w1th correspond1ng standard errors.

gny(F1gur ﬁ21) JS*Shown for types of rec1p1ent embryos pre-uand |

ﬂ'post conventlona11zat1on, as we]] as the correspond1ng un-jyff" |

o cu]ated contr01 embryos for a glven group Rec1p1ent :
'7gwembryos'd1ffering at the B hlstocompat1b111ty 1ocus of all
rifgroups 1nc1ud1ng un1nocu1ated contro] embryos showed a"
'*f 51gn1f1cant decrease in ME§ 1n the tests performed after
."'convent1onalazat1on (1n the case of the convent1ona1 an1mals ‘;?5

RN 1,'.:
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already housed conventiona]1y this refers to tests done at

‘the same time as those. or1g1na]1y housed in the 1so1ators)

as compared with those performed prior to convent1onallza-'
tion. The except1on was the group of embryos inoculated.

~with ceTTs from thymectomized gnotohéotic chickens In this,‘
the on]y 1nstance 1nd1cat1ng any - 1ncrease the F- test dld

not demonstrate that the 1ncrease was: s1gn1f1cant. Howeverd' 5k;
the tendency toward an 1ncrease in the test embryos is |

[Epsa—

e-remarkab]e 1nasmuch as it tends to lean toward the work of
"Sher1dan et al., 1969. Nevertheless, at th1s tlme,_three
.weeks after the}exposure to the convent1ona1 env1ronment

w1th the use of rec1p1ent embryos d1ffer1ng at the B locus, -
‘<the thymectom1zed donoJl produced a s1gn1f1cant1y Tower

- GVHR as compared w1th the non- thymectom1zed in. agreement

with the resu]ts obta1ned‘by CAMP-assay Moreover;-th1s wasnf
':~the case w1th an1mals housed convent1ona11y throughout

JvIt should however be noted that no known av1ah Infectwous;.*j
_d1sease, v1ra1 bacter1a1 or. paras1t1c (endo- or qctOw) was:.f.,ﬁf
lknown to have aff11cted any an1ma1s previous]y housed 1n the‘;;'
q arters of the convent1ona1 controls (wh1ch were d1fferent
«quarters from those to wh1ch the gnotob1otw§ were trans-r PRSER

ferred) At the same tlme, these anrma]s onventlonaT]y

'-;jhoused throughout were stlll 51gn1f1cant1y more eff1c1ent

fy{donors,-overall than the1r ortgmna11y'gnotob1otic counter- 735*7
v~nparts, conf1rm1ng aga1n, with regard to thas aspect.‘the
fff:resu]ts obta1ned using the CAMP assay R

S where the rec1p1ent embryos were 1dentica1 atethe B
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histocompatjbi1ity locus litt1e difference existed tnidonor
efficiency_of gnotohiotic thymectomized and.nonfthymectomized
: _either pre- or post-conVentiona]iéatton although‘a tendency,
not demonstrated to'be signific%nt,towafd'greater donor
efficiency in therthymectomized existed. However, a proe
nounced and significant difference in MES in embryosrinOCJ
lated with cells from thymectom1zed ch1ckens heused conven-
ftlonally throughout versus their non thymectom1zed controls
was demonstrated bear1ng out Sherldan s f1nd1ngs under experl-
eemental conditions dup]1cat1ng hers A]though‘post—convenf
tlona11zat10n.tests of.an1ma]s‘from the origina1fgnotobiotic.‘
-'<‘group SHOWed'no significant dtfferenCe in thymectomized .
versus “non- thymectom1zed MES d1d 1ncrease in both groups
~51gn1f1c nt]y wh11e, in th1s instance, un1nocu1ated control
,embryos d]d not 1nd1cate a. swgn1f1cant dgfference 1n the
nature of the two groups of embryos emp]oyed Moreover,

i
s.s1nce th1s was.: ‘the 1ast assay 1n the group of exper1ments,

ol

~oanly- one of thn convent1ona11zed, thymectom1zed chwckens o

Afrom the prev1ous gnotob1ot1c group yas 11v1ng and the ﬁ}*

T

:Jncreasb in th1s 1nd1v1dua1 over the: pre convent1ona1 mean'
'1s the on]y one wh1cm can be compared , A compar1son of
th1s 1nd1v1dua] pre- and post conventvona11zatgon showed an g

B lncrease that was, not s1gn1f1cant ’ An 1ncrea 1n MiS d1d

'7inot occur in the conventIOnally housed control animals

A11 of the above resu]ts were Independent of the number‘?hf'

was not

ﬁof c1rcu1at1ng ﬂymphgcytes The number of thesf

'»u‘a}tered by surg1ca1 treatment or environment (Tab]e 19)

V.. E
. .
PR

{

3



by any of the-anima]s/housed conventiOna]1y-througﬁout' eOnly”'"

h

.v1ously was observed here, as wel]
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2. Antibody to Human Blood Groups

No thymectomized or non-thymectomized animals housed

in the gnotobiotic environment original]y acquired any anti—Q

. body detectab]e through the use of A] and B, Rh- negative_

human red ce]]s fo]]ow1ng adsorpt1pn w1th human 0, Rh-

pos1t1ve red ce]]s Two thymectom1zed and three sham-
operated {non- thymectomlzed) developed ant1body to human 0

V»J /*

detected before 2. 5 md#ths of age;an

cells” pr1or to adsorptign, Table 20a. j No antibody was. .

as previouigy,tt

o presence of antibody was transient.

_No.ant1body toward A], Rh-negative cele waSnacquired'

one thymectom1zed an1ma] acquired ant1body detectable w1th

B, Rh- negat1ve ce]]s in the! undlluted serum at 1 "months g

"of age on]y Two sham operated acqu1red ant1 B detectab]e
in both’ 1nstances only once, in one case up. to a W2 d11u- )

tion at age two months, in the other 1n the und11uted serum L

only at age 1.5 months ‘ Acqu1s1t1on of ant1 0 (Table 20b)
by convent1ona]1y housed an1ma1s (one out of f1ve thymecto-

m1zed, and four out of*s1x sham operated) was detected flrst

Growth and Ne1ght u;-:xh ?‘_-f-ii};p;;}';;?:iff ! ”;_T“fg '

Two separate,hatches comprlsed'? :Qimals used 1n thus

o’uexper1ment The erst invo]ved gnotob1ot1c an1mals only and

¢

. oE “"‘\ /‘,'_

RS

o
5

B
o

- .

at 1.5 months of age and- the same transience noted pre-f d;Q;

- R )
N e L . 3
PN I

’f”the second hatch lncTuded the conventlonal controls ;Neightsgiff
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were taken at different ti%%s as indicated jnTab]e'21. . 4;
The weighté in grams were conerted,toblﬂg{o_fer analysjs a
of variance and subsequent F-testing. In no instance was .
':there a significant d1fference in weight between thymecto-
m1zed chickens and sham- operated (F1gure %2) Jeither! was
there a significant d1F?Erence in we1ght gain or 1oss\iyer
th% per1od of time in whrch we1ghts were taken, namely, the
earliest being at 39 days of age (ten d\ys after the change
to a tryptophane def1c1ent diet) and, the latest was 92 days
-, of age W1th the second hatéh where, #t 78 days of age,
the gnotob1ot1c weighed less than the conventional (0.01 <
p < 0.025). Moreover, in ta]cu]ating'the orerall'meanr |
“weights of:the:gnbtpbiotic Versus the overall weights_oﬁ
the.éonventidﬁat for all the ottasiens tn whichlweights_were. =
taken, the gnotobiotic were still significantiy»tonera~
4. Survival | - ‘
Fivé"anima]s~inftota1x'out of the~groups,h§ed’herevvéybj.
died withdn 24 hourshatterveurger§ﬂv'0f those surrivfng‘théh
surgery, the thymectom1zed groups 1n botftj§V1ronments ‘
experwenced the greatest numbers of.. death F1gure 23 (a]so n S
CTable 21).- . o
I
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/

F. Effect of Gnotob1os1s on the Immune Response of

Bursectom1zed Chickens
Ty o ) (/.

1. Graft versus- Host Reactivity
- The effect of gnotobiosis on the GVH competence of
chickens with the bursa of Fabricius removed WaS'examinedx

as prev1ou§ﬂy. by compar1son w1th convent1ona11y ‘raised con-

>
.

tro]s Slnce surg1caﬂ procedures 1n germfree fac111t1es
tend to be cumberscme as is the~case with x-1rrad1at1on of
‘germ-free animals (tOta1gfody irradjation.fo1TOWing'pursec-A'

tomy has been deemed necessary to eTiminate'cellsfthatfmain-‘

tain the germinal center and plasma cell 1ine of differentia-

tion, van Meter,‘Good, and Cooper, 1969) it seemed reasonab]e.
toﬁevaluate a method of chem1ca] bursectomy \thh was not

reporte toswnter ere w1th othe“‘ﬂymphOJd oroars In 1970,-
\
Lerman and WeTdanz reported that ant1body formatJon and

1mmunog]obu]1n syn*hes1s vere severe1y depressed when mea-

" sured in ado]esdent chickens treated at hatch1ng w1th

cyc]ophospham1de Linna, Fromme] and Good (1972) reported j_ ol
’ treatment WIth cyclophospham1de caused an 1n1t1a1 absence
u_of bursal 1ympho1d cells with subsequent destructron of ‘bur-,
sa] arch1tecture and def1c1ency in 1mmunog]obu11ns More—}c‘f”
, over, in 11ght of seem1ng]y encourag1ng reportsaon the
ontogeny of . bursa] funct1on 1n the ch1cken through the a.e
: of th1s method of burs ctomy by To1vanen, et al (]972 and

1973) it was 1nc1uded in the exper1menta1 protocol for

eva]uatton and compar1son w1th surg1ca1 bursectomy Both R
b o

surg1ca]]y bursectomized and sham operated controls tdbether,_ 3
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with cyc}ophospham1de treated an1ma1 in'both environments
were used. The more sen31t1ve of the GVH assays. the CAM
fpock test-was employed. Recipient embryos were ‘outbred,
of unknown B genotypes; the'do:;;
gotES. | _
Embryo data were grodped anordfng to surgical or
chemica] treatment, and mier0b1a1‘status (environment) of
the donor and subgected to amalys1s of var1ance as before}

No 91gn1f1cant dlfference was detected hetween any\pf the

3treatments, surg1ca1 bursectomy. surguca] bursectomy p]us -

cyc]ophospham1de treated, sham- 0perated and sham operated
p]us cyc]ophospham1de treated in e1ther the.germﬁfree or the
convent1ona1 env1xonment (F1gure 24) , Donorsvtnoluded' oned
bursectom1zed f1ve bursectom1zed and cyc]ophospham1de
'treated :three sham'operated,_andvf1ve sham operated and.
cyc]ophosphamlde treated from the germfree env1ronment,i':

' three bursectomlzed “three bursectom1zed and cyclophospha-

| m1de treated four sham operated and seven sham operated and
Cyclophospham1de treated from the convent1ona1 env1ronment

:All 1solator an1ma1s were germ.ree at the t1me of ana]ys1s

s were'dnbred Eg homo zy- o

<

xInc]uded in the germfree group was’ one anlmal, a. late hatch i .

wh1ch Was treated 1n no way whatsoever, not even subaected

to the anaesthet1c or pre11m1nary surg1ca1 trauma as were

the’ sham operated It 11kew1se was not S1gn1f1cant1y differ-::‘

ent from any of the other groups The mean for a]] embryos

d1d not differ: apprec1ab1y from the mean obtalned by group-

R

1ng embryos accord1ng to 1nd1v1dua1 donors and averag1ng the d*
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x .
donor means'(Figure 24b). Under genera1fconditions»of‘physio;'
logical we)iibeing the GVHR to major'hiStOCOmpatibility (B)
antigens ts not'inf]uenced“by'ce1}s of bursal derivationjand
this, in turn is not” influenced greatly by the presence or

absence of micro-organisms harboured by the host. The over-
all. mean logy, for the gnétobiotic was sTlightly ‘Tower than *

that for the ’\ernt1ona1 (0.9737 versus-1. 0680). Convertéd*'
to ar1thmet1c values - th1s is 9.19 as - compared with 1. 69 |
'represent1ng the number of pock produc1ng ce]]s per 0. 1 ml.
of donor whole b]ood | d RS
In add1t1on to determ1n1ng the - 1nf]uence of an 1ndﬁgen~f
ous popu]ataon of m1cro organ1sms on 1nfect10us hypersen51—,
t1v1ty, an attempt was made to determ1ne whether ‘the GVHR o
‘cou]d be 1nf1uenced by 1ntent1ona1 1nduct1on of hypersens1; - ,g
_t1v1ty ' GVHR Was assayed u51ng CAMP pr1or to ‘and 1mmed1ate1y
f011QW1ng sk1n test1ng on ‘two separate occasions,nonce before -
and after sk1n testwng W1th P P D. (pur1f1ed prote1n deriva-li;f

tive) three weeks after 1nJect1on of BCG vacc1ne;i;nd

'secondly before and after ‘skin test1ng with crude BCG

after a11OW1hg an add1t1ona1 elght weeks to pass W1th the |
hhope of 1ncreased hypersens1t1v1ty | Just pr1or to the f1rsttw
}skrn test the an1ma]s had become monocontam1nated W1th

\
Staphy]ococdus ep1derm1d1s

The f1rst test, Figure 25 produced b zarre and un-xf;jﬂ“f

| 1nterpretab1e\resu1ts as fol]ows (1) a 51gn1f1cant depres-l“”ﬁ

\

. sion of GVHR occurred amongst the gnotob1ot1c sham operated .
A.regardless of any prevxous exposure to Mycobacteria after R

\ o
AT
\



* skin testing whereas the bursectom1zed were unaffected _m;‘
‘ (2) sham operated gnotobiotes were a]so more competent than‘n_
the bursectom1zed, at th1s po1nt wn’t1me. (3) all burseot? o
m1zed convent1ona1 an1mals were 31gn1ficant1y depressed 1n
GVH competence foHowing skln testmg, aga1n\{egard1ess of
exposure to BCG vacc1ne, whereas the sham operated showed
var1ab111ty w1th no spec1f1c pattern and no. §1=§n‘if1cant over-
alr d1fference, (4) sham operated conventlonal chickens were‘#;
's1gn1f1cant1y more competent than were thewr Convent10na1
pbursectom1zed counterparts, (5) unexpected]y, the gnotob1o-"'f
»>t1c an1mals were s1gn1f1cantly more competent overa11 than h:
were the conventwonpl (0. 001<p<0 005) '_: - ﬁfs;'“f‘ er'g%h
| - On direct 1nspect1on 1t cou]d not be seen that sk1n RS

c-

fthlckness measurements d}ffered in those anima]s hav1ng been‘“

7vacc1mated w1th BCG a]though later ana1y51s of variance
'd1d show that convent1ona1 anlmals exposed to BCG d]d
~react 51gn1f1cantTy in compar1son with the nod vacc1nated fji'
No gnotoblot1c an1mals, regard]ess of treatment,_cou1d be R
~ shown to be hypersens1t1ve to Mycobacter1a as miasured by
‘usk1n th1ckness (Table 22) Slnce d1fferences were not |
-obv1ous1y apparent, w1th the addﬁt1ona1 b1zarre effects on

: 'GVHR’ and snce hypersens1t1v1ty to tubercu11n is re htedJyff;if

~d1ff1cu]t to- e11c1t 1n the av1an species the skin tes 1ng RS
'fwas, repeated (Table 23) a number o{ weeks 1ater This

' al]owed more t1me for sen51t1v1ty to develop Repeai:‘
:(F1gure 26) showed no d1fference pre-'and*°5st skin test1ng

La., L

-~},1n e1ther env1ronmentf or between any °f theu;%eatment ;1‘
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.Jnsofar as one 1so]ator conta1n1ng four anwmals had become
contamlnated with a fungustin the 1nter1m, these were not
'1nc1uded in the repeat skInAtests to avo1d the, p0551b111tyv'
"of cross react1V1ty of Mycobacter1a w1th fungal products
capab1e of e11c1t1ng hyperse§s1t1v1ty._thereby obta1n1ng
fa]se pos1t1ve react1ons None of the gnotob1ot1c an1mals !
~could bre. shown to be hyperséns1t1ve . - - | ‘
\'_ It 15 conc]uded, therefore. that de]ayed type hyper--t o
sen51t1v1ty to: an 1ﬁfect1ous agent does not 1nf]uence GVHR;
Any prolwferatlve act1v1ty of lymph01d ce1]s 1nvoked by the
.hypersens1t1ve state is lndependent of GVH competence as _5‘1A
.measured by the CAM - pock test “ No. ant1gen1c spec1f1c1t1es f":
'seem to be: shared and any 1nf$%ence by a v1ab]e Mycobacterium
;(BCG 1n th1s case) 1s not transferrable to those’1mmune | ‘
_act1v1t1es or ce11s 1nvo]ved 1n the CAM pock test
| No: s1gn1f1cant d1fference in GVH competence between
' gnotob1ot1c and convent1ona11y housed 8h1ckens cou]d be ‘
demonstrated a]though the overa]l mean of the gnotob1ot1c :'.
.was, as 1n prev1ous experiments, s]1ght1y 1ower 7_r A

i \ L
. ‘ i N ) .‘. -

?:2 Testwng for Hypersens1t1v1ty é;/"i‘éi.‘.:,Q‘fe'.“
| Q{}f' Tab]e 22a g1ves the sk1n th1ck sses in 1nches, as mea-.
:hvsured w1th an eng1neer s m1crometer of the r1ght and left .
'fW1ngs webs of ch1ckens fol?ow1ng 1nJect1on of P. P D' 1ntra-fta*"
ff;cutaneously 1nto the web of the rwght Wi of gnotob1ot1c i :
:ﬁ;an1ma15 E TabJe 22b g1ves the same for c:Sventional an1ma1s3;_:ﬂi
tjAna]ys1s of var1ance and F test1ng were done fQIIOW1ng con-f?gihg
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vers1on to ]oglé ef the web thlékness x 10 Right wing -

th;ckness compared 'ith 1eft w1ng th1cknesses were lncreased

'.1mmed1ate1y fo]10w1 g 1n3ect1on presumably due to 1rr1tat10n. :

fol]bw1ng the 1n3eét1on and in som;l1nstances where feathers

| werelplucked away,smal] pet1ch1ae appeared However w1th |
1ncreased exper1 nce,- the irritation couldjbe reduced ahr \\\\

though not e11m_nated such that 51gn1f1cant d1fferences

3between th1ckn ss of r1ght and left w1ng web d1sappeared by
four hours .as compared W1th e1ght hours 1n the 1n1t1a1 3
attempts | :In no 1nstance yere the injected. webs s1gn1f1- o
cantly gre_ter 1n th1ckness than the un1n3ected webs (i el,
Ar1ght we s versus 1eft webs) in gnotpbiot1c anwma]s, from
.~,24 0 72 hours the time at which de]ayed hypersens1tiv1ty
15 ge‘erally;cons1dered to show 1ts peak react1on on stwmula-h}
tio (Tab]e 24) Ne1ther were 1n3ected web thicknesses of
'.those an1‘als haV1ng received BCG vacc1ne greater than E
? 1nJected web th1cknesses of an1mals not hav1ng rece1ved

BCG. - T is- Tlatter was not: the case. w1th cohventuona]]y o/";f"

an1ma1s, whene, after the 1n1t1a1 decrease 1n-3f' - v
_ 1"3 cted web. th1ckness a g%adua] 1ncrease occurred«guch that "
1,,‘at 8, 24 48 and 72 hours a s1gn1f1cant d}fference betWeen 'hrpi
:.1ght aﬂd 1eft webs was apparent The rxght webs (‘"JeCted)'li
of those ch1ckehs hav1ng rece1ved BCG vacc1ne\were sign1-*’ 2
'fwcantly §h1Cker than were those of an1ma1s not hav1Q§ been {;Hh
-previous]y vacc1nabed at 24 48 and 72 hours, conformtng in
‘t1me, at 1east, to tha c1assnca1 def1n1t1on of ré%ctivity

‘1n delayed 1nfectxous hypjféens1t1v1ty "Tha same held true
. _ 3 _ , T e NIRRT S)



“ where BCG vacc1nated an1ma1s exh1b1ted 1ncreased sk1n

. and t1m1ng of sk1n test1ng cou]d be-1nvolvéd The resu]ts

in the instance of,répeat\skinﬁtesting*with crude BCG
(Table 23 E: Tab] 24) a]though the tlme of S1gn1f1cant

“response was at 48 and 72 hours At 72 hours 1nJected
A

right w1ng webs of gnotob;ot1c ch1ckens were also gréater

than the unwnJected 1eft Webs;rbut th1s cou]d/not be demonst—v
‘ :

 rated to 1nvo]ve bgg va.c1nated on]y The gen ral over-

est ser1es s ih Tab]e 24 e

oall response for both Sk]h
~ In no 1nstance were there necrot1c or hemorrhag1c

areas not1ceab1e (b s1des the 1n1t1a1 1rritat1on descrlbed

.above) and no central “wheal" ex1sted in convent1ona] an1mals
.li‘”

“th1cknesses .Noahistolog1ca1 exam1nat1ons of. the s1te~oflb
skin test1ng were done Anderson, 197] d1d ‘1stolog1ca]
work on the skin test area of w1ng webs of chickens and con-”?;
cluded that the 1nf11tratxon of mononuclear cel]s,vseem1ng-
‘rly of 1ympho1d ohlg{n, corresponds to the: class1ca1 descr1p-l'::
jhft1on of de]ayed hypersen51t1v1ty,‘ However, th1s work . D
"leffers in that gnotob1ot1c ch1ckens could not be shown o
"to be sens1t1ve as compared w1th Anderson s very young germ-'lb{

free fow1 (1nJected at seven days of age W1th heat k11]ed

',chobacter1um av1um and tubercu11n tested three weeks 1ate;3Qd;

"};It 1s péss1b1e/xhat dosage d1fferences. Mycobaoterial strainf{tf

"'are, however, 1n keep1ng w1th those of Sasaki (1974) who 7;$$i
3f;cou]d not e}1c1t delayed type hypersen51t1vity in germfree ,ff;l
r,.mwce w1thout mono- or di assoc1at1on w1th certa1n other :

"~organ1sms Th1s suggests a poss1b1e adjuvant effect of the
2_1;/ o : : :
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iwdigenous microbial flora.
, - . cl : ) ~
-3, Capl]]ary and Ouchter]ony Prec1p1tat10n Tests
| In no 1nstance cou]d c1rcu]at1ng ant1body to tubercu]1n‘
products he demonstrated w\th these . tW9 tests under thg con=
' . d1t1ons~diizr1bed in Haterials and Methods F1na1 tests w1th
pTasmas obtained at the term1na1 b]eeding were a]sognegat1ve
It 1s, therefore, doubtfu] ‘that.any pos1t1ve reactions in
,sﬁ\n test1ng,cou1d be ascr1bed in any measureab]e extent to ’
humoral ant1body of an Arthus react1on w1th1n the 11m1ta-»
tions of e1ther test '5\ | i j‘,'*1.~ R N
N A SR :
A Cunn1ngham P]aque Assay for Antlbody Produc@pg/Ce]]s ‘

. This. particu]ar test for the number of ceﬂls ine the'f;

@ © e v
. .

sp]een capab]e of produc1ng ant1body on pr1mary st1mu1at1on

; was 1ntended as a measure of the effect1v&ness of both -}

. methods of bursectomy but in part1cu1ar for the effecslve-.i:.jj
Ness of tée chem1ca1 bursectomy w1th cyclophospham1de 4 .},-
An16§15 had been g1ven a s;;ndard dose of sheep red biood fﬁinf
ce]ls f1ve days prior to term1nat1on at wh1ch tlme the o

. spleen was removed and the cel]s from 1t tested for the pro-;»j
| duct1on of ant1body aga1nst SRBC Table 25 gives the number

B of plaque form1ng cel]s per 10 sp]een cel1s 1n£dup1icate )

i the order of treatment of the an1mals No overa11 dlffer~'py
"ence was noted in dup1icate enumerat1on of plaque form1ng E

l

cel]s Moreover, a]though there was a tendency for fewer
v

p]aque form1ng ce]]s 1n spleens of anuma]s from the gnoto-« :;!p
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biotic environment, this could not be demonstrated to be
_signtficant. Surgiba].bursectomy marked]y_decreased.and
© in sgme instances compiete}y ob]iterated the production.of
plaque forminguce11s‘(antibody phoduoing_ce11s)dt0'SRBC‘on
primary st1mu1at1on i S | ) |
~The effect of cyc]ophosphamlde in this part1cu1ar o
exper1ment cannot be conSIdered as e11m1nat1ng cel]s of
bursa] -origin in the dosage and cond1t1ons of the exper1ment
‘:In the gnotob1ot1c and convent1ona] env1ronmemts opp051te
effects of cyc]ophospham1de appeared to have taken ;1ace,
: name]y, enhancement of the numbér of p]aque formqng ce]]s
1n an1ma]s from the gnotob10t1c env1ronment (1 B comparlng h.
sham nperated and cyc]ophosphamlfe treated on]y)'and a . |
depre§°1on thereof in the conventional. env1ronment Iﬂv'.
jne1ther env1ronment was there any.1nstance of as- dran&tic
.a§ e11m1natlon of j}t1body prodUC1ng ce]]s as w1th surg1ca1
“bursectomy | R o

A d1rect corre]at1on (ca]cu]ated accord1ng to Snedecor,'g

- .(Sth ed 1956) between body we1ght and- sp]een we19ht

: (F1gure 27a and b) in the gnobob1ot1c ch1ckens suggests that
”:the welght of the sp]een 1n th1s 1nstance 1s 1nf1uenced5"r*'
1‘pr1mar11y by body we1ght whereas other variables are at
'p]ay W1th the convent1ona1 anlmals where no corre]at1ongff,3'
'Y'ex1sted Tab]e 26 g1ves grams of body we1g§t and m1111grams.
ﬁof spleen we1ght These were changed to 10910 for the test¢gf:¢
a:'of correlat1on and the ana1y51s of var1ance F tests ind1- ;f;;

-

cated that both sp]een wetght, as well as body weight were



{s1gn1f1cant1y hlgher')n the gnotob1ot1c env1ronment

The port1on of sp]een remove for histo]oglcal obser-

vation d}d not 1nd1cate any d1?ferences morpho]og1ca]1y o .
between env1ronment or-treatment roups except that sp]eens ‘
' {\om sham operated an1ma1s showedﬂgoci'of mOnOnuc]ear cells

' (poss1b1y 1ympho1da1) which were absent 1n the bursectgmizedf-
antmals Presumab]y because of the tryptophane def1c1ent

diet these ch1cken sp]eens d1d not exh1b1t the dense, con-
‘voTuted arch1tecture of the usua] ch1cken sp]een'(R F -Ruth

. ' ‘

'personal commun1cat1on) but rather appeared much c]oser,to
fthe text book descr1pt1ons of embryon1c sp]eens '
F1gures,28a and b show representat1ve sect1ons from bursecto— )

nized and sham operated an1ma]s respect1ve1y, 7]1ustrat1ng, o

<4>'1p the 1atter case, the accumu]at1on in a sing]e focus of

= mononuc]ear ce]]s . These were cons1dered to be‘the seconde

.3rary foci, referred to by Thorbecke, et'al 1957; and by {—;//{/
P19VC9, Chubb and Long, ]966 o SEREE .

5. T1trat1on of Plasmas for Determlnatton of Ant1body
' Aga1nst Sheep ‘Red-Blood Cells ‘ | _ gf.fj

“Noné of the Hursectomtzed animals in e1ther the ‘gnoto- o

'.éﬁb1ot1c or convent1ona1 enV1ronment had any detectab]e ant1-»dl

‘/dfbody to sheep red ce\ns pr1or o an 1nJection with the same,uc :

'fh'Qand deve]oped none 1n the f1ve daysrfo1low1ng 0f the

'fhgnotob1ot1c non bursectomized (sham operated) an1ma1s only,;,jf
i}the one tota]]y untreated anim&] had any antybody to sheep G@;;j
“fred ceHs (t1tre = 1/4) pr1or to SRB{'InJectwn Fwe daysh_ﬂ:""

) = | B I LE o
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‘f ]ater aT] had developed antibody to a titre\of ]/64 or
higher Amongst the - convent1ona] sham- operated an 1ncrease .

Cain antlbody to~ 1/32 or h1gher occurred Aga1n, on]y one

| Jan1ma1 showed any ant1body against sqeep red 115 prior to

. the 1n3ect1on and that only in the und1]uted :E&pm (IabTei ;

27). ) e R

. : ) . . /e

Acqu1s1tlon of Ant1body Aga1nst Human Blood Groups
- w1th one except1on, n0/gnotob1ot1c anlmals, 1;iespeee
h}t1ve of treatment deve]oped ant1body detectable w1th A],
;Rh negat1ve human red ce]]s fo]10w1ng adsorpt1on w1th 0
.Rh pos1t1ve ce11s at any t1me " The except1on, a sham oper-‘_
ated an1ma]- developed ant1bodv deéectab]e‘in a 1/4 d11ut1on
of p]asma f1ve days- f0110w1ng 1n3ect1on of sheep red cel?s
| On]y sham Operated gnotobiot1c an1mals deve]oped ant14
15‘body/detectab1e w1th B Rh negatlve ce]]s for the f1rst time
at age f1ve months Two out of the seven surv1V1ng at th1s :
t1me had ant1body in the und11uted or 1/2 dl]ut1on of~plasmaehd
:pr1or to anectlon of sheep red ce]]s F1ve out of the
fseven developed ant1 B 1n the f1ve days fol]ow1ngq1n3ectlon' 7,{
~of SRBCtsang1ng in t1tre from ]/2 to ]/8, ' R
"_ F1gure 99 shows h1stogrammat1ca]1y the acqu1s1t10n of g
h,ant1 A] and ant1 B bylsham operated gnotoqutfc an1mals :d
Ahprlor to and fo]]ow1ng the 1nject1on of SRBC , F1gure 30
ncompares the acqu1s1t1on of antlbody detectable w1th hUman
}.}0‘ Rh1p051t1ve cel]s pr1or to adsorpt1on with 0 ce]lsg»as

| ;'we11 as antlbody to SRBC pre- and post i, ect16n of the same;ipg
S ,5,?lg-l_~ e G e



87°

~ Three bursectomized gnotobiotic chitkens had.antibodw
detectable.with human 0,~Rh-pos§tjye cellehon]y once;in  L
the,und11uted serum. ANl other bUrSectomized animats’(wikh
' the exceptlon of two conventlona] bursectom1zed) atqdired
no antlbody whatsoever against human bloed groups Tab]es
. 28, 29, 30 and 31 give the acqu1s1t1on of ant1 0 by gnoto-
b]Oth animals, and ant1 A], anti-B and anti-0 p]us ahy E
"spec1es determ1nants by conventional sham operated an1ma1$‘
(and one bursectom129d whwch deve]oped anti- 0 detectab]e in
the und11uted serum 0hce) ~ Figure 31 and 32 represent the
1ncrease in ant1 A] and ant1-B R; negat1ve in conventiona]
sham operated animals pre— and post anect1on of SRBC, and
- the 'acquisition of:ant170 and ant1-$RBC at the correspond~
eing time.‘ .' . nf o 1; '_l"" / T o
o ¥ , T 0"

}7)' Growth and, Surv1va1 N :
An1mals were we1ghed once on]y at the term1nat1on of
. the exper1ment at which time body weights were corre]ated

1th sp]een we1ghts-(Tab1e 26) Bursectomlzed gnotob10t1Cs

¢

. an1mals surv1ved 1ess wel] thgn the gnotob1ot1c nonwbursecto-ja

m1zed (thure 33) whereas percentage of surv1va] wa;\near]y -
equa] 1n the . COnvent1ona1 eny1ronment y Th]S refers to surg1-f-
ca]]y bursectom1zed an1mals on]y, 1nasmuch as; on]y one co#i

vent1ona1 non bursectomtzed& cyc]ophospham1de treated animal
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DISCUSSION

A. Housing of_AnimaTs

1. Iso]ation Units

In ‘most of the experiments perforned hene; the isola-
tor animals must'be(termed notobiotic insofar as‘the‘mjcno-‘
organisms<wtth &hith»they-were contaminated were defined'
as tndfceted°tn Tables 1M, 24, 34, and 4N in the Appendix.
‘Experiment 1 (Table ]M)'refers'to the initia1"eXpeninent for;-
the effect of gnotobiosision the natura]-immune response

employkng B Bg'gnotob1ot1c and conventbonal ch1ckens, Exper1-

2 2 14

ment 2 {(Table 2M \to the exper1ment 12yolv1ng BSB=; B B—

BliBl— genotypes, Experiment % (Tab]e 3M) to the thmecton;./v
experiment and Exper1ment 4 (Tab]e 4MY"to the bursectomy.o,
expemment § The term SPF "(for “specific pathogen free )
- is avo1ded since the term 1mp11es on]y 2 more hyg1en1c eni_
- vironment in which no knoln patho%;ns are p’esent and 1n
which there may be & reductton 1n the var: ty of m1cro-

\organ1sms inhabiting -the exper1menta] an1‘a1 but these are

not def1ned .The bursectomy experiment ifs the only one in.

| wh16h the term "germfree" would app]y in/ the 1n1t1a1 stages

Varwatlons 1n swgn1f1cant d1fferences 1' donor competence_"g'

of gnotob1ot1c and conventtonaily housed an1mals 1n GVHR
: -
ycou]d, in part be attr1buted to the nature of the contam1na-“_<“

tion or the extent of 1t at any g1ven t1me

88
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2. vPreparatioﬁ of Eggs for HatcHing. |

The procedure finally adopted for:the preparationeoff
emblyonated eggs (Materia]s.a%d Methods) proved remarkably
‘effective intbringing eggs into the’iso]ation chambers
sterilely. However, hatchability wa; reduced stmtlar'to the
- findings oi‘Harrison, 1969. ‘EarTy'experience in‘spraying '
eggs with peracetic acid was‘disappointing'from the pOint of
vieW'ofhohtaining germfree hatchlings and wasinot attempted
again although others haue reported satiefactory resuTts with

——

improved hatchabiTTty (Jolﬂgi_dl., 1972;‘Harri$on5 1972)."
o o . . R
3. Preparat1on of Feed .
In all except the flnH] bursectomy exper1ment,_th -
feed ster111zed by autocTav1ng as 1nd1cated in. Mater1a]s and
| Methods proved to be’T'adequateTy ster1l1zed sooner or Tater
'1n the course of the exper1ments Sporu]at1ng bacterla,.
primarily C]OSterTa and Bac1TTus spec1es, as weTT as fung1v'l
recovered from the an1ma1$ were - a]so recoverab]e from both
the autoc]aved and unautocTaved feed The fear of poss1b1e Q,d
'product1on of tox1c mater1aTs through the use of gamma 1rradia—~<'
| t1on for ster111zat1on seemed verx much unfounded after the T
reports of Coates, Ford Gregory and Thompson, 1969 Ley.;;e
. BTeby, Coates and Paterﬁgn, 1969 Porter and Festlng, 1970
"and Er1ksen and Emborg, 1972. The Tack of we1ght gaxn of
*Bng convent1ona1 anima]s and of the three genotypes, Bng |
]4 BIgBli,.pr1or to the changeover 3:ca tryptophane-~fd“"
d

def1C1ent d1et were add1t1ona1 contra1n attonsofgr;the_ff
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: 1rradiated diets have been reported by Moutschen Dahmen

- whereas pa]atab111ty test1ng 1nd1cated

v‘for 1rrad1aagd d1et over autoc]aved d1

90

turth%?ﬁuse of the method of autoc]aving Coates and her

associa%eéfanalyzed diets for loss of v1tam1ns at doses of

gamma 1rrad1at1on rang1ng from two to f1ve Mrads and reported,
1osses wh1ch were much less than-&hose given by»iuckey, 1963,
for -heat ster1]1zat1on (autoc]aV1ng) Moreover, the effect
of 1rrad1at1on on proteins, amino ac1ds and fats in dosage
as high as seven Mrads was neg]1gjb1e. No difficulty in
regards to_palatabilitthas-encountered;n Subsequent Storage
presented no orob]ems Coates' quantitative studies on in-
act1vatnon of_m1crobes in dIEtS were remarkab]y tﬁhrgug//and
1mpress1ve o A | ’H/f; |

Pre-implantation deathsiof mOUSe'eggs in mice fed.

-

et 1 s 1970, but the same cou]d not be conf1rmed 1n rats

— p————

by Er1ksen and Emborg.‘1972 Porter and Fest1ng reported

-that the effe;ts of diet on. breed1ng mice resided more in

the nature of thefu1et than 1n the meth\d of ster1]1zat1on

| strong preference

b

In our exper1ence gamma 1rrad1at1on as a method of

ster111zat1on reduced the hazard of contamlnatlon to that ]ﬁ'~5f’
' of human error The bursectomy experiment was the most

successful in ma1nta1n1hg an1mals 1n the germfree state, o

two an1mals rema1n1ng germfree for near]y six months at

'wh1ch t1me e11 exper1menta] an1ma1s were. de]1berate1y term- ffﬁah

U'inated

, S -
F1ve ch1ckens of the Eng]1sh Game Hen Vi ;f'
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purposes. of potential breeding and serofogica1 work. were
ma1nta1ned in the germfree state according to the cu]tura1
criteria in Mater1a]s and Methods for eight and one- ha]f

months.

4. Mon1tor1ng for Ster111ty | ; ; -
| A]though the schedu]e of cultur1ng in the types of
‘media out11ned covered the p0551b111t1es of. the maJorlty
of contamtnating organ1sms most 11ke1y to be encountered }/;d
such as. aerobic and anaeroch gram posit1ve cocc1 and Mh
bac1111, gram negat1ve aerob]c and anaerobic organlsms, and’
: fung1, the p0551b111ty of Mycop]aema cannot be exc]uded |
~Inasmuch as, Mycop]asma can be transm1tted vertwca]ly (1 e.
‘from the hen in .ove to the develop1ng embryo) ‘a more thoroqu
;vdellneation of the m1crob1a] status of the embryonated eggs
/‘would have been to have samp]e embryos spec1f1cal]y cul-_

tured for P, P L.0. and Mycoplasma g_]11sept1cum 1n particue

lar, at one of the vetertnary 1aborator1es 1n the prov1nce

No necrops1ed an1ma]s showed 1es1ons of llver, spleen,tf}g:'

heart ]ungs or 1ntest1ﬁes on: gross examtnatton whtch wou]djge_rf

"have led to any susp1c1ons of v1ra1 dlseases Except for :

the fact that the v1scera of the necessarily lfm,ted "Umbersl}i)jf

of chtckens malnta1ned in 1solat1on fac1]1t1es were used for =

bacter1a1 cu]tura] purposes, Sme15510n of samplings of somef}ggff

’1so]ator an1ma1s m1ght have ass1sted 1n conf1rm1ng the

:;absence of 1nfect10ns of v1ra1 et101ogy It 1s. neverfhe-g:fﬁ:

«'less, reasonab]e to assume, that sxnce the f11trat1on systemffj.‘*
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on 1so]at1on units was eff1c1ent Ain f]]ter1ng out bacter1a
(since all bacter1a1 and funga] éontam1nat1on Could be
iy

traced to e1ther the feed or to human error) that any ,

‘viruses transmissab]e on part1c1es (1 e. horlzontally), o

. at ]east to ‘the size of 0. 5 mu, most llkely were. absent

Hence, a reductlon in V1ra1 popu1at1on in the 1so]ators, -

even though not des1gned to exc]ude viruses is a strong

N \\ A R . “A .
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B. Effect of Gnotobjosis on Natural Immune Competence
S Graft~versus-Host'Reactivity. | _

The extent of dﬁfferences in GVHR between gnotob1ot1c
and conVent1ona1 an1mals var1ed However, the: gnotob1ot1c-
. were con51stent]y Tess competent as, donors in the GVH . reac-‘\f'
twon as measured by the CAM pock test and by we1gh1ng spleens )
of outbred embryos after 1ntravenous TnJection of per]phera] .
b]ood A]though, in- some 1nstances (e g , three months of
'age when measured by CAMP assay and four months of age as ..
| measured by MES) d)fferences could not be demonstrated to if"w
be s1gn1f1cant stat1st1ca11y, the gnotob1otic an1mals never -
reached the level- of competence of the convent1onad]y housedféfﬂ
Poss1b1e factors 1nv01ved 1n the extent of the differences
| *cou]d be the source of embryonated eggs used to produce the

. germfree an1ma]s Th1s wou]d seem’ to have been circumventedffﬁf

as much as. POSs1b1e s1nce all Bng homozygous ch1ckens usedfgl";

were from eggs purchased from Hylwne Poultry Farms There--f*"

fore, it wou]d be | ant1c1pated that W1th1n a group, at Ieast.jiV
t .

'they w0u1§ reatt cons1stent]y Further to th1s, one cou]d

struc-f}f

"'1nvoke the genet1c makeup of the donor as regards ffn_i
’liture of the gene(s) at the B~ b]ood group and histocompatibl{;ff
'yJ11ty 1ocus and/or seasonal varwat1ons w1th1n a genetic stra1nﬁ5f
HoweVer, both of these factors are without experimental » d
: }support as carr1ed out here f Inasmuch as, recipient embryos ;:{7
{'were outbred and of unknown genetic constltut1on s1m11ar

»ﬂ'arguments cou]d apply to the reaction proVOked by their anti-f;5f
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.'.genslk‘Simi]ar variotion was observed'With the three<'Eno-

‘types;jggég gali ' d 814814 in the experiment fo]]owing ot
rnand is discussed in-more detaii there e _' . SO

" The establishment of an 1ncreased reaction in GVH
rsp]enomega]y in rec1p1ent fema]e embryos as. compared Wwith
'rec1p1ent maie embryos is a 51gn1ficant one. The Simpiest

_most direct 1nterpretation involves the reaction 0 donor :
cel]s té an antigenic componenﬂ ‘the synthe51s of. hich is
'.geneticaliy controi]ed by a gene (or genes) on the W chromo-«.
“_.some of the. fema]g not present in tbe ma]e,(in the avaan
;spec1es I is- the fema]e, ZZ is the ma]e) .»‘-;-ff
j A second 1nterpretation cou]d invo]ve the more rapid fi
maturation of :ell surface structures 1nc1uding b]ood group
Land histocompatibility antigens in the femaie This 1nvokes E

'fa p0551b1e hormona] controi assoCiated w1th the sex chromo- S

- some (N chromosome) Hence, 1f fema]e embryos are ‘more . -

i cadvanced in the deve]opment of ce]]u]ar antigenic const1tu-i7
1'ents, the 1ntroduction of donor 1mmunocompetent cel]s wouidﬂhf
;;resuit in increased reactiV1ty of these ceiis against host'f;f7
';eantigens However,_this 1nterpretation (as wel] 53 the |

idh{first ‘}pove) shou]d belamenable to testing by the other |

'5j_assay for GVH: competence, the CAM pock test.l If maturationigfg

‘ 7wof host/ce]i surface receptors or a distinct antigen is

A'r”invoived a 51m11a¥ 1ncrease in GVH shouid be. demonstrab]e fpi?i

| in the number of pocks on the CAM from reCipient femaie
'fé:embryos A]thoughbthe sex of recipient female embryos was fif

ri;not recorded for CAMP assays, attempts by others (R F Ruthf'



?;fdef1c1ent d1et and partxa]]y from the fact that most of the p'[

and B.M. Longenecker, persona] communrcat1on) have con51st- '
ently falled to demonstrate any differences between ma]e
and fema]e'rec1p1ent embryos with thns'assay-method

This leads to a mod1f1cat1on of the second 1nterpreta7”

"tion, above A hormona] control assoc1ated w1th the sex

chromosome phenotyp1ca1]y expressed as 1ncreased 1mmunb-

7]og1ca] maturlty or competence in the fema]e may be the

.,explanat1on for he1ghtened MES. The embryos were 1ncubated

for e1ght days fo110w1ng the 1n3ect1on of donor who]e b]ood.

If the fema]e embryo were suff1c1ent1y mature to mount an

. immune’ response agalnst donor cells the e1ght days would be .

. of combined. GVHR and host agamst graft reaction.

vm'acqu1red ant1body adsorbab]e WIth human 0 Rh pos1t1ve red f;'f

2. Antibedy to Human B]ood Groups

>
b

.nature of. the 1mmune response are brought out 1n relation

O

to the 1nterpretat1on of humora] antibody production under

both natura] and exper1menta1 cond1t1onf'*5

f}d1et th1s did: not occur at all 1n th]s part:cular group of

“an1mals Th1s may be due part1a11y to the tFYPtophane-“ e

Severa] aspects of the work reported here extend thev~-

work of others on the acqu1s1t1on of ant1body w1thout de]ibe-,

('enough t1me to measure thxs-3 The f1na1 MES may be the resu]t

f.

rate and spec1f1c st1mu1at1on . Some spec1f1c po1nts on the e

A]though Spr1nger has reported that germfree chlckens‘;t'

“'tfcells at the approx1mate age of 30 daﬂ% on an‘"ant1gen free":‘ﬁ



organisms cujtivated from the feeoh(the-primary‘SOUrCe of ¢

contamina{ion) were gram- pos1t1ve, not known to 1nvoke

"antibody format1on aga1nst human blood groups Hofever,_'

even c:nvent1ona1 animals on a convent1ona] d1et did not

. develQp antibody until two months of age, S
A]]<5onvent1ona] an1mals on the\tryptophane def1cwent .

dlet acqu1red definitely 1ower tltres than d1d those conven-"

tional an1ma]s on a conventwonal d1et Severa]-explanat1ons

can~be offered F1rst1y, 51nce tryptophane is an essent1a1

'\Vam1no ac1d for the ch1cken as 1t 1s for man, the synthes1s

“of new mater1als 1nc1ud1ng the gamma g]obu11ns of. ant1bod1es
jcou]d be restr1cted to that synthes1zed by extract1on of -
essent1a1 am1no ac1ds from and at the expense of other body
cells and t1ssue! Th1s then provokes the quest1on as go |
;_why ant1 A], ant1 B and ant1 0 were not lim1ted to the same ;'v
hamount either by’ t1tre or 1n all 1nd1v1duals Second]y,.fav.é
’nis1nce we1ght ga1n was reduced 1mmed1ate1y on the autoc]aved
,d1 t relat1ve to the unster1]1zed d1et. one can assume that
Sin genera] a destruct1on of many essent1a1 growth factors
“-oCCUrred ' Ant1gen1c materials must also have been denatured
hthereby decreasing the st1mu1at1on of lympho1d t1ssue 1n the

7'11ntest1ne Th1rd1y. 1t 1s conce1¥a;%e that a viab]e 1ngested

"ﬁppopulat1on of m1croorgan15ms have a greater stlmu]atory

t'effect 1n antfbody product1on on a cont1nuous bas1s than do
‘k111ed organ1sms Hence, those bacter1a or fun91 carrying
",fsubstances 1pent1ca1 or sam11ar to b]ood group substances.jarp?

o eng
Q_may have contr1buted little 1n ant1gen1city 1n the autoclaved



diet. | B J -
| Springer, t9623 has;pointed out-that chickens carry v

antigens on their'own ce]ls'andvtissues simiTarlto human-
blood group-A Hence, one wou]d expect that an anlmal wou]d
not produce antibody to substances of wh1ch its own cells
are composed. No attempt was made ‘here to t]trate w1th A2 C
cells, for 1nstance, in add1t1on to A] ce]]s S0 that produc-
tlon of ant1body to var1ous mod1f1cat1ons of the A substance 2
»‘was not measured . However, the fact that a]] convent1ona] -
: anwma]s on a conventxona] d1et did- acqu1re some ant1body 'd-
aga1nst A] cells 1nfers that th]S A substance 1s somewhat “e
d1fferent from that carr1ed on- the an1ma1 s own ce]ls (1f -
‘1ndeed th1s 1s the ca e). or. that the part1cu1ar stra1n S

AoF‘ch1ckens ‘used here do not 1n fact carry a substance s1m1§h“
vlar to the human A1 substance as we know 1t One 1s 1nc11ned”;
',_toward the f1rst of the two possab]e exp1anations on con-';vil
3fs1derat1on of the fact that much 1ess ant1 A1 was acquired
when 1t %gs acqu1red than e1ther ant1 B or anti 0 The;:f”
,ant1body cou]d be cons1dered as hav1ng been produced toward
.'that port1on of the mo1ecu1e regresent1ng A substance wh1ch
»'ls mod1f1ed or d1fferent from the structural;architecture |
d“:of the A molecu]e on the chicken s own ce]ls*wh1ch r?presents::
‘fﬂfthe receptor s1te for the antlbody : Th1s couT& fnvolve‘,ff o

- f?e1ther a chem1ca1 or conf1gurat1ona1 dlfferenceA1n—m portlon I

;'of the molecule f{;#cf:hu*ﬁf”ff*;ff.t'ﬁﬁ~tf~;ff\fé
None of the an1mals on a tryptophane-neficient dlet

e

acqu1red ant1body detectab]e w1th human A]/red cel]s.t Several



interpretations cou]d-be involved: (a) if tryptophane 1s
\qntegral part of the antlbody mo]ecu]e aga1nst A]
: unava11ab111ty prevented the synthes1p of the molecu]e,
(b) since the animals were on a ster1H1zed d1ét (by auto-.
A.c]aV1ng) thro&ghout, those v1ab1e m1croorganlsms 1nvo]ved |
in st1mu]at1ng the product1on of th1s ant1body may have been'
absent; (c) substances s1m11ar to A in. the d1et proper could;i
-hhave been, denatured by heat _7'.j " | d »
) .~ The observat1on that ant1body toward human b]ood groupsb
Was acqu1red but d1sappeared somet1me after four months, e
:ﬂthen reappeared ptses an 1nterest1ng series of quest1ons
“: The per1od of time of d1m1n15h1ng ané1body, apprOX1mately
four months after hatch1ng corresponds rough]y to the t1me
of regress1on of the Bursa of Fabr1c1us Antlbodyvre-~-" |
.pappeared, or 1ncreased 1n tltre somet1me later but exact]y o

A T
when,vor for how long the per1od of decreased or no ant1body “,:

hto human b]ood groups 1asted was not determrned in thes; or
-some of the 1ater exper1ments From later work with ant1bpdy{p
'Iaga1nst human b]ood groups 1n older adu]t ch1ckens the Bus-.’?
P p1c1on was 1mp1anted that the character of antibody m1ght
 be somewhat d]fferent post remtsS1on of antibody than that
_hprlor to the rem1ss1on The antibody react1ng with human
;ff 0, Rh poswtlve ce]]s and with B Rh negat1ve cells was near-:ﬁ:°
.']y as h1gh 1n t1tre pr1or to rem1ssmon as post rem1ssion.,5f'i;f

‘However,,the number of adsorpt1ons requ1hed to e11m1nate

”«fant1bo’y react1ng W1th E cel]s were doub]ed later 1mp1ying;;§:u

"ﬁtrhatvpither there was m re ant1body against 0 cells of A



Ve
heterogeneousrnature whjch could'be'elimjnated,on}y with
‘repeated adsdrptions; or that‘an inCrease tn antibody |
1v}aga1nst spec1es determ1nants not def1nab]e W1th1n the
human ABH(O) b]ood group system occurred One 1s, however,h
confronted wwth the prob]em of the der1vat10n of antlbody '
at two d1fferent t1mes when there 1s, for all 1ntents and
purposef, a cont1nuous st1mu1at10n E '
| | WOng, 1974 found that a11of1xyng ant1body of ch1ckens
- is pr1mar1Ty IgG but that sone of the a]]of1x1ng ant1body '
_of prlmary ant1sera was senswt1ve to mercaptoethanol 1nd1cat¥ﬁ-
;1ng that some of’ the ant1body may- be IgM If one accepts
‘the prem1se that only a- ce]] comm1tted to the~synthes1s of
:1,an endproduct (be 1t myosxn, hemog]ob1n, chondro1t1n or what—

L

'ever)-1n ‘a qua]1tatave=sense, j.e. s a]] or.none"'can synthe-:’

size that endproduct the above f1nd1ngs 1mp1y that dlfferentg,

| '-cell popu]atxons from whlch d1fferent endproducts are der1ved”

in. the form of d1fferent 1mmunog]obul1ns may be 1nvo]ved
'That the endproduct of one ce?] ltne, poss1b]y bursa] 1n
or1gln, cou]d be represented by the or1gina] ant1body to |
‘th B, and 0 w1th the remlss1on representnng an 1nter1m dur;‘-f
| ing wh1ch potent1al]y 1mmunocompetent cel]s from Whatever |
;ff~source are d1fferent1at1ng, matur1ng and/or prollferating
j,lto take on, the functton of the or191na1 ce]ls seems a reasonLr[;

[N

f‘;ab]e congecture The second rtse 1n ant1body to A B, and

':;O wou]d then represent the end producq of a second 11ne(s)

‘5h7of ce]]s No attenpt was made to determ1ne the 1mmun0910bu-“
o v AR
3j11n spectrum of the ant1body formed Th1s does, however,. Qoo



100
‘ 0 P o o . ‘
present an area of further_investigation-wifh-the potential
of contributing more detaif on the'differentfation and
kinetics of po;ulations.of immunocompetent‘cells-jn the
av1an spec1es Insofar as,'some'antibody‘in verj young
ch1ckens, presumably of materna] origin, and presumab]y I1gG,
was‘found, the concept of heterogeneous antibody is strength—
.ened Ant1body aga1nst huhan blood groups is, by and 1arge,
~considered Yo be IgM, i.e., of h1gh mo1ecu1ar we1ghﬂ e"
“might infer that the mother hen possessed more than one type
of ant1body to 2 g1ven anttg%n, that of sma]]er mo]ecu]ar o
'we1ght was passed on to the young | )

' Moreover, one can 1nvoke seasona] var1at1ons 1n 1mmune
respons1veness, a phenomenon requ1r1ng a greater length of
uit1me for study than that used here However,,1t ks esta-
= b11shed in th1s and in the fo]]ow1ng exper1ments that the'
’lbase 1eve1 of ' natura' antlbody in a glven anlma] is not

1at the same Tevel at all ages. Therefore, any st1mu1at10n'}fﬂ
r,w1th cross react1ng antlgens cou]d resu]t 1n a marked]y var1-h?

L

f.able response

| Sr Growth and we1ght L = | . |

_ Growth and we1ght as descr1bed 1n Resu1ts indlcate S
-fa‘pronounced detr1menta] effect of autoc]aVIng the d1et 1":h‘
h Sasakl, 1970 has reported poor growth W1th overzea]ous V
"fsterillzatlonuof the d1et 1n m1ce and has suggested that~
v-"-some of the ?eports on poor survwa] of mce upon conven-".'u.f"hf’

d”t1ona11zat1on m1ght have mlstakenly attr1buted th1s to & Nigd
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'depressedrlmmune system rather than to a nutr1t)ona] source,
It is quite poss1b1e that in those instances documented here
where immune response was depressed that the eRfects were
secondary tc the diet.

&

4. _Survivaln : R S

*The nature of the diet g1ve2;the chfokens-here of
necess1ty p]aced ]1m1tat1ons on surv1va1 and secondar11/ the
‘durat1on SF t the)exper1ment It wou]d seem. that the gnotol '
.b10t1c an1ma]s, a1though housed together in- threes d1d not

pick at one another and, cannaba]1ze each other to the same'_t

&
'\1

extent as €he equ1va1ent canventional an1mals on a trypto?
-,phane def1c1ent d1et Deaths by @%nnaba11sm amongst the

'gnotoblotlc wWere more or 1ess non ex1stent Although we1ghts

‘of the an1ma]s were 51m1]ar,,1t s adgudge!‘worthy ‘of ment1on -
_ that the feather1ng of the gnotob1ot1c an1mals Was. better, "

and the genera] appearance of well- be1ng seemed superlor fih

e
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C. Determination of Antibodies to Human Blood Groups in
Adult White Leghorn Chickens

During the time that‘plasm*fuwere co]iected for tdtra—
tions from gnotobiotic and conventional ch1ckens a. var1ety \
of tests: on chickens avallable in the Blosc1ences An1ma1

'Center were also. performed in an attempt to" character1ze the
Eystem.more fu]]y. o - o .

On the prem1se that 1ndiv1dua1 “speC1es" ant1bod1es
- are formed as well as ant1bod1es to spec1f1c blood groups
‘or the receptor s1t§s on cell surfaces designated aslbloodf
groups, the totality. of tbese°antibOdies t0'hUmanicells
shou]dixe detectab]e W1th H( )_cells (1n c11n1ca1 terms’
s1mp1y des1gnated as 0 cells with an Rh=- negat1ve or p051t1ve
deswgnat}on); Eurther, if the serum or pWasma ant1body to

H-substance characterized_chemjcally as’

S . wsfe.
A )

galactose - N- acetylg]u- -galactose - N acety]ga]actosamane "
cosam1ne g , . o S
fucose : ’ : .

g
3

‘\.-,

(see. Race and Sanger, 1970), shou]d be removed by reactlon
“With the. substance pr0per or. W1th ce]]s typed as H(O) as lsj;f
}, done in adsorpt1on,;1t should be p0551b1e to: detect antlbody"'

to A or B blood groups rema1n1ng in tdf serum or p]asma

'These substances conta1n N acetylga attoseamine and ga]ac-.

1tose, respectavely, added to the above structure thus 1

Q

g

(A

) . L R - g N ‘ - . N . .\ Lo et . N
N-acgtyl- - ga]actose - N acety]g]u-‘- galactose - N acety]- :
.galactos- | cosam1ne o - galactos- -

_amine - fucese .. . .. amipe
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(8) | Z /

‘ ‘ AT A ,
ga]actosef— ga]actose - N- acety]g]u- - ga]actose -.N- acetyi-
: cosamine ) - ga]actos- '

fucose o amine

Consequent]y, antibody against these two substances can then
} be titrated separate]y ‘_/ | }l_

It can be argued that adsorption. w1th 0 cells- could
result in the loss of some antibody_against.h-and B-as:welid
as other-antTBody Nonetheless, in the.absence'of iarge‘ R
quantities of pure b]ood group s‘pstances the method used
here cohstitutes'"next best™ dh01ce | |

| In contrast to. the observations with the younger con-
ventiona] chickens described above, the. differences in anti- .
body against A] and B, Rh- negat1Ve celfs were much }ess pro-a:
nounced in o]der, aduit chickens to the extent where statis-j'} |
Aticai ana1y51s of numbers of these did not do more than | H
indicate a tendency toward greater antibody titre to B

“Since ‘the p}asmas were taken from chickens of an age ‘
where bursa] regreSSion should haye been complete.u his Iends |

supportive ev1dence to the concept that (a) mu]tiple _5-

_,1mmunizations (as one wou]d antic1pate occurs from externa]

'microbial and dietetic stimuli) are not necessariiy depend- BT

t ent on bursa] presence or intactness, and (b) that different '
-'cell popu]ations or 1ihes migh be 1nvo]ved Moreover, most .
"of Springer's work on . the acquis1tion of antibody by chickensllg
':against human b]ood groups has been done on young chickens o
-(whose b]ood groups and/or histocompatability type he: did

‘not define) at the age where ear]y antibody 1s acquired

T e
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FQQ?GQUent]y,_his assertjon_that chtchens-do not atdujre |
antibbdy against human‘A’blood qroup substance because of
similar structures ‘on their own cells. may be a concept
requ1r1ng some mod1f1cations, most consp1cuou§ of wh1ch
would involve the concept of heterogene1ty\of.ant1body pro-
" duced as discussed for the preyious-experimentgp« | |
. Of.morerronounoed tnterest is.the observatton that

" removal of'the right'(or both rightfand ]eft)~superior cer?,".
vical symgathet1c gang]ion in male ‘chickens on the day of :
hatching’ depressed the ab1]1ty of these to acqu1re ant1body." _
detectab]e 1n the unadsorbed p]asma W1th A], and: B, Rh-., | fy
negat1ve and 0 Rhs pos1t1ve human red ce]]s Remova] of thé,of
Teft oang110n showed a depre551on, as,. we]] but not S0 pro-
:nounced Because thé d1fferendbs 1 y in- the unadsorbed ‘ ]'
p]asma w1th the three cell types 1t could not be cons1dered ‘
Spec1f1c for A or B human b]ood groups nor necessar11y to h»ﬂ
‘-b]ood group 0 1nsofar as- one wou]d expect ant1body to other |
"surface receptors not necessar11y def1nab1e w1th1n the '

t ABH(0) system to be detected under these c1rcumstances. as
well. Nonethe]ess, 1t const1tutes a further observation to?

those made by A]sager (1969) where1n the removal of the -'7!

'super1or cerv1ca1 sympathet1c gang11on released the ma]e

thymus from an undef1ned inh1b1tion 1n response to thyrox1n f.‘,”

(measured by. 1ncrease in we1ght of thymus), whlch 1n turn

°Ae11c1ted a greater response 1n the female However, 1n what

Coway these observatlons are related 1s difflcult to interpret.

'S1nce, from A]sager S work, one wou]d 1nfer that gangltonec-i'
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tomy shoqu enhance immunological.responsiyeness,'atnleast i
in those aspects of_thymus dependenthresponsdyeness in the
male, the decrease in a response;-namety humora1 antfbody"-
product1on,_dependent presumably on bursa] funct1on seems a.
.strange 1nverse effect Alsager did not dlrectly test thym1c'
functlon, on]y an 1ncrease in WE1ght was measured ‘He a]so
did not test the effects on ‘the bursa,-e1ther funct1ona]1;
or gross]y One cou]d argue, add1t1ona]1y, that a]though
“humoral antlbody response is cons1dered to be a parameter o
of bursal ce]l dlfferent1at10n, deve]opment and/or prol1fera—
’t1on, and that th1s same response fo]low1ng the regresswon -
of the bursa is due to. prev1ous seed1ng of precursor ce]]s
| to other 1ympho1d organs th1s concept may be over]y s1mp11s- N
“tice (Edwards, et a] 1968) It 1s not unreasepable to :
thipk that certa1n thym1c ce]ls cou]d differentwate to becomef
'_ant1body produc1ng ce]]s in. the absence of bursal cells ”
fo]loW1ng bursa] regress10n The anima]s used here were
well past the age of bursal regress1on and the effect of
the gangT1onectomy may have been exerted 1n the 1ong range .dj
}on a ce]l l1ne respons1b1e for ant1body productlon but T
'-.derxved from the thymus The acqu1sition of ant1body to
-1}human b]ood groups was depressed on de11berate extirpation
;of the thymus (see Resu]ts Effect of Gnotobiosis on the ”
'Immune Competence of Thymectomized Ch1ckens) Sim11ar to
. Alsager s assessment, one cannot say here that the decrease
.nb1n vau1sxt1on of ant1body aga1nst human red cel]s in the J

| male is dependent on the presence of the ganglion or, on the fe
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intactness of the sympathetic chain. why the effect shou]d

hlean toward the"unilatera] fs'difficu]t to. determ1ne and
.-why the progre551ve d]fference in reactlvaty of ma]e un-
” adsorhed p]asma to.A] <B<.0 cannot be reso]ved within the
'limitations'of the eXper1ment The 1mp11catlons are slmply
ethat thedant1body may be heterogeneous in nature and may |
‘1nvolve a cell surface receptor site not 1n;o]v1ng the
 ABH(0) b]ood group system E;; se, but whose eross reacthIty
‘»w1th this- major human blood groUp system is less by v1rtue B
‘.<of the sympathectomy in comb1nat1on W1th androgen effects 1n
~the ma]e Sher1dan, 1967 has rev1ewed the 11terature on |

' the effect of androgens on the 1ympho1d system of the av1an 4,

'spec1es
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_ b; Effect of Gnotob1os1s on Immune.ComPetenceiof Nh1te"&
Leghorn Chickens of D1fferent Genotype H1stocompatabi-
'11ty Ant1gens- ‘ _ :
' jie Graft- versus Host React1y1ty
| 41 S1gn1f1cant d1fferences 1n "CAMP between gnotob10t1c
and convent1ona] donor an1mals d1d not exist. unt11 six:
months of age at wh1ch tlme MES (performed on]y at thlsAM
t1me) also 1nd1cated the same d1fference in donor competency,
the gn0t0b1ot1c being iess competent It cou]d be. argued |
“that the 1ater d1fferences may have had thetr or1g1na1 source
in the tryptophane def1c1ent d1et and secondar11y through |
' subsequent assoc1at10n w1th a m1crob1a1 populat1on as the
}an1mals became F/htam1nated None of the contaminat1ng
a} organ1sms were known to. be pathogen1c in. the status of the1r
}assocwat1on and there was no ev1dence of overt dasease among
Vany of the an1mals Neverthe]ess, they cou]d conce1vab1y
»uhave beer'a source of dratnage on the resources of the host
A’NWOstmann, P]éasants and Bealmear, 1969, obtained evudence |
’A‘that numbers of leukocytes (both Jymphocyt1c and granulocy-vf
dt t1c) 1n CFw germfree and convent1ona1 m1ce were affected far
";more 5& d1et tham by mlcrob1a1 status Pathogentcity of

".Sa]monalla typh1mur1um 1n germfree rats upon monoassoc1at1on

=;;w1th th1s organ1sm cou]d be great]y 1nf1uenced by the type
:of d1et fed the rats. al] of wh1ch were seem1ng]y hea]thy

i7'prlor to 1nfect1on Sasak1 s - obsefvat1ons on rlgorously

1jster111zed dtets were referred to ear11er It is confirmed
ﬂg”here, however, that genotyplc d1fferences do exist the ;égﬁ,f;

- w.

N
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14514 be1ng ‘much more comp?tent than either the 281
2

— _.

I‘“‘°
£~

4
he"gB—. However. the same resolut1on between the g and

ﬁ .

;ggg as determ1ned by Longenecker etva] » was nat ach1eved

. poss1b]y due to the . fact that the donors were not the F2

2 ]4 T X BZBli F] .CrosS or1glna11y der1ved from o

333 and 314 14

_.

from the
homOzygous parenta] strains. . Moreover, 1n \
CAMP'the'rec1p1ent embryo sex was not determlned,-and donor i
'sex by and 1arge ‘was not knownu These fact%rs may have '
1nf1uenced the sxgn1f1cant 1nteract1on reported in resu]ts,-p
‘as well. | B S |
MES d1d not d1st1ngu1sh between the genotypes as wel]
as did CAMP Nor. did thws assay method dlst1ngu1sh as wel]
hfbetween the dietetic and env1ronmenta1 effects It may mea--vj
.fsure some thlngs in add1t1on to GVHR The embryos were har-;i
vegted at 19 days of 1ncubat10n at wh1ch tlme the hosts |
hfcou]d be cons1dered competent to mount -an’ immune response .
- aga1nst the InJected ce]]s,~ Moreover, the fact that replic- Sy
_'ate analySIS cou]d be higher or 1ower at a given time (but J
k 5a11 ana]yses h1gher or lower 1n the same d1rection) suggests
’-that th1s ana1y51s 1s more suscept1b]e to externa] variab]es
~h:than 1s CAMP It suggests, fu?thermore. that much of the k
{fivar1aW111ty res1des 1n the embryonated hosts.‘ It was againv Hf

.htconf1rm'd that the sex of the rec1p1ent embryo played a

_c1p1ent females gav1ng h1gher MES than rec1pient
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2. Ant1body to Human B]ood Groups

There would seem to be a marked tendency toward the

2 l~ hav1ng a greater ability to- acqu1re ant1body of th1s

_ hature, a]though not demonstrab]e as s1gn1f1cant USIHQ the‘
ustattst1ca1 methods here It was w1th1n the gnotoblotuc |
' group 1n whlch the more marked responSe, percentage w1se,

~in acqu151t1on of ant1body to human b]ood groups occurred

2 14.

amongst the B= B—'s, ‘as d1d the 1ncrease in we1ght | N1th

1ncreas1ng numbers of reports 1nd1cat1ng the marked 1nf1uenced

- Al

tof d1et on . the 1mmune response the questqon comes to m1nd

as to whether or not, in a case such as’ th1s, a’ genetlc con-;';

“trol over the a551m11at1on of requ1red substances might 1n

-‘*and ant1body product1on 1n the heterozygous B—

'yof ant1 AL

dfact be the crux of. presumed genetlc d1fferences in certa1nlﬁ
'.raspects of the 1mmune response Such & quest1on cou]d be
‘danswered only by 1ndependent study addressed spec1f1ca11y

| toward 1t The 1mpress1on glven by the resu}ts of the work :j
*rhere is that the gnotob1ot1c env1ronment fac111tated the 2

‘} adsorpt1on of more eSsent1a1 requ1rements for both growth

814 as compared;f

2,2 14 14

5w1th the homozygous B—B— an d B—

Again a decreased response as. wel] as titre in ant1-#a’*:

jh;body detectab]e with A], Rh negatlve ce]ls occurred 1n
i:anumals on a tryptophane def1c1ent d1et both convent1onal

.‘and gnotob1ot1c There was a’ tendency toward a lower thtre ﬁf]

1n the convent1ona1s on\a convent1ona1 dlEt A fﬂjt

2 T

~T;S1mm]ar tran51ence of antwbody, ) e., an increase for a I

‘7t1me after two months of age w1th a subsequent dec11ne, 1n
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some instances to zero;*as discussed ear]ierioccnrred mith -
these anima]s,Aas'weii.‘ 1t can be seen to}a_greater or
lesser.extent with all. genotvpes'irrespeCtivefot énvironment
or,diet.’ Genetic control. over the acqu151tion of titre 1
(i.e., amount of) of antibody COuid not be demonstrated to
‘tbe statistically 51gnif1cant emp]oying ana1y51s of variance.“

: R’
However, 5582 did not: acquire antibody to the extent that o

the B—Blﬁ or th ]4Bli did. suggesting an. tnvolvement of the .

Bli a]]e]e 1n a heightened humora] antibody response to- con-f«

N tinuous stimuiation

.‘:d.' weights of Animals RS o
The adVerse effect of autoc]av1ng the diet has been

‘dISCUSSEd earlier The tryptophane def1c1ent diet to which
'animals were transferred after hav1ng been on the autoc]aved
‘h-diet ob]iterated any genotypic differences 1n weight in the

' iong ron. It 1s difficu]t to determine why animais on this
;{diet shou]d have been heaV1er in the conventiona] environ—
“ment than 1n the gngtobiotiq un]ess one 1nvokes the p0551bi-il
| Viity that the f]ttESt surV1vors (and cOnsxderabiy fewer con—»l
i:iventionai surV1ved than did gnotobiotic, see Resu]ts) derived
E'a certain amount of tryptophane from the organisms which
f'inhabited them An indigenous population of microorganisms
:~fcou1d have been synthe5121ng tryptophane._ii?giii_”"'jh '
. @Jn the conventiona] env1roLment with "oonventional" .
'vi#dlet 814 ]4 s weigHed 1ess than the other two genotypes.reez'“

‘d;The animals were kept up to the age of approximately seven



‘monthsionly Longenecker; ethaJ , 1972-\determtneo that
-over a period of eighteen months BMBl-‘1 survived 1ess wetl.'
VWhether or not they woutd u1t1mate1y have succumbed 1n__
greater frequency here cannot be determ1ned However,-i
revert1ng back to the data on an1maTs on the tryptophane-};.
deficient d1et the BliBli wou]d appear to have been lessbj

..sen51t1ve to th1s type of&stresi than tj& BgB- (see Resu]ts)

1n both gnotobtotlc and convent1ona1 enV1ronments 'Th]S mayn

constitute. supportive ev1dence that surv1va1 1s not a s1mp1e

"fvfunct1on of- the number of B (or B ) al]e]es,,a]bett the

,n.a- 'J..

- nutr1t1ona1 stress can hard]y constltute a. des1rab]e exper1-e
menta] cond1t1on for measur1ng longev1ty AIthough the‘

t presence of the Bg a]]ele m1ght appear to be benef1c1a1 1n
"some c1rcumstances, e g ._1n res1stance to 1nfect1ons, for
'\f1nstance Marek s D1sease (Burmetster and Purchase), the data}
"1n thls and the preV1ous expertment do not support ascr1b1n£{
4any advantage to the presence of the Bg a]]e]e 1n survwva] ff
.W1th the except1on of the tryptophane def1cient d1et no -
f}art1f1c1a1 man1pu1at1on of the antma]s took place They

. were not de]1berate1y 1mmun1zed or 1nfected 1n any way
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E. Effect of. Gnotob1os1s on Immune Competence of Thymecto-

mized and Non- thymectom1zed Ch1ckens : .

1. ‘Graft-versus-Host Reaétivfty

In test1ng the funct1on of a g1ven organ or t1ssue,
the c]ass1ca1 method of assessment 1s 1ts ext1rpat1on and
subsequent observatlon of any d1m1n1shed capac1ty to funct1on

1n the an1ma1 Inasmuch as GVHR is cons1dered a parameter

L of thymus dependent ]ympho1d funct10n, remova] of the thymus -

should presumab]y br1ng about decreased GVHR The f1rst test

" here. us1ng CAMP was in. keep1ng with the expected In both

. gnotob1ot1c and convent1ona1 env1ronments embryos d1ffer1ng

<'wfrom the donor at the B h1stocompatab111ty 1ocus were used

_’so that maJor h1sto1ncompatab111t1es were 1nvo]ved {The{ o

»

B thymectom1zed an1mals were ]ess ef 1c1ent donors However,,{'

in the work of Sher1dan, et a]v,‘referred to ear11er, us1ng

MES as the methqﬂ of assay. the reverse he1d true for m1nor

“h1st01ncompatab111t] ant1gens Pazderka (persona1 communica--

t1on) had confwrmed Sherldan s work uswng outbred embryds et

| Jin p]ace of those 1dent1ca1 at the B h1stocompatability
Alocus Hence, the susp1c1on that the thymectomy induced
‘r:1ncrease, be1ng reproduc1b1e under d1fferent experimenta]
‘a;cond1t1ons, tended to pb1nt to some second factor as const1tu5:
.fot1ng the cause, possxb1y a substance or an 1nfect1ous agent
'Y}of unknown or1g1n whose presence 1n the 1nJected who]e b]ood
,;icou]d provoke spleen enlargement 1n tne rec1p1ent embryo i
”@;Sher1dan, Law, and Ruth 1969, 1nterpreted the fact that, as

“”1n the exper1ments here, the thymectom1zed donors often glve

'“fo/f%f?
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:a greater response to minor hlsto1ncompab111ty as be1ng the
resu]t o; var1ab1e re]ease from antlgen compet1t1on by
env1ronmenta1 antlgen and accord1ng]y m1nor h1sto1ncompat-
ab111t1es shou]d be more read11y detected 1n gnotobuot1c
;an1mals (as 1s the ch1ck embryo) w1th cells from gnotob1ot1c”
donors. In the exper1ments here a L1gn1f1cant d]fference
"betwéen thymectomlzed and non-thymectom1zed donors from the>
'gnotob1ot1c env1ronment could not be demonstrated us1ng MES -
assayed with embryos 1dent1ca} at the B’ ]ocus A non- ;

: sign1f1cant tendency ex1s¢ed for h1gher spleen we1ghts when

| thymect0m1zed donors wWere used. The superior competence of -
- the. convent1ona] thymectom1zed donor was conflrmed . |

d‘ An aspect wh1ch has not been exp]ored e]sewhere 1n
gth1s regard ‘18 the posswb111ty that toxins, and part1cu]ar]y.

: endotbx1ns from endogenous gram negat1ve 1ntest1na1 organ1sms_

"””obe present in those an1ma]s from the convent1ona1 N

!;could p]ay a ro]e 5pr1nger, 1970 has suggestedf
:Fcomponents on red ce]]s represent1ng b]ood groupsﬁi
.ft a]so be " cons1dered a; receptor sxtesg cou]d funcff
ftioi fa:transport mechanlsm, for 1nstance¢<1n b1ndtng and

h.. ftwng endotox1ns to: the 11ver for detox1fication i
F"ft}%. Jot unreasonab]e to th1nk that a thymectomlzed an1ma1
iemigﬁ ;genera11y, but from an 1mmuno]og1ca1 po1nt of view in i:
ﬁf{partgcular, be def1c1ent 1n a mechan1sm of resmstance 1n

| .cop1ng W1th tox1ns Further, 1f the m1nor hlstocompatab111ty
_f51tes shou]d repres%nt those receptor sites cn the;surface

“;of red cells 1n partacu]ar (a]though on other c1rculat1ng



114
.. . g- “’ ' k
ce]ls, as we]]) to which toxins can bind'-the enhanced spleen
enlargement in rec1p1ent embryos jdentical at the B h1sto-
compatab111ty locus mlght represent an 1mmune_response of -
thefhost against the toxin. - Sjnce‘the embryos.were injected'a
hat 11 days of 1ncubatlon and the spleens_from them harvested
e1ght days 1ater on the 19th day of 1ncubat1on in the case
of non- B react1ons, suff1c1ent t1me cou]d ‘have e]apsed dur-
ing whlch the embryo cou]d have acqu1red Some 1mmuno]ogtca1:
.competence to mount an immune. reaetion with a d1m1n1shed '
'Vcapac1ty to destroy the tox1ns 1mmuno]og1ca11y, who]e b]ood
. from a thymectomiZed donor cou{d be expected to carry a ,
| greater amount‘of toxin, - thereby provok1ng -an enhanced |
1mmuno]og1ca] response from the rec1p1ent embryo, expressed |
fby sp]een en]argemﬂnt due to pro]1ferat1qn of 1mmunolog1ca11y |
| pcompetent ce11s 1n the sp]een Such an hypothes1s 1s read11y
‘amenab]e to quant1tat1ve expermenta1 test1ng-w1th the germ-_
?.free an1ma] prov1d1ng a we]] contro11ed "test tube 1n wh1ch
‘1nterference from an. 1ndtgenous populat1on of microorgan1sms '
| wou]d pose no problem | B | - -

The 1so]ator an1mals used here were not germfree, see

- Tab]e 3M of the Append1x At two weeks of age most of the

. anwmals becameﬁpontam1natéd through the feed w1th C]ostr1d1um”;

'ﬁper.rxngens, h1ch "Lorma]]y“ 1nhab1ts the intest1ne of man }Qf

end anlmass to a greater or: 1ejger extent at d1fferent t1mesfa
d_fIt a]so produces powerfu] tox1ns, ]argely exotoxrns .Thet,fd”
ﬁ;,presence of th1s organ1sm may contr1bute to. ‘the tendency of i

e d

fthe gnotob10t1c thymectom1zed to be more eff1c1ent donors

_‘o



when test1ng for minor h1sto1ncompatab111t1es, if the above
1nterpretat1on is. corpéct, and a microbial. populatlo wh1ch
'. adds both exo- and endotoxin produc1ng organ1sms 1n gﬁ'\s,n~'
ventlonal env1ronment would enhance this effect " This part1-
cularhreact1on m1ght not be apparent in the B histowncompat-vi
, ab111ty reactlon due to the 1ntens1ty of th1s react}on and’
the short per1od of time requ1red to. e11c1t 1t Th1s work
'_estab11shes that exposure to a mlcrobia] env1ronment can
a]ter GVHR to non-B antlgens but dbes not g1ve 1nformat1on

w1th wh1ch to eva]uate the above 1nterpretat1on and extens1onf

of Spr1nger S hypothes1s

2. Acquisition of.Antibody to Hunan-aiood Groups

| The product1on of ant1body aga1nst human b]ood groups
was d1m1n1 he 1n tﬂ]S group of exper1§enta1 antma]s.' It |
should be noted that the 1n1t1a1 d1et Before transfer to the .
tryptophane def1C1ent d1et conta1ned soybean (see Materlals
.and Methods for formu]ae) as a prote1n source, and may not

E have been as ant1gen1c, espec1a11y after autoclav1ng, as theif

,:ch1ck starter of prev1ous experlments A few anlmals whose

autopsy reports from the veter1nary pathology laboratory :a?t;
~~were avallable (conventlonally housed an1mals on]y) were R

' 'dlagnosed as - encepha]oma]ac1a due to v1tam1n E de§%p1ency,:“,l
a fat’ so]uble v1tam1n wh1ch cou]d have been destroyed 1n '
;excess W]th autoc]aV1ng the feed | G |

T e
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3. Growth and Weight

Modifications in the .diet could have;contribﬁted to
a poorer assimilation, in th; gnotob1ot1c env1ronment, of
the diet used in this exper1ment Surgery had no effect on

the weight of the animals.

4. SurViVa] | _ ‘
Sheridan, Law and Ruth, 1969, reborted no'sfgnifiEaafj

effect on survival by thymecidmy (or bUrsectemy)”oyer‘ihé |
uhoperated conf{ols The'diet,-in this'case. cduld have
compounded the surg1ca1 effects thusGrender1ng the thymecto- “
fem1zed animals. the poorest surv1vqf§( It wou]d appear that
‘the gnotob10t1c envvronment waé:adbrotect1on for\the thymecto~;“
mized anlmals However, there were three t1mes as ‘many -
thymectomlzed an1mals 1n the gnotoblot1c group, a proport1on
whlch makes surv1va1 d1ff1cu]t to assess in re]at1on to the

‘env1ronmenta1-effect.
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F.. Effect of. Gnotob1os1s on Immune,ﬁompetence of Bursecto-
mized Chickens . .

[
1.

1. Chemicat Bursectomy ‘

The use of cyc]ophospham1de as a simple chem1ca1 means_
of bursectomy appeared genu1ne1y unre]iab]e -and troubﬂesome
_Inconc]ustve, or ‘lack of, results obta1ned are.dfscussed‘w1th'u
specific tests‘as{they'app]y O'Ma]]ey, et al., 1969, report.
protect1on aga1nst death from tox1c doses of n1trogen mustards
‘1n axen1c mice as have White. and C]af11n. 1963 N However, | |
insofar as the nltrogen mustard in the fOrm of cyc]ophosph-~l'
~»am1de ‘was adm1n1stered 1mmed1ate1y on ﬁ%tch1ng and three days
fOIIOW1ng 1n these experlments 1t is d1ff1cu]t to rat1ona11zev"k

.the effect of an 1ntest1na1 f]ora on the u1t1mate target of

the cyc]ophosphamlde, the bursa] ce]ls. as be1ng 1nvo]ved 1n_~

- those differences which d1d exist between gnotob1ot1c and

convent1ona]1y housed an1mals Further, 1n another spec1es,
“the mouse, Sasak1 nas observed an ob]1terat1on of the hyper-hf
>fsen51t1ve state (cons1dered a parameter of thymus dependent R
rce11s) through the usg of cyc]ophospham1de Hence, the =
spec1f1c1ty of 1tsAact10n may we]l be open to question, and ;;f7
ithe nature of 1ts effects wou]d appear to requ1re much .
,further study | o '
2. Graft versus Host React1v1ty N
‘ '_ The ado]escent bursectom1zed an1mals st111 presumablyﬁ'{f
".under no phys1o]og1ca] stress (such as a def1c1ent dIEt)

P

showed no stat1st1ca] d1fference 1n GVHR competence between'.ﬂ;;

Lo



germfree and conventtona]ly housed an1ma]s in the 1n1t1a1
CAMP assay. It is possible that the adm1n1strat1on of

-BbG and subsequent sk1nAtest1ng-provoked additional varna—3'
“tion ‘The initial _CAMP assay constituted the.third'tine that
- GVHR was. assayed on a given set of experlmenta] anlma]s when §
diet shou]d not have. been an 1nf1uenc1ng factor, the other f

.i two. tlmes for the three genotypes, gng, BZB]4 and 814 ]4

.1'be1ng three to three and one- -half weeks of age, and for the

thymectom1zed and sham operated at four weeks of age in

the thymectomy eXper1ment gnotoblot1c an1ma]s were disttnct{g i

rly 1ess eff1c1ent donors In- the other two 1nstances d1ffer-’f

ences between gnotob1ot1c and conventtona] were non- s1gn1f1- E

cant but gnotoblot1c donors d1d not reach the 1evel of o
' eff1c1ency of the convent1ona11y housed | ) |

One wou]d not expect the hypersens1t1ve state to affect{fw-

GVHR 1f one accepts the prem1se that a 51ng]e cell or ce]l |
E ¢lone 1s respons1b1e for the 1mmune response to a sing]e

1var1ety of st1mu1us But one cannot over]ook the fact that

- an 1nfect10us agent cou]d a]ter by 1ts own growth and meta—-l

~bo11sm the product1v1ty of host cells Moreover the COhCEptis_

‘.of a transfer factor 1n passag1ng the hypersens1t1V1ty reac_ ;}fﬁ

f’t1on from one 1nd1v1dua1 to another does not necessari]y
-1nc1ude a pred11ectjon for a- g1ven lymphocyte 1dent1f1ab1e
' by any exper1menta1 means Hence, one - can ask how the |
;Vhypersens1t1ve state s~ magn1f1ed‘with1n an 1nd1vidua1, 15 5";;w-
'1t pro]1ferat1on of a g1ven clone of cells, or s @ passaae.’

‘of a "transfer factor" from cell to cel] 1nvo1ved, as wel1?
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L1kew1se,_the hypersen51t1ve state in tuberculos1s, as - we]] '
as the product1on of ant1bod1es. has the tlme honored en1gma
or lack of clar1ty in its respons1b111ty for protect1on
'aga1nst d1sease or for pathOQQHESJS,Of the d1seasev(Horby,ﬂ'
et al., 1966, and M1nden,\_§ al., 1971). |
Hence, 1t did not seem unreasonable to attempt to‘
eva]uate 1nteract1ons._1f any.'1n ce]]ular mechan1sms of
~‘1mmun1ty whw]e dellneattng the effects of env1r0nmenta1
-1nfectnous agents There are many saprophyt1c Mycobacter1a
(as wel] as fungl) in nature thCh cou1d e11c1t the hyper-=- ’fi
sen51t1ve stateh"natura]ly o ﬂ" E “ _h.' -
| The first test in do1ng CAMP pre-'and post skln testlng f;
_produced ve" b1zarre resu]ts wh1ch hard]y 1ent themse]ves.“f”5f
to. 1nterpretatlon The thought that factors such as a recent
."contam1nat1on by a s1ngIe outs1de organ1sm ln the case of
Athe qnotob1ot1c an1mals, as wel] as a recent gearIng up of }h”ie
- the 1mmune mechah1sm to the 1n3ected BCG m1ght have been e
. respons1ble for the var1at1on, 1nf1uenced the dec1s1on to =
’repeat the test S1nce ‘the second exper1ment had the bene-_ﬁ =
~;‘f1t of experience one might co;21der 1t more reliab]e and |
'fhconc]ude that the hypersen51t1ve state d1d not, under the 5h/

- experimental cond1t10ns, 1nf1uence GVHR

ff3.' Test1ng for Hy ersen51t1v1ty ?efh’»ttahéediifh L
| .‘ Measurement Zf hypersens1t1v1ty in. the avian Spec;es']ereg
*; and pr.mar1]y the: domestac Ch1cken has- been by measur1n9 e
watt]e th1ckness fo]loW1ng 1nJect10n of ant1gen (Panigraph1 g,;fr

- .\
RS
\
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et ‘l' ‘l972 Byerly and Dawe, 1972 in delayed hypersenswt1<

— ——

vity. react1ons 1n Marek s d1sease v1rus 1nfected ch1ckens.'i

Jankov1c and Isvaneskl, ]963, and Warner, Ovary and Kantor,; :

1971). Another method 1nvolv1ng the term1nation of the |

an1mals is. 1nh1b1t10n of splen1c celt m1grat1on w1th ant1gen';

a (Mor1ta and Sockawa, l97l) The f1rst method does not per-.-

mit dlscr1m1nat10n of any hemorrhagic react1ons, 1f they

y occur The method of Anderson, 197l, of 1nJect1ng ant1gen T

“into the W1ng web was chosen for th1s reason i However,
[ ¢

. in: the an1mals used 1n these experiments sk1n th1ckness,.,"""

- unaccompanled by apparent edema or hemorrhag1c spots not

: attr1butable to trauma of 1n3ect1on,s15 the only measure of

"hypersens1t1V1ty A]thOUQh lt lS probably no less crude than5hd

" that used in. most of the l1terature referred to above it can;}fu

\nevertheless, be argues that correlatlon of sk1n th1ckness
EWlth prev1ous exposure to a sen51t121ng agent leaves room
-for doubt as to the exact speclf1c1ty of the react1on 1f
J_unaccompanled by other correlative exam1nat1ons R
w1th th1s reservat1on 1n m1nd it can be said that

jellc1t1ng a measurable hypersens1t1ve response 1n the con-

f]vent1onal an1mals as opposed to the gnotob1et1c 1s ln keep1ng;ff

c:w1th the flnd1ngs of Sasakx, 1974 who was not able to detectr:*

fﬂby measur1ng w1th the mlgrat1on 1nh1b1t1on test a delayed

7”type hypersens1t1v1ty to Salmonella enter1dit1s 1n germfree

=jm1ce unt1l the anlmals were assoc1ated with other bacterlar,ffif

/\

ijh1s can be’ 1nterpreted as a requ1rement for some type of “:.;;3;

'adJuvant in the product1on of measurable delayed type hyper—fﬁﬁ*x



21

'7_sens1t1v1ty, prov1ded by the m1crob1a1 f]ora of the conven-’lv'»v_vj
t1ona] an1mals | . | |
-4, . Cap111ary and Ouchter]ony Prec1p1tat1on Tests o _
- | The shortcomtngs of most standard sero1oglca1 methods‘:dj
':‘1n attemptwng to detect C1rcu]at1ng antJbod1es to various |

o mycqbacter1a1 ant1gens has been rev1ewed by M1nden et a]

~ 197] Two. factors 1n part1cu1ar should be kept 1n mlnd |
Qliregardless ‘of the type of sero]og1ca] test chosen in. such

N cases, name]y; that re]atlveiy few chemica] const1tuents of

- the tuberc]e baC111us are respons1b1e for the 1nduct10n of

'c1rcu1at1ng ant1bod1es and that sat1sfactory tﬁsts forOdetectévf
' i1ng Sma]l amounts of ant1body to these have not been deve-fA‘e?
:‘loped The two tests used here were for precaut1onary pur;fftn
fposes w1th the 1dea that detectab]e ant1body could we]] com-:;;
| Pllcate any 1nterpretatlon of skln test resu]ts as reported

by Pah1graph iet ' 1972

fl5t Cunn1ngham Plaque Assay for Ant1body Produc1ng Cel]s

- "~W Th1s part1cu1ar test shou]d be the d1scriminat1ng '
Vtana1ys1s as to the effect1veness of both types of bursectomy,f{f
f_the surg1ca1 and the chemwca1 3 Surgica1 bursectomy drastic-ﬁ;?i
'ilally reduced or e]1m1nated comp]ete]y those ;p1en1c ce?ls |

'jiresponszble for a pr1mary response 1n antibody production

ﬂ:aga1nst sheep red cel]s However, the chemical bursectomy
.:'d1d nqt produce such def1n1t1ve effects h'.“ '_ dl‘ ,,ﬂjﬁ,,
As ment1oned prev1ous]y, 1t 1s difficu]t to arrive atFF;ﬂﬂ

.
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any 1nterpretatlon 1nvo]v1ng m1crob1a1 env1ronment as causa-;b

t}ve in .the inverse, effects seen in cyc]ophospham1de treated

,gnotobtotwc an1ma]s (sham operated W1th respect to surg1ca] 'Ll

'bursectomy) as compared w1th the convent1ona11y housed

;

ieThat is to say, the number of p]aque form:ng oe1ls 1ncreased
.1n gnotob1ot1c chlckens as opposed to . a decrease 1n conven-7 K

‘t1ona1 ch1ckens One can, however, 1nvoke an age factor 1n ,"n

-

compar1ng these an1ma]s W1th those of To1vanen, et a] 1972 .f»

thL1nna, Fromme] and Good ]972, who were worklng with cyc]o—.

‘phospham1de treated ch1ckens under two months of age fhéxiﬁt

i_chwckens used here were about 5’ months of age wh1oh shou]d :ti;

have been we]l past the time of bursa] regress1on (at 16

-fweeks of age the bursa 1s only a rud}ment xn wh1te Leghorns) i;"
:;If the 1nterpretat1on of To1vanen. Toivanen, Linna and Good |
i51972. 1s correct 1n that the postembryon1c stem ce]] responapft
5fs1b1e for humora] 1mmun1ty em1grates from the bursa to the f“f;'
-fbone marrow at the t1me of bursal regression, and that the
disp]een and thymus a]so possess some cel]s w1th a funct1ona]
;tcapacity for the development of humora] 1mmunity, then the tff
';ce11 type be1ng dea]t w1th at age 5% months in the p1aque ‘:’ ‘
'fassay mlght we]l be d1fferent from the bursa1 ce]ls affectedtpii
g:by cyc]ophospham1de 1mmed1ate]y on hatch1ng In any event, o
i;1n the exper1ments here. the attempt at chem1cal bursectomy
E':’:d1d not parallel the drast1c d1m1nut1on of humora] antlbody

;iproduct1on by the surglcal bursectomy

As W1th the GVHR there was a tendency toward fewer p1a{f;g

”1que form1ng ce]Ts from sham operated anlmals 1n the gnotobiotic

\‘ . . RS ‘”
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- env1ronment but not to the extent of being s1gn1f1cant W1th

the statistical methods emp]oyed This more or less para]le]s'

the work of . Olson and . wostmann, 1966, in another system -

where the ce]]u]ar and humora1 1mmune response of germfree

k m1ce st1mu1ated w1th 7S human gamma g]obu11n and Sa1mone11a;

typhzmur1um was measured An adequate, though lesser res-‘_‘v_
ponse to the ant1gens was found 1n the germfree as opposed';g."
“to the convent1ona1 m1ce but p]asmacyt1c cells, blast ce]]s'fpri

and 1arge 1ymphocytes showed a proport1onate1y greater

B 1ncrease 1n the germfree It was Suggested that the fe"er.fj{fh

competent ce]ls 1n the germfree an)mal m1ght be ]ess com-‘fﬂffff
m1tted due to the 1ack of preV1ous ant1gen1c stimulation,...
hence an eff1cﬁent source of ]ess:differentiated type ce]lsifhfa
to process the ant1body mwght be avai]ab]e 1n the germfree.tﬁet-

The work of the same authors on the ch1cken, 1964. 1nd1cated ;i

5 amongst other th1ngs that there was a s]ower dec11ne in c1r—;;:e

-f_cu]at1ng ant1body after peak product1on time 1n the germfreef;‘

ch1cken versus the convent1ona1

An aspect not cons1dered 1n any of the above work w1thyhﬁa

the germfree ch1cken,,or by Thorbecke __t 1 . ]957 was

the corre]at1on between 1ympho1d organ s1ze and body weight;ﬁfﬁﬂ

. a]though organ welghts were compared with those of the con-ﬁff§5

ent1ona] Fortu1tously, sp]een we1ght and body we1ght wererf?i

taken in the exper1ments descr1bed here, and 1t 1s conf&f

s1dered a coroT]ary to the above discuss1on that a s1gn1f1-h;f;{

cant d1rect correlatlon ex1sted between spleen "919ht5 and

“ body we1ght 1n the gnotobiot1c antmals but not 1n the conven-j7{



‘tional. ‘.. short, the conventtonal env1ronment 1ntroduced
| :var1ab1es at: 1east 1n sp]een we1ght through st1mu]at1on of ,
‘presumably}the 1ymphojd system Gordon. referred to by |
Thorbecke;fet»aI'; 1957 found sp]een, thymus and bursa

wetghts of germfree Ch]CkenS d1d not dtffer from the conven-»;l
tional contro]s However, in the absence of- corre]at1on ‘_VA
A}w1th body . wetght 1n that work 1t is- difftcu]t to compare the ;t:
two resu]ts It may be worthy of ment1on that thd expertence,*f
’..of Coates. 1974 (persona] communicat1on) has been sim11ar to_ie
those presented here 1nsofar as the body weights of her ’p

E gnotob1ot1c and germfree antma]s have tended to be htgher if:if
,than the convent1ona1 | _,‘ _i‘q” ,'b‘j'v',‘, iy

‘ ‘? The dwet of the an1ma1s doubt]ess contr1buted to the
"orelattvely undtfferent1ated hlsto]ogy of the spleens of these'f}
_'1young adu]t antma]s at the age at whtch they were termtnatedifzf
f namely, nearly s1x months of age f However, as observed by _
d:Thorbecke g_ ,1 . 1957, a sharp d1stinqt1on between red and -
ftwh1te pu]p as seen 1n mamma]s d1d not exist Lymphotd ttssue?“ﬂ
‘tp1s presumab]y more d1ffuse1y spread throughout the organ 5
;fthan 1n mamma]s but predomtnantly located around the arteriesffj
hfand the1r branches It was hmposs1b1e to say that this held';in
dﬁtrue in these exper1menta1 an1ma]s but the foci which were o

Tﬁobserved in the sham operated anlmals did have a tendency t°,¥;;

rfbe 1ocated around the arteries o These could bef

f.ary nodu]es“ referred to by Thorbecke. sharp]y d marqﬂ

b}round and ova] accumu]at1ons of ce11s ’See Figuré(Zévljf'h

57M1tot1c flgures were somet1mes present as were macrophages. ,_,_t

._)'-
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It shou]d be kept in mlnd that the sect1ons were taken from =
spleens fo]]ow1ng pr1mary st1mu1at1on w1th sheep red ce1]s ;

| Therefore, it cannot be determtned whether these foc1 wou]d:b
‘have ex1sted pr1or to the st1mu]at1on or not parttcularly

:xn the case of the gnotob1ot1c sham operated an1ma]s wh1ch

did not, under these c1rcumstances exh1b1t a detectab]e
d1fference from the convent1ona1 sham operated Thorbecke, Z”f;
t al., observed feWer "secondary nodu]es" later 1n Itfe in.

‘ rgermfree as- opposed to convent1ona1 chlckens One can 1nfer
| a 1ymph01da1 der1vat1on from the bursa in this 1nstance by' "
_v1rtue of the fact that they d1d not ex;st 1n the bursecto~;h':g
‘-'m1zed an1mals, etther gnotoblot1c or convent1ona1 in keep1ngdyﬂ;
| w1th the report by P1erce, Chubb and Long (1966) 'bj”.ddgﬂﬁ‘ht
Hhé;b T1trat10n of P1asmas for Determ1nation of Antlbody

| Aga1nst Sheep Red Ce]]s . __:,r,,. P R
Although the method of estwmatlon of antibody against'ffi
1i-both SRBC and. human b1a§5 groups can at best be termed sem1—ff;f
'hﬂquant1tat1ve, the titrat1ons lean toward greater amounts °f‘:1'
'dc1rcu1ating antlbody 1n the sham operated gnotobiotic anima]s;?f
‘ffwostmann and Oison,,1964,‘reported that in comparison with ks
fapthe1r conventional counterparts germfree chtckens produced
ffSO% less c1rcu]at1ng ant1body to bovhne serum a]bumtn at the h{j
‘d”max1mum response twme, as well as having a s]ower 1nduction =
%~t1me.ﬁ Neither of these would seem to have been borne out

f!here, albett the antlgentc system is a compiex parttculate MM;3
QLOne as opposed to a s1mp1e prote1n Numer1ca11y. more gnotﬁia}ﬂ

\
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b1ot1c, sham operated anlmals deve1oped ant1body 1n a titre )

'1 of 1/128 or h1gher than d1d convent1onals L1kew1sk, the |
_]owest t1tre amongst the gnotob1ot1c was 1/64 as opposed to

1/32 W1th the conventxonals Hence, one wou]d assume that

‘dpeak productlon 1n f1ve days as worked out by FFEdEFICksen.Q

| had been ach1eved or near]y ach1eved and that the capac1ty -

’ﬁfof the gnotob1ot1c an1ma1s to respond w1th the product1on _‘

of ant1body was at ]east that of the convent1ona1 A better

‘corre]at1on w1th plaque form1ng ce]]s wou]d be a quant1tat1ve';'

'adeterm1nat1on of p]asma antlbody., One convent1ona1 sham ﬁ S

. operated an1ma]»producedeno

4

g

getectab]e ant1body whatsoever Afif
"7 Acqu1s1tlon of Ant1body Agaanst Human B]ood Groups

| As prev1ous1y the acqu1$1t1on of anttbody aga1nst

ivhuman A], Rh negat1ve red ce]lsxwas n11 tn the gnotobiot1c
:7an1ma1s gﬁ% m1n1ma1 aga1nst human B Rh negatlve red ceITs
p;untll the 1n3ect1on of SRBC fo1]ow1ng wh1ch a s1gn1f1cant
:-response occurred In the conventional sham operated an1malsafi
hfa p1cture s1m11ar to that of previous occa51ons occurred e
;dname1y. that some ant1body aga1nst aT] three blood group
;ient1t1es of the ABH(O) system was acqu1red by most of the
ttan1mals, the frequency be1ng ant1 A] < anti B < ant1 0 with

sﬁa subsequent decrease or disappearance of antlbody after the ﬁﬂ
f21n1t1a1 1ncrease Some (but not a]l) exhabited a second i
:nlncrease by the*!ﬁme of SRBC :naectxon wh1ch 1n turn e11c1ted‘f?f

T?a re Iatwve 1ncrease 1n t1tre to B cel]s and 0 cells 1n most

.sof the an1mals and 1n about one ha]f the anrma1s to A] ce]ls,R“
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That an 1ncrease 1n antibody aga1nst human B ce]]s
‘occurred (1n both gnotob1ot1c and convent1ona1 sham operated 8

an1ma]s{e;7\hhe 1n3ect1on of SRBC is of partlcular 1nterest

. ihsofar} *-11es a. determlnant or receptor s1te 11ke or_-"

simi]anf ? b]ood group on the sheep erythrocyte

,55 been no bdwod group system reported in the
_,nt1ca1 w1th the human B system.\red cells"“
:d:by mu1t1p]e aggiut1nogens (W1ener, A S E
.f952) That there m1ght be cross react1VIty 1s,’j¥?a

_therg_ ,jnot surpr1s1ng The p]asma used here may const1-

1 2of not reported prev1ously on the sheep red cell _
. tofwht;; i:e ch1cken 1s free to react by produc1ng abundant
rantibod? ﬁ; n. the case of cross react1ng substances 1n |
;'bacter1a;wread11y detectab]e with human B Rh negative red
'ce11s follf”1ng adsorpt1on W1th human 0 Rh pos1t1ve cel]s.~"
| Because ;d b ft1on occurs w1th B ce]1s folTOW1ng adsorpt1on‘”57
W1th 0 ﬂ?mt cannot be conswdered as being against spec1es:ff
'ispec1f1c determ1nants shared by aIl members w1th1n the spec-L*f'f
't1es (1n this case human) but rather aga1nst the type spec1fic fj;
3ideterm1nant or receptor slte known as a b}ood group encounterefhf
veed on]y by that percentage of 1nd1v1duals with1n the spec1es
’;possess1ng it o _""i : 1, | 'h L h“hf,:Vb ; J h
:. A sim11ar1ty to the human A comp1ex on sheep red cells
‘hhas Tong been known through the detect1on Qf heteroph11e
;dantwbod1es‘3 If the ch1cken has a structure or receptor site

”}on 1ts own ce]ls s1m11ar to human A, the 1esser production

Ty
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'

of_éﬁfi-A] on injection of SRBC is as would be.eXpécted
'under‘thbéé circumStahces and:that'whjch is pfoduced coqu

be. considered of heterogeneous origin.

9
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G. . rGenera1'Discussibn .

in the Hﬁdent m1ce 1n partlcular (w1lson,,530d1n and.
Bea]mear, 1964 Bea]mear and JI]SOW. 1967 Jones, W1lso.:
jand Bealhear, 197]) _ Others, 1n addition to the above \
,workers, have 1nvestigated GVHR 1n mlce and rats The°-__\\..Av
_general agreement that GVHR does oceur 1n the germfree antma]xx'
but that the severity of the react1on can be affected by
,externa] factors such as sens1t1ve rec1p1ent age, ceﬂ] dos-~'
age . (and 1n the case of ‘mice - 1rrad1at10n dosage. walburg and

. Cosgrove, ]969) 1s supported by thIS work w1th the chlcken

| A]though th1s work was not spec1f1ca119 des1gned to measure
T the effects of nutr1t10n fn GVHR and other 1mmune responses,\
it can be safein§a1dyth:t‘d1et has an"effect moh@fprofound

‘than m1crob1a1 status This*ts 1n atcord with s},e work on

"rodents, but there are reports wh1oh d1ffer N:alburg and

-f'COSgrove‘(1969) found no d1fference between germfree and

A;1nto F] hybr1d m1ce fo]lowwng who]e body x~1rradiation.j;:§"_;
1N1e1sen (]972) d1d not f1nd a d1fferenqg 1n germfree as’ com- fuw"

f;fpared w1th conventlona] rats zn the reactivity of their cells?';ﬁ

4‘

i(1n mlxed 1ymphocyte cu]ture or GVHR as measured }y lymphnode

) Qgenlargement (1n keep1ng with work by W11son an_:iox. 1971)

‘AHowever, prev1ous]y Sa]omon and Lecourt (1966) had;found

| that the source of donor cel]s p]ayed 2 ro1e. name]y, that
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cells from'germfree anima1S'were less efficient.' Thts,wOrk'
}eans toward the latter. A]though‘the statistical signific-
ance’ in the difference between gnotobiOtic and conventiona]
~donors varled gnotob1ot1c anlmals d1d not atta1n the same
Gleve] of donor competenee as did their convent1ona%]y~ra1sed
counterparts when tested under a range of dtverse_exper1-.
mental conditiOns,and athdifférentiages.dﬁin measuring:thecd
cellular response in antibody formihdeells‘(to.SRBC) the
gnotohtotic.were againhs]ightly; though not"significantTy
Tower, No attempt was made"in ahy'of the'experiments'here'
to assess any homeostatic factors wh1ch cou]d emther suppress
the express1on of immune competence in: the 1ntact an1mals or
release an 1nh1b1t1on (Bosma. Mak1nodan and wa]burg, 1966)
ILt is conf1rmed moreover, that ce]]u]ar 1mmune res-“
iponses respon51b1e for GVHR are separate from humora] ant1—ﬁ
.body response under condttlons approach1ng the natura]._ -
i.e., where1n there was no exper1menta1 manipu]atwon or.
dlsturbahce of the anlma] Th1s is eV1denced by the fact .
that a progresStve increase W1th age 1n GVHR occurred in |
" both gnotob1ot1c and convent1ona1 animals wh1Te the natural f.
faacqu151t10n of ant}body to human b]ood groups through m1cro-rr'
'ib1a] d1etet1c and. other phyS1o1og1cal st1mu1at1on rose- and ‘):
fell. Moreover, this occurred at age approx1mate1y ﬁour
' months (and agaln at about e1ght months 1n another species,-‘7
the Engl1sh Game Hen, Figure 34) In the chicken th]S shou1d 75
 be the prime of 11fe and the capac1ty for ant1body produc-r.,f

tion- should, for all’ 1ntents ‘and purposes, be at its he1ght‘[“
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Why it is not, is therefore, an.unhnown factor‘in'the;assess¥
- ment of the animal's immune competence - | \_;' |

- The gnotobiotic an1ma1 provides a unique too] in defln-
ing the terms of reference of 1mmuno]091c responses wh1ch
are natura]" or which constitute genetic var1at1ons of the -
same. The detectaon of m@terna] antibody,. presumably of an
IgG nature as opposed to IgM, in the young -has been referred'
to, as has the conf1rmat1on of the genet1c control’ over: GVHR -
Another type of immune response, delayed type hypersens1t1-
vity which has some comparab]e naturally occurr1ng 51tuat1onsi
has been 1nvestlgated exper1menta11y on a very 1tm1ted scale'
’here The c]assaca] system for de]ayed type hypersenswt1v1tyjA
1s the react1on agawnst tubercu]1n by sensit1ve 1nd1v1duals
As used here the system br1ngs out the pownt that var1at1ons.
and/or aberrat1ons of the 1mmune response cah OCCur by the P

effects of 2 super1mposed 1nd1genous mlcrob1a] popu]at1on
m50n1y convent1ona] an1mals became measurably sensitlve to :7:

tubercu]1n - C . o TN

Contrad1ct1ons ex1st in -the 11terature as to the naturef{

of the hypersens1t1V1ty react1on Others have ascr1bed this o

fphenomenon var1ab1y as be1ng a parameter of bursa and of
'ﬂthymus der1ved development warner and Szenberg (1964)
tc1a1med bursectomy ob11terated the hypersens1t1ve1responseV'
to tubercu]1n and- vacc1n1a virus, whereas Cooper;%et a]

(1966) found that thymectomy d1d so when chickens=were sensw-i',

' t1zed w1th d1phther1a tox01d In the exper1ments[of Jankov1c5;_t

- and Isvanesk1 (]963) a]] norma] and bursectom1zedtb1rdsij{.z
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responded with the.prodoction of'experinentai allergic

",encephalomyeiitis to the injection of either ehicken or7

\
bovine spinal cord, as well as to tuberculin inasmuch as

-,_,,I_ﬂ,g;nbacte):1um_tuhei:1:nlosls_mas~used_ln,the_Eneund_s,complete__~

adJuvant Thymectomized birds exhibited an 1mpaired abiiity
to mount a hypersen51t1ve reaction as measured by the occurr-
ence of allergic encepha]omyeiitis apd skin test reactions - |
to. tubercuiin An extenSion and confirmation of these _ -

experiments was performed by B]aw Cooper and Good (1967)

;Panigraphi, gt , (1972) were unab]e to COnfirm an impaired

delayed hypersen51tiv1ty to tubercu]in 1n white Leghorn chick-

ens subJected to thymectomy w1thin 24 hours of hatching and-
: tota1 body 1rradiation at three days of age Indirect ev1d-~»e

~ence 1hd1cated an Arthus reaction as being invoived

i

In a naturai]y occurring autoimmune disease. spontane-f'

ous aut01mmune thyroiditis. in the obese strain (OS) of Whitel-

'Leghorn chickens characterized by 1nf11tration Qf the thyr01d

giand w1th 1arge mononuc]ear ce]is, and the presence of many_gff

germinai centers, as weli as Circulating antibodies, Nick

TR

and Nilsson have provided eVidence that bursai ce]is are ’lid .

“aheav1iy inVOived 1n the deveiopmeut of the disease Bursec—fdr

tomy Wic t' 1 1970)..in ovo and at hatching, decreasedff;

| “the inc1dence and severity of the disease w1th accompanying Qﬂ,=

'absence of prec1pitat1ng and hemagg]utinating thyroglobulin

‘]

?_'antibodies assoc1ated w1th the disease Thymectomy and

| ;thymo bursectomy showed an enhancement effect and a: siight

Jisuppre551ve effect respectiveiy (Nick, et a1 1970) further;h;

e
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supported by the Finding that treatment with anti-bursal
~cell serum suppressed andfanti—thymus ce11 serum enhanced
disease deve1opment'(wick Kite and Co]e, 1971). Reconstitu-@

tion of bursectom1zed 1rrad1ated ch1ckens with auto]ogous

'bursal cel]s showed total restorat1on of thyro1d1t1s (N11sson
and Rose, 1972). Further, WICk (1973) induced exper1menta1
a]]erg1c encephalomye11t1s in hormona]]y (1n ovo) bursecto-;.
mized, OS, ch1ckens W1thout an apparent mutua% 1nteract10n
of the two d1seases but d1d observe, addit1ona1]y, that
, encephalomye11t15 was, not sole]y thymus dependent 1na5much
? as bursectomy (a]beit in ovo) a]so had a- suppress1ve effect
nNone of these experlments cons1der the effect of a m1crob1a1 :
.popu1at1on 1n br1nglng about the response described , d'
;puh The gnotob1ot1c an1ma1 could perm1t the design1ng of ff
n_expen1ments where purposefu] add1t1ves to a sen51t121ng B
'f agent or 0rgan1sm ean be assessed 1n add1t1on to the re1at1on-'
;_,sh1p of hypersens1t1V1ty to thymus or bursa] ontogeny and '
.”compar1son W1th natura] autolmmunity It cou]d permit the : |
definition of the ro]e of hypersens1t1v1ty in some 1nfect1-~='
ous’ dvseases thereby prov1d1ng an. 1nsight Jnto the mechanxsms’
'iqf pathogenac1ty of the mnvad1ng organ1sms In turn, it |

',could prov1de a too] for asseSS1ng the mechanism of protec-ﬂ'4

X DR

. ut1on wh1ch 11ve BCG g1ves as an 1mmuno]ogic stlmulatory

‘agent 1n 1ncreas1ng tumor re51stance (Hanna. Zbar\and Rapp. _gf
‘“1972) Th1s work prov1des data Wh1ch provoke the néed forj&3:[
_ recogn1tlon of the extr1n51c 1nf1uence on 1mmunologic res-;'ﬁ5f

ofipons1veness by a natura]]y occurr1ng microb1a] Popu]ation.;ggﬁi



- SUMMARY
B
GVHR in gnotoototicfchtckens was 1owen!then tn;con;.
.ventionelly housed chtckéns nith vaniation in‘the
‘v51gn1f1cance of the dlfference 1nterpreted as be1ng
~related to other extr1n51c factors such as nutr1t10n
'Gnotob1ot1c ch1ckens never atta1ned the GVH donor com-s'
: petence of conventgona]]y raised ch1ckens L

yo

A genettc d1fference 1n donor eff1c1ency between homozy-‘s

;',gous Wli and heterozygous and homozygous Bg was con- '-hf;

-'f1rmed 1n that BMBli showed approx1mate1y four t1mes ;srf

the eff1c1ency af . B—B14 and Bng |
siA def1n1t1ve env1ronmenta] effect on donor eff1c1ency
'of thymectomtzed chtckens on MES where GVHR to m1nor

:h15to1ncompatab111t1es was measured was establlshed |

”*hConvent1ona11y housed thymectomtzed donors showed

| htncreased GVHR Thymectomy d1m1n1shed donor competence_;ﬁ
‘f1n GVHR to maJOr B hxst01ncompatab1]1ty » |
»’Bursectomy d1d not 1nf1uence GVHR of donor ce]]s when‘fy .

‘no other phys1o]og1ca1 stress was inVQIVed

.‘f';TIe hypersens1t1ve state had . no effect on GVHR or ;ff;:?”

1"s.;humora1 ant1body product1on in the chicken

<

o e A
'iNUtTTEyOH and d1et had a more pronounced effect on
J{l1mmune competence than d1d m1crob1a1 status . ‘
'njHeat ster111zatton of dtet had a pronounced detrimental gf

L
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effect on growth and weight of ch1ckens whxch cou]d
not be corrected by supp]ement1ng w1th v1tam1ns

Corre]at1on between body we1ght and 1mmune competence

'cou1d be made in some instances.. A“Q'
Co Thymectomy decreased surv1va] of anwmals under the b}

) exper1menta] cond1t1ons as d1d bursectomy The gnoto-‘

b1ot1c env1ronment tended to favor surv1va]
In1tia1 acqu1s1tfon by physiolog1cal sttmu]at1on of

natura]]y occurrtng" ant1body aga1nst the maJor human

- ABH(O) b]ood group system was transient w1th a sei'nd

1ncrease 1n acqu1s1t1on of antibody occurrfng after '}*"”
four or f1ve months of age ' "“. | " . .
There was a strong tendency for the heterozygous

2 ]4 chlcken to arqu1re antlbody to human bTood groups

»']'1n greater frequency whxch seemed corre]ated with body

2. {_

5-1';1_%3‘ .

we1ght A ‘ e e R RS T
The acqu1s1t1on of t1tre of ant1body against human A]. L

B or: H(O) cells tended to be Iower 1n BQBE as compared

2 14 “or 314 14

with B | - |
No s:gn1f1cant d1fference 1n older adult Nhite Leghorns
1n ant1body aga1nst A], or B Rh negative cel]s could
be estab11shed although a definite tendency toward
greater t1tres aga1nst B cetls existed In young
an1ma1s acquislt1on of anti A1 was 1ess frequent and

1n lower t1tre than ant1 B

In older adu]t Nh1te Leghorn chickens no genotypic

’, d1fference 1n antwbody against human blood groups oou]d }i
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_ be establlshed

Adu]t ma]e ch1ckens gangl1onectom1zed at- hatch1ng -

showed a decreased acqu151t10n of antibody toward‘f?

-.human blood groups in tota] as measured in the un- ffi
.i-:adsorbed plasma and the ef ect was most pronounced '
,1n those ma]es wh1ch had had the right gang]1on or:.;t”
-.both r1ght and 1eft gang]1a removed T

'_'The 1n3ect1on of SRBC provoked an 1ncrease 1n ant1body

aga1nst human b]ood groups in- the ch1cken. as: wel] as

»known in the sheep

_ 1nstances complete]y e11m1nated the ab111ty of both
| gnotob1otic and conventionally housed an1ma]s to pro-u‘

‘ruduce ant1bod1es to SRBC 1n a pr1mary response when

The use of cyc]ophospham1de as a means of chemlca] f,

'h‘bursectomy was 1neffect1ve

‘"Hypersens1t1V1ty to tubercu]1n was e11c1ted only in

2'”?,dpreted as suggest1ng the necess1ty of an adjuvant 1n

19,
' -.fflplent male embryo spleens in. the MES assay for GVHR ;tr

“»;a‘fbr1ng1ng about a certa1n 1ere] of hypersenswt1v1ty

K3
B

to SRBC proper Of part1cu1ar lnterest was the produc-;ff

».t1on of ant1 B for wh1ch a s1m1]ar b]ood group 1s not ﬂ?

meurg1ca1 bursectomy drast1ca]1y reduced and 1n some :sﬁﬁif

"f-tested at f1ve and one half months of age by Cunninghamq;f

'-_i’p}aque assay and sero]og1ca11y.,“;,[ff5¢fgfﬁfy;hf%;;gljf*”‘

*,v;convent1ona1]y housed an1ma15°'an observation inter-:_bﬁ_

; Rec1p1ent fema]e embryo sp]eens we1ghed more than reci-;ff
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'ISOLATORS\FOR THY

TABLE 2

-_ HATCHABILiTYwOF B=B— EMBRYONATING EGGS TAKEN INTO
2 ECTOMY EXPERIMENT (EXP 3)

> 52

' -Date Taken 1nto

Iso]ator

[———

‘Total #: Eggs :
in Iso]ator;

# Eggs
: Hatched

"%.EQQSL_”

138

Hatched - .-

I W —

..'Jan,
. Feb.
. Feb,
. Feb.
Mar,
Mar.

28/73«, .
5773 -
12773
22/73.
3
12/73~

. A'T

'~f45*ﬂ
- 48*

S VL
36

a9
23

:-401N

W T~

8..8'
61
63

.:Jﬂﬂtdi féﬁ;ff'&

N

‘:*»These groups taken in
incubation; the other
Trials 4.

. tion.

jsequently worked Wlth

HATCHABILITY OF B

TABLE 3

2 2

BURSECTOMY EXPERIMENT (EXP

8282 EMBRYONATING EGGS TAKEN IN+0
'ISOLATOR ON .THE 20th. DAY OF INCUBATION FOR

the 1solator on- the 19th day of R
r1als on the 20th day of- 1ncuba-'§“‘gf;
and 6. represent anima]s kept and sub-,'; '

'“‘Q;Date of Hatch

"~ and. Tr1a1 #

Total # Eggs f :

4
Hatched Hatched

N -'hewl\')‘-'-;f |-

June 25/7351,'
*June 27/73f"
Ju]y 4473 ..
Ju]y 17/73 bg

Env1ronment L

,ﬂConventiona] o
G, F ks

G.F.
G.F..

1n Isolator

,‘_ifastfjfi”
;,,25;;; L
e

*-;10/12;>?*
19/35 -
14725
11/16?1:

x,83
o 54
Lo 56
-~59e

Convent1ona1

R

R Iso]

ator for th1s group became contaminated in. several days if
‘and .animals were convent1onal1zed and used as controls
e germfree s ST P EARRIRN S
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VEE o BERYY
- f%ELE 5
~ SURVIVAL ‘IN DAYS OF 3333 GNOTOBIOTIC AND
~ CONVENTIONAL - LEGHORNS ON TRYPTOPHANE- DEFICIENT

- DIET, AND CONVENTIONAL ON CONVENTIONAL DIET.

Chigk #";”';5Environment/Diei--’ffN Life-Span .

24018 0 en/TD . 149
24017 . T Gn/TD. - 149
S 24016 . . Gn/TD . 149
24015 1 Gn/TD. 6
24014 . Gn/TD . 149
24013 . Gn/TD 149
24072 . . Gn/TD. 149

+ + +

a * . . » .

- .p.'h.-n;o.o.o.o;“'
SR I R

+ 24038 ~  Conventional/TD .~ - 42
.- 24039 . . Conventional/TD - 75
24040 . - Conventional/TD -~ 127
. 24081 . .. _Conventional - -~ =57
. 24042~ " ° Conventional/TD - 149
- 24043 - Conyentiédnal/ D;‘ 1490
. 24044 Convent1ona]/ b 70

R

aacacaan

! -
) ‘/,,

24019 .o W“.Gn/TD r,; 7139, s
24020 - - L Gn/TD 7 130
24021 - 4 -Gn/TH 1390
24027 . 0 Gn/TD . 139
24028 . :fva‘en/rn,”~.-».~vz-_gv~139;

« 24300 donvent1ona1/Con ﬁA;}-37139.
e 24299,7..j onventional/Con. .- .139.
‘-_»‘24298fw:Nf : /onvent1ona1/Con..v"q‘.>139* ‘
"324297,-‘ /Conventional/Con.. - - -139
/Convent1ona1/Con,;;wvgrpv139”

"-[ :»‘.--\’D L e D

pﬁ%tLCxc;cpfj{
+ b F 4

o n.'c’a.n_;q..._-
-

+ 1nd1cates %ge 1n days at t1me at wh1ch the
exper1ment,was term1nated = T T
TD trypto‘hane deficient diet

. Con.:? con entlonal dlet f?.'
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TABLE 7 (CONTINUED)

-

a

“Adsofbed-Plasma

Unadsorbed Plasma

)
-

Apti—(O)

Anti-B

'Anti-(o)

Anti-8

Ahtf;A]

Anti;Ai

homof_ahd'hetérdz}gotesh(4x absorbed)

GéngtypeF

+ +
CONOON OO OWIWIOOWOOW

d-
f\mmtOCDI\\DCO!D\DQ'I\T\\vam&DQ' o~

kS

+ +

+ + ' .
OOOmOmOOOmmOOOmmOLﬂO

- . . s, e . ¢« . . s .«

l\\mto\ooorxxooor\t\¢cooot\m\om<r<r N

| {
. ‘
N : /
+ + + +
LOOLOLOOLOOOOOLOOOU')WU')LOU')O

. . . . . . . e s s e ‘e e .

<
xommxooor\mooxouovooooxommcm<r [§V)

’

<

OOOOOOOOOOOOOOOOOOO

o .

OOOOOOOOOOOOOOOOOOO N

L

LDLHOOU)OLDOLQOLDOOOOU)OOO

Q'FNﬁ-vd-md'NMr—ﬂ'd'mm:—MOr‘—

=1

EEN

. .. . . . * . . .

f

[
4

.-chrmxor\ooo\ov—c\lm-d-m«orxcom

) ,—,—'—-'—'—'_'-—,_'—.—-

s

)
h

momooooooommoooomoo5

... N
NF‘I"F‘MM"“NONOMQ’NOOF‘ON‘ N

S

o
N

L

.024)

6.00 (+0.00) . 5,93«(40

4.01 (+0.048)

'2.08 (#0.050)

Mean -

6,41'(10;044)

5.89 (+0.041)

1.0 'to 8.0

1.0 to 8.0

r

3.5 to 8.0

. 0.0

0.0 to'6.0

Range

.

0.0 to 6.0

144



185

62L6°0
1888°0
6S5Y6°0

9v92° |
26260
SEV6°0

1580°0
61£0°0
7690°0

=)
(8y=u) -
(9L=u)
- B

| “(g2=u)
(9g(=u)

| (501=u)
:  (p6=u)
(L8=u)

8166°0.
6£96°0
0£95°0 -

6L1E" L
gevl L

91v6° 0

5660°0

2280°0
$180°0

(s8=u)
(e£=u).
Ammu:v

vaon,wcy
- {8L1=u)
- (6p=u)

(L2=u)
.Awumcv,
- (§L=u)

88€8°0

£8£8°0

124570

€262
5568°0
68Y6° 0.

88200
2950°0
5950°0

<« 3
i, . mf
mlva
N, e~
o) o

q>:ou,+ ug -ueay

AU

09

u

9

ua%%m:mw

719z

d

QIS SOA¥EWI LNITAIIIY 40 YIGWAN FHL OL ¥IAT4 U 40 SINTVA

SHLNOW € GNV SY33IM © OL € *SAVA £ 0L € S39Y Ly

nll..l —

8 378YL

3838 ‘SIALONID 3IUHL JHL Y04 NIATD dWYD 40 SINTVA

ﬂﬂmﬂﬂm any.

Olso) nyaw



146

.m_»Poo.o 5> d .NOHMWOH =. mFN Nu ;om copp:np;pmpu 1. uummwo oaahvpmmw
. mNo 0> d >, oPo 0 ‘gEpss stz dog. ccrpsp,;pm,n 4 puowwm Pmucwsco;,>=u
.Ammwcv ﬁwmorp. 926770 spee" L _om\mmmuw_
(22=u) 69511 2580 L - §092° L.  ecove $T9578
(lz=u) £368°0 2260 265870 - 0£/620v2 G54 . i
(£2=).,268"0 001470, 2090°L  ©_ §2/b2892 e o
(2= cq\mmom 0 Le2s "0 L€81L°0: 92/£20%2 | mew; ~ o tAu0)
(o0z=u) Fhmm.o_ 1£€828°0 1000171 .”ommmw mwM|wm . .
(L1=4) 659870 018" 0 ,memwmro. .m¢mmm .
(z2=v) 2v29°0 OLEy"0 0998°0 59592 71858 |
(g2=u) emmm,o; §686° 0 - 826L°0  $5892 o w
.Amuwcy.wwwm.oA 129970 97500 15897 o588 up
He3W [e30) " 3s8] v:m _vmmh,pm_ § |ewpuy mm%umpmm,_ _ “:mscoxw>cw
- SR, L : : | Wa:(u“
CSNIAITHD 578,78 ONY 558 ‘B mm 4<onqu>zou aNy -

v quonOHoqw zo mkmmk wk<uH4awm 40" SINTVA SIW ANV az<u oﬁmoﬁ NV 3l

6

379vL



147

-

L et

© (9L=u) 0097 L
(9L=U) mmwwf_,
Coo(el=u) s9zLtt
,“Awﬁnqv,oo«w.,.“,
(zz=u) 9855° 1.

vgEZ L - . LL9§°L.

1689°L - ume.ﬁg,_ C.o1e89%
866€°L 99Tl . SES9Z.

$6S°L - b289°1 o vs89Z

. . ,..vwwwamh
ELPLTL  26L6TL ¢ o 19§92

. :w

- ueay |e3oL

§sal puz - 3sal ISl # LRWLUY

.,.,uaxvotmm,

T JUSWUOULAUT

(QINNILNOD) 6 3T8VL



L

v No QISNOK ATTYNOTINIANOD QNY ‘131e HZNHuHmMQ ANYHAOLdAYL ¥ NO ¢rm<ﬁm ez<
i z 958 on aum:ozA>4A<onhzm>zou Dz< (u9) JTL018010N9. 40 mz<u o_@a, NYIW

oﬁ m4m<h

«©
< Do S : .
B .o_mo— ueauw. mo m:omem>:ou uppms;aﬁgm cppz poﬁv op mcvv;ouum vwazo;m mma%uo:ow APV
N . n opmo—
:mmE mo corm»w>coo unpwE;pr»m cvez vcprmw;p u:u p:wscouf>cm sppz vw»masou mwn»vocww Auv
- oz'sl T iz'es - ztor -
(8lz=u) 65z L . (89=Y) S0S6°L Aomp -u). 0600°L FI%TE
. 65'G g9l : Cooggth . e
o Ahm_ u) [8¥L°0 - (tp=u). FNOF L Amqp u). mOMm o.; azm“., 71858
899 | C L ogeSL. - 8Lt SRR TE
. , Ammp u) 6v28°0 o (gg=u) mmmp L Aomp ") omNm 0 o
< TUesy meok. ,,.:pm*a TUSAUOT pm,a mmv nxuh g ~(q)
02°81 RN 890l 7 gheg ,yuu;m.x o
6652 "L (8L0” '0+) $066° t AmFo 0+)" mmhﬁ L Amo o+v l¥26°0 . 78S
765 SR TITTE . L6°0 - .gete o
£80L°0. (9€0°0%) 120L°L -+ (£20°0+) 0969°0 (91070+) €665°0 . rE5E g
899 . g2’sL - - . 58°% Y-l B RO
672870 (920°0+) ommp L ;;Ammo 0+) 6£9L° 0 Ampo o+v mmmm 0 858 ¢
- 7+ pue u..:w cmmz .3 g:.m‘ , , :w ()
19y 40 mxkzoz 9 Ly Au+uv PuHo 4<onqu>zou - ,v.



149

Al

~ -

PO . A L.

.m__-,. L e ;w.opmo_ ueau 40 mcopmgm>:ou uFumEcu*Lm sppz mucmmaw muw m:m;w>

mhmﬁpm Mm m:u 40 motdWm&n mzu op m:_vscuom vwn:ogm elep. ‘JuswledadF v:m u:wscoa~>:m ﬁvvw

_ : .f‘,;.o_mop ueaw ‘0 m:cfmgm>:ou uppms:up;m T
;ppﬁwmpco u:msco;p>:m ﬁm:onucm>cou vcm oppornoposm 0} mcwvscuum vma:o;m mmazuocmw n )

= c.mm,z.—mvuo‘._.. o SR ﬂmﬂm \\\ - v_. Nm + ..N.mlm. pwvo\lcmE:o.:&:u :vv

o .o0p'82 . 1z'es EER ,:uq,ww,ca plo T e

Amm_mcv,_x¢vw~ o (8g=u) momm F Ahm =v ~m¢_ T TR & = TR SRR
1AV ST 88l L .. 65 .a.;ﬁ.,ag_, ._u_U.¢. S TOREE

Amw~ u) - 08/8°0 Amm cv mmn, i Amo, =v owmh 0 Rt DRI SR

. 29", . by . Ly “,a_a;. 4;..‘.

AQNN u) o¢mN 0 _ Amop CV _¢Nm o Amm_ cv ompm o wf,r.‘. ug

lll'llllllﬂl-l

62°6 ..H, o e8ete ot T e
wuom,ow . £665" o_a_. T

96 o Tty R
68670 o 1692970

[euotjusAucey uﬁuopnopo:w

o - {a3nNILNed) OL 38Vl

pu N . . Lt : - TR



50

1

e

. e ;A,.opmop ‘ueau mo SUOLSUDAUOD orumscuvxm :upz mu:munm mu m:mgw>
o atete g

m w;a %0 mu:mmm;a m:p ou mcpugouum vma:ogm mumv u:@Epmmgp u:m u:me:ogp>=m

,N )

(eg=u) 9zgl"1

o ANS 5 mvwm R N T | 5 IR
. (8y=u) 699L°0 e Amfp :v mmNm o, R ».:_nuw:_o_u..h...”,_m«a
o hziy T 1 2 e e

(z8=4) 682970 . Awmp u) No o S g

7 T

X ¢_ I ¢P kuuwpa\pcmsqogr>:w

- (Q3NNIINOD) OL .. .

T




151

L0/ . 0/ o/s . elz YL «\h Nﬁ\c_@ﬂarf\,, oP\N _g;umz\m_

00L. _ 001 _‘_oo__m_,uwwﬁw._@m.w@‘ w 9 mw W”;@po »»gpw4npqmﬂ.wiu~a.,;awmw;

oot~ ool ‘  00L  CE'PL 6729 .;“mfww,a,_u;m.m¢mwm m—_mmg_ow._aMw.-mw¢ ,m_._ww
0/ o/s  o/s . /L. o els e/s ¢r\,,m ump\~._ 4ym\o.w_.w¢2\mj_4 LT
0o o0 .0 € e o COUEL e N R
.00l 00L -00L 00 ._N»w,.;_.m,wﬁ. 00" mu_m;¢~ g ‘6z, - F4%. m.g._.fw_w_uu
o/s . 0/s 0/s /o 6/2 " -6/2. .N\ou_q ‘9/1 H. mxm_mm YUN/Y i
000 6 B L9 s

v 8 o - by g .a om“wmm_4ﬁ<@“._;:m m_w;umo¢mw. a:o&o noo_mu

"0+ LT _o_.». _;..._mw:mp,«.m :wm@,t__.u_wm”kmwucmscog+>cw

. mz\m mmmozommum zoz m:mM_u> mmunzommum m< cuwmmmmxm mmchmmoum
uu<.._~5m m>H._.Hmom uy - on: Qz< m>H._.<wmz ya ‘4. n_z< < z<z:: o.”. zo:o:oomm
>aomH.rz< NI mzmoxwm4 an;hozmw v_. v_.m oz . m«m. . .lmlm .._o umzoﬂ_mua ._._<mu>o A%.

- . . = . ce R Lt

Ll mqm<p ,p.v..._n\,_



152

TABLE 12

ACQUISITION OF ANTI-H(O) AND ANTIBODY TO ANY SPECIES o
DETERMINANTS WITH AGE IN GNOTOBIOTIC NHITE LEGHORNSj '

'Agé:f_ -

. 3’2685 4

t

s o
3

= z}_;brd/;n C.0.00 0.0 1000 0 0;_:;;_ x__f}:'o?.'q
265440 . 0.0 3.0 5.0 40 ",;‘_'13 o-:.,""f-_‘ o
26533 0.0°) 1.0 0.0 0.0 0.0 WD

Upld 26528 0.0 5.0 5.0 60 2.0 N o S

Cime S dme Smo. Smo. Ty



ACQUISITIONOOF ANTI- A]. R-NEGATIVE BY CONVENTIONAL;; i ‘f- |

TABLE 134

ANIMALS ON A TRYPTOPHANE DEFICIENT DIET

153

 2mo..3mo. 4mo. 5mo. 6mo

24031 0.0 1.0 1.0

- 26565/66- 0.0 . 0.0 . 1.0 0.0 - N.D..
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TABLE 13b

L -ACQUISITION OF ANTI -B,—BY CONVENTIONAL ANIMALS

_ON A TRYPTOPHANE DEFICIENT DIET

2 mo. 3mo. 4 mo. S‘mq§'j 6 mo. 7 mo:

”‘v[f26553/64”?§D307:53
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Lo .00 00 M.

'”.o.o; : o o ;d;b b0
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TABLE 13c _-_',.:j', . »7

ACQUISIUON OF ANTI H(O) AND ANTIBODY T0: ANY SPECIES
_ DETERMINANTS WITH: AGE IN CONVENTIONAL ANIMALS ‘
ON ‘A TRYPTOPHANE DEFICIENT DIET

2 mo. 3 m¢,/:4;ma; 5 mo. 6 mo. -7 mo.

Lo~ 9

l
i

&
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TABLE ]4

ACQUISITION OF ANTI A1 (Rh NEGATIVE) BY‘*CONVENTIONAL

g?gé. p2pld AND BliB’4 CHICKENS ON A CONVENTIONAL DIET

o .

5. mo. 6. .mo.

2 mo.

'3 mo.,

4 mo.
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26930/31
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| 26834/35
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26594"
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TABLE 15

*_ACQUISITION OF ANTI-B (Rh-NEGATIVE) BY CONVENTIONAL
?Bz 82812 anp 81814 CHICKENS ON A CONVENTIONAL DIET

4

Age: ' 2 mo. 3 mogy 4 mo. 5 mo. 6 mo. . 7 mo.
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2,2
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2 |
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TABLE 16

~ 'ACQUISITION OF ANTI-H(0) AND ANTIBODY TO ANY SPECIES -
" DETERMINANTS IN CONVENTIORAL BZp2, p2gl% anp plipl?
CHICKENS ON A CONVENTIONAL DPET

=

Age: - 2.mg. 3 mo. ‘4 mo. 5 mo. 6 mo. 7 mo.

]

fesir. J

26826

26828
26530
26532 1,
26534
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" TABLE 17a
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2 2 14 14,14

MEAN WEIGHTS IN cRAns oF 22, p2gld anp pld

—

GENOTYPES PRE- AND POST-TRANSFER T0 A TRYPTOPHANE— S
- DEFICIENT (T.D.) DIET IN THE ‘GNOTOBIOTIC AND CONVENTIONAL : |
ENVIRONMENT, 'AS WELL AS PRIOR TO TERMINATION

s

b-7 d.

21)

Pre-T.D. Post-T.D. 95-105 d,

Final

en: B%Z 102 - 93 o
B N VT S TS
Mgl s g gy

~

ot oMz e om

Mean 10910 if 2, 0684 ﬁ.jzﬁoéas.:,f;?gosséaf'

IR
e

143

170;' ) o
167
A .-]804.‘_;' .

i:Tota] Y : %18 - ,.~ ]OQ_W.3. ~1Ni?€;N

152;
2 2095
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--‘ TABLE ]7b

_ MEAN NEIGHTS OF CONVENTIONAL ANIMALS OF GENOTYPES AS IN
 TABLE T7a NHICH NERE ON A CONVENTIONAL DIET THROUGHOUT

5740 26d. 102-109 d. 200+ d.
RS e SR A

2t 46 235 . e 1625

‘ _3Blf{ s T 231 :,”;fliao,.gf’;'jn-lséqu';,itiig

B U 188 ‘iv'tE9'i71??.7;T;L;: a0
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161

MEAN 10910 NITH THE ARITHMETIC CONVERSION OF THE MEAN H.
FOR CAM POCKS FROM THYMECTOMIZED AND NON- THYMECTOMIZED

GNOTOBIOTICeAND CONVENTIONAL CHICKENS (GIVEN AS THE:
'NUMBER OF POCKS PER 0.1 ml1. OF DONOR WHOLE BLOOD)

(a

(b

)

y

CAM.pocks from‘ailfavai]ableldohbrszf',i

Gn: %0, 8160 +0.035 (n 207). 1;0955"+o'ojs (n=123) -

R 6.55. o 12.46

€ 0.9185 40.066 (n=56) 1. 2900 0. 069 (n 69) B

R N 8. 28 ?§-7'7

I "E;_lst Test ff;; an Test
en:’fx‘.Zons'_:;*o;9422 (n 15) [‘1 0537 (n 9)
BT Rt LBt 3

'292061:*5:0.9141 (n= 19):1 0.5297 (n=9)

819 - 339

S a0 e 10,91
020209 1.1382 (n= 15)ﬂ?f1 2070 (n 8)
R I

‘29205 1.1984 (n= 16):f§1 4240 (n=5) -

~Js,79__lfj 26,553 o

‘@33w4Tftzsgisiféf'1.1451 (n=14)]fj1 osao-wn-me)',

f-Meah"

O 9840 o
: g 54 e
o, 7905;?1E1f
,5 2D
Fones
| ] 2.6

u:r;.

“thymectom1zed
‘non thymectom1zed (sham operated)

"refers to the number of embryos involved

mean logjg. o
arithmetic conver51on of the mean .g@

. r.
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TaB 19° o

Ee .

NUMBERS OF LYMPHOCYTES PER CUBIC. MTLLIMETER OF WHOLE
 BLOOD FROM THYMECTOMIZED AND" NON THYMECTOMIZED DONORS

OF GNOTOBIOTIC AND CONVENTIONALLY HOUSED CHICKENS PRIOR

TO AND FOLLONING THE TIME OF CONVENTIONALIZATION

- OF THE GNOTOBIOTIC

Chicken -# and Treatment

# Ly#phoqytes/mm

Pre conv

Post:conv;

Gn:

29206.
29216
29201,
29203°
29202
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26872
29290
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29248
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- " TABLE 20 C
| ACQUISITION OF. ANTIBODY AGAINST HUMAN o L
' Rh ~POSITIVE CELLS L -__.:a:‘~

_ . R

{a ) Gnotob10t1c thymectom1zed (7) and sham operated (T)<_4-

2.5 mo. 3 mo;‘; 3.5 mo., :fﬂﬁl 4 5 moi  ’”
| 'f,o o o o 05- ‘~_0 0 w]“'

2 o i

IR e
N “© e B N
Lo o

T M. . .00 0.0 10 'f»*”ofO[? f}-o o'i“% n““'

B 0.0 .00

0.0 ST
o040  0¢§;a;}“fé;oi;;T< O'd;fﬁ~Ai9;O= f?f55:{5E
e R

L o e ’ S - ,;, '». o }Q .q ; B _,'_;

W N

*"41(b)‘ Convent1ona] thy ectom1zed and sham~0perat9d .‘  i§iﬂ. ;Q:

RS e

SR IR I 3g»w4{, SRR Y

Y T BT T ST N R
'.;;E—f,w'fu”oigtf - 0 05 5f_°4‘0”JjU o
0.0 gaf._o o ;vﬁo.oi;;ﬁg}dgo;}~ ;j'w:

N
e

ST




WELGHTS | IN GRAMS 0F g?;ﬁ THYHECTOMIZED. (7) AND-'SHAM OPE-
. RATED () GNOTOBIOTIC (6n) AND CONVENTIONAL (c) LEGHORNS__

TABLE 21

‘ Fjrsf:Hafthf .

T 20213
29211
26872

--2920)
29202
129203 - .

29206

o R 11 /E R

. )fq.g"'25875a e

o hezes
C 29209 ”;‘-{

20216

FRERTTE S
S -7 IR R
s

Coes

‘T<f84wd;- ,‘TV
.-:dead at 56 d
. .f~ffdead at 70 d
S T
Coes o
R [
_n':>]95_ If”., -
cog0a
s

So13
Q}»1so :
[ YT RN
186
S ose
o218
'~jalg§_.  b
s T
s e
}_ﬁ164‘?ff;v;a;
| "184<.,i€rf’f
Tjjjlss
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- L o
TABLE 21 (CONTINUED)

Second Hatch:
Gn: . | |
. Ireatment Ch1ck # ."52{d; . 784d. .
1. 29248 - 120 depd at 74.d. L
S 29280 . hso:\j_‘* _‘_':]30 , o .
L L SR R LR

} 29294‘: - .ligi . £ 'lf »12& f}f »;:“gvf;l§§ ‘ o

oo TeXowo s s
: 29288”'% f*T7q;  ,; :*‘EfﬂT53.'"ﬁQadead at fgs;dft;Ef
f29295 S o110 136 dead at 94.d.

| R &% 194;ﬁ.l;'  a;  ]62 *" “-- § :.l,2]2f;73€;“

C:

o 7, 29339( 88 o208
" 29300 200 2 I SO
"7f3‘f29386--5}{'3oo‘V..dead at 6®d. o
29388 - 125 dead at 54 dv ..o oo
29396 275 deadat €5 oo -
e e ﬁvfsxn~éé° °T£V'»55;'209T*fhf51;f,ﬂ3;f‘:“'# L
» fiT::ﬁ:7f?'29326{i;gﬁ‘1855“}3wH: ;Tf[jgbf;?jykﬁzf{;{ﬁuh
S 29833 w800
29338 - 192 96
29390 2267 T o230
'€51293921;,n;fséd;Vifgfgggg“jj_”7”‘”:”‘” o
| X 221 ;fjﬁf“’ %

. Treatment chick“# ” *53<d;fﬁf;f; 78;d.

ko
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TABLE 22a

. SKIN THICKNESS MEASUREMENTS IN INCHES FOLLONING ,
INTRACUTANEOUS INJECTION OF MAMMALIAN P.P.D. INTO THQ
- WING WEB OF THE RIGHT WING (R.W.). . THE LEFT WING
“(L.W.) SERVED AS A CONTROL THROUGHOUT - GNOTOBIOTICGH

" Gn:"

" Chick #

o Imitial -
 _Thickness ._2hrs, = _.4hrs. - - "8 hrs.

704

769
- 751

"j791§M;’:
MY
732(M) . ‘ |
.030 - .047 072*_;;054 - 056 .042, ".042 1038
.021 - .029 .032." .035 o3o;x,,031 ;031@;s.025'“

702

703
763

‘~ﬁ799(Mf}f

S 719

L 748(M) -
e 728 0

173

o722

.034' .020 092'3_;056.-.;059:f ,6421~]30547f>;o49
.032 ~ .042 .053 -.056 .054 ..050 .051 .036 - .
.038° . .020 .052 081 ~.044 . .042 .026 .032.

,042 - .039" -.059 oszj,tgoas_‘\ 064 . .057  ,059

030, .035 .051  .080 ’»056!/’\034"f.041455;030 S
038  .047 .070 - .055  .061 - ,048 - .059 ~ .056

.031° .040 042'5‘1030:- .041° . .025 . .030 ..033 -

7032 .045  .082  .040. .067 048 . .055-. .054 -

028" .026° 7.093 045_ 0957 1080 ,.043° .042

“,044;f»;o41'~ ,068«; .052 1 .052  .050 ;\tosaf,ﬁ;oso~ -
1036 .025 .070 - .027 .. .052 . .044 .040° & .027.

.040;;ﬁ,o45f_,,086‘j13044;~};os7;;1,o$§ 050 .048

Y ot s
. .v,-’

12-hrs. . ~_24 hrs 7?“ 48;hr;,?f,_i:ﬁ72-h#§;’“”'“

,5.g;0637 7;05§““’:061;5*i054‘ 073[54;045;'f 075,056 "
o044 .049°k.055 1038 062 -.039° . [058. 045 -
+035 ~ -.043....022  .041 046 ;«;643 .050 .040 . <

08 . 045 070 057 049*;:;050;;’ 040 ... 047
,.34044,g .042 . .056° -.051 ;037 .039  .034..082:
7,086 :.045 - 053 ~.050 - 052" .047 . .042° -.042
U045, 'OAQ,W.;O46 jA§036f‘f;0605yf:04su o43¥%f;f'};;n;
L0034 0,042 ':g%?QQ}];O30}fﬁaO§5gj[ 025 0307 .023. "
(M)~ -.035 - 033‘ 035,030 - .036 . 034.,~‘o4z&;»:n507" |

. .0440 041" 049 . .050  -.044 - .046  .039 ~.,050;-
L0340 -.054° _04AQ¢$-050..;.037rfm 037 .027 .~
Cos7 - l0ss 053 logs | loay 081 lgs1e o6

063 osa,'*oss -a055n;3051-;,045 053 1085
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L “TABLE 22b IRt
- SKIN THICKNESS MEASUREMENTS IN INCHES FOLLONING

S INTRACUTANEOUS INJECTION OF MAMMALIAN P.P.D. INTO THE "

 WING WEB OF THE RIGHT WING (R.W.), THE LEFT WING
| ..(_L.w.)_ SERVE.D AS A:CPNTROL _.THROUGHQUT - CONVENTIONAy -'

o © o _Initial TS S
C . - _Thickness 2 hrs.le.r; 4 hrs. ‘ g~”8=hfs;?"f

chick £ RW LW RW LW RW. DN RW LW

550,026 +.029 ,053 .048 .046 . .047 050 .04z -
518 .029 028 - .049 - .034 .04} .042  .035  .032 -
796 . 1029 .015 ".055 . .034 .042 .019. .050 ~l025

738 0 ..025 - ,021 037 © .035 .042- °.039  .042 .027-
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TABLE 25

PLAQUE FORMING CELLS (PFC) PER MILLION SPLEEN CELLS
~ OF GNDTOBIOTIC AND CONVENTIONALLY HOUSED BB WHITE
LEGHORNS, BURSECTOMIZED (B) AND SHAM OPERATED (B) ON
HATCHING. THE ASSAY WAS PERFORMED AS A TERMINAL |
EXPERIMENT AT AGE 5 TO 5% MONTHS, FIVE DAYS FOLLOW-
e INJECTION OF A STANDARD DOSE OF 5 x 108 SRBC

+ R o o »
~ _ 5 - S
» PFC/10 " Spleen Cells
Gnotobiotic' Test 1 Test 2  Conven.  Test 1. Test 2
" B(M) 748 ,szszi 636. B . 729 1.0 0.5
=+C 722 0 - 0 B(M) 755 ° 114.3  190.
751 0 0. . 779 49.5 . 442
B+c(M) 799 0 0 B+C - 796 <1.. <,
. 763 0 0. B+C(M) 775 . 1.5 . . 0.8
79 4.4 44 594 0.3 . 1.0
U(M) 732 558. .. 525, B . 739 29,200. 24,133.
704 870. . 383. - 564 . 3,103. - 3,379.
702 827. 392, B(M) 780  2,720.  1,840.
B+C 765 1,999. 1,809. 738 3,533.  4,133..
. 728 . 367. .367.. B+C .. 518 ' -1,789. - 2,105.
B+C(M) 791  1,735. 1,578, . 730 1,887,  1,962.
| 703 1,591. 814, -~ - 766 338. 394,
' | . . 588 2,061. 1,939,
~B+C(M) 715 - 1.463.° 2,781,
S .- 596 - .1,000. " 1,786.
| ~ . 550 51,6 - 32,25
B = Bursectom1zed ST S '*ii-
B(M) = Bursectomized and vacc1nated with BCG (Mycobacter1a)
B+ = Bursectomized and cyc]ophosphom1de treated -
B+C(M) = Bursectomized, cyc]ophosphom1de treated and BCG v
- vaccinated. e B
B = sham operated (non bursectom1zed) Lol L
U = totally" untreated at hatching'-v,'v »@;/}~_‘.:,
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s  TABLE
{
/BODY WEIGHTS IN GRAMS OF BURSECTOMIZED AND SHAM ”
" OPERATED GNOTOBIOTIC AND. BQﬂVENTIONALLY HOUSED 82p2 WHITE

LEGHORNS, COMPARED WITH SPLEEN WEIGHTS IN MILLIGRAMS

CO W~

\h -
Gﬁofobiqtic:A | 'Bbdykweight‘(gm;) -~ Spleen Wéight (mj.)tg
B(M) 748 (f) . 500. 330, .,
B+C 720 (f) _}, 705, . 30, "‘
: 8 : . SN
- 751 (m) 500, -\ 530, ~
BrC(M) 791 fm) . 480. . 360,
: - : S A T .
763 (m) -, - .- -540. o . 430, -
| 9 (F) 460, - 260,
uM) 732 (f) - 630. . 840, "t
‘B 704 (f) . 585, L 12000
o702 (m) 680 ., 7100
B+C - 769 "(f)t"",’,"585f"‘ 960,
138 @)ﬁ S e, sea
B+C (M) (f) 540. 560,
701 (f) 615 . 650,
Mean logyn: 2.7580 - L 2.7493.
: .~ "0 —_ e
f) :vfeméjév
m). = male S o :
: =‘Bursectom1zed '
(M) = Bursectomjzed and vacc1nated w1th BCG (Mycobacterla)
+C - = Bursectomized and cyclophosphomide treated .- -
+C(M)'=-Burséctem1zed,vcyc]ophosphom1de treated and BCG
. -yaccinated :
= sham operated (non- bursectom1zed)
‘éftotally untreated at hatch1ng '
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"TABLE 26 (CONTINUED)

{

" Conventional: - lBo'dy_ Weight (gm.).  Spleen we'ig‘ht[”(mg.)', _'

B T2 (f) 525.‘&g;‘ S ossoL Ly o
CB(M) 785 (m) S U680 N . 420,

779 (m) P 575 0 340,

Coowscoo796 (F) a0, sgos o
() 775 (6) 00, 40
© . sea(f) s, 70,
B 739 (wif, o os0. 1},_;’\'376%'

: 3564l:(m)¥' . N T 529f ‘n-. o

' .g(M)w' “78df‘cﬁ) , : ~.;¥455,- -,'»  “lu1'_~'f 44§\ff _,K:\Q
o 738 (m) - [°B30. .. . . 0800
B+C 518 (m) . 5e5. ?§7O{;975.>.

L7300 () sI0. = g0

766 <(m) © . . BOS. . . .+ 580..

S ses (R e sl
BeC(N) 715 (m) - coes. o ose. A

R  "'596: (f)1 _’f. 478,  ;;:':;? Y;  :;);}540;1 [1  e

550 (m) R 615 s,

Bean Togyo: 2.7455 12,7199 .

A et




 TABLE 27

TITRES OF ANTIBODY AGAINST SILEEP RED BLOOD CELLS

(SRBC) IN BURSECTOMIZED AND NON- BURSECTOMIZED
¢ GNOTOBIOTIC AND CONVENTIONALLY HOUSH® B2

| LEGHORNS (RECIPROCALS OF TITRES GIVEN)
LEGEND FOR ANIMAL TREATHENTS AS 1% TABLE 25

LY
.

Ind1V1dua] |

Pre-SRBC

5 d.

Gn
B(M)
- B+C

BHC(H)

Y,

Ben)

X

748
751
722
799
719
‘753 |
L0
769"
‘791,
728.
703
3

. } .

A

Ljf428+L'LL"f;LfL7”
H"?f128¢f‘ﬂ -

NHITE A
Post-SRBéi*'<A
- E A/‘,x. | ‘ y .

7 f h}
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© TABLE 27 (CONTINUED)

L E Y
S S

Individu

al

'PingRBc ~

5

C:
B

IO

i B;c (M)
B

564

uB(M)'

B+C

f‘”> B+§(M)i_

K

- 550

729
- 755

779
775
796

594
739

‘780; :
738
518
1766
730
588
715
_596, ‘

}

e
f.j1281};7' 
S
g
28

| 11~f128fﬁiﬂ,“ ,1g”‘
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‘/%IGUREilg:' Flexibié b]éstﬁc'isdlation.chahber for hous- . ~
'{ng ge}mfreé and Qnéfqbiotic/%?iméls, fr&hf viéwi |
| Ta.. S]eéVeS‘with aftached>glove§~. _A/)i 
b.. 0ut1et trap w1th sump. o
‘-c!- Inlet f11ter1ng system W1th hose connect1ng

-b]ower motor

. R
8" . )

FIGURE‘fb; Flex1b]e p]ast1c 1solatlon chamber, back‘V1ew, B
show1ng sta1p1ess stee] port for mov1ng supp11es in and . st ,
// out. of chamber. S o ~"ff‘ 57 *Ji; '
| ~ag 50u£s1de cap w1th nmpples for spray1ng 1nter1or(

" of port’ w1th peracet1c ac1d .“ "l$ "f~" 3:,vl§§};f.
’2 ;b;,-1ns1de cap \;jf[f' . S 5 |

| 1c.!‘Inlet f11ter1ng system iffﬁ»Fﬁ  :.ff{[.1€;-;ﬁ{_

e R AT B ¢
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FIGURE 2a: Solid hatching isolator,” front view with
glass b]ate,windbw. , o ,.
a. Glovey ~ L0

" -

b]  Cy1ihder for drawing'eggé ihtd'iéﬁ1é£or. 

—
/ .
g ' NN /
v :
fed & ® | - r
i S
RN
2o S o E
' YA - R
- B ./.;’
'..‘, .
»: _ .
o s

.FIGURE 2b Sd42d hatch1ng 1so1ator, end v1ew.,1’«
99 sta1n1ess stee] poé% ';
"b; Out]et f11ter un1t.A 'j A F“',ﬁ-f /?\2 _}

»;c}! In]et f11ter unlt wwth attaéhed b]ower motorl

o
- . -
- ¥ A
. ; R
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{ - ' Y i
FIGURE-3:' Flexible plastic surgicaTvisokator éhOwing thé-;

surgical extension with attached gloves. .The upper sur-

’ ?

face of the extension was combosédAof a special see-
through p]asticxwhith-péfmittéd carrying out fine surgery.

-— .

@,
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FIGURE 4 Graft- versus host yL) competence of gnoto— o
b1ou1c (Gn)‘and convent1ona1 (C) ng ch1ckens on a’
tryptophane def1c1ent diet and convent1ona1 on a conven—
 't1ona1 d1et (C + C) W1th age as measured by the chor1o*\

| »a]]anto1c membrane pock (CAMP) test and rec1p1ent embryo

- spleen welght_(MES‘.
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‘~FIGURE 5: Acqu151t1on of antibody to human b]ood groups

by convent1ona]]y housed ng ch1ckens W1th age A ngen

'po1nt represents the means of a]] endpo1nts for that age,__:'"

. _ . . B . o . R .

FIGURE 6 Body we1ght of gnotob1ot1c (Gn) and conven-'

'l.'tiona1 (C) B B= Ch1ckens on a tryptophanezdef1cient d1et e

;and convent1ona1 on a convent1ona1 d1et (C +. C) w1th age
. ’ .“ o . - . . N . . . .
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FIGURE 7:. SurV1va1 of gnotob1ot1c and convent1ona1 Bg 3

chickens on a tryptophane def1c1ent d1et and convent1ona]
on a convent1ona] d1et | o |
Gn,

"

.
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- FIGURE 8: Ant1body detectab]e with human A]. a“‘-‘%and 0
ce]]s p]otted as the mean of the t1tres of gang]1onecto-

~m1zed and sham operated ch1ckens 1n the unadsorbed plasma..
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*FIGURE 9: Ant1body aga1nst human A] and\B Rh negat1ve
ce]ls p]otted as the mean of the t1tres of gang11onecto~_
,>m1zed and sham operated ch1ckens 1n the adsorbed (four

‘t1mes W1th 0, Rh pos1t1ve human red ce]]s) p]asma
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. FIGURE 10: Correlation of’%onventiona] (Conv.) CAMP with

gnotobiotic (Gn)'CAMP“ ATl three genotypes, 8282, p2gld,

and BlﬂBli are 1nc1uded at ages 3 to 7 days, 3 to 4 weeks,

and 3 months - See text, as well as Tab1e 8. A]t an1mals -

1nc1uded in thTs~exper1ment were placed on tryptophane- -

‘def1c1ent d1et at age Bq weeks.

)

h %
& o
. ,@"-,\
'FIGURE 1 Mean 10910 canp of B2g2, g§ N and’giﬂgli‘v-
,donors at ages 3 to 7 days, 3 to 4 weeks, 3 months and
6 months It shou]d be noted that the source and quallty
of host embryos were d1fferent at'6 months of age as '

opposed to those used at earlier ages

@
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FIGURE 12:° Rep11cate mean log]0 CAMP ‘and MES of Gn and

Conv Z 3 --B]4 an d 814814 donors on a tryptophane-v

deflc1ent d1et
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FIGURE '13: GVH CAMP .and GVH-MES. 1nc]ud1ng rec1p1ent |
'f”embryo sex d1fferences at 6 months of age for B B—. 2 ‘f :?} U
| and BlABli ch1ckens | | | ’ ;
‘-//
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FIGURE 14: GVH-CAMP at 6 months f-m'?'Bg g,

_14 ]4 donors accord1ng to donor means

2 )
R ) \»

¥

S : P e

.,_FIGURE 15 Percentage reSponse of Bg 83314 nd B

AINTE

fgnotob1ot1c and convent1ona1 chickens on- the tryptophane-j}f_w77f

s

, ‘“;;defic1ent d1et W1th p]asma agglutinins for 0 ce]ls and ;ffjjg;l

for A] and B human ant1yens
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. FIGURE 16: Acqu1s1t1on of. ant1 0 by those respond1ng .
: gnotobiotic (al] three genotypes) and conventiona] Bng..»
‘182814 and 814814 ch1ckens on tryptophane def1cient dJet

Each p01nt represents the mean t1tre at a g1ven age

[
N

.e,ffFIGURE“T7 Acqu1S1t1on of anti A] (Rh negative) by conVen_;[EE;;
A;t10naI B2 82 14_, nd, 814 %% chickens on conventiona] el

f’ffﬁdrete;,la;fff]fﬁcf?wlxaﬂ_ﬂﬂfafiﬁ‘Vw?“«;*;rr?u-v-f
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FIGURE 18: 'ACQUisifioh of anti-B (Rh negat1ve) by con—

252 23“‘/&&‘41&

"ventiona]_g B B= ch1ckens on convent1ona1 ]

SR AR

"FIGURE‘T9\ Acqu151t10n of anti 0 and antibody to any
spec1es determlnants by conventaonal B-B—V Bg ]4-and

ch1ckens on convent1ona] d1et

o
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'fLFIGURE 20 SurV1va1 of.;g;g 314 and Bliali~ch1ckens -
in. the gnotob1ot1c (Gn)‘and convent1ona] (C) env1ronments
~oon a tryptophane def1c1ent d1et and in the convent1ona1' -]f

'_env1ronment on a convent1onal d1et (C ¥ C)
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FIGURE 21: H1stogrammat1c representat1on of meaﬁ log]o
. MES with S.E. of enbryos.1n3ected W1th ce]]s from thymecto-
miéed (7Y and nonfthymectom1zed (T) gnotob1ot1c anq con-
ventional donors. Embryos'repreﬁent those differiog at‘f'
the B h1stocompat1b111ty locus (maJor B h1stoincompat1b1—'
“Tity react1on) an&‘those not d1ffer1ng (m1nor, .non- B
h1sto1ncompat1b1]1ty react1on) p®- and post conventlona-'
lization of the gnotob1ot1c donors | It should be noted
that 1ncubat1on for measurement of a ‘major B h1st01ncom- '
i.pat1btr$§x react1on was four days fo]]ow1ng 1nJect1on of
.'the embryos wh11e that for minor (non B) h1sto1ncompat1b1-.
- Tity react1on was e1ght days fo1]ow1ng 1nocu1at1on
Un1nocu1ated contro] embryos | | k

ar B~ reaction 0. 8873 pre conv

| e 0. 8413 post conv
Arb; non -B- reaco1on 0. 9]05 pre conv

0. 9149 pOst conv,

T‘} }Fﬁ:;%'”jff?m5‘7tof" };j‘;.{
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FIGURE 22a: welghts of. thymectom1zed (7) and sham oper-"

ated (T) B—B— gnotoblotlc (Gn) ch1ckens, f1rst hatch ','gffdf

b: Welghts of thymectomxzed and sham 0perated
’~BZBZ gnotob{ot1c (Gn) and convent1ona11y housed (C)

Al

_ch1ckens, second hatch
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fIGURE 23: Surv1va1 of gnotobiotlc (Gn) and convent10n-;lffV
ally housed (C%’thmectomized (I) and sham operated, ‘3; }‘

-

non thymectom1zed (T) ch1ckens.'
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,-L'FIGURE 24a Mean 1og]0 CAMP W1th S E of recipient embryos p
‘jf1necu1ated w1th cells from surglcally bursectomlzed (B).
'”surgxcally bursectomlzed plus cyc]ophospham1de treated é?:j

e

"t(B+C), sham operated (B) and sham operated p]us cy Iopho-?’

"fspham1de treated (B+C) germfree (GF) and conventional (C) ;”;

’;ch1ckens . One tota]]y untreated germfree chicken (U) 15

.e{1nc1uded S | A e :‘,
o : b As 1n 24a W1th data grouped according to

_E;mean ]og.‘0 CAMP from each 1nd1v1dua1 donor and the average:ji

B f°r these. neans Q’Ve" f°r a Partlcu1ar group ”ﬁpf”fJ}?ﬁ,jf
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' fﬂform of BCG (M)

-?FIGURE 25: Mea% 10910 CANP pre (4 d ) and post (3 d )

. :sk1n test1ng w1th mammalian P P D of bursectomized (gthﬁ_g,;,

"“and sham operated (B) as well as,_cyclophospham1de

treated (+C) and vacc1nated w1th Mycobacteria 1n thej:"

e a;. Gnotob1ot1c anima]s

_e,_b Convent1ona11y housed anlmajs.‘ "2;@?j7
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,,FIGURE 26 Mean 1ogi0 CAMP'w1th S E pre- and post skin

"test1ng (4 d pre- -3 d post ) thh crude BCG
‘for treatments of an1mals as 1n Figure 25

: 115. Gnotob}otwc an1mals
;3&;

Symbo]s

Convent1ona1]y housed animals._o,pfft5?ff
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AFIGURE 27:

.;DJ

Corre]at1on between body we1ght 1n grahs and n

2.2

' sp]een we1ght in. m11]1grams of, (a) gnotob1ot1c B- —».;

,_bursectom1zed and sham- operated Ep1te Leghorns, and

'(b) conventlona]]y housed Bng bursectom1zed and sham

'“Operated Wh1te Leghorns

3

V-Coeff1c1ent of corre]at1on

i:;a: Gn: _B. . s:

'%fo7490_;¢,,;7f51~*“51
';]d*91a4,,,.

7fdh1gh1y s1gn1f1cant at 1% 1eve1

.7fh:”lC;f}f N VS

1f\at 5% and 1% ]evels of 51gn1f1cance

BN |
ST e

5
1%

i
.;3

~© not significant at

- 01715, 'ﬂ;f*‘?'

':;jfj T g“

TR

<

‘Snedecor,,pf 174 - tab]e of corre]ation coeff1c1entsn_ﬁj3*



13007,
'spreen" :
weight |

(ng.)

1000}

200

Figure 2
a)

7

-

227

400

14007
spleenT
weight |
(mg.)

- 10007

. 2007

b)

500

- body Weiéhi(gh.) .

ot

"
.

700

—

400_':. -~

" body

"
.

.we_i_gﬁ t(gm



FIGURE 28a: uRgprésentatiVe_§ettf§n'from?thé §p1eeﬁ:b¥y/

bursectomized chickens.

.b: Representatwve sect1on from the spleen of
“a sham- operated (non bursectom1zed) contro] showlng focus

of. mononuc]ear ce]]s.u‘-
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(
: Rh negat1ve red b]ood ce]ls pre- and post 1n3ect1on of B

-FIGURE 29 Increase in- ant1body to human A] and B

SRBC 1nto sham operated gnotob1ot1c an1mals

hNote "~ No bursectom1zed an1mals showed any detectab]e

- ant1body whatever 5“3»:";'7,'1 ; "f_fr}

“ant1body whatever :

v

.afFIGukE 30 Increase in antibody to human 0 (Rh P°5it1Ve)ff_f
':Ared ce11s and SRBC pre-'and post 1njection of SRBC 1nto;hff_]
_sham operated gnotob1ot1c B—B~ 1eghorns.'fl-‘- e

. Note: No bursectbmized animals showed any detectab]e hifff

'?!15& .
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 FiGURE'31‘ Increase 1n antibody to human A, and B

C L Rh- negat1ve red ce]ls pre--and post 1njection of SRBC ﬁiif:

“"into sham. operated convent10na1 Bng chickens

:Note'ﬂ No bursectomlzed an1mals developed any antlbody 1ﬁ}}

_0‘.- o
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1FIGURE 32 Increase in an¢1body to human 0 Rh positive f;fﬁé
‘nred cells and SRBC pre- and post 1nJection of SRBC 1nto |
“sham operated convent1ona1 Bng chlckens C e

Note No bursectom1zed animals developed any antibody

nwhatever
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:-FIGURE'33 SurV1val of bursectom1zed (B) and non—‘; g[‘
N bursectom1zed (B) BgB gnotoblot1c (Gn) and conventfona1
! (C) ch1ckens | | o |
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»h'FIGURE'34 Acqu1slt1on of antibody WIth age against
VAhuman A] and B, Rh negatlve and 0, Rh pos1t1ve blood
j:cel]s 1n germfree Eng]ish Game Hens, PR

Tty
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i} © TABLE 1M - t §§o
MICROORGANISHS IN ISOLATOR OF B232 GNOTOBIOTIC CHICKS b,
~ON CHICK STARTER DIET FOR FIRST THREE WEEKS AND ON @ .
TRYPTOPHANE-DEFICIE:AT DIET THEREAFTER, EXPERIMENT 1 -

wAn%maJé*ﬁn/Tsolator: . ';Organism$* in~Iso1atof§

24018) . Probable:

24017) ~ - 1. Micrococcus sp. . y

4016 2. Staphyl idermidis -

240155 Hatched July 26/27, 3 0125t{13$3;C;:r?51ngons '

24014 o : , 4. Gram-negative, non- sporu]at1ng

24Q013) : - " aerobic bacill s, not identi-
. -24012) ‘ o , "f1ed : SR
‘:24OT9) : . ' 1. and- 2. brought in.at 3 to 4 weeks
. -gigg?; Hatched Aug. ]5? '§3§3922t$2 of August 15, 1971 was

24027) - . 1971 3. and 4. probably brought in Au

24028) - . . 4,71971 with incompletely ster1d1ze
‘ o L " feed but recovered one month later-.
- S (Sept. 13, 1971) -in the case of 4.
T "°**a2d3on1y on necropsy in. the case .
O 0

% Tests support1ve of 1dent1f1cat1on of the above organlsmS'"‘“*
1. Microscopy: Gram-posfitive cocci in small giroups and tetrads.
Colony morphology ‘Whitish-gray, non- hemo1yt1c colonies on
~aerobic blood agar plates: (BAP), clear, translucent, small
and sTow-growing on anderobic blood’ agar plates (anBAP) -
- i.e., preferential aerobic growth _ A,
. .Loagulase-negative (-)
. Manitol. fermentation- negat1ve (- )
Catalase-positive {+) , :
2.. M1croscopy Gram-positivecocci in groups -
Colony morpho]ogy Wh1te¢ opaque, fion- hemo]ytzc co]onies oh
BAP, gray on’ anBAP - preferent1a1 growth aerob1ca11y
Catalase (+) o _ Lo i
‘Mannitol (~) . - i
Coagulase (-) - B ' . .
~ -3, ‘Microscopy: Large «gram- pos1t1ve. th1ck bac11110‘ e Tt
Colony morphology Gray, shining co]on1es on an BAP on]y, . _"
double zone of hemolysis. > e
, -Lec1th1nase (+) - specifically 1nhib1ted with Cl perfrlﬁggns
-~ antitoxin on egg plate S , ‘ , .
":Glucose (+) ~ .
~ Mannitol (-) -
' - lLactose ‘(+) -
- Sucrose (+
Maltose (4 ; ;
Salicin (-,




| ‘ TABLE 2N
MICROORGANISMS IN 1s0LATORS wiTH 82p2,. p2gld

242
/ '

Y

2,14 (14,14

——

2

GENOTYPE GNOTOBIOTIC CHICKS. ON CHICK STKRTER DTET FOR -
‘ THREE AND ONE-HALF WEEKS AND ON TRYPTOPHANE-
"DEFICIENT DIET THEREAFTER. EXPERIMENT 2

Isdlétor #  Chick # }Gehotypef 'Oqganisms* Iso1ated'
1. 28025 .B—Bli” " Probable: .
'A - 24008/12 BgBli'_ 1. Bacillus sp.. Probab]e B
24010/11 BgBli ’.,  Bac111us cereus. - S
26527 o 1? 14 2. gtpstrid1um perfringens* L
26547 | T4‘ .3 §_'pu1ar10psis sp. |
2060 - a2 "»-?593’,“3'33,-33?32%2?3 June 18,
26549 ' month after hatch1ng
26548 _?_‘f' o
" 26851 . - B2 t
26852 22’
26853 B2p
26854 B2p2
| 26855 . BZE - . o
2. 26530 . pligld probable: F A I LT
PR 26529Af-_f:lg;igli.vifI.iM1crococcus spor T
-26528* f'.l'é}ﬁﬁ}i‘;'f2; Stapny}ococcus
‘26526 - pligld . epidermidis¥ T
é5545.¢11 Aggéliﬁ ‘.f3;‘Corn19bacter1um sp
| ‘26544 » IBQBli ~ 4;nc1ostrid1um septicum
-  26531?"\ 11 14A_Z“Contaminated apprqximate]y
e . L -_August 1,0972. 0
‘26546 1 BEBL .. |

[

x Ident1f1cat1on of these organfsms carr1ed out 1n the mann r f. §ff
. and to the same extent as in Experiment 1, Table 1M , ;
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.+ TABLE 2M (CONTINUED) -
Isolator # Chick #  Genotype Organisns* Isolated
3. 26537, plpld v Pro.bable BRUETR
© 26538 BMBM T 3 Bacillus sp. probab]e
26539 gldgld BacTITus cereus.' = o .
v25540:j ]§11§L13 2 Clostr1d1um perfringens*ﬁﬁ
26541 Qiiﬁli”-- 3. Scopu]ar1opsis sp.
sgcan . - @pl8z14  Recovered June. 28, 1972, o
' 26542 : -;gz $4‘3 approximately 4 weeks afterc’"sﬁ
- 26536 . BB hatching R
26535 - pipld. -
26534 . . pépld
S eesan apflb
solid . 26856 . BZgd Probab]e |
. 26857 - §2;§' e 1 Bacil]us sp probable
'25853 - A,fgﬁgi"rff Bac?IIus cereus: ‘“»,
e R 2 Scopular1opsis sp.».,, s
-, 3. CIOStr1d1Um pérfrwngens* "
R IR SR AL ;1. and 2. recovered June 19, .
e ,‘~@_:,<”" 19;2 ; 3 recovered June 23 e
e s 19 2 D SR N

. — — - ; ————
Cw Ident1f1cat1on of these organisms carried eét in the manner
- and to’ the same extent as in Experiment 1, Table lM o

1pBac111us sp

M1croscopy Gram- pos1tive, spore forming bacilli. the width
of the bacterial cell being equa] to that ef the sub-’;"r

- . terminally located spore.

- Cotany morphology: Large,. ‘rough’, gray. rhi%oid dry colonies o
.- on aerobic BAP, clear. spread1ng growth n anBAP -~prefer-ufj'x

. -ential growth aerobically. AT o

Lec1th1nase (+) -'Probqb1e Baci11us cereus :H,j_;w

Microscopy Gran- positive, small pleomorpbic..“fa}se“ branch-";
o ing bacilli. ' :
, Coldny movrphology: Small dry, non hemolytic colonies on
aerobic BAP smal]. clear. non- hemolytic colonies on an
Cata]ase (+) UL el S
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R TABLE 2M (connnueu)

Clostr1d1um septicum

M1croscopy Large, gram posit1ve. spore form1ng bac11]1, with e
. spores. 1arger in d1ameter than the bacter1a] ce]l located S
subterminally.. . . E

Co]ony morphology: Large, gray co]onies on anBAP on]y, L i ;
“hemolytic. R B TSR U
- Glucose (+) - S
Mannitol (-) ' JT iy
. Lactose (f&’ R e
- -Sucrose gé; o S
 Maltose: +;‘1 
Salicin (-) S Lo e e
.Lecwthvnase ( ) ; U e g

““chpular1qps1s sp.

Mlcroscopy. Septate myceliUm w1th branched conidiophores and Qg
~sterigma producing. ‘chains of confdia. - . L
o Colony morphology Moderately" slow: growing co]onies on
‘Sabaraud's dextrose agar, white at first,- then turning
. black and powdery with heavy sporulat1on. S ERUE
- Re ef, Beneke, E.S., 1966, Medical Mycology Laboratory Manuh]fﬂf‘
o Burgess Pub]ishing Co , Minneapolis, Minn.. R A CRI

ol




,".‘.’ ER - . ‘l'
R ,
PRI L . -

7':-*** An1mals subsequently mOVed into;a
'_QfGamma Streptococtus sp.i . '

"-f;_Co]ony morphology Sma]] gray colohies on Ferobi
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| TABLE 3M N o
" MICROORGANISMS IN TSOLATORS. OF 52 “THYMECTOMIZED AND
~ HORNS EXPERTMENT 3

B!
SHAM OPERATED GNOTOBIOTIC LE§

VIsolator # Ch]Ck # Treatment ﬂ’ Age of Chicks |

i- . “29209%%

Organisms Iso]ated and f:t

3 B
i Probable LA
T C] perfringens*-g; o
. 2 weeﬁcs
“}2 Bacil]us Sp.;ﬁ-u!;;;; o
: af‘ - Weeks. o -‘f wj"U"
3 Scopu1ar1_psws sp.,
K 6 weeks N .

26873 ¢
29213
29206
29205 . .
29208 T
Coag92Texx
26875 T
| a ;i'Afzgzoll'f;; ‘A
2. 17

B LR

“ H‘fProbab1e EIR e

 '¥f?}11 L1+ perfringens* ;ﬂa,xfr

e 7 weeks : “.;F g

- r“2 chpu]arigps1s sp RIS

o7 6 weeks ® T e
'*;ffProbable* i

‘T>a;-;1,cc1;;perfrfn§é%§£'““
‘*zf*Tﬁfw oo

‘*vj;;29211g'f"'
126872*

he.;;_igzezsa/aaf S
o 29296/97 -
'29280/81 i

G 2024gwwk L

;“77;j:29294/95f;-;g7*~

29283/83 \\\ i

';’29284/35*** S

‘"'7"5;29290/91

| R Sty P SUC

* Ident1f1cat1on procedures sf ar
‘Experiments 1, 2, Tables' 1M and" ZM.__,_t;
*% Animals’ subsequent]y moved 4o Is0’ ff~~f

Microscopy: Gram—pos1tiVé cbtci 1n shart f“J R
- medium., -

no,discolo tio

translucent on anBAP,.no hemblysts_
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TABLE 4M

- MICROORGANISMS LN ISOLATORS OF - B—B BURSECTOMIZED AND
- SHAM OPERATED GNOTOBIOTIC CWIEKS EXPERIMENT 4

f7\

\).‘_,

DERRTEE AR SR L S Organisms Iso]ated and ‘,,.;
'-Isolatqr»#j‘fChickQ# Treatment** :flt Age of Chicks ;Q¥-~$x?"'.

- 7890 o osac ,1”,Sta hflococcus Qide -
v 781 B&C - midis*x; 3 months - L
SR T ’?L.f2 Fungus = unidentified -};_Q
N 6 months e W

’_'2;~f::j]?f:f79]7f;ﬁﬂﬁf§&C(M) ,ﬁ?q,Probabie S
v o702 0 s(M) . Y 1. Staphylococcus. _gider-;.iiﬁ
S 732 gu(n)r;lf;*j;ff midis*;- 3 months '

| **i*~‘*E.763§i;3]3gsac(MX{fe}fgi

S, o Tins f‘s’&"c'(m’;»--.; Proba jﬁ r -
"g3f5799255§¥“B&C(M)jj[ffff;“~:—a_

."“~la_éiif1ﬂ?722231jfg;$&c;%;€;4j

ro¢edure for identificati
T ﬁperiment 1, Table: ]M’ye;ﬁ, e
-‘.** Legend for Treatment dfi nimals: s3

‘;:Mucor sp

Microscopy Mycelium aseptate,‘sing,“
R sporangiophores, tip of spora i
“Lwe;; ‘sporangiunm, - -

Colony morphology:: Very rapidiy

growing
“dish quickly with aerial: ‘mycelium, at i :
turning brown, many loose b]ack coni la.. -
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